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Waste Management Facility Human Health Risk Estimates ApPendix D 

Table D.3.5- 9. Programwide Risks Associated With Treatment of LLMW Under 
Regionalized Alternative 1, by Health Endpoint 

Hazardous Chemicals 
Physical 

Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 4.7 

Noninvolved Cartcer fatalities 2.4E-03 
worker population Cancer incidence 8.0E-03 l.3E-05 

Genetic effects 4.7E-04 

Dose (rem) l.5E-03 
Cancer fatalities 7.4E-07 

Noninvolved 
,_ -Cancer incidence 2.5E-06 6.2E-09 

worker MEI 
, __ 

Genetic effects l.5E-07 ,_ 
Hazard index 8.7E-06 

Dose (person-rem) 3.3E+02 

Offsite population 
Cancer fatalities l.6E-01 
Cancer incidence 5.5E-01 4.6E-05 
Genetic effects 3.3E-02 

Dose (rem) 5. lE-03 
Cancer fatalities 2.6E-06 

Offsite MEI Cancer incidence 8.7E-06 l .0E-09 
Genetic effects 5.lE-07 
Hazard index l.4E-06 

Dose (FTE-rem) l.4E+03 
~ 

Cancer fatalities 
1
..-.2,._6E-0l 

Cancer incidence 2.0 9.2E-03 ,~-
Genetic effects 8.4E-Q2_ 

WM workers Exposure index 1.2E-02 
Construction fatalities 2.0 
Construction injuries 8.6E+02 
Operation fatalities 1.7 
Operation injuries l.5E+03 
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Appendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.5-10. Programwi.de Risks Associated With Treatment of UMW Under 
Regionalized Altemati.ve 2, by Health Endpoint 

Hazardous Chemicals 
Physical 

Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 7.2E-01 

Noninvolved Cancer fatalities 3.6E-04 
worker population Cancer incidence l.2E-03 l.5E-05 

Genetic effects 7.2E-05 

Dose (rem) 6. lE-04 

Cancer fatalities 3.lE-07 
Noninvolved 

Cancer incidence l .0E-06 6.2E-09 
worker MEI 

Genetic effects 6. lE-08 

Hazard index 8.8E-06 

Dose (person-rem) 3.6E+Ol I 

Cancer fatalities l .8E-02 
Offsite population 

Cancer incidence 6. lE-02 3.8E-05 

Genetic effects 3.6E-03 

Dose (rem) 5.4E-04 

Cancer fatalities 2.7E-07 

Offsite MEI Cancer incidence 9.2E-07 l.0E-09 

Genetic effects 5.4E-08 

Hazard index l.4E-06 

Dose (FTE-rem) l .4E+03 

Cancer fatalities 5.7E-01 

Cancer incidence 2.0 9.6E-03 

Genetic effects 8.5E-02 

WM workers Exposure index l.3E-02 

Construction fatalities 1.8 

Construction injuries 7.7E+02 

Operation fatalities 1.6 

Ooeration iniuries l.4E+03 
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Waste Management Facility Human Health Risk Estimates ApPendix D 

Table D.3.5-11 . Programwide Risks Associated With Treatment of LLMW Under 
Regionalized Alternative 3, by Health Endpoint 

Hazardous Chemicals 
Physical 

Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 7.2E- 01 

Noninvolved Cancer fatalities 3.6E-04 - -worker population Cancer incidence 1.2E-03 l.IE-05 ,_ 
' Genetic effects 9.2E-05 I 

Dose (rem) 6. lE-04 
Cancer fatalities 3.lE-07 

Noninvolved 
Cancer incidence 1.0E-06 ~ .2E-09 worker MEI 

Genetic effects 6. lE-08 
Hazard index 8.8E-06 

Dose (person-rem) 3.6E+0l 

Offsite population 
Cancer fatalities 1.SE-02 
Cancer incidence 6. lE-02 3.2E-05 

Genetic effects 3.6E-03 

Dose (rem) 5.4E-04 
Cancer fatalities 2.7E-07 

Offsite MEI Cancer incidence 9.2E-07 l.OE-09 
Genetic effects 5.4E-08 
Hazard index 1.4E-06 

Dose (FTE-rem) 1.4E+03 ---- -
Cancer fatalities 5.7E-Ol 
Cancer incidence 2.0 9.6E-03 ,_ 

Genetic effects 8.SE-02 
WM workers Exposure index 1.3E-02 

Construction fatalities 1.8 
Construction injuries 7.7E+02 
Operation fatalities 1.6 
Operation injuries l.4E+03 
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ApPendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.5-12. Programwide Risks A sociated With Treatment of LLMW Under 
Regionalized Alternative 4, by 'llealth Endpoint 

Hazardous Chemicals 
Physical 

Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 7. lE-01 

Noninvolved Cancer fatalities 3.6E-04 
worker population Cancer incidence l .2E-03 l.3E-05 

Genetic effects 7.lE-05 

Dose (rem) 6.3E-04 
Cancer fatalities 3. lE-07 

Noninvolved 
Cancer incidence l. lE-06 9.3E-09 

worker MEI 
Genetic effects 6.3E-08 
Hazard index l.3E-05 

Dose (person-rem) 3.5E+0l 

Offsite population 
Cancer fatalities l .SE-02 
Cancer incidence 5.9E-02 3.4E-05 
Genetic effects 3.SE-03 

Dose (rem) 5.SE-04 
Cancer fatalities 2.7E-07 

Offsite MEI Cancer incidence 9.3E-07 l.SE-09 
Genetic effects · 5.SE-08 
Hazard index 2.0E-06 

Dose (FTE-rem) l.6E+03 
Cancer fatalities ,_ 6.2E-01 
Cancer incidence 2.2 l .2E-02 
Genetic effects 9.4E-02 

WM workers Exposure index l .6E-02 
Construction fatalities 1.6 
Construction injuries 6.9E+02 
Operation fatalities 1.5 
Operation injuries l.3E+03 
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Waste Management Facility Human Health Risk Estimates ApPendix D 

Table D.3.5-13. Programwide Risks Associated With Treatment of UMW Under the 
Centralized Alternative, by Health Endpoint 

Hazardous Chemicals 
Physical 

Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 6.6E-0l 

Noninvolved Cancer fatalities 3.3E-04 
worker population Cancer incidence l. lE-03 7.9E-06 

Genetic effects 6.6E-05 

Dose (rem) l.2E-03 
Cancer fatalities 5.8E-07 

Noninvolved 
Cancer incidence 2.0E-06 l.4E-08 

worker MEI 
Genetic effects l.2E-07 
Hazard index 1.6E-05 

Dose (person-rem) 5.0E+0l 

Offsite population 
Cancer fatalities 2.5E- 02 
Cancer incidence 8.6E-02 l.5E-05 

Genetic effects 5 .0E-03 

Dose (rem) l.0E-03 
Cancer fatalities 5 .2E-07 

Offsite MEI Cancer incidence l .8E-06 4. lE-10 
Genetic effects l.0E-07 
Hazard index 4.5E-07 

Dose (FTE-rem) l.6E+03 
Cancer fatalities 6.3E-Ol - -
Cancer incidence 2.2 l .8E-02 --Genetic effects 9.5E-02 

WM workers Exposure index 2.6E-02 
Construction fatalities 1.4 
Construction injuries 6.0E+02 
Operation fatalities 1.2 -Operation injuries 9.8E+02 
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ApPendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.5-14. Programwide Risks Associated With Treatment of RH-LLMW Under Each 
A lternative Except No Action, by Health Endpoint 

Hazardous Chemicals 
Physical 

Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 8.4E-02 

Noninvolved Cancer fatalities 4.2E- 05 
worker population Cancer incidence l.4E-04 3.9E-08 

Genetic effects 8.4E-06 

Dose (rem) 4.6E-05 
Cancer fatalities 2.3E-08 

Noninvolved 
Cancer incidence 7.8E-08 l.8E-11 

worker MEI 
Genetic effects 4.6E-09 
Hazard index 3.8E-08 

Dose (person-rem) 2.7 

Offsite population 
Cancer fatalities 1.3E-03 
Cancer incidence 4.5E-03 7.2E-08 
Genetic effects 2.7E-04 

Dose (rem) 6.8E-05 
Cancer fatalities 3.4E-08 

Offsite MEI Cancer incidence 1.2E-07 2.9E-12 
Genetic effects 6.8E-09 
Hazard index 4.8E-09 

Dose (FTE-rem) 5.8E+0l 
Cancer fatalities 2.3E-02 
Cancer incidence 8.lE-02 6.7E-05 
Genetic effects 3.5E-03 

WM workers Exposure index 4.6E-04 
Construction fatalities 2.9E-01 
Construction injuries l.3E+02 
Operation fatalities 1.6E-01 
Operation injuries l.4E+02 
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Waste Management Facility Human Health Risk Estimates 

Table D.3.5- 15. Risks Associated With Treatment of LLMW Under the 
No Action Alternative, by Site 

Appendix D 

Fatalitiesb Cancer Incidencec 
OfTsite OfTsite OfTsite OfTsite 

~ Pooulation8 Pooulation MEI Workers Pooulation MEI Workers 

FEMP 
2 764 589 3.lB-04 6.0E-09 1.4.E--02 1.lE-03 2.IB-08 1.3E-03 

165 

KAPL-K 
1,290,172 S.SB-04 1.3E-08 2.0E-03 ° 2.0E-03 4.4B-08 3.2E-03 

13 

LBL 
1,586,829 

2.lE--05 3.3E-10 9.7E-04 7.7E-OS l.2B-09 9.2E-05 
11 

LANL 
159,152 

1.SE-OS 8.0E-09 1.2E-02 2.6B-04 2.SB-08 2.9E-03 136 

LLNL 
6,324,234 

9.SB-04 l.6B-08 1.9.E--02 3.3E-03 S.SE-08 2.9E-03 
220 

Mound 
3,032,983 

1.3E-OS 7.3E-10 S.8B-04 4.4E-OS 2.SE-09 S.3E-OS 
7 

NTS 
14,266 ·. 

5.SB-06 1.SE-09 3.9.E--02 2.0E-OS S.lE-09. 4.2E-02 3:,u , 

Pantex 
265 185 . ., 

1.IE-06 9.2E-11 4.0E-03 3.SE-06 3.2B-10 ,. 6.lB-04 
46 •· 

Ports 
639,602 

4::t.:l 
3.lE-05 4.0E-09 3.4.E--02 1.7B-04 2.3B-08 4 . .sE-03 

SNL-NM 
610,714 3.SB-OS 1.SB-09 6.6B-04 1.3B-04 S.2B-09 8.4E-OS ,8 !' 'c!, 

' -
Hanford 

377,645 7.6B--03 . l.6E-07 1.4B-Ol 2.6E-02 S.3B-01 3.7E-01 . !MJ(i~ , le. 

2,171,877 ' RFETS ,, ... · -- ,,..,. IF'!rJ;lB-02 .J.SB-07 2.4E-Ol 4.6B-02 6.lB-07 6.3B-03 -·-·· .. ., .. _, 
WVDP 

1,698,391 

I"' 1:H 
2.lB-09 7.9B-04 4.7E-04 7.0B-09 1.lB-04 .·· 9 y r" '·"' .. 

1,729,833 ": 
''_2.SB-10 KCP ·· ,--· ·, Oii· : ..... t,;,i ... . 3.2B-05 :' ,,· 1.9E-OS 8.SB-10 3.BE-06 

SRS 
620,618 1.6B-03 l.SB-08 2.lB-01 S.3E-03 5.0E-08 4.SE-01 •Luu:t , ' . 

ORR 
881,652 

1.lE-01 3.SE-06 3.6B-Ol 3.9E-Ol 1.2E-OS 7.0B-01 
2.434 ;}'' . 

PGDP 
500,502 l.8B-03- -"'2.0B-07· 4.BE-03= 6.lE-03= 6.SB-07 = 6;,IE-04 "" 55 ,. 

INEL 
153,061 5.68--04 7.0E-08 1.SB-01 r l.9E-03 2.4E-07 4.2E-Ol 7KZ 

BNL 
5,738,554 

1.lE-04 1.SE-09 2.lB-03 4.0E-04 5.3B-09 2.6B-04 .. 24 

ANL-E 
7,939,785 

2.6B-04 l.4B-09 l.9E-03 8.9B-04 4.9B-09 2.3B-04 22 

Total 2.8&-01 .::: 3.SE-06 2.SE+0-= =;: 1.0 .2E-OS I=!!: 2.9= 

a Top number represents the offsite population within an 80-krn radius of the site , while the bottom number represents the total FTEs for 
WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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Appendix D 

Site 

BNL 

FEMP 

KAPL-K 

LBL 

LANL 

LLNL 

ORR 

Mound 

NTS 

Pantex 

PORTS 

SNL-NM 

SRS 

RFETS 

WVDP 

KCP 

INEL 

Hanford 

PGDP 

ANL-E 

Total 

Waste Management Facility Human Health Risk Estimates 

Table D.3.5-16. Rik A ociated With Treatment of LLMW Under the 
Decentralized Alternative, by Site 

Fatalitiesb Cancer Incidencec 

OtTsite OtTsite OtTsite OtTsite 
Populationa Population MEI Workers Population MEI Workers 

5 738 554 
l.2E-05 l.6E- 10 l.6E-02 4.lE- 05 5.5E-10 4.3E- 04 

62 
2 764 589 

2.6E-05 4.9E-10 l.6E-0l 9. lE-05 1.7E-09 l.lE-03 
533 

1 290 172 
3.0E-04 6.7E-09 l.3E-02 l.0E-03 2.3E-08 6.2E-03 

44 
5 856 829 

l.0E-02 l.6E-07 1.0E-02 3.5E-02 5.5E-07 l.3E- 04 
40 

159.152 
5.9E-04 6.2E- 08 2.0E-01 2.0E-03 2.lE-07 5.5E-03 

590 
6 324 234 

l.5E-0l 2.5E-06 2.7E-0l 5.2E-0l 8.5E- 06 2.8E-02 
831 

881.652 
l.lE- 03 3.3E-08 7.7E-0l 3.7E-03 l .2E- 07 6.2E-0l 

2 530 
3 032 983 

l.3E-04 7.4E-09 2. lE-03 4.3E-04 2.5E-08 4.7E- 05 
7 

14 266 
7.9E-07 2.0E-10 l.lE-01 2.7E-06 6.9E-10 4.SE-02 

785 
265 185 

3.5E-05 2.9E-09 3.9E-02 l.2E-04 l.0E-08 l .2E-03 
145 

639.602 
2.7E-06 3.4E-10 4.8E-0l l.2E-05 l.5E- 09 5.6E-03 

1 853 
610 714 

l.4E-04 5.4E-09 5.4E-03 4.7E-04 l.9E-08 l.2E-03 
20 

620 618 
l.7E-03 1.7E-08 4.3E-0l 5.9E-03 5.6E-08 3.7E- 0l 

1 289 
2 171.877 

6.7E-05 9.lE-10 6.3E-0l 2.3E-04 3. lE-09 4.lE-03 
2305 

1 698.391 
2.5E-07 3.8E-12 6.SE-03 8.6E-07 l.3E-ll 8.6E-03 

11 
1 729 833 

3.9E-06 l.8E-10 2.6E-04 l.3E-05 6.0E-10 l.2E-04 
1 

153 061 
5.2E-05 6.5E-09 5.3E-0l l.8E-04 2.2E-08 3.6E-0l 

1 588 
377 645 

l.5E- 03 3.0E-08 6.2E-0l 5.0E- 03 1.0E-07 3.6E- 0l 
2 196 

500 502 
1.2E-04 l.3E-08 4.7E-02 4.lE-04 4.5E-08 8.4E-04 

144 
7.939 785 

1.7E-05 9.lE-11 = 6.4E-03 1= 5.6E-05 ' 3.lE-10 " 2:-3E;..()4 
" so 

l.7E-0l 2.5E- 06 4.5 5.8E- 01 8.5E-06 1.8 

a Top number represents the offsite population within an 80-km radius of the site, while the bonom number represents the total Ff Es for 
WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 

D-248 VOLUME III 



Waste Management Facility Human Health Risk Estimates 

Table D.3.5-17. Risks Associated With Treatment of UMW Under the 
Regionali:zed Alternative I, by Site 

ApPendix D 

Fatalitiesb Cancer Incidencec 

OtTsite OtTsite OtTsite OtTsite 
Site Populationa Population MEI Workers Population MEI Workers 

BNL 5 738 554 
5.2E-08 7.0E-13 4.0E-03 l.9E-07 2.5E-12 2.0E-04 

16 

FEMP 
2 764 589 

7.0E-04 1.3E-08 3.5E-01 2.4E-03 4.5E-08 9.5E-02 
1 233 

KAPL-K 
1 290 172 

2.6E-07 5.8E-12 2.8E-03 8.9E-07 2.0E-11 2.2E-03 
9 

LBL 5 856 829 
9.8E-09 1.5E-13 1.9E-03 4.9E-08 8.3E-13 7.4E-05 

8 

LANL 
159 152 

6.lE-04 6.4E-08 2.0E-01 2.lE-03 2.2E-07 6.4E-03 
597 

LLNL 6 324 234 
1.6E-01 2.6E-06 3. lE-01 5.3E-01 8.7E-06 8.lE-02 

915 

ORR 
881 652 

9.3E-04 2.9E-08 5.9E-01 3.2E-03 9.8E-08 3.9E-01 
2 162 

Mound 
3 032 983 

5.9E-09 3.4E-13 l.lE-03 7.3E-08 2.9E-12 4.3E-05 
5 

NTS 
14 266 

6.4:E--09 1.68-12 4.9E-02 2.28-08 .5.4E-12 I.OE-02 
305 

Pantex 
265 185 

3.5E-05 2.9E-09 3.9E-02 l .2E-04 1.0E-08 l.2E-03 
145 

PORTS 
639 602 

4.9E-05 6.0E-09 4.0E-01 1.7E-04 2.lE-08 2.lE-01 
1 353 

SNL-NM 
610 714 

1.8E-08 7.IE-13 l.2E-03 6. lE-08 2.4E-12 6. lE-05 
5 

SRS 
620 618 

1.8E-03 l.7E-08 4.4E-01 6.0E-03 5.7E-08 3.8E-0l 
1 290 

RFETS 
2 171 877 

6.7E-05 9.0E-10 6.3E-01 2.3E-04 3. lE-09 4. lE-03 
2 307 

WVDP 
1.698 391 

1.7E-07 2 .6E-12 3.2E-03 5.9E-07 8.9E-12 9.7E-05 
10 

KCP 
1.729 833 

2.5E-09 l.lE-13 5.9E-05 8.4E-09 3.8E-13 2.8E-06 o · 
Hanford 

377 645 
l.4E-03 2 .SE-08 6.0E-01 4.7E-03 9.6E-08 4.2E-0l 

2 065 

INEL 
153 061 

5.2E-05 6.5E-09 5.3E-01 1.8E-04 2.2E-08 3.6E-01 
1.587 

PGDP 
500 502 

1.2E-04 1.3E-08 4.7E-02 4. lE-04 4.5E-08 1.4E-03 
144 

ANL-E 
7 939 785 

"' .5.9E-07~ I<:.: 3.3E-12 1; 3.8E-03 =2.0E-06 = 1"" l.lE-11 I!'.' l.lE!.04= 
23 e 

Total 1.6E-0l 2 .6E-06 4.3 5.5E-0l 8.7E-06 2.0 

• Top number represents the offsite population within an 80-km radius of the site, while the bonom number represents the total FTEs for 
WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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ApPendix D 

Site 

ANL-E 

BNL 

FEMP 

KAPL-K 

LBL 

LANL 

LLNL 

ORR 

Mound 

NTS 

Pantex 

PORTS 

SNL-NM 

SRS 

RFETS 

WVDP 

KCP 

INEL 

Hanford 

PGDP 

Total 

Waste Management Facility Human Health Risk Estimates 

Table D.3.5-18. Risks Associated With Treatment of LLMW Under 
Regionalized Alternative 2, by Site 

Fatalitiesb Cancer Incidencec 

OtTsite OtTsite OtTsite OtTsite 
Population3 Population MEI Workers Population MEI 

7.939 785 
5.9E-07 3.3E-12 3.8E-03 2.0E-06 l.lE-11 

23 
5.738 554 

5.2E-08 7.0E-13 4.0E-03 l.9E-07 2.5E-12 
16 

2.764 589 
1.4E-07 2.7E-12 8.8E-02 5.8E-07 l.2E-ll 

269 
1.290 172 2.6E-07 5.8E-12 2.8E-03 8.9E-07 2.0E-11 

9 
5 856 829 

9.8E-09 l.5E-13 l.9E-03 4.9E-08 8.3E-13 
8 

159 152 
8.6E-04 9.lE-08 2.2E-0l 2.9E-03 3.lE-07 

679 
6 324.234 

4.4E-07 7.2E-12 3.3E-02 l.9E-06 3.5E-ll 
136 

881.652 
l.2E-03 3.6E-08 6.0E-01 4.lE-03 l.3E-07 

2 177 
3 032 983 

5.9E-09 3.4E-13 l.lE-03 7.3E-08 2.9E-12 
5 

14 266 
6.4E-09 l.6E-12 4.9E-02 2.2E-08 5.4E-12 3M 

265.185 
2.3E-06 2.0E-10 l.5E-02 8.0E-06 6.8E-10 

48 
639 602 

l.lE-04 l .3E-08 5.4E-01 3.6E-04 4.5E-08 
1 951 

610 714 
l.8E-08 7.lE-13 l.2E-03 6.lE-08 2.4E-12 

5 
620 618 

l.8E-03 l.7E-08 4.4E-01 6.0E-03 5.7E-08 
1 290 

2 171 877 
6.8E-05 9.2E-10 6.3E-01 2.4E-04 3.2E-09 

2 307 
I 698 391 

l.7E-07 2.6E-12 3.2E-03 5.8E-07 8.9E-12 
10 

1 729 833 
2.5E-09 l.lE-13 5.9E-05 8.4E-09 3.8E-13 

0 
153 061 

6.3E-04 7.8E- 08 6.6E-0l 2. lE-03 2.7E-07 
2 010 

377 645 
l .3E-02 2.7E-07 6.4E-0l 4.5E-02 9.2E-07 

2 132 
500 502 

8.lE-07 9.0E-11 l.3E-02 2.8E-06 3. lE-10 
48 

l.8E-02 2.7E-07 4.0 6.lE-02 9.2E-07 

Workers 

l.lE-04 

2.0E-04 

8.8E-04 

2.2E-03 

7.4E-05 

8.2E-03 

2.2E-03 

4.2E-0l 

4.3E-05 

l.OE-02 

5.8E-04 

2.7E-0l 

6. lE-05 

3.8E-01 

4.6E-03 

9.7E-05 

2.8E-06 

3.9E-01 

5.0E-01 

5.2E-04 

2.0 

• Top number represents the offsite population within an 80-krn radius of the site, while the bottom number represents the total FTEs for 
WM workers involved in both construction and operation activities . 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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Waste Management Facility Human Health Risk Estimates 

Site 

ANL-E 

BNL 

FEMP 

KAPL-K 

LBL 

LANL 

LLNL 

ORR 

Mound 

NTS 

Pantex 

PORTS 

SNL-NM 

SRS 

RFETS 

WVDP 

KCP 

Hanford 

INEL 

PGDP 

Total 

Table D.3.5-19. Risks Associated With Treatment of LLMW Under 
Regi,onalized Alternative 3, by Site 

Fatalitiesb Cancer Incidencec 

OfTsite OtTsite OfTsite OfTsite 
Populationa Population MEI Workers Population MEI 

7.939 785 
5.98-07 3.3E-12 3.8E-03 2.0E-06 l.lE-11 

23 
5.738 554 

5.2E-08 7.0E-13 4.0E-03 l .9E-07 2.5E-12 
16 

2 764 589 
l.4E-07 2.7E-12 8.8E- 02 5.8E-07 l.2E- l l 

269 
1.290 172 

2.6E-07 5.8E-12 2.8E-03 8.9E-07 2.0E-11 
9 

5.856 829 
9.8E-09 l.5E-13 l.9E-03 4.9E-08 8.3E- 13 

8 
159 152 

8.6E-04 9.lE-08 2.2E-0l 2.9E-03 3.lE-07 
679 

6.324 234 
4.4E-07 7.2E-12 3.3E-02 l.9E-06 3.5E-l l 

136 
881.652 

l.2E-03 3.6E-08 6.0E-01 4. lE-03 l.3E-07 
2.177 

3 032 983 
5.9E-09 3.4E-13 l.lE-03 7.3E-08 2.9E-12 

5 
14 266 

6.48-09 1.6E-12 4.9E-62 2.2E-08 5.4E-12 
1M 

265.185 
2.3E-06 2.0E-10 l.5E-02 8.0E-06 6.8E-10 

48 
639.602 

l.lE-04 l.3E-08 5.4E-0l 3.6E-04 4.5E-08 
1 951 

610.714 
l.8E-08 7.IE-13 l .2E-03 6.lE-08 2.4E- 12 

5 
620 618 

l.8E-03 l .7E-08 4.4E-01 6.0E-03 5.7E-08 
1 290 

2 171 877 
6.8E-05 9.2E-10 6.3E-01 2.4E-04 3.2E-09 

2 307 
1 698 391 

l.7E-07 2.6E-12 3.2E- 03 5.8E- 07 8.9E- 12 
10 

1 729 833 
2.5E-09 l.lE-13 5.9E-05 8.4E-09 3.8E-13 

0 
377 645 

l.3E-02 2.7E-07 6.4E-01 4.5E-02 9.2E-07 
2 132 

153 061 
6.3E-04 7.8E-08 6.6E-01 2.lE-03 2.7E-07 

2 010 
500 502 

8.lE-07 9.0E-11 l.3E-02 2.8E-06 3. lE-10 
48 

l.8E-02 2.7E-07 4.0 6. lE-02 9.2E-07 

Appendix D 

Workers 

1.lE-04 

2.0E-04 

8.8E-04 

2.2E-03 

7.4E-05 

8.2E-03 

2.2E-03 

4.2E-0l 

4.3E-05 

1.0E-02 

5.8E-04 

2.7E-01 

6. lE-05 

3.8E-01 

4.6E-03 

9.7E-05 

2.8E-06 

5.0E-01 

3.9E-01 

5.2E-04 

2.0 

• Top number represents the offsite population within an 80-km radius of the site, while the bottom number represents the total Ff Es for 
WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures . 
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Table D.3.5-20. Risk ociated With Treatment of LLMW Under 
Regionalized Alternative 4, by Site 

Fatalitiesb Cancer Incidencec 

Offsite Offsite Offsite Offsite 
Site Populationa Population MEI Workers Population MEI Workers 

ANL-E 
7 939 785 

5.9E-07 3.3E- 12 3.8E-03 2.0E-06 l. lE-11 1.IE-04 
23 

BNL 
5 738 554 

5.2E- 08 7.0E-13 4.0E-03 l.9E-07 2.5E-12 2.0E- 04 
16 

FEMP 
2 764 589 

l.4E- 07 2.7E-12 8.8E-02 5.8E-07 l.2E-l l 8.8E- 04 
269 

KAPL-K 
1 290 172 

2.6E-07 5.8E- 12 2.8E-03 8.9E-07 2.0E-11 2.2E-03 
9 

LBL 
5 856 829 

9.8E-09 l.5E-13 l.9E- 03 4.9E-08 8.3E-13 7.4E-05 
8 

LANL 
159.152 

3.8E-05 4.0E-09 4.4E-02 l.3E-04 l.4E- 08 2.4E- 03 
146 

LLNL 
6 324.234 

4.4E-07 7.2E-12 3.3E-02 l.9E-06 3.5E-l l 2.2E-03 
136 

ORR 
881 652 

l.6E-03 5.0E- 08 9.5E-0l 5.6E-03 l.7E-07 8.5E-0l 
3 116 

Mound 
3 032 983 

6.0E-09 3.5E-13 l.2E-03 7.4E-08 2.9E-12 4.6E-05 
5 

NTS 
14 266 

6.4E-09 l.6E-12 4.9E-02 2.2E-08 5.4E-12 l.OE-02 
305 

Pantex 
265 185 

2.3E- 06 2.0E-10 l.5E-02 8.0E-06 6.8E-10 5.8E-04 
48 

PORTS 
639 602 

l.8E-08 2.3E-12 l.2E-0l l.lE-07 l.6E-l l 2.9E-03 
405 

SNL-NM 
610 714 

l.8E-08 7. lE-13 l.2E-03 6. lE- 08 2.4E-12 6.lE- 05 
5 

SRS 
620 618 

1.8E-03 l.7E-08 4.4E-0l 6.0E-03 5.7E- 08 3.8E-0l 
1 291 

RFETS 
2.171 877 

l.3E-06 l.8E-l l 2.lE-01 4.9E-06 6.4E- l l 3.5E-03 
769 

WVDP 
1.698 391 

l.7E-07 2.6E-12 3.3E-03 6.0E-07 9.lE-12 l.0E-04 
11 

KCP 
1.729 833 

2.5E-09 l.lE- 13 5.9E-05 8.4E-09 3.8E-13 2.8E-06 
0 

INEL 
153 061 

6.7E-04 8.4E-08 1.0 2.3E-03 2.8E-07 4.2E-0l 
3.281 

Hanford 
377.645 

l.3E-02 2.7E-07 6 .9E-Ol 4.5E-02 9.3E-07 5.2E-0l 
2 268 

PGDP 
500.502 

8. lE-07 9.0E-11 l.3E-02 2.8E-06 3.lE-10 5.2E- 04 
48 

Total l.8E-02 2.7E- 07 3.7 5.9E-02 9.3E-07 2.2 

• Top number represents the offsite population within an 80-km radius of the site, while the bottom number represents the total FrEs for 
WM workers involved in both construction and operation activities . 
b Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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Site 

ANL-E 

BNL 

FEMP 

KAPL-K 

LBL 

LANL 

LLNL 

ORR 

Mound 

NTS 

Pantex 

PORTS 

SNL-NM 

SRS 

RFETS 

WVDP 

KCP 

INEL 

Hanford 

PGDP 

Total 

Table D.3.5-21. Risks Associated With Treatment of LLMW Under the 
Centralized Alternative, by Site 

Fatalitiesb Cancer Incidencec 

OfTsite Offsite OfTsite OfTsite 
Population a Population MEI Workers Population MEI 
7 939 785 

.5.9E-07 3.3E-12 3.8E-03 2.0E-06 1.lE-11 
23 

5 738 554 
5.2E-08 7.0E-13 4.0E-03 l.9E-07 2.5E-12 

16 
2 764 589 

l .4E-07 2.7E-12 8.8E-02 5.8E-07 l.2E-ll 
269 

1 290 172 
2.6E-07 5.8E-12 2.8E-03 8.9E-07 2.0E-11 

9 
5 856 829 

9.8E-09 l.5E-13 l.9E-03 4.9E-08 8.3E-13 
8 

159 152 
3.8E-05 4.0E-09 4.4E-02 l.3E-04 l.4E-08 

146 
6 324 234 

4.4E-07 7.2E-12 3.3E-02 l.9E-06 3.5E-ll 
136 

881 652 
6.8E-06 2.lE-10 l.6E-Ol 2 .4E-05 7.7E-10 

490 
3 032 983 

6.0E-09 3.5E-13 1.2E-03 7.4E-08 2.9E-12 
5 

14 266 
6.4E-09 1.6B-12 4.9B-02 2.2B-08 .5.,.4B-12 

305 
265 185 

2.3E-06 2.0E-10 l.5E-02 8.0E-06 6.8E-10 
48 

639 602 
l.8E-08 2.3E-12 l .2E-0l l.lE-07 l.6E-ll 

405 
610 714 

l.8E-08 7.lE-13 l .2E-03 6.lE-08 2.4E-12 
5 

620 618 
l.3E-06 l.3E-l l 8.lE-02 4.6E-06 4.4E-ll 

207 
2.171 877 

l.3E-06 l.SE-11 2.lE-01 4.9E-06 6.4E-l l 
769 

1 698 391 
l.7E-07 2 .6E-12 3.3E-03 5.9E-07 9.lE-12 

11 
1 729 833 

2.5E-09 l.lE-13 5.9E-05 8.4E-09 3.8E-13 
0 

153 061 
4.9E-06 6.lE-10 l.5E-0l l.7E-05 2.lE-09 

278 
377.645 

2.5E-02 5.2E-07 2.2 8.5E-02 l.8E-06 
6,706 

500 502 
8.lE-07 9.0E-11 l.3E-02 2.8E-06 3.lE-10 

48 
2.5E-02 5.2E-07 3.2 8.6E-02 l.8E-06 

ApPendix D 

Workers 

l.IE-04 

2.0E-04 

8.8E-04 

2.2E-03 

7.4E-05 

2.4E-03 

2.2E-03 

8.4E-02 

4.6E-05 

l.OE-02 

5.8E-04 

2.9E-03 

6.lE-05 

1.lE-01 

3.5E-03 

l.0E-04 

2.8E-06 

2.5E-0l 

1.8 

5.2E-04 

2.3 

• Top number represents the offsite population within an 80-km radius of the site, while the bottom number represents the total Ff Es for 
WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures . 
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Table D.3. -22. Ri k Associated With Treatment of RH-LLMW Under Each 
Alternative Except No Action, by Site 

Fatalitiesb Cancer Incidencec 

OfTsite OfTsite OfTsite OfTsite 
Site Population8 Population MEI Workers Population MEI Workers 

Hanford 
377 645 

4.4E-07 9. lE-12 l.7E- 04 1.5E-06 3.lE-11 2.4E-09 
1 

ORR 
881 652 

1.lE-03 3.4E-08 3.0E-01 3.7E-03 l.2E-07 7.5E- 02 
725 

INEL 
153 061 

2.lE-04 2.6E-08 l.7E-01 7.0E-04 8.7E-08 6.9E-03 
569 

SRS 
620 618 

3.0E-05 2.8E-10 5.lE-03 l.0E-04 9.6E-10 4.8E- 06 
17 

Total l.3E-03 3.4E-08 4.7E- 01 4.5E-03 l.2E- 07 8. lE- 02 

• Top number represents the offsite population within an 80-km radius of the site, while the bottom number represents the total FfEs for 
WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
0 Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 

Table D.3.5-23. Programwide Risks Associated With Disposal of LLMW Under the 
Decentralized Alternative, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Maximally 
Dose (person-rem) 2.9 

Cancer fatalities 1.SB-03 
exposed Cancer incidence 4.9B-03 9.SB--03 farm family 

Genetic effects 2.98-04 
Hazard index 2.4 

Dose (person-rem) 7.0B+0l 
Cancer fatalities 3.SB-02 

All lifetimes Cancer incidence 1.2.E-01 4.9B-OI 
Genetic effects 7.0B-03 
Hazard index 2.4 

Dose (FfE-rem) l.4E+03 
Cancer fatalities 5.5E-0l 
Cancer incidence 1.9 
Genetic effects 8.3E-02 

WM workers Exposure index 
Construction fatalities 1.lE-01 
Construction injuries 5.lB+0l 
Operation fatalities 3.2E-Ol 
Operation injuries 2.7E+02 
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Table D.3.5- 24. Programwide Risks Associated With Disposal of LLMW Under 
Regi,onalized Alternative 1, by Health Endpoint 

Hazardous Chemicals 
Physical 

Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 2.4 
Maximally Cancer fatalities l.2E-03 

exposed Cancer incidence 4.lE-03 9.SE-03 
farm family Genetic effects 2.4E-04 fi 

Hazard index 3.0 

Dose (person-rem) 4.7E+Ol 
Cancer fatalities 2.4E-02 

All lifetimes Cancer incidence 8.0E-02 5.0E-01 
Genetic effects 4.7E-03 
Hazard index 3.0 

Dose (FfE-rem) l.4E+03 
Cancer fatalities 5.5E-Ol 
Cancer incidence 1.9 
Genetic effects 8 .3E-02 

WM workers Exposure index 
Construction fatalities 1.2E-01 
Construction injuries S.SB+Ol 
Operation fatalities 3.4E-01 
Operation injuries 2.9B+02 

Table D.3.5-25. Programwide Risks Associated With Disposal of UMW Under 
Regi,onalized Alternative 2, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Carcinogens Non carcinogens Hazards 

Dose (person-rem) 2.8 
Maximally Cancer fatalities l.4E-03 

exposed Cancer incidence 4.8E-03 l.3E-02 
farm family Genetic effects 2.8E-04 

Hazard index 2.7 

Dose (person-rem) 4.7E+Ol 
Cancer fatalities 2.4E-02 

All lifetimes Cancer incidence 8.0E-02 8.3E-Ol 
Genetic effects 4.7E-03 
Hazard index 2.7 

Dose (FfE-rem) 1.3E+03 
Cancer fatalities 5.2E-Ol 
Cancer incidence 1.8 

Genetic effects 7.8E-02 
WM workers Exposure index 

Construction fatalities l.lE- 01 
Construction injuries 4.7E+Ol 
Operation fatalit ies 3. lE-01 
Operation injuries 2.6E+02 
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Table D.3.5-26. Programwide Risks Associated With Dispo al of LLMW Under 
Regionalized Alternative 3, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 0.00 
Maximally Cancer fatalities 0 .00 

exposed Cancer incidence 0 .00 7.2E-04 
farm family Genetic effects 0 .00 

Hazard index ,s.rn,-01 
Dose (person-rem) 0 .00 

Cancer fatalities 0.00 
All lifetimes Cancer incidence 0 .00 3.0B-02 

Genetic effects 0.00 
Ill 

Hazard index 8.IE-01 
Dose (FI'E-rem) 9.8E+02 -
Cancer fatalities 3,9g.;.()l 
Cancer incidence 1.4 
Genetic effects 4~'.:t:f E--02 

: 
WM workers Exposure index 

Construction fatalities 9.SE-03 
Construction injuries 2.6 
Operation fatalities 7.SE-02 
Operation injuries ill 2.0E+Ol 

Table D.3.5-27. Programwide Risks Associated With Disposal of LLMW Under 
Regionalized Alternative 4, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 3.0 
Maximally Cancer fatalities l .5E-03 

exposed Cancer incidence 5. IE-03 l.3E-02 
farm family Genetic effects 3.0E-04 

Hazard index 2.7 

Dose (person-rem) 5.0E+0l 
Cancer fatalities 2 .5E- 02 

All lifetimes Cancer incidence 8.5E-02 8.2E-0l 
Genetic effects 5.0E-03 
Hazard index 2 .7 

Dose (FI'E-rem) l.6E+03 
Cancer fatalities 6.4E-01 
Cancer incidence 2 .2 
Genetic effects 9.5E- 02 

WM workers Exposure index 
Construction fatalities l.0E- 01 
Construction injuries 4.4E+0l 
Operation fatalities 3. lE-01 
Operation injuries 2.7E+02 
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Table D.3.5-28. Programwide Risks Associated With Disposal of LLMW Under the 
Centralized Alternative, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 3.9E+0l 
Maximally Cancer fatalities 1.9£-02 

exposed Cancer incidence 6.6£-02 9.5£-04 
farm family Genetic effects 3.9£-03 

Hazard index 2.4 

Dose (person-rem) 5.0E+02 
Cancer fatalities 2.5£-01 

All lifetimes Cancer incidence 8.6£-01 8.5£- 03 
Genetic effects 5.0E-02 
Hazard index 2.4 

Dose (FfE-rem) 9.1E+02 
Cancer fatalities 3.6E-0l 
Cancer incidence 1.3 

Genetic effects 5.4E-02 
WM workers Exposure index 

Construction fatalities l.9E-02 
Construction injuries 8.1 
Operation fatalities 1.3£-01 
Operation injuries 1.1E+02 

Table D.3.5-29. Programwide Risks Associated With Disposal of RH-UMW Under Each 
Alternative Except No Action, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Carcinogens Noncarcinogens Hazards 

Dose (person-rem) l.7E-0l 
Maximally Cancer fatalities 8.5£-05 

exposed Cancer incidence 2.9£-04 1.4£-05 
farm family Genetic effects 1.7£-05 

Hazard index l.3E-02 

Dose (person-rem) 2.7 
Cancer fatalities l .3E-03 

All lifetimes Cancer incidence 4.5E-03 5 .8£-04 
Genetic effects 2.7E-04 
Hazard index 1.3£- 02 

Dose (FfE-rem) 3.7 
Cancer fatalities l .5E-03 
Cancer incidence 5.2E-03 
Genetic effects 2.2£-04 

WM workers Exposure index 
Construction fatal ities 9.4£ - 03 
Construction injuries 4. 1 
Operation fatalit ies 2. lE- 02 
Operation injuries l .8E+ 0l 
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Site 
(Lifetime)8 

Hanford (18) 

INEL (0) 

LLNL (142) 

LANL (0) 

NTS (0) 

ORR (22) 

PGDP (146) 

Pantex (96) 

PORTS (145) 

RFETS (38) 

SNL-NM (92) 

SRS (153) 

ANL-E (64) 

BNL (78) 

FEMP (53) 

Total 

Table D.3.5- 30. Risks Associated With Di po al of LLMW Under the 
Decentralized Altemati,ve, by Site 

Fatalitiesb Cancer Incidencec 

Maximally All Farm Maximally All Farm 
Exposed Family WM Exposed Family 

Farm Family Lifetimes Workers Farm Family Lifetimes 

9.4E-04 l.8E-02 2.8E-01 3.7E-03 6.5E- 02 

0.00 0.00 l.9E-01 3.0E-05 4.lE-05 

l.3E-06 2.0E-05 6.3E-02 7.8E-06 2.6E-04 

0.00 0.00 1.3E-02 3.lE-04 5.5E-03 

0.00 0.00 2.7E-02 8.SE-06 4.3E-04 -
3.8E-06 5.9E-05 l.3E- 01 6.4E-03 4.SE-01 

7.8E-06 6.6E-05 3.lE-03 2.8E-05 2.4E-04 

2.7E-06 8.6E-05 5.lE-03 l.4E-05 3.6E- 04 

3.lE-05 1.lE-03 6.6E-02 5.4E-04 8.8E-03 

l.6E-06 3. lE-05 7.lE-02 l.lE-03 2.5E-02 

l.8E-04 9.3E-03 7.7E-04 6.2E-04 3.2E-02 

9.7E-05 l.3E-03 1.4E-01 l.3E-03 7.2E-03 

3.4E-06 1.SE-04 3.AE-04 1.7E-05 6.4E-04 

4.2E-05 2.6E-03 1.6E-03 l.8E-04 9.0E-03 

l.SE-04 2.5E-03 9.3E-03 7.8E-06 2.6E-04 

1.SE--03 3.SE-02 9.6E-01 1.SE-02 '1!6.lE-01 

a Number in parentheses indicates the most-exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 

D-258 

WM 
Workers 

7.lE-01 

4.9E-01 

l.4E-01 

5.5E- 03 

4.SE-02 -
2.8E-01 

4.8E-04 

l.lE-03 

1.3E-01 

8.2E- 03 

l.2E-04 

l.4E-01 -
9.2E-05 

2.lE-04 

l.0E-03 

1.9 

VOLUME III 



Waste Management Facility Human Health Risk Estimates 

Site 
(Lifetime)8 

FEMP (53) 

INEL (0) 

LLNL (142) 

LANL (0) 

NTS (0) 

ORR (22) 

PGDP (146) 

Pantex (96) 

PORTS (145) 

RFETS (38) 

SRS (153) 

Hanford (18) 

Total 

Table D.3.5-31. Risks Associated With Disposal of LLMW Under 
Regionali:i.ed Alternative 1, by Site 

Fatalitiesb Cancer Incidencec 

Maximally All Fann Maximally All Fann 
Exposed Family Exposed Family 

Farm Family Lifetimes WM Workers Fann Family Lifetimes 

l.5E-04 2.5E-03 9.3E-03 5.7E-04 8.7E-03 

0.00 0.00 l .9E-0l 3.0E-05 4.lE-05 

l.3E-06 2.0E-05 6.3E- 02 7.8E-06 2.6E-04 

0.00 0.00 l.3E-02 3. lE-04 5.5E-03 

0.00 0.00 2.SE-04 2 8.lE-06 l.3E-04 

3.0E-06 4.7E-05 l .2E-0l 6.4E-03 4.5E-0l 

7.8E-06 6.6E-05 3.lE-03 2.8E-05 2.4E-04 

2.7E-06 8.6E-05 5. lE-03 l.4E-05 3.6E-04 

8.5E-05 3. lE-03 l.lE-01 8.5E-04 l.7E-02 

l.6E-06 3. lE-05 7. lE-02 l.lE-03 2.5E-02 

9.7E-05 l.3E-03 l.4E-0l l.3E-03 7.2E-03 

8.6E-04 l.7E-02 2.7E-0l 3.4E-03 6. lE-02 

l.2E-03 2.4E-02 9.9E-Ol l.4E-02 5.8E-0l 

• Number in parentheses indicates the maximally exposed lifetime of the farm family for radionuclide exposure only . 
b Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures . 

Site 
(Lifetime)8 

Hanford (18) 

INEL (0) 

LANL (0) 

NTS (0) 

ORR (22) 

SRS (153) 

Total 

Table D.3.5-32. Risks Associated With Disposal of LLMW Under 
Regionali:i.ed Alternative 2, by Site 

Fatalitiesb Cancer Incidencec 

Maximally All Fann Maximally All Fann 
Exposed Family Exposed Family 

Farm Family Lifetimes WM Workers Farm Family Lifetimes 

1.3E-03 2.2E-02 2.9E- 0l 4.9E-03 8.0E-02 

0.00 0.00 2.2E-0l 3.0E-05 4.2E-05 

0.00 0.00 l.4E-0l 1.7E-04 3.2E-03 

0.00 0.00 0.00 0.00 0.00 

3.6E-06 5.8E-05 l.5E-0l l.2E-02 8.lE-01 

9.7E-05 l .3E-03 l.4E-0l l.3E-03 7.2E-03 

l.4E-03 2.4E-02 9.4E-0l l.8E-02 9.lE-01 

• Number in parentheses indicates the maximally exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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WM 
Workers 

l .0E-03 

4.9E-0l 

l.4E-0l 

6.7E-03 

fr-7E-05 

2.5E-0l 

4.8E-04 

l.lE-03 

2.0E-01 

8.2E-03 

l .4E-0l 

7.0E-01 

1.9 

WM 
Workers 

7.4E-0l 

5.8E-0l 

4.0E-02 

0.00 

3.3E-0l 

l .4E-0l 

1.8 
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Table D.3.5-33. Ri k A ociated With Disposal of UMW Under 
Regionalized Alternative 3, by Site 

Fatalitiesb Cancer Incidencec 

Maximally All Farm Maximally All Farm 
Site Exposed ' Family Exposed Family 

(Lifetime)8 Farm Family Lifetimes WM Workers Farm Family Lifetimes 

NTS (0) 0.00 0.00 4.SE-01 7.2E-04 3.0E-02 

Total 0.00 0.00 4.SE-01 7.2E-04 11, 3.0E-02 

• Number in parentheses indicates the maximally exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures . 

Table D.3.5-34. Risks Associated With Disposal of LLMW Under 
Regionalized Alternative 4, by Site 

Fatalitiesb Cancer Incidencec 

Maximally All Farm Maximally All Farm 
Site Exposed Family Exposed Family 

(Lifetime)8 Farm Family Lifetimes WM Workers Farm Family Lifetimes 

INEL (0) 0.00 0.00 4.0E-01 l.7E-05 2.2E-05 

LANL (0) 0.00 0.00 7.6E-02 4.7E-07 8.4E-06 ·-· 
NTS (0) 0.00 0.00 _ ..Q:Qi)__ 0.00 0.00 -
ORR (22) 4.3E-06 7.0E-05 l.5E-0l l.2E-02 8.2E-0l 

SRS (153) 9.7E- 05 l .3E-03 l.4E-0l l.3E-03 7.2E-03 

Hanford (18) l.4E-03 2.4E-02 2.9E-0l 5.2E-03 8.5E-02 

Total l.5E-03 2.5E-02 1.1 l.8E-02 9. lE-01 

• Number in parentheses indicates the maximally exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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Site 
(Lifetime)3 

Hanford (18) 

Total 

Table D.3.5- 35. Risks Associated With Disposal of LLMW Under the 
Centralized Alternative, by Site 

Fatalitiesb Cancer Incidencec 

Maximally All Fann Maximally All Farm 
Exposed Family Exposed Family 

Farm Family Lifetimes WM Workers Farm Family Lifetimes 

l .9E-02 2.5E-0l 5.lE-01 6.7E-02 8.7E-0l 

l .9E-02 2.5E-0l 5.lE-01 6.7E-02 8.7E-0l 

• Number in parentheses indicates the maximally exposed lifetime of the farm family for radionuclide exposure only . 
b Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures . 

ApPendix D 

WMWorke 

1.3 

1.3 

Table D.3.5-36. Risks Associated With Disposal of RH-LLMW Under Each 
Alternative Except No Action, by Site 

Fatalitiesb Cancer lncidencec 

Maximally All Fann Maximally All Farm 
Site Exposed Family Exposed Family 

(Lifetime)3 Farm Family Lifetimes WM Workers Farm Family Lifetimes 

INEL (0) 0.00 0.00 2. IE-02 7.6E-07 l.2E-06 

Hanford (18) 2.4E-07 5.0E-06 2.5E-05 8.5E-07 l.7E-05 

ORR (22) 8.3E-05 l.3E-03 9.7E-03 2.9E-04 5.0E-03 

SRS (153) 2. lE-06 2.9E-05 l.2E-03 l.2E-05 l.IE-04 

Total 8.5E-05 l.3E-03 3.2E-02 3.0E-04 5.IE-03 

• Number in parentheses indicates the maximally exposed lifetime of the farm family for radionuclide exposure only . 
b Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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D.3.5.4 Re ults of the LMW Human Health Risk Analysis for Routine Operations 

D.3.5.4.1 Programwide Trends in Human Health Risks Associated With LLMW 
Management Alternatives 

For the offsite and noninvolved worker populations and their respective MEis, the cancer fatality risks 

associated with CH-LLMW treatment under Regionalized Alternatives 2, 3, 4, and the Centralized 

Alternative are generally lower than for No Action, Decentralization, and Regionalized 1 Alternatives , due 

to reduction in the number of treatment installations and the transfer of wastes to installations where off site 

populations are smaller and/or farther away from treatment facilities. However, for the off-site population 

and both MEls , cancer fatality risks in the Centralized Alternative are slightly higher (less than a factor of 

2) than those associated with the Regionalized 2, 3, and 4 Alternatives. In all alternatives, radiological risks 

to offsite and noninvolved worker receptors are higher than risks from chemical exposure. 

Risks of cancer incidence from chemical exposure to offsite and noninvolved worker populations and offsite 

MEis follows a similar trend, decreasing as fewer installations treat LLMW. However, for the noninvolved 

worker MEI, chemical-related cancer incidence risk increases slightly when all treatment is performed at 

only one installation. All hazard indices are all well below 1.0, indicating a low probability of adverse 

health effects due to noncarcinogenic , toxic chemicals . 

For both involved and noninvolved workers, the No Action Alternative (which entails treatment of RH- and 

CH-LLMW) and all the other CH-LLMW treatment alternatives are very similar for all health risk 

endpoints. However, the cancer incidence risks due to potential chemical exposure are one to two orders 

of magnitude lower than the cancer incidence risks due to radionuclide exposure . All exposure indices are 

well below 1.0, indicating a low probability of adverse health effects due to noncarcinogenic , toxic 

chemicals. 

For all receptors, cancer risks associated with RH-LLMW treatment (all alternatives except No Action) are 

greater at ORR and INEL than at other installations because these two installations treat substantially large 

waste loads . 
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Offsite Population. The No Action, Decentralized (49-installation treatment) and Regionalized 1 

(11-installation treatment) Alternatives produce risks of cancer fatality to the offsite population 

approximately one order of magnitude higher than the Regionalized 2, 3, 4, and Centralized Alternatives 

(7-, 7-, 4- and I-installation treatment, respectively) . This is because CH-LLMW is being transferred for 

treatment from LLNL (which has a population of 6.3 million located relatively close to the facility) to 

Hanford (which has a population of 380,000 located farther from the facility). Total cancer fatality risks 

for No Action, Decentralized, and Regionalized 1 Alternatives are in the range of 1.6E-01 to 2.8E-01 over 

a total affected population of approximately 53.2 million, whereas the risks from Regionalized 2, 3, 4, and 

Centralized Alternatives range from 1.8E-02 to 2.5E-02 for the same affected population. 

For the No Action Alternative and alternatives involving treatment of CH-LLMW, most of the estimated 

cancer fatality risk can be attributed to exposure to uranium-238 at ORR (No Action), tritium at LLNL 

(Decentralized and Regionalized 1), and tritium at Hanford (Regionalized 2, 3, 4, and Centralized). 

Reported by alternatives, installations posing the highest risks are the same. (As discussed in Chapter 6, 

the risks estimated in this section are based on the assumption that LLMW will be incinerated. The highest 

health risk to the offsite population is estimated to result from releases of tritium during incineration of 

wastes containing tritium. It should be noted that DOE is exploring alternative technologies for treating 

LLMW where incineration is determined to be unacceptable based on potential health risks. 

Cancer incidence risk to offsite populations from exposure to carcinogenic chemicals follows the trends for 

radiological risks, generally decreasing from the No Action Alternative to the Centralized Alternative. The 

highest chemical-related cancer risk is from the No Action Alterative (2.5E-03). This is approximately one 

to two orders of magnitude higher than the other alternatives. The lowest estimated cancer incidence due 

to chemical exposure is from the Centralized Alternative (l .5E-05). 

The treatment of RH-LLMW at four installations presents a programwide risk of cancer fatality to the 

offsite population of l .3E-03 over a total affected population of approximately 2 million (in all alternatives 

except the No Action Alternative). The highest installation-specific cancer fatality risk is associated with 

RH-LLMW treatment from ORR, due to tritium emissions during management of a relatively large waste 

volume. The estimated programwide risk of cancer incidence from chemical exposure in the RH-LLMW 

treatment scenario is 7. 2E-08. 

VOLUME III D-263 



Appendix D Waste Management Facility Human Health Risk Estimates 

Noninvolved Worker Population. The programwide health risk to noninvolved worker populations 

parallel the trends observed for the offsite populations. Cancer fatality risks in the No Action, 

Decentralized, and Regionalized 1 Alternatives are approximately one to two orders of magnitude higher 

than in the Regionalized 2, 3, 4, and Centralized Alternatives. The risk of cancer fatality to noninvolved 

worker populations for CH-LLMW ranges from 3.3E-04 (Centralized) to l.3E-02 (No Action) . 

The No Action Alternative presents the highest risk of cancer fatality (l .3E-02) to the noninvolved worker 

populations and is approximately one order of magnitude higher than the next highest alternative. The 

Decentralized and Regionalized 1 Alternatives produce risks of cancer fatality (2.4E-03) to the noninvolved 

worker population, approximately one order of magnitude higher than the Regionalized 2 , 3, 4, and 

Centralized Alternatives. This is explained by the fact that a larger population of noninvolved workers is 

located closer to LLNL than to Hanford (9,500 versus 160, respectively). 

The risk of cancer incidence to noninvolved worker populations from exposure to carcinogenic chemicals 

in CH-LLMW follows the same general trend as for off site populations and ranges from 7. 9E-06 

(Centralized) to 5 .7E-04 (No Action). 

The treatment of RH-LLMW at four installations (all alternatives except No Action) results in a risk to 

noninvolved worker populations from chemical exposure of 4 .2E-05 for cancer fatality and 3 .9E- 08 for 

cancer incidence. 

Maximally Exposed Noninvolved Worker Individuals and Maximally Exposed Offsite Population 

Individuals (MEls) . For CH-LLMW, the trends in cancer fatality risks to offsite MEis are similar to those 

for the offsite and noninvolved worker populations in that Regionalized 2, 3, 4 , and Centralized 

Alternatives generally presented lower risks than the No Action, Decentralized, and Regionalized 1 

Alternatives. Risk of cancer incidence from chemical exposure to offsite and noninvolved worker 

populations and off site MEls follows a similar trend, decreasing as fewer installations treat LLMW. 

However, both cancer fatality risks and chemical-related cancer incidence risks to the noninvolved worker 

MEI increase slightly (less than a factor of 2) in the Centralized Alternative (as compared with the 

Regionalized 2, 3, and 4 Alternatives), reflecting increased exposure of the noninvolved worker MEI with 

consolidation of waste and treatment at one installation. 
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The No Action Alternative had the highest risk of cancer fatality for the offsite and noninvolved worker 

MEis (6 .9E-06 and 8.7E- 06, respectively) . The risk of cancer from chemical exposure is about two or 

more orders of magnitude less than from radionuclide exposure for both MEis . The hazard index for the 

offsite MEI ranges from 4 .8E-09 to 2.0E-05. The hazard index for the noninvolved worker MEI ranges 

from 3.8E-08 to 3.7E-05 . The hazard and exposure indices for all MEls are well below 1.0 in all 

alternatives, indicating a low probability of adverse health effects from noncarcinogenic chemicals. 

Treatment of RH-LLMW at four installations results in cancer fatality risks to the offsite and noninvolved 

worker MEis of 3.4E-08 and 2.3E-08, respectively. Risks of cancer incidence from chemical exposure to 

both MEis ranges from 2.9E-12 and l.8E-ll, respectively. 

Workers. Total estimated risks of cancer incidence and cancer fatality to workers potentially exposed to 

radionuclides are very similar among alternatives, differing by less than a factor of 2. Estimated cancer 

fatality risks for the No Action and the CH-LLMW treatment alternatives range from 5.2E-01 to 8.4E-01 

(populations ranging from 8,700 to 13, 100 FTEs). Risk of cancer incidence from potential radiation 

exposure ranges from 1.8 to 2.9 for the same alternatives. Risks of cancer fatality and incidence to workers 

potentially exposed to radionuclides in the RH treatment scenario are 2.3E-02 and 8. lE-02, respectively 

(total worker population of 1,119 FTEs) . 

Worker health risks due to potential chemical exposure are also similar among alternatives (No Action and 

CH-LLMW treatment) . The highest cancer incidence (l.8E-02 out of a total population of 8,672 FTEs) 

and the highest exposure index (2.6E-02) from potential chemical exposure to workers is found in the 

Centralized Alternative, where all waste is treated at Hanford. In this alternative, chemical waste loads are 

substantially larger at Hanford and more workers are processing more waste at a time to complete treatment 

over the 10-year period. However, risk from potential chemical exposure to workers from the Centralized 

Alternative is higher only by a factor of 2 over the other alternatives. For RH-LLMW, cancer incidence 

risk of each alternative (excluding No Action) from potential chemical exposure to workers is 6.7E-05, and 

the exposure index is 4 .6E-04. 

All worker cancer incidence risks due to potential chemical exposure are one to two orders of magnitude 

lower than cancer incidence risk from potential radionuclide exposure. All exposure indices are well below 

1.0, indicating a low possibility for adverse health effects from potential exposure to noncarcinogenic 

chemicals. 
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Estimated con traction fatality ri k for H- MW treatment are also very similar among alternatives, 

ranging from 1. 4 to 2. 0 (Regionalized and Centralized Alternatives). Construction fatality risks are slightly 

lower for the No Action Alternative (6.0E-01) . Construction fatality risk associated with the RH-LLMW 

treatment is 2 .9E-0l. Risk of operational fatality ranges from 1.1 to 1.8 for the No Action and CH-LLMW 

treatment alternatives, and is l.6E-01 for the RH-LLMW treatment scenario. Estimated operational 

fatalities are one order of magnitude lower for the No Action Alternative (2.6E-01). This is due to the less 

worker person-hours associated with treatment in the No Action Alternative . Estimated construction and 

operations injuries follow the same pattern as fatalities. 

Although worker risks associated with the CH-LLMW treatment are very similar across alternatives, some 

differences in risk reported by installation are notable. The estimated total fatality risk (cancer, construction, 

and operation combined) at KCP (E-05 to E-04 range) are lower by one or more orders of magnitude. The 

numbers are lower because this installation has a much smaller waste load to treat and fewer workers 

(one or less FTE in all alternatives) than other installations. The same trend is seen for total cancer 

incidence from potential radionuclide and chemical exposure at KCP (see Table D.3.5-15). 

The highest total fatality and cancer incidence risks associated with potential exposure to radionuclides and 

chemicals from the CH-LLMW treatment alternatives are at Hanford in the Centralized Alternative (2.2 and 

1.8 for radionuclides and chemicals, respectively). All risks at Hanford increase about one-half to one order 

of magnitude in the Centralized Alternative, where Hanford is the only treatment installation. 

The highest total fatality and cancer incidence risks for the RH-LLMW treatment scenario are from ORR 

(3.0E-01 and 7.5E-02, respectively) and INEL (l.7E-01 and 6.9E-03, respectively). This is due to much 

larger RH-LLMW volumes and a much larger exposed work force at the two installations (725 at ORR and 

569 at INEL compared with 1 at Hanford and 17 at SRS). 

D.3.5.4.2 Programwide Trends in Human Health Risks Associated With UMW Disposal 

In general, Regionalized 3 (single-installation disposal of CH-LLMW at NTS) poses the lowest total health 

risks to all farm family lifetimes for cancer fatalities and cancer incidence. Estimated risk of cancer 
I 

incidence (from radiological and chemical exposure) associated with all other CH-LLMW disposal 

alternatives is higher by approximately 1 order of magnitude . The estimated risk of cancer incidence to all 
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farm family lifetimes from radionuclides ranges from zero (Regionalized 3) to 8.6E-01 (Centralized); and 

the estimated cancer incidence risk from carcinogenic chemicals ranges from 8.5E-03 (Centralized) to 

8.3E-01 (Regionalized 2). The hazard indices (for a member of the MEL of the farm family) range from 

8. lE-01 in Regionalized 3 to 3. 0 in Decentralized and Regionalized 1. 

Only one scenario (all alternatives except No Action) was analyzed for RH-LLMW with four installations 

(Hanford, INEL, ORR, and SRS) treating and disposing of all waste onsite. The risks of cancer incidence 

to all farm family lifetimes from radionuclides range from zero (INEL) to 4.4E-03 (ORR). The risks of 

cancer incidence posed by chemicals range from 2.6E-07 (Hanford) to 5.7E-04 (ORR). The hazard indices 

(to a member of the MEL of the farm family) range from 7.2E-5 (Hanford) to l.3E-02 (SRS). 

Maximally Exposed Lifetime of the Hypothetical Fann Family. The lowest risks of cancer incidence due 

to radionuclide exposure to the MEL of the farm family are for Regionalized 3 in which all LLMW is 

disposed of at NTS. The risk of cancer incidence is zero for the farm family of four. This lack of risk is 

primarily due to the greater depth of the groundwater, the small amount of rainfall, and the lack of volatile 

radionuclides (such as carbon-14) in the waste at NTS. This results in retarded migration of contaminants 

into the groundwater (slow-moving, long-lived radionuclides have not yet reached the groundwater during 

the 10,000-year analysis period). 

The highest risks of cancer incidence due to radionuclide exposure to the MEL of the farm family are for 

the Centralized Alternative in which all CH-LLMW is disposed of at Hanford. The risk of cancer incidence 

is 6.6E-02 (average individual risk of cancer incidence is 1. 7E-02) during lifetime 18 with uranium-238 

as the controlling radionuclide. The elevated risks are probably due to a higher level of contaminant 

migration into the groundwater. 

The lowest disposal installation risks are at INEL, LANL, and NTS for Decentralized and Regionalized 1, 

2, and 4 and at NTS for Regionalized 3. The estimated risk of cancer incidence due to radionuclide 

exposure to the MEL of the farm family for each of these alternatives is zero. This is due to the lack of 

volatile radionuclides in the waste at installations with a greater depth to groundwater and a small amount 

of rainfall . 

The lowest estimated risks of cancer incidence due to chemical exposure to the MEL of the farm family are 

for the Centralized Alternative in which CH-LLMW is disposed of at Hanford. The programwide risk of 
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cancer incidence is 9.SE-04 for the ME of the farm family (individual cancer incidence risk is 2.4E- 04) 

during lifetime 18 where 1,2-dichloroethane is the controlling contaminant. 

The highest risks of cancer incidence due to chemical exposure to the MEL of the farm family are for 

Decentralized (15-installation disposal), Regionalized 1 (12-installation disposal) , and Regionalized 2 and 4 

(both 6-installation disposal). The chemical-related cancer incidence risk for each of these alternatives is 

very similar, ranging from 9.8E-03 to l .3E-02. For each of these alternatives, the risk of chemical-related 

cancer incidence at ORR ranges from 6.4E-03 to l.2E-02 during lifetime 61, and the controlling 

contaminant is 1,2-dichloroethane. The higher risk at this installation is due to a much higher concentration 

of volatile, potentially carcinogenic contaminants in the groundwater. 

The lowest hazard index for a member of the MEL of the farm family occurs at LLNL for Decentralized 

and Regionalized 1 (5.SE-04) during lifetime 22. The controlling contaminant is acetone, which accounts 

for more than 99% of the hazard index. The hazard index is well below 1.0, therefore, exposure to 

noncarcinogenic, hazardous chemicals presents very few health hazards to any of the farm family lifetimes 

at NTS in this alternative. 

The highest hazard index occurs at RFETS for Regionalized 1 (3.0) during lifetime 26. The controlling 

contaminant is arsenic, which accounts for over 60% of the hazard index. As this hazard index is greater 

than 1.0, it indicates a risk of toxicity to the maximally exposed farm family. 

For RH-LLMW disposal, the lowest estimated risks of cancer incidence due to radionuclides is at INEL 

where the risk to the MEL of the farm family is zero. As observed for NTS, the low amount of rainfall, 

the depth to groundwater, and a lack of volatile radionuclides in the waste lead to a greatly reduced risk due 

to retarded migration of contaminants . Estimated risk of radionuclide-related cancer incidence to the MEL 

of the farm family is highest at ORR with a risk of 2.8E-04 (individual cancer risk of 7.0E-05) during 

lifetime 22, and the driving radionuclide is neptunium-237. 

The lowest risks of cancer incidence posed by chemicals in RH-LLMW is at Hanford (2 .6E-08) where 

carbon tetrachloride is the controlling contaminant during lifetime 34. The highest estimated risk of cancer 

incidence due to chemicals is at ORR (8 .1 E-06) during lifetime 61; 1,2-dichloroethane is the controlling 

contaminant. All hazard indices are below 1.0, indicating that adverse health effects associated with 

noncarcinogenic chemicals are estimated to be unlikely for RH-LLMW disposal. 
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Workers Placing Wastes Into Disposal. The estimated worker cancer fatality and incidence risks due to 

radionuclide exposure during disposal are very similar among alternatives , ranging from 3.6E-01 to 

6.4E-01 and from 1.3 and 2.2, respectively, for the CH-LLMW treatment alternatives. However, the 

estimated risk of fatality from construction is lower for the one-installation disposal alternatives 

(Regionalized 3 and Centralized) than for other alternatives. Hanford and NTS are the single disposal 

installations in these alternatives and both have a large amount of existing disposal capacity compared to 

other installations; therefore , these two installations would require less construction of disposal facilities . 

The construction risks for the other CH-LLMW alternatives (Decentralized and Regionalized 1, 2, 4) are 

very similar. Construction fatality risk for the RH-LLMW disposal scenario is 3.0E-02. Trends in risk of 

construction injury follow those seen for risk of construction fatality . 

The estimated number of operational fatalities is within an order of magnitude among the CH disposal 

alternatives (ranging from 3. lE-01 to 1.6). The RH disposal scenario has an estimated operational fatality 

risk of 2. lE-02. In general, operational fatalities are slightly higher for alternatives where multiple 

installations dispose (Decentralized and Regionalized 1, 2, 4) and are slightly lower where only one 

installation disposes (Regionalized 3 and Centralized). This trend is due to fewer total worker person-hours 

associated with fewer disposal installations. Risk of operational injury to workers follows the same trend 

as operational fatalities. 

Though overall risks to workers from disposal do not differ appreciably among CH treatment alternatives, 

some trends are apparent among installation risks associated with disposal. In the multiple-installation 

disposal alternatives (Decentralized and Regionalized 1, 2, 4), the same two installations, Hanford and 

INEL, have the highest cancer risks by about 0.5 to 2 orders of magnitude. These installations are 

consolidation installations for disposal of CH-LLMW in these alternatives. The controlling contaminants 

are cesium-137 at Hanford for Decentralized and cobalt-60 at Hanford and INEL for Regionalized 1, 2, and 

4; external radiation is the predominant exposure route. In the one-installation disposal alternatives, the 

controlling contaminant at Hanford in Centralized and NTS in Regionalized 3 is cobalt-60; the primary 

exposure route is external radiation. Risks increase approximately 3 to 5 orders of magnitude at NTS where 

it is the only installation disposing in Regionalized 3; and risks go up only slightly at Hanford when it is 

the only disposal installation in the Centralized Alternative. 

For RH-LLMW disposal , estimated risk of cancer fatality and cancer incidence from radionuclide exposure 

are l.SE-03 and 5.2E-03, respectively . INEL and ORR have the greatest estimated risks to workers by 2 
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to 7 orders of ma nitude with total estimated fatalities (exposure plus physical hazards) of 2. lE-02 and 

9.7E-03 and cancer incidence (from radionuclides and chemicals) of 3.5E-03 and l. 8E-03 , respectively , 

over Hanford and SRS. This difference in risk is attributed to the large amounts of remote-handled LLMW 

at INEL and ORR versus the comparatively small amounts at Hanford and SRS. The controlling 

radionuclide at INEL and ORR is cobalt-60 and external radiation is the primary exposure route. 

D.3.5.4.3 Comparison Among Treatment Options 

A comparison of CH-LLMW treatment options (No Action and 49-, 11-, 7-, 4-, and I-installation treatment 

options) indicates that treatment risks (radiological and chemical) to offsite and noninvolved worker 

populations generally decrease as the number of treatment installations are reduced. This trend is due in part 

to transfer of waste to installations where offsite populations are smaller and/or farther away from treatment 

facilities. Worker risks associated with treatment are very similar for all alternatives. Radiological risks 

associated with treatment are consistently higher than chemical exposure risks associated with treatment for 

all receptors . 

D.3.5.4.4 Comparison Among Disposal Scenarios 

Direct comparisons can be made between the two CH-LLMW alternatives that involve disposal at a single 

installation. Regionalized 3 involves disposal at NTS, and Centralized involves disposal at Hanford. The 

estimated risk of cancer incidence due to radionuclide exposure is higher for Hanford (6.6E-02) than for 

NTS (zero). The risk of cancer incidence due to exposure to carcinogenic chemicals is slightly higher at 

NTS than at Hanford (7.2E-04 versus 9 .5E-04, respectively). However, the hazard index at Hanford is 

higher by approximately one order of magnitude (8. IE-01 at NTS versus 2.4 at Hanford). Though both 

NTS and Hanford are in arid environments, the level of the groundwater at NTS is much deeper than at 

Hanford, and radionuclide contaminants migrate at a much slower rate . 

Comparisons can also be made between Regionalized 2 (treat CH-LLMW at seven installations, dispose at 

six installations) and Regionalized 4 (treat CH-LLMW at four installations, dispose at six installations). 

There is no appreciable difference in the estimated risk of cancer incidence due to chemicals (8.2E+0l) 
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or in the hazard indices (2 .7). The risks of cancer incidence due to radionuclides show also little variation 

(8.0E-02 for Regionalized 2 and 8.SE-02 for Regionalized 4) . 

All worker risks associated with CH-LLMW disposal are similar among alternatives . 

D.3.5.4.5 Summary of Results for Routine Treatment and Disposal of LLMW 

In summary, the No Action Alternative presents the highest treatment health risks to the off site and 

noninvolved worker populations. For treatment, radiological risks are consistently higher than chemical 

exposure risks for all receptors. 

Since the types of treatment do not change for any of the LLMW alternatives, treatment is not a 

consideration for LLMW disposal. The risks are largely affected by the amount and type of waste load as 

well as the groundwater characteristics of the disposal installation. Geographical location of the disposal 

installation and the characteristics of the soil affecting the migration of contaminants into the groundwater 

affect the risks as well. 

Worker risks are very similar across all CH-LLMW alternatives, regardless of number of treatment 

installations or disposal scenario. However, as might be expected, consolidation of CH-LLMW at fewer 

installations for treatment or disposal tends to elevate worker risks at those installations. 

D.3.5.5 Summary of Alternatives for Potential LLMW Accidents 

The following LLMW alternatives were evaluated for potential treatment facility (incinerator) accidents: 

No Action, Decentralized, Regionalized 1, Regionalized 2, Regionalized 4, and Centralized. Health risks 

associated with accidental releases of radionuclides and those associated with accidental releases of 

chemicals were analyzed separately from one another and are discussed separately in this section. In 

addition, the risks from accidents affecting facilities that manage alpha-emitting radionuclides were analyzed 

separately from the accident risks for facilities that manage nonalpha-emitting radionuclides (these two 

categories of radionuclides are referred to as "alpha" and "nonalpha" in the analysis). Note that incineration 

accident scenarios postulated for Regionalized I only include installations with alpha facilities. 
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The treatment fac ility accident analyzed include (1) an incinerator explosion and resultin fi ; (2) a 

baghouse area fire ; and (3) an earthquake with subsequent fire . For accidents involving chemical releases 

during incineration, only the feedstock staging area fire scenario is evaluated. 

D.3.5.6 Special Assumptions and Considerations Used in the LLMW Accident Analysis 

All accidental releases from incinerator facilities to the outside (i.e., to the offsite and noninvolved worker 

populations) are assumed to be at ground level with dispersion starting at a lower level rather than from a 

facility stack. In the incinerator explosion accident scenario, it is assumed that the efficiency of the facility's 

high-efficiency particulate air filtration system drops only to 99.9%. In the assessment of worker risks from 

incineration accidents, it is assumed that the air in the work area is not ventilated or filtered; the intrafacility 

source term for this accident is, therefore, 1,000 times higher than the atmospheric source term used to 

calculate risks to the offsite and noninvolved worker populations. 

Incineration accidents are assumed to cause releases into the operating gallery where the workers are 

located. Half of the operating gallery (e .g., an area 32 m long x 6 m wide x 6 m high) is assumed to fill 

with contaminated air. Exposure duration is 1 min, the time necessary for workers to avoid any obstructions 

and leave the scene. During all accidents, one shift of waste management workers is assumed to be inside 

the incinerator facility. Shift size varies from 1 to 14 workers . 

Each accident type has an associated estimated annual frequency of occurrence as determined by Argonne 

National Laboratory (see Section D.2. 7 .1). However, the probability of occurrence is not taken into account 

in the risk calculations . Risk estimates associated with each accident should be interpreted as the 

consequences if the accident occurred. Estimated annual frequencies vary by accident type and contaminant 

type. 

For radionuclide-related accidents, the incinerator explosion is considered to be "anticipated" (greater than 

l.0E-02); the feedstock staging area fire is considered "unlikely" (l.0E-04 to 1.0E-02); and the earthquake 

resulting in an incinerator facility fire is considered "very unlikely" (l.0E-06 to 1.0E-04). For chemical­

related accidents, the incinerator feedstock staging area fire is considered "anticipated" (greater than 

l .0E-02) (see Appendix F) . 
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All "chromium" listed in the source term was assumed to be 100% chromium (VI) due to lack of more 

specific information. This is a conservative assumption, and health risks associated with chromium (VI) may 

be overestimated. 

D.3.5.7 Results Tables for the Risk Analysis of Potential LLMW Accidents 

Because of the volume of results tables for potential LLMW accidents, the following results tables are 

presented on the following pages. 

• Tables D.3.5-37 and D.3.5-38 present the maximum reasonably foreseeable radionuclide- and 

chemical-related accidents for the offsite and noninvolved worker populations, their respective MEis, 

and waste management workers for treatment facility accidents, by installation and alternative . 

• Tables D.3.5-39 through D.3.5-70 present the radionuclide-related risks associated with LLMW 

treatment for the offsite population, offsite MEI, and worker population by alternative, installation, and 

accident type. 

• Tables D.3.5-71 through D.3.5-113 present the chemical-related risks associated with LLMW 

treatment for the offsite population, offsite MEI, and worker population by alternative, installation, and 

accident type. 

While the risk analysis results for the noninvolved worker population and noninvolved worker MEI are 

discussed below, the risk results for these receptors are not included in Tables D.3.5- 39 through 

D.3 .5-113. 
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Table D.3.5-37. Radionuclide-Related Risks From Potential Maximum Reasonably Foreseeable 
LLMW Treatment Facility Accidents, by Alternative and Site 

Noninvolved 
Worker Noninvolved Worker 

OtTsite Population Otfsite MEI Population Worker MEI Population 

Site CF CI CF CI CF CI CF CI CF CI 

No Action 
INEL l.3E-03 4.4E-03 l.5E-07 5.0E-07 7 .2E-04 2.4E-03 4.3E-07 l.5E-06 1.4E-04 5.0E-04 

ORR l.6E-01 5.5E-01 l.4E-05 4.7E-05 8.3E-02 2.8E-01 9.2E-05 3. lE-04 9.8E- 03 3.4E-02 

SRS 2.0E-02 6.7E-02 6. lE-07 2.lE-06 2.2E-03 7.3E-03 9.4E-06 3.2E-05 3.2E-03 1.lE-02 

Decentralized 
ANL-E 9.4E-04 3.2E-03 2.SE-08 9.SE-08 1.2E-OS 4.2E-OS 9.lE-08 3.lE-07 2.lE-06 9.SE-06 

BNL 1.0E-02 3.5E-02 9.2E-07 3. lE-06 8. lE-05 2.8E-04 7.5E- 07 2.5E-06 9.3E-06 3.2E- 05 

FEMP 1.6E-05 5.4E-05 4. lE-09 l.4E-08 5.9E-07 2.0E-06 4.0E-09 l.3E-08 7.0E-08 2.5E-07 

Hanford 2.7E-01 9. lE-01 6.3E- 06 2. lE- 05 2.2E-02 7.5E-02 2.2E-04 7.6E-04 1.lE-02 3.8E-02 

INEL 2.lE-03 7. lE-03 2.4E-07 8.lE-07 2.0E-03 6.8E-03 l.2E- 06 4.lE-06 3. lE-03 1.lE-02 

KAPL-K 4.lE-03 l.4E-02 2.lE-07 7.0E-07 6.9E-05 2.4E-04 2.8E-07 9.5E-07 5.7E-06 2.0E-05 

LANL 9.lE-04 3.lE-03 4.3E-07 l.5E-06 2.6E-04 8.8E-04 7.7E-07 2.6E-06 l.7E-04 6.0E-04 

LLNL 1.lE-02 3.8E-02 l.6E-06 5.3E-06 9.5E-04 3.2E-03 l.7E-06 5.6E-06 l.3E-04 4.7E-04 

ORR l.6E-01 5.5E-01 l.4E-05 4.7E-05 8.3E-02 2.8E-01 9.2E-05 3.lE-04 1.lE- 02 3.9E-02 

PGDP 3.lE-02 1.lE-01 9.0E-06 3. lE-05 6.lE-03 2. lE-02 5.4E-05 l.8E-04 2.3E- 03 8.2E-03 

Pantex 5.lE-04 l.7E-03 5.6E-08 l.9E-07 l.lE-05 3.7E- 05 l.9E-07 6.4E-07 5.2E- 06 l.8E-05 

RFETS 5.9E- 03 2.0E-02 2. lE-07 7. lE-07 l.0E-03 3.5E-03 3.lE-06 l.0E-05 3.9E-04 l.4E-03 

SRS 2.0E-02 6.7E-02 6. lE-07 2.lE-06 2.2E-03 7.3E-03 9.4E-06 3.2E-05 3.2E-03 1.lE-02 

Ree:ionalized 1 
INEL 2. lE-03 7. lE-03 2.4E- 07 8.lE-07 2.0E-03 6.8E-03 l .2E-06 4.lE-06 3. lE- 03 1.lE- 02 

LANL 9.lE-04 3.lE-03 4.3E-07 l.5E-06 2.6E-04 8.8E-04 7.7E-07 2.6E-06 l .7E-04 6.0E- 04 

LLNL 1.lE-02 3.8E-02 l .6E-06 5.3E-06 9.5E-04 3.2E-03 1.7E-06 5.6E-06 l.3E- 04 4.7E-04 

RFETS 5.9E-03 2.0E-02 2.lE-07 7.lE-07 l.0E-03 3.5E-03 3.lE-06 1.0E-05 3.9E-04 l.4E-03 

SRS l.7E-03 5.9E-03 5.3E-08 l.8E-07 l.9E-04 6.5E- 04 8.2E-07 2.8E-06 l.4E- 04 4.9E-04 

Ree:ionalized 2 
Hanford 2.7E-01 9.lE-01 6.3E-06 2.lE-05 2.2E-02 7.5E- 02 2.2E- 04 7.6E-04 l.lE-02 3.8E-02 

INEL 2.lE-03 7.lE-03 2.4E-07 8.lE-07 2.0E-03 6.9E-03 l .2E-06 4. lE-06 3. lE-03 1.lE-02 

LANL 9.lE-04 3.lE- 03 4.3E-07 l.5E-06 2.6E-04 8.8E-04 7.7E-07 2.6E-06 l.7E- 04 6.0E-04 

ORR 1.8E-0l 6.lE-01 l.5E-05 5.lE-05 1.2E-01 4.2E-01 l.4E-04 4.6E- 04 l.6E-02 5.7E-02 

RFETS 5.9E-03 2.0E-02 2.lE-07 7.lE-07 1.0E-03 3.5E-03 3.lE-06 l.0E-05 3.9E-04 l.4E-03 

SRS 2.0E-02 6.7E-02 6. lE-07 2.lE-06 2.2E-03 7.4E-03 9.4E-06 3.2E-05 3.2E-03 1.lE-02 
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Table D.3.5- 37. Radionuclide-Related Risks From Potential Maximum Reasonably Foreseeable 
LLMW Treatment Facility Accidents, by Alternative and Site-Continued 

Noninvolved 
Worker Noninvolved Worker 

OtTsite Population OtTsite MEI Population Worker MEI Population 

Site CF CI CF CI CF CI CF CI CF CI 

Re2ionalized 4 

Hanford 2.7E-Ol 9.lE-01 6.3E-06 2.lE-05 2.2E-02 7.SE-02 2.2E-04 7.6E-04 l.lE-02 3.8E-02 

INEL 2.lE-03 7.lE-03 2.4E-07 8.lE-07 2.0E-03 6.9E-03 l .2E-06 4. lE-06 3.SE-03 l.2E-02 

ORR l .8E-Ol 6.2E-0l l.6E-05 5.3E-05 9.6E-02 3.3E-0l l.lE-04 3.6E-04 l.4E-02 5.0E- 02 

SRS 2.0E-02 6.7E-02 6.lE-07 2. lE-06 2.2E-03 7.4E-03 9.4E-06 3.2E-05 3.2E-03 1.lE-02 

Centralized 
Hanford 4.0E-01 1.4 9.4E-06 3.2E-05 3.8E-02 l.3E-0l 3.9E-04 l.3E-03 4.4E-02 l.6E-0l 

Notes: ME = Maximally exposed individual; each value represents the highest single risk (not the sum of all risks) to the MEI from 
among all accidents at a site; CF = risk of cancer fatality associated with exposure to radionuclides; CI = risk of cancer incidence 
associated with exposure to radionuclides . 

Table D.3.5-38. Chemical-Related Risks From Potential Maximum Reasonably Foreseeable 
LLMW Treatment Facility Accidents, by Alternative and Site 

Noninvolved 
OtTsite Worker Noninvolved Worker 

Population OfTsite MEI Population MEI Workers 

Site CI CI m CI CI m CI IDLH 

No Action 
INEL 8.9E-07 2.lE-10 3.SE-03 2.0E-06 l.2E-09 l.9E-02 7.SE-08 1.1 

ORR 7.3E-03 4.7E-07 7.8 6.3E-04 5.0E-07 8.1 l.9E-04 3.0E+0l 

SRS l .SE-05 4.9E-09 8.IE-02 6.9E-05 2.7E-07 4.4 6.0E-05 l.4E+0l 

Decentralized 
ANL-E 5.4E-0.S l.SE-11 2.SE-04 8.0E-09 4.4E-11 8.2E--04 4.3E-09 1.0 

BNL 3.2E-05 5.SE-10 9.SE-03 2.4E-08 l.9E-10 3.lE-03 l.SE-08 1.0 

FEMP 2.3E-04 l.0E-08 l .6E-0l l.SE-06 9.6E-09 l.6E-0l 2.lE-06 1.9 

Hanford 6.SE-05 l.7E-09 2.8E-02 3.4E-07 9. lE-09 l.SE-01 2.lE-05 5.3 

INEL 3.SE-05 8.2E-09 l.3E-0l 7.9E-05 4.SE-08 7.4E-0l l.9E-05 4.7 

KCP 2.7E-07 l.2E-l l 2.0E-04 3.4E-09 l.2E-ll 2.0E-04 7.7E-12 1.0 

KAPL-K 3.6E-06 6.lE-10 l.0E-02 l.SE-07 6.lE-10 l.0E-02 9.3E-09 1.0 

LANL 2.2E-05 7.SE-09 l .2E-0l 4.3E-06 5.8E-08 9.4E-0l 4.SE-06 2.6 

LBL 5.6E-06 5. lE-10 8.4E-03 l.4E-07 I 5.3E-10 8.7E-03 3.9E-09 1.0 

LLNL 8.8E-05 2.4E-08 4.0E-01 2.0E-05 3.4E-08 5.6E-0l 6.0E- 06 3.2 

ORR 8.7E-03 5.6E-07 9.2 7.SE-04 5.9E-07 9.6 2.SE-04 3.6E+Ol 

PGDP l.3E-04 l.9E-08 3.2E-0l 1.4E-06 l.2E-08 l.9E-0l 9.9E-07 1.8 

Pantex 6.SE-06 4.SE-10 7.4E-03 7.8E-07 8.6E-09 l.4E-0l 7.0E-07 1.9 
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Table D.3.5-38. Chemical-Related Risks From Potential Maximum Reasonably Foreseeable 
LLMW Treatment Facility Accidents, by Alternative and Site-Continued 

Noninvolved 
OfTsite Worker Noninvolved Worker 

Population OfTsite MEI Population MEI Workers 

Site CI CI HI CI CI HI CI IDLH 

Decentralized (Cont.) 

PORTS l.lE-04 7.9E-08 1.3 4.6E-05 l.3E-07 2.1 3.4E-05 9.5 

RFETS 4.7E-04 9.5E-09 l.6E-Ol 4.6E- 06 l .2E-08 l.9E- 0l 4.5E-06 1.8 

SNL-NM 3.5E-06 1.0E-09 1.7E-02 3.6E-07 l.0E-09 l.7E-02 4.6E-08 1.1 

SRS 1.6E-05 5.2E-09 8.5E-02 7.3E-05 2.8E-07 4.7 5.9E-05 1.4E+0l 

Re 11.ionalized 1 

FEMP 2.5E-04 l.lE-08 l.8E-0l l.6E-06 l.lE-08 1.7E- 0l 3.8E-06 2.0 

Hanford 6.6E-05 1.7E-09 2.8E-02 3.5E-07 9.3E-09 l.5E-0l 2.2E-05 5.4 

INEL 3.5E- 05 8.2E- 09 l.3E-0l 7.9E- 05 4.5E-08 7.4E- 0l l.9E-05 4.7 

LANL 2.2E-05 7.5E-09 1.2E-0l 4.3E-06 5.8E-08 9.4E-0l 4.5E-06 2.6 

LLNL 9. lE-05 2.5E-08 4. lE-01 2 .lE-05 3.6E-08 5.8E-0l 6.4E-06 3.3 

ORR 8.7E- 03 5.6E-07 9.2 7 .6E-04 5.9E-07 9.6 2 .5E-04 3.6E+0l 

PGDP l.3E-04 l .9E-08 3.2E-0l l.4E-06 l.2E-08 l .9E-0l 9.9E-07 1.8 

Pantex 6.5E-06 4.5E-10 7.4E-03 7.8E-07 8.6E-09 1.4E-0l 7.0E-07 1.9 

PORTS l.lE-04 8.lE-08 1.3 4.7E-05 l .3E-07 2.2 3.5E-05 9.8 

RFETS 4.7E-04 9.5E-09 l.6E-0l 4.6E-06 1.2E-08 l.9E-0l 4.5E-06 1.8 

SRS l .6E-05 5.2E-09 8.6E-02 7.3E-05 2.9E-07 4.7 5.9E-05 l.4E+0l 

Rel!ionalized 2 
Hanford 1.0E-04 2.6E-09 4.3E-02 5.3E- 07 l.4E-08 2.3E- Ol 3.4E-05 7.7 

INEL 5.0E-05 l.2E- 08 l.9E- 0l l.lE- 04 6.6E-08 1.1 3. lE- 05 6.3 

LANL 2.2E-05 7.5E-09 l.2E-Ol 4.3E-06 5.8E-08 9.4E- Ol 4.5E-06 2.6 

ORR 8.9E-03 5.7E-07 9.4 7.6E-04 6.0E- 07 9.8 2.5E- 04 3.6E+0l 

PORTS l.2E-04 9.0E-08 1.5 5.2E-05 1.5E-07 2.4 4.7E-05 l.lE+0l 

RFETS 4.7E-04 9.5E-09 l.6E-0l 4.6E-06 l.2E- 08 l .9E- 0l 4.5E-06 1.8 

SRS l.6E-05 5.2E-09 8.6E-02 7.3E-05 2.9E-07 4.7 5.9E-05 l.4E+0l 

Re11.ionalized 4 
Hanford l.0E-04 2.6E-09 4.3E-02 5.3E-07 1.4E-08 2.3E- 0l 3.2E-05 7.7 

INEL 7.2E-05 l.7E-08 2.8E-0l l.7E-04 9.5E-08 1.6 4.9E-05 8.7 

ORR l.lE-02 7.3E-07 l.2E+Ol 9.7E- 04 7.7E- 07 l .3E+Ol 3.6E-04 4.6E+0l 

SRS l.6E-05 5.2E-09 8.6E-02 7.3E-05 2.9E-07 4.7 6.4E-05 1.4E+0l 

Centralized 
Hanford l.0E- 03 2.6E-08 4.3E-0l 5.2E-06 l.4E-07 2.3 7.5E-04 6.8E+0l 

Notes: MEI = Maximally exposed individual; each value represents lhe highest single risk (not the sum of all risks) to the MEI from 
among all accidents at a site; CI = risk of cancer incidence associated with exposure to carcinogenic chemicals; HI = hazard index; 
IDLH = worker IDLH index. 

D-276 VOLUME III 



Waste Management Facility Human Health Risk Estimates ApPendix D 

Table D.3.5-39. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
INEL Under the No Action Alternative, by Accident Type 

Cancer Fatalities3 

OfTsite 
Accident Population 

Non-alpha incineration, (Af 7.8E-07 
incinerator explosion 

Non-alpha incineration, (U) 2.0E-05 
,~ aghouse area fire -
Non-alpha incineration, (VU) 

l .3E-03 
earthquake 

Maximum reasonably l .3E-03 
foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OfTsite 
MEI 

8.9E- ll 

2.2E-09 

l.5E-07 

l.5E-07 

Cancer Incidenceb 

OfTsite OfTsite 
Workers Population MEI Workers 

8.6E-05 2.7E-06 3.0E-10 3.0E-04 

2.lE-06 6.6E-05 7.6E-09 7.5E-06 

l.4E-04 4.4E-03 5.0E- 07 5.0E-04 

l .4E-04 4.4E-03 5.0E-07 5.0E-04 

c Accident annual frequency codes are "A" for anticipated ( > 1.0E-02), "U" for unlikely (1 .0E-04 to l .OE-02), "VU" for very unlikely 
(l.OE-06 to l.OE-04), and "EU" for extremely unlikely ( < 1.0E-06). 

Table D.3.5-40. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
ORR Under the No Action Alternative, by Accident Type 

Cancer Fatalities3 

OfTsite OfTsite 
Accident Population MEI 

Non-alpha incineration, (At l.6E-0l 1.4E-05 
incinerator explosion 

Non-alpha incineration, (U) 9.7E-05 8.2E-09 
baghouse area fire 

Non-alpha incineration, (VU) 2.4E-03 2 . lE-07 
eanhquake 

Maximum reasonably l.6E-0l 1.4E-05 
foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure . 
b Indicates cancer incidence associated with radiation exposure. 

I 

Cancer Incidenceb 

OfTsite OfTsite 
Workers Population MEI Workers 

9.8E-03 5.5E-0l 4.7E-05 3.4E-02 

5.9E-03 3.3E-04 2.8E-08 2. lE-02 

l.5E-04 8.2E-03 7.0E-07 5. lE-04 

9.8E-03 5.5E- 0l 4.7E-05 3.4E-02 

c Accident annual frequency codes are "A" for anticipated (> I .OE-02), "U" for unlikely (1 .0E-04 to I .OE-02), "VU" for very unlikely 
(I .OE-06 to l .OE-04), and "EU" for extremely unlikely ( < 1.0E-06). 
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Table D.3.5-41. Radionuclide-Related Accident Risks A sociated With LLMW Treatment at 
SRS Under the No Action Alternative, by Accident Type 

Cancer Fatalities3 

OfTsite 
Accident Population 

Non-alpha incineration, (At 2.0E-02 
incinerator explosion 

Non-alpha incineration, (U) l.2E-05 
baghouse area fire 

Non-alpha incineration, (VU) 3.0E-04 earthquake 

Maximum reasonably 2.0E-02 foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OfTsite 
MEI 

6.lE-07 

3.6E-10 

9.lE-09 

6.lE-07 

Cancer Incidenceh 

OfTsite OfTsite 
Workers Population MEI Workers 

3.2E-03 6.7E-02 2. lE-06 l.lE-02 

l.9E-03 4.0E- 05 l.2E-09 6.7E-03 

4.8E-05 l.0E- 03 3.lE- 08 l.7E-04 

3.2E-03 6.7E-02 2. lE-06 l.lE-02 

c Accident annual frequency codes are • A" for anticipated ( > l .OE-02), "U" for unlikely ( l .OE-04 to l .OE-02), "VU" for very unlikely 
(l.OE- 06 to 1.0E-04), and "EU" for extremely unlikely ( < l.OE- 06). 

Table D.3.5-42. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
ANL-E Under the Decentralized Alternative, by Accident Type 

Cancer Fatalities3 

OfTsite 
Accident Population 

Non-alpha incineration, (At 5.6E-07 
incinerator explosion 

Non-alpha incineration, (U) 1.2E-07 
,~ ghouse area fire 1;;;;;: 

Non-alpha incineration, (VU) 
9.4E-04 

earthquake 

Maximum reasonably 9.4E-04 foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OfTsite 
MEI 

l.7E-11 

3.6E-12 

2.8E-08 

2.SE--08 

Cancer Incidenceb 

OfTsite OfTsite 
Workers Population MEI Workers 

l.6E-06 1.9E-06 5.7E-ll 5.7E-06 

3.SE-10 4.lE-07 l.2E-11 1.2E-09 

2.7E-06 ,, 3.2E-03 9.SE-08 9.SE-06 

2.7E-06 3.2E-03 9.SE-08 9.SE-06 

c Accident annual frequency codes are • A" for anticipated ( > l.OE-02), "U" for unlikely (l.OE-04 to l.OE-02), "VU" for very unlikely 
(l .OE-06 to l .OE- 04), and "EU" for extremely unlikely ( < l .OE- 06) . 
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Table D.3.5-43. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
BNL Under the Decentralized Alternative, by Accident Type 

Cancer Fatalitiesa 

Offsite 
Accident Population 

Non-alpha incineration, (Af 6. lE-06 
,..J!!.cinerator explosion 

Non-alpha incineration, (U) l.5E-04 
ba11house area fire 

Non-alpha incineration, (VU) 
l.0E-02 

earthquake 

Maximum reasonably l.0E-02 
foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Offsite 
MEI 

5.5E-10 

l.4E-08 

9.2E-07 

9.2E-07 

Cancer Incidenceb 

Offsite Offsite 
Workers Population MEI Workers 

5.6E-06 2.lE-05 l.9E-09 l.9E-05 
I 

l.4E-07 5.2E-04 4.7E-08 4.9E-07 

9.3E-06 3.5E-02 3.lE-06 3.2E-05 

9.3E-06 3.5E-02 3. lE-06 3.2E-05 

c Accident annual frequency codes are •A" for anticipated ( > 1.0E-02), "U" for unlikely (1.0E-04 to 1.0E-02), "VU" for very unlikely 
(l .OE- 06 to 1.0E-04), and "EU" for extremely unlikely ( < 1.0E-06). 

Table D.3.5-44. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
FEMP Un.der the Decentralized Alternative, by Accident Type 

Cancer Fatalitiesa 

OtTsite 
Accident Population 

Non-alpha incineration, (A)c 
l.6E-05 

incinerator explosion 

Non-alpha incineration, (U) 9.5E-09 
baghouse ~ ~ 

Non-alpha incineration, (VU) 2.4E-07 
earthauake 

Maximum reasonably l.6E-05 foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OtTsite 
MEI 

4.lE-09 

2.5E-12 

6.2E-l l 

4.lE-09 

Cancer Incidenceh 

Offsite OtTsite 
Workers Population MEI Workers 

7.0E-08 5.4E-05 l.4E-08 2.5E-07 

4.2E-08 3.2E-08 8.4E-12 l.5E-07 

l.lE-09 8.lE-07 2.lE-10 3.7E-09 

7.0E-08 5.4E-05 l.4E-08 2.5E-07 

c Accident annual frequency codes are •A" for anticipated ( > l .OE-02), "U" for unlikely (1 .0E-04 to 1.0E-02), "VU" for very unlikely 
( l .OE-06 to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 
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Table D.3.5-45. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
Hanford Under the Decentralized Alternative, by Accident Type 

Cancer Fatalities3 

OfTsite 
Accident Population 

Non-alpha incineration, (A)c 
2.7E-0l 

incinerator explosion 

Non-alpha incineration, (lJ) l.6E-04 
baghouse area fire 

Non-alpha incineration, (VU) 4.0E-03 
earthauake 

Maximum reasonably 2.7E- Ol 
foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OfTsite 
MEI 

6.3E- 06 

3.8E-09 

9.5E-08 

6.3E-06 

Cancer Incidenceb 

OfTsite OfTsite 
Workers Population MEI Workers 

l.lE-02 9.lE- 01 2.lE-05 3.8E-02 

6.5E-03 5.5E-04 l .3E-08 2.3E-02 

l.6E-04 l.4E-02 3.2E-07 5.7E-04 

l.lE-02 9.lE-01 2.lE-05 3.8E-02 

c Accident annual frequency codes are "A" for anticipated ( > l .OE-02), "U" for unlikely (l .OE-04 to l .OE-02), "VU" for very unlikely 
(l.OE-06 to l.OE-04), and "EU" for extremely unlikely ( < l.OE-06). 

Table D.3.5-46. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
INEL Under the Decentralized Alternative, by Accident Type 

Cancer Fatalitiesa 

OfTsite 
Accident Population 

Alpha incineration, (VU)c 
2. lE-03 

earthquake 

Alpha incineration, (A) l.3E-06 
incinerator explosion 

Alpha incineration, (lJ) 3.lE-05 
ba~use area fire 

Non-alpha incineration, (VU) l .3E-03 
earthquake 

Non-alpha incineration (A) 7.9E-07 
incinerator explosion 

Non-alpha incineration, (lJ) 2.0E-05 
basbouse area fire fj 

Maximum reasonably 2. lE-03 
foreseeable accident " 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure . 

OfTsite 
MEI 

2.4E-07 

1.4E-10 

3.6E-09 

l.5E-07 

9.0E-11 

2.3E-09 

2.4E-07 

Cancer Incidenceb 

OfTsite OfTsite 
Workers Population MEI Workers 

3. lE-03 7. lE-03 8. lE-07 l.lE-02 

l .8E-03 4.3E-06 4.9E-10 6.4E-03 

4.6E-05 l.lE-04 l.2E-08 l.6E-04 

1.4E-04 4.5E-03 5.lE-07 5.lE-04 

8.7E-05 2.7E-06 3. lE-10 3.0E-04 

2.2E-06 6.7E-05 7.7E-09 7.6E-06 

3.lE-03 7. lE-03 8. lE-07 l.lE-02 

c Accident annual frequency codes are "A" for anticipated ( > l .OE-02), "U" for unlikely (l .OE-04 to l .OE-02), "VU" for very unlikely 
(l .OE-06 to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 
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Table D.3.5-47. Radionuclide-Related Accident Risks Associated With LLMW Treatment at KAPL-K 
Under the Decentralized Alternative, by Accident Type 

Cancer Fatalitiesa 

Off'site 
Accident Population 

Non-alpha incineration, (VU)c 
4.lE-03 

earthquake 

Non-alpha incineration, (A) 
2.5E-06 

incinerator explosion 

Non-alpha incineration, 
bilihouse area fire 

(U) 6.2E-05 

~ 

:Maxi.mum reasonably 4. IE-03 
for~ble accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Off'site 
MEI 

2.lE-07 

l.2E-10 

3.I E-09 

2. IE-07 

Cancer Incidenceb 

Off'site OtTsite 
Workers Population MEI Workers 

5.7E-06 l.4E-02 7.0E-07 2.0E-05 

3.4E-06 8.4E-06 4.2E-10 l.2E-05 

8.6E-08 2. IE-04 l.lE-08 3.0E-07 

5.7E-06 l.4E-02 7.0E-07 2.0E-05 

c Accident annual frequency codes are "A" for anticipated ( > 1.0E-02), "U" for unlikely (l .OE-04 to l.OE-02), "VU" for very unlikely 
(1 .0E-06 to 1.0E-04), and "EU" for extremely unlikely(< I .OE-06). 

Table D.3.5-48. Radionuclide-Related Accident Risks Associated With LLMW Treatment at LLNL 
Under the Decentralized Alternative, by Accident Type 

Cancer Fatalitiesa 

Off'site 
Accident Population 

Alpha incineration, (VU)c 
l.IE-02 

earthquake 

Alpha incineration, (A) 
6.SE-06 

incinerator explosion 
1- -
Alpha incineration, (U) l.7E-04 

ballhouse area fire 

Ma,ximum reasonably l.IE-02 
foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure . 

Off'site 
MEI 

l.6E-06 

9.3E-10 

2.3E-08 

l.6E-06 

Cancer Incidenceb 

Off'site Off'site 
Workers Population MEI Workers 

l .3E-04 3.SE-02 5.3E-06 4.7E-04 

8.0E-05 2.3E-05 3.2E-09 2.SE-04 

2.0E-06 5.SE-04 7.9E-08 7.0E-06 

l.3E-04 3.SE-02 5.3E-06 4.7E-04 

c Accident annual frequency codes are •A" for anticipated ( > l.OE-02), "U" for unlikely (l.OE-04 to l.OE-02), "VU" forvery unlikely 
(l .OE-06 to l .OE-04), and "EU" for extremely unlikely (<I .OE-06). 
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Table D.3.5-49. Radionuclide-Related Accident Risks Associated With LLMW Treatment at LANL 
Under the Decentralized Alternative, by Accident Type 

Cancer Fatalitiesa 

Offsite 
Accident Population 

Alpha incineration, (VU)c 
9.lE-04 

earthquake 

Alpha incineration, (A) 
5.4E-07 

incinerator explosion 
1li 

~ incineration, (U) l.4E-05 area fire 

Maximum reasonably 9.lE-04 foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Offsite 
MEI 

4.3E-07 

2.6E-10 

6.5E-09 

4.3E-07 

Cancer lncidenceb 

Offsite Offsite 
Workers Population MEI Workers 

l.7E-04 3.lE-03 l .5E-06 6.0E-04 

l.0E-04 l.9E-06 8.SE-10 3.6E-04 

2.6E-06 4.6E-05 2.2E-08 9.0E-06 

l.7E-04 3.lE-03 l .5E-06 6.0E-04 

c Accident annual frequency codes are "A" for anticipated ( > 1.0E-02), "U" for unlikely (1.0E-04 to 1.0E-02), "VU" for very unlikely 
(l .OE-06 to I .OE-04), and "EU" for extremely unlikely (<I .OE-06). 

Table D.3.5-50. Radionuclide-Related Accident Risks Associated With UMW Treatment at ORR 
Under the Decentralized Alternative, by Accident Type 

Cancer Fatalitiesa 

OfTsite 
Accident Population 

Alpha incineration, (VU)c 
l.6E-0l 

earthquake 

Alpha incineration, (A) 
9.7E-05 

incinerator explosion 

Alpha incineration, (U) 2.4E-03 
area fire 

Maximum reasonably 'i 

foreseeable accideot 
l .6E-0l 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OfTsite 
MEI 

1.4E-05 

8.2E-09 

2.lE-07 

1.4E-05 

Cancer lncidenceb 

OfTsite OfTsite 
Workers Population MEI Workers 

l.lE-02 5.5E-0l 4.7E-05 3.9E-02 

6.6E-03 3.3E-04 2.SE-08 2.3E-02 

l.7E-04 8.2E-03 7.0E-07 5.SE-04 

l.lE-02 5.5E-0l 4.7E-05 3.9E-02 

c Accident annual frequency codes are" A" for anticipated ( > 1.0E-02), "U" for unlikely (1.0E-04 to 1.0E- 02), "VU" for very unlikely 
(I.OE-06 to 1.0E-04), and "EU" for extremely unlikely ( < I.OE-06). 
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Table D.3.5- 51 . Radionuclide-Related Accident Risks Associated With LLMW Treatment at PGDP 
Under the Decentralized Alternative, by Accident Type 

Cancer Fatalities3 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VU)c 
3.lE-02 9.0E-06 

earthquake 

Alpha incineration, (A) 
l.9E-05 5 .4E-09 

incinerator explosion ............ 
Alpha incineration, (U) 

4.6E-04 
bal!bouse area fire 

Maximum reasonably 3. lE-02 
foreseeable accident 

• Indicates cancer fatalities associated with radiation eJ1posure. 
b Indicates cancer incidence associated with radiation exposure. 

l.4E-07 

9.0E-06 

Workers 

2.3E-03 

l.4E-03 

3.SE-05 

2.3E-03 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

l.lE-01 3.lE-05 8.2E-03 

6.3E-05 1.SE-08 4.9E-03 

l.6E-03 4.6E-07 l.2E-04 

l. lE-01 3.lE-05 8.2E-03 

c Accident annual frequency codes are" A" for anticipated(> l.OE-02), "U" for unlikely (l.OE-04 to l.OE-02), "VU" for very unlikely 
(l .OE- 06 to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 

Table D.3.5-52. Radionuclide-Related Accident Risks Associated With UMW Treatment at Pantex 
Under the Decentralized Alternative, by Accident Type 

Cancer Fatalities3 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VU)c 
5.lE-04 5 .6E-08 

earthquake 

Alpha incineration, (A) 
3. lE-07 3.3E-11 

incinerator explosion 
@; 

Alpha incineration, (U) 
7.7E-06 8.3E-10 

1)a2house area fire 

Maximum reasonably 
5.lE-04 5.6E-08 

foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure . 

Workers 

5.2E-06 

3.lE-06 

7.SE-08 

5.2E-06 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

1.7E-03 1.9E-07 l.SE-05 

1.0E-06 1.lE-10 l.lE-05 

2.6E-05 2.SE-09 2.7E- 07 

l.7E-03 1.9E-07 1.SE-05 

c Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E- 02) , "VU" for 
very unlikely (l .0E- 06 to l .0E-04), and "EU" for extremely unl ikely ( < l .0E- 06). 
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Table D.3.5-53. Radionuclide-Related Accident Risks Associated With LLMW Treatment 
at RFETS Under the Decentralized Alternative, by Accident Type 

Cancer Fatalities8 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VU)c 
5.9E-03 2. lE-07 

earthquake 

Alpha incineration, (A) 
3.5E-06 l.3E- 10 

incinerator explosion 

Alpha incineration, (U) 
8.8E-05 3. lE-09 

ba2house area fire 

Maximum reasonably 5.9E-03 2. lE-07 
foreseeable accident 

3 Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Cancer Incidenceb 

Offsite Offsite 
Workers Population MEI Workers 

3.9E-04 2 .0E-02 7.lE-07 l .4E- 03 

2.4E-04 1.2E- 05 4.3E- 10 8.3E-04 

5.9E- 06 3.0E- 04 l. lE- 08 2. lE-05 

3.9E- 04 2.0E-02 7. lE-07 l.4E- 03 

c Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for 
very unlikely (1.0E-06 to l.0E- 04), and "EU" for extremely unlikely ( < l.0E-06). 

Table D.3.5-54. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
SRS Under the Decentralized Alternative, by Accident Type 

Cancer Fatalities3 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VU)c 
l.7E-03 5.3E-08 

earthquake 

Alpha incineration, (A) 
l.0E-06 3.2E-l l 

incinerator explosion 

Alpha incineration, (U) 2.6E- 05 8.0E- 10 
baghouse area fire 

Non-alpha incineration, (VU) 2.0E-02 6. lE-07 
earthquake 

Non-alpha incineration, (A) 
l.2E-05 3.6E- IO 

incinerator explosion 

Non-alpha incineration, (U) 3.0E-04 9. lE-09 
baghouse area fire 

Maximum reasonably 2.0E- 02 6.lE- 07 
foreseeable accident 

3 Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Cancer Incidenceb 

Offsite Offsite 
Workers Population MEI Workers 

l.4E-04 5.9E-03 l.8E-07 4.9E- 04 

8.4E-05 3.5E-06 l.lE- 10 2.9E-04 

2. lE- 06 8.8E-05 2.7E-09 7.3E-06 

3.2E-03 6.7E- 02 2. lE- 06 l.lE- 02 

l.~E-03 4.0E-05 l.2E-09 6.7E-03 

4.8E-05 l.0E- 03 3. lE-08 l .7E- 04 

3.2E-03 6.7E- 02 2. lE-06 l.lE- 02 

c Accident annual frequency codes are "A" for anticipated ( >I .0E-02), "U" for unlikely (l .0E- 04 to l .OE-02), "VU " for 
very unlikely (l .0E-06 to l .0E-04), and "EU " for extremely unlikely (<I .0E-06). 
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Table D.3.5-55. Radionuclide-Related Accident Risks Associated With LLMW Treatment at JNEL 
Under Regionalized Alternative 1, by Accident Type 

Cancer Fatalities8 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (A) 
l.3E-06 l.4E-10 

incinerator explosion 

Alpha incineration, (U) 
3.IE-05 3.6E-09 

baghouse area fire 

Alpha incineration, (VU) 
2.IE-03 2.4E-07 

earthquake 

Maximum reasonably 
2. IE-03 2.4E-07 

foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure . 
b Indicates cancer incidence associated with radiation exposure . 

Workers 

l.SE-03 

4.6E-05 

3. IE-03 

3. IE-03 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

4.3E-06 4.9E-10 6.4E-03 

l.IE-04 l .2E-08 l.6E-04 

7.IE-03 8. IE-07 l.IE-02 

7. IE-03 8. IE-07 l. IE-02 

c Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for 
very unlikely (l .0E- 06 to 1.0E-04), and "EU " for extremely unlikely ( < 1.0E-06). 

Table D.3.5-56. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
LLNL Under Regi.onalized Alternative 1, by Accident Type 

Cancer Fatalities8 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VU)c 
l. IE-02 l.6E-06 

earthquake 

Alpha incineration (A) 
6.SE-06 9.3E-10 

incinerator explosion 

Alpha incineration, (U) 
l.7E-04 2.3E-08 

baliliouse area fire 

Maximum reasonably 
l.lE-02 l.6E-06 

foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

1.3E-04 

8.0E-05 

2.0E-06 

l .3E-04 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

3.SE-02 5.3E-06 4.7E-04 

2.3E-05 3.2E-09 2.SE-04 

5.SE-04 7.9E-08 7.0E-06 

3.SE-02 5.3E-06 4.7E-04 

c Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (1.0E-04 to l.0E-02) , "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < 1.0E-06) . 
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Table D.3.5- 57. Radionuclide-Related Accident Risks Associated With LLMW Treatment at LANL 
Under the Regionalized Alternative 1, by Accident Type 

Cancer Fatalities8 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VUf 9.IE-04 4.3E-07 
earthquake 

Alpha incineration, (A) 
5.4E-07 2.6E-10 

incinerator explosion 

Alpha incineration, (U) 
l.4E-05 6.5E-09 

ba2house area fire 

~~. ·,mum reasonably 
foreseeable accident 9.IE- 04 4.3E-07 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

l.7E-04 

l .OE-04 

2.6E-06 

l.7E-04 

Cancer lncidenceb 

Offsite Offsite 
Population MEI Workers 

3.IE-03 l.5E-06 6.0E-04 

l .9E-06 8.8E-10 3.6E-04 

4.6E-05 2.2E-08 9.0E-06 

3.IE-03 l.5E-06 6.0E-04 

c Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely (1.0E- 04 to 1.0E-02), "VU" for 
very unlikely (1 .0E- 06 to l .0E-04), and "EU" for extremely unlikely ( < 1.0E-06) . 

Table D.3.5-58. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
RFETS Under Regionalized Alternative 1, by Accident Type 

Cancer Fatalities8 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VU)c 
5.9E-03 2. lE-07 

earthquake 

Alpha incineration, (A) 
3.5E-06 l.3E-10 

incinerator explosion 

Alpha incineration, (U) 
8.8E-05 3. lE-09 

bamouse area fire 

Maximum reasonably 
5.9E-03 2.IE-07 foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

3.9E-04 

2.4E-04 

5.9E-06 

3.9E-04 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

2.0E-02 7. lE-07 l.4E-03 

l .2E-05 4.3E-10 8.3E-04 

3.0E-04 l.IE-08 2. lE-05 

2.0E-02 7. lE-07 l.4E-03 

c Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely (1.0E-04 to 1.0E- 02) , "VU" for 
very unlikely (l .0E-06 to l .0E-04) , and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5-59. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
SRS Under Regionalized Alternative 1, by Accident Type 

Cancer Fatalities8 

Offsite Offsite 
Accident Population :MEI 

Alpha incineration, (VUf l.7E-03 5.3E-08 
earthquake 

Alpha incineration, (A) 
l.OE-06 3.2E-11 

incinerator explosion 

Alpha incineration, (U) 
2.6E-05 8.0E-10 . . area fire 

Maximum reasonably l .7E-03 5.3E-08 foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure . 
b Indicates cancer incidence associated with radiation exposure . 

Workers 

l.4E-04 

8.4E-05 

2.lE-06 

' 
l.4E-04 

Cancer Incidenceb 

Offsite Offsite 
Population :MEI Workers 

5.9E-03 l.8E-07 4.9E-04 

3.5E-06 l. lE-10 2.9E-04 

8.8E-05 2.7E-09 7.3E-06 

5.9E-03 l .8E-07 4.9E- 04 

c Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for 
very unlikely (l .0E-06 to l .OE-04), and "EU" for extremely unlikely ( < l .0E-06) . 

Table D.3.5-60. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
Hanford Under Regionalized Alternative 2, by Accident Type 

Cancer Fatalities8 

OtTsite 
Accident Population 

Non-alpha incineration, (VU)c 
2.7E-0l 

earthquake 

Non-alpha incineration, (A) 1.6E-04 
incinerator explosion 

Non-alpha incineration, (U) 4.0E- 03 . -• area fire 

Maximum reasonably 2.7E-Ol foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OtTsite 
MEI 

6.3E-06 

3.SE-09 

9.5E-08 

6.3E-06 

Cancer Incidenceb 

OtTsite OtTsite 
Workers Population MEI Workers 

l.lE-02 9.lE-01 2.lE-05 3.SE-02 

6.5E-03 5.5E-04 1.3E-08 2.3E-02 

l.6E-04 l.4E-02 3.2E-07 5.7E-04 

l.lE-02 9.lE-01 2. lE-05 3.SE-02 

c Accident annual frequency codes are· A" for anticipated (> l.OE-02), "U" for unlikely (l.OE-04 to l.OE-02), "VU" for very unlikely 
(l .OE- 06 to 1.0E-04), and "EU" for extremely unlikely ( < 1.0E-06). 
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Table D.3.5-61. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
INEL Under Regionalized Alternative 2, by Accident Type 

Cancer Fatalitiesa 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (Af l.3E-06 l.4E-10 
incinerator explosion 

Alpha incinenuion, (U) 
3.lE-05 3.6E-09 .J?!gbouse area fire 

Non-alpha incineration, (A) 
7.9E-07 9.0E-11 

incinerator explosion 

Non-alpha incineration, (U) 
2.0E-05 2.3E-09 ,~ouse area fire 

Alpha incineration, (VU) 
2. lE-03 2.4E-07 

earthquake 

Non-alpha incineration, (VU) 
l.3E-03 l.5E-07 

earthquake 

"' 
Maximum reasonably 2.lE-03 2.4E-07 foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

l .SE-03 

4.6E-05 

1.7E-04 

4.3E-06 

3. lE-03 

2.9E-04 

3.lE-03 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

4.3E-06 4.9E-10 6.4E-03 

l. lE-04 l.2E-08 l.6E-04 

2.7E-06 3. lE-10 6.lE-04 

6.7E-05 7.7E-09 l.5E-05 

7.lE-03 8. lE-07 l.lE-02 

4.5E-03 5. lE-07 1.0E-03 

7. lE-03 8.lE-07 l.lE-02 

c Accident annual frequency codes are" A" for anticipated (> l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for 
very unlikely (1.0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5-62. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
LANL Under Regi,onalized Alternative 2, by Accident Type 

Cancer Fatalities3 

OtTsite 
Accident Population 

Alpha incineration, (Af 5.4E-07 
incinerator explosion 

Alpha incineration, (U) l.4E-05 
~g!!ouse area fire .. 
Non-alpha incineration, (A) 4.SE-04 

incinerator explosion 

Non-alpha incineration, (U) 2.9E-07 
bagbouse area fire 

Alpha incineration, (VU) 7.3E-06 
earthquake 

Non-alpha incineration, (VU), 
9.lE-04 

earthauake 

Maximum reasonably 9.lE-04 
foreseeable acci~t 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OtTsite 
MEI 

2.6E-10 

6.SE-09 

2.3E-07 

l.4E-10 

3.SE-09 

4.3E-07 

4.3E-07 

Cancer Incidenceb 

OtTsite OtTsite 
Workers Population MEI Workers 

1.0E-04 l.9E-06 8.SE-10 3.6E-04 

2.6E-06 4.6E-05 2.2E-08 9.0E-06 

9.3E-06 l.7E-03 7.SE-07 3.3E-05 

5.6E-06 9.9E-07 4.7E-10 2.0E-05 

1.4E-07 2.SE-05 l.2E-08 4.9E-07 

1.7E-04 3.lE-03 l.SE-06 6.0E-04 

1.7E-04 3.lE-03 l.SE-06 6.0E-04 

c Accident annual frequency codes are •A" for anticipated ( > 1.0E--02), "U" for unlikely (l.OE-04 to l.OE-02), "VU" for very unlikely (l.OE-06 
to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 

Table D.3.5-63. Radionuclide-Related Accident Risks Associated With UMW Treatment at ORR 
Under Regi,onalized Alternative 2, by Accident Type 

Cancer Fatalities8 

OtTsite 
Accident Population 

Non-alpha incineration, (VU)c 
l.SE-01 

earthquake 

Non-alpha incineration, (A) 
l.IE-04 

incinerator explosion -
Non-alpha incineration, (U) 2.7E-03 

baahouse area fire 

Maximum reasonably l.SE-01 
foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OtTsite 
MEI 

l.SE- 05 

9.0E-09 

2.3E-07 

1.SE-05 

Cancer Incidenceb 

OtTsite OtTsite 
Workers Population MEI Workers 

1.6E-02 6.lE-01 5. lE-05 5.7E-02 

9.SE-03 3.6E-04 3.lE-08 3.4E-02 

2.4E-04 9.lE-03 7.6E-07 8.SE-04 

l.6E-02 6.lE-01 5.lE-05 5.7E-02 

c Accident annual frequency codes are •A" for anticipated ( > 1.0E-02) , "U" for unlikely ( l.OE-04 to l.OE-02), "VU" for very unlikely 
(1.0E-06 to l.OE-04), and "EU" for extremely unlikely ( < l.OE-06). 
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Table D.3.5-64. Radionuclide-Related Accident Risks Associated With LLMW Treatment at RFETS 
Under Regi,onalized Alternative 2, by Accident Type 

Cancer Fatalities8 

Offsite Offsite 
Accident Population MEI 

Non-Alpha incineration, (VU)c 
1.SE-04 5.SE-09 

earthquake 

Alpha incineration, (A) 
3.SE-06 1.3E-10 

incinerator explosion 

Alpha incineration, (U) 
8.8E-05 3.lE-09 

.~ouse area fire 

Alpha incineration, (VU) 
5.9E-03 2. lE-07 

earthquake 

Non-alpha incineration, (A) 
9.3E-08 3.3E-12 

incinerator explosion 

Non-alpha incineration, (U) 
2.3E-06 8.3E-11 ba2house area fire 

Maximum reasonably 5.9E-03 2.lE-07 foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

4.0E-07 

2.4E-04 

5.9E-06 

3.9E-04 

2.4E-07 

6.0E- 09 

3.9E-04 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

5.3E-04 l.9E-08 1.4E-06 

1.2E-05 4.3E- 10 8.3E-04 

3.0E-04 1. lE-08 2. lE-05 

2.0E-02 7.lE-07 l.4E-03 

3.2E-07 1. lE-11 8.SE-07 

7.9E-06 2.8E-10 2. lE- 08 

2.0E-02 7. lE-07 1.4E-03 

c Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5-65. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
SRS Under Regionalized Alternative 2, by Accident Type 

Cancer Fatalitiesa 

OfTsite 
Accident Population 

Alpha incineration, (VU)c 
l.7E-03 

earthquake 

Alpha incineration, (A) 
l.0E-06 

incinerator explosion 

Alpha 'incineration, (U) 2.6E-05 
ba11bo,uscu re ti.re "· 

Non-alpha incineration, (VU) 2.0E-02 
earthquake 

Non-alpha incineration, (A) 
l.2E-05 

incinerator explosion 

Non-alpha incineration, (U) 3.0E-04 buhouse area fire 

Maximum reasonably 2.0E- 02 
foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OfTsite 
MEI 

5.3E-08 

3.2E- 11 

8.0E-10 

6.lE-07 

3.7E-10 

9.2E-09 

6.lE-07 

Cancer Incidenceb 

OfTsite OfTsite 
Workers Population MEI Workers 

1.4E-04 5.9E-03 l. SE- 07 4.9E- 04 

8.4E-05 3.5E-06 l.lE- 10 2.9E- 04 

2.lE- 06 8.SE-05 2.7E- 09 7.3E- 06 

3.2E-03 6.7E-02 2. lE- 06 l.lE-02 

l.9E- 03 4.0E- 05 l.3E- 09 6.7E-03 

4.SE- 05 l.0E-03 3.lE- 08 1.7E-04 

3.2E-03 6.7E- 02 2. lE- 06 l.lE-02 

c Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely ( l.0E-04 to l.0E- 02), "VU" for very unlikely 
( l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l.0E-06). 

Table D.3.5-66. Radionuclide-Related Accident Risks Associated With UMW Treatment at Hanford 
Under Regionalized Alternative 4, by Accident Type 

Cancer Fatalities8 

Offsite 
Accident Population 

Non-alpha incineration, (VU)c 
2.7E-0l 

eanhquake 

Non-alpha incineration, (A) 
1.6E-04 

incinerator explosion 

Non-alpha incineration. (U) 4.0E-03 
area fare 

Maximum reasonably 
2.7E-Ol foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Offsite 
MEI 

6.3E-06 

3.SE-09 

9.5E- 08 

6.3E-06 

Cancer Incidenceh 

Offsite Offsite 
Workers Population MEI Workers 

l.lE-02 9. IE-01 2. l E- 05 3.SE-02 

6.5E-03 5.5E-04 l.3E- 08 2.3E-02 

l.6E- 04 l.4E-02 3.2E-07 5.7E-04 

l.lE-02 9. lE-01 2.lE- 05 3.SE-02 

c Accident annual frequency codes are · A" for anticipated ( > l .0E- 02), "U" for unlikely ( l .0E-04 to l .0E-02), "VU" fo r very unlikely 
( l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5-67. Radionuclide-Related Accident Risks Associated With LLMW Treatment 
at INEL Under Regionalized Altemanve 4, by Accident Type 

Cancer Fatalitiesa 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VU)c 
2.lE-03 2.4E-07 

earthquake 

Alpha incineration, (A) 
l .3E-06 l.4E-10 

incinerator explosion 
1 .. 

Alpha incineration, (U) 
3.lE-05 3.6E-09 

1
.J2!ghouse area fire 

Non-alpha incineration, (VU) 
l .3E-03 I.5E-07 

earthquake 

Non-alpha incineration, (A) 
7.9E-07 9.0E-11 

J_ncinerator explosion 

Non-alpha incineration, (U) 
2.0E-05 2.3E-09 

ballhouse area fire 

Maximum reasonably 2.lE-03 2.4E-07 
foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

3.5E-03 

2.lE-03 

5.3E-05 

4.4E-04 

2.6E-04 

6.5E-06 

3.5E-03 

Cancer Incidenceb 

OfTsite OfTsite 
Population MEI Workers 

7.lE-03 8. lE-07 1.2E-02 

4.3E-06 4.9E-10 7.4E-03 

l.lE-04 l.2E-08 l.9E-04 

4.5E-03 5. lE-07 l.5E-03 

2.7E-06 3.lE-10 9. lE-04 

6.7E-05 7.7E-09 2 .3E-05 

7. lE-03 8.lE-07 l.2E-02 

c Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" 
for very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-68. Radionuclide-Related Accident Risks Associated With LLMW Treatment 
at ORR Under Regionalized Altemanve 4, by Accident Type 

Cancer Fatalitiesa 

Offsite Offsite 
Accident Population MEI 

Non-alpha incineration, (VU)c 
l .SE-01 l .6E-05 

earthquake 

Non-alpha incineration, (A) 
l.lE-04 9.4E-09 

incinerator explosion 

Non-alpha incineration, (U) 
2.SE-03 2.3E-07 

baghouse area fire 

Maximum reasonably I.SE-01 l .6E-05 
foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

1.4E-02 

8.5E-03 

2. lE-04 

l.4E-02 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

6.2E-01 5.3E-05 5 .0E-02 

3.7E-04 3.2E-08 3.0E-02 

9.3E-03 8.0E-07 7.4E-04 

6.2E-01 5.3E-05 5.0E-02 

c Accident annual frequency codes are" A" for anticipated ( > l .OE-02), "U" for unlikely (l .OE-04 to l.OE-02), "VU" for very unlikely 
(1 .0E-06 to i .OE-04), and "EU" for extremely unlikely ( < l .OE-06) . 
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Table D.3.5-69. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
SRS Under Regionalized Altemanve 4, by Accident Type 

Cancer Fatalitiesa 

Offsite Offsite 
Accident Population MEI 

Alpha incineration, (VU)c 
l.7E-03 5.3E-08 

earthquake 

Alpha incineration, (A) 
l.0E-06 3.2E-l 1 

incinerator explosion 

Alpha incineration, (U) 
2.6E-05 8.0E-10 l~ggouse area fire 

Non-alpha incineration, (VU) 
2.0E-02 6. lE-07 

earthquake 

Non-alpha incineration, (A) 
l.2E-05 3.7E-10 

incinerator explosion 

Non-alpha incineration. (U) 
3.0E-04 9.2E-09 ba2house area fire 

Maximum reasonably 2.0E-02 6. lE-07 foreseeable accident 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

l.4E-04 

8.4E-05 

2. lE-06 

3.2E-03 

l.9E-03 

4.8E-05 

3.2E-03 

Cancer Incidenceb 

Offsite Offsite 
Population MEI Workers 

5.9E-03 l .8E-07 4.9E-04 

3.SE-06 l. lE-10 2.9E-04 

8.8E-05 2.7E-09 7.3E-06 

6.7E-02 2. lE-06 l.lE-02 

4.0E-05 l.3E-09 6.7E-03 

l .0E-03 3. lE-08 l.7E-04 

6.7E-02 2. lE-06 l.lE-02 

c Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" 
for very unlikely (1.0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06) . 
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Table D.3.5-70. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
Hanford Under the entralized Alternative, by Accident Type 

Cancer Fatalities3 

Oflsite 
Accident Population 

Alpha incineration, (VU)c 
3.4E-03 

earthquake 

Non-alpha incineration, (VU) 4.0E-01 
earthquake 

Non-alpha incineration, (A) 
2.4E-04 

,J ncinerator explosion -
Non-alpha incineration, (U) 

6.0E-03 ballhonj>p llll'PJI fire 

Alpha incineration, (A) 
2.0E-06 

incinerator explosion 

Alpha incineration, (U) 5. lE-05 
ballhouse area fire 

Maximum reasonably 4.0E-01 
foreseeable accident 

• Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

OITsite 
MEI 

8.0E-08 

9.4E-06 

5.7E-09 

l.4E-07 

4.SE-11 

l.2E-09 

9.4E-06 

Cancer Incidenceh 

Offsite Offsite 
Workers Population MEI Workers 

4.5E-04 l.2E-02 2.7E-07 l.6E-03 

4.4E-02 1.4 3.2E-05 l.6E-0l 

2.7E-02 8.2E-04 l .9E-08 9.3E- 02 

6.7E-04 2. lE-02 4.SE-07 2.3E-03 

2.7E-04 6.9E-06 l.6E-10 9.4E-04 

6.7E-06 l.7E-04 4.lE-09 2.4E-05 

4.4E-02 1.4 3.2E-05 l.6E-0l 

c Accident annual frequency codes are "A" for anticipated ( > l .OE-02), "U" for unlikely (l .OE- 04 to l .OE-02), "VU" for very unlikely 
(l.OE- 06 to l.OE-04), and "EU" for extremely unlikely ( < l.OE-06) . 

Table D.3.5-71. Chemical-Related Accident Risks Associated With LLMW Treatment at 
lNEL Under the No Action Altemanve, by Accident Type 

' 

Cancer Incidence3 Hazard Index IDLH Index 

Offsite Offsite Offsite 
Accident Ponulation MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
8.9E-07 2.lE-10 7.5E-08 3.5E-03 1.1 

ba2bouse area fire 

Maximum reasonably 
ti! 8.9E-07 2. lE-10 7.5E-08 3.5E-03 1.1 

foreseeable accident 

• Indicates cancer incidence associated with chemical carcinogen exposure. 
b Accident annual frequency codes are •A" for anticipated ( > l .OE-02), "U" for unlikely (l .OE-04 to l .OE-02), "VU" for very unlikely 
(l.OE-06 to l.OE-04), and "EU" for extremely unlikely ( < l.OE-06). 

D-294 VOLUME III 



Waste Management Facility Human Health Risk Estimates ApPendix D 

Table D.3.5-72. Chemical-Related Accident Risks Associated With UMW Treatment at 
ORR Under the No Action Alternative, by Accident Type 

Cancer Incidence8 Haz ard Index IDLH Index 

OfTsite OfTsite OtTsite 
Accident Po ulation MEI Workers MEI Worker 

Non-Alpha incineration, (A)b 
7.3E-03 4.7E-07 l .9E-04 7.8 3.0E+0l 

bagbouse area fire 
Maximum reasonably 

7.3E-03 4.7E-07 l.9E-04 7.8 3.0E+0l foreseeable accident 

a Indicates cancer incidence associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for 
very unlikely (l .OE-06 to l .OE-04), and "EU" for extremely unlikely ( < l .0E-06) . 

Table D.3.5-73. Chemical-Related Accident Risks Associated With UMW Treatment at 
SRS Under the No Action Alternative, by Accident Type 

Cancer Incidence8 Haz ard Index IDLH Index 

OfTsite OfTsite OfTsite 
Accident Po ulation MEI I Workers MEI Worker 

Non-alpha incineration, (A)b 
l.5E-05 4.9E-09 6.0E- 05 8 .lE-02 l.4E+0l baghouse area fire 

Maximum reasonably l.5E- 05 4.9E-09 6.0E-05 8 .lE-02 l .4E+0l foreseeable accident 

• Indicates cancer incidence associated with chemical carcinogen exposure. 
b Accident annual frequency codes are ·A• for anticipated ( > 1.0E-02), ·u· for unlikely (1 .0E-04 to l .OE-02), "VU" for very unlikely (1 .0E-06 
to l.OE- 04), and "EU" for extremely unlikely ( < l.OE-06) . 

Table D.3.5-74. Chemical-Related Accident Risks Associated With UMW Treatment at 
ANL-E Under the Decentralized Alternative, by Accident Type 

Cancer Incidence8 Haz ard Index IDLH Index 

OfTsite OtTsite OtTsite 
Accident Po ulation MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
5.4E-07 1.SE-11 4.3E-09 2 .SE-04 1.0 ba ouse area fire 

Maximum reasonably 5.4E-07 1.5E-11 4.3E-09 2 .SE-04 1.0 foreseeable accident 

a Indicates cancer incidence associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to I .0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5-75. Chemical-Related Accident Risks Associated With LLMW Treatment at 
BNL Under the Decentralized Alternative, by Accident Type 

Cancer Incidencea Hazard Index IDLH Index 

Offsite Offsite Offsite 
Accident Pooulation MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
3.2E-05 5.SE-10 l.SE-08 9.5E-03 1.0 

baghouse area fire 
~imum reasonably -

foreseeable accident 
3.2E-05 5.SE-10 1.SE-08 9.5E-03 1.0 

• Indicates cancer incidence associated with chemical carcinogen exposure. 
b Accident annual frequency codes are ·A" for anticipated ( > l .OE-02), "U" for unlikely ( l .OE-04 to l .OE- 02), "VU" for very unlikely 
(l .OE- 06 to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 

I 

Table D.3.5-76. Chemical-Related Accident Risks Associated With UMW Treatment at 
FEMP Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
2.3E-04 l.0E-08 2.lE-06 l.6E-01 1.9 

bagbouse area fire 

Maximum reasonably 2.3E-04 l.0E-08 2.lE-06 l .6E-01 1.9 foreseeable accident " 

• Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l.OE-02), "U" for unlikely ( l.OE-04 to l.OE-02), "VU" for very unlikely 
(l .OE-06 to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 

Table D.3.5-77. Chemical-Related Accident Risks Associated With UMW Treatment at 
Hanford Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Worker 
~ 

(A)b Non-alpha incineration, 6.5E-05 l.7E-09 2. lE- 05 2.SE-02 5.3 baghouse area fire 

Maximum reasonably -
foreseeable accident 6.5E-05 1.7E-09 2.IE- 05 2.SE-02 5.3 

• Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are " A" for anticipated ( > l.OE- 02), "U" for unlikely (1.0E- 04 to 1.0E-02), "VU" fo r very unl ikely 
(l .OE-06 to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 
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Table D.3.5-78. Chemical-Related Accident Risks Associated With LLMW Treatment at 
INEL Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidences Index IDLH Index 

OtTsite OtTsite OtTsite 
Accident Population MEI ' Workers MEI Workers 

Non-alpha incineration, (A)b 
2.8E-06 6.8E-10 3.lE-07 l. lE-02 1.3 bagbouse area fire 

Alpha incineration, (A) 
3.SE-05 8.2E-09 l.9E-05 l.3E-01 4.7 baghouse area fire 

' 
Maximum reasonably 3.SE-05 8.2E-09 l.9E-05 l.3E-01 4.7 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04) , and "EU" for extremely unlikely ( < 1.0E-06). 

Table D.3.5-79. Chemical-Related Accident Risks Associated With UMW Treatment at 
KCP Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidences Index IDLH Index 

OtTsite OtTsite OtTsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
2.7E-07 l.2E-ll 7.7E-12 2.0E-04 1.0 buhouse area fire 

Maximum reasonably 2.7E-07 l.2E-11 7.7E-12 2.0E-04 1.0 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E- 04 to l .0E- 02), "VU" for 
very unlikely (l .0E- 06 to l .0E-04), and "EU" for extremely unlikely ( < 1.0E-06). 
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Table D.3.5- 80. Chemical-Related Accident Risks Associated With LLMW Treatment at 
KAPL-K Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidence8 Index IDLH Index 

OtTsite OtTsite OtTsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
3.6E-06 6.lE-10 9.3E-09 l.0E-02 1.0 

ba2house area fire 
~ 

Maximum reasonably 3.6E-06 6.lE-10 9.3E-09 l.0E- 02 1.0 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely (1.0E-04 to l.0E- 02) , "VU" for very 
unlikely (1.0E-06 to l .0E- 04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-81. Chemical-Related Accident Risks Associated With LLMW Treatment at 
LANL Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidence8 Index IDLH Index 

OfTsite OfTsite OfTsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
2.6E-06 8.7E-10 7.9E-08 l.4E-02 1.2 bagbouse area fire 

Alpha incineration, (A) 
2.2E-05 7.5E-09 4.5E-06 l.2E-01 

2.6 
baghouse area fire 

Maximum reasonably 
2.2E-05 7.5E-09 4.5E-06 l.2E-01 2.6 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > 1.0E- 02), "U" for unlikely (1.0E-04 to l .0E-02), "VU" for very 
unlikely (1 .0E-06 to 1.0E-04), and "EU" for extremely unlikely ( < 1.0E-06). 
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Table D.3.5-82. Chemical-Related Accident Risks Associated With LLMW Treatment at 
LBL Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
5.6E-06 5.lE-10 3.9E-09 8.4E-03 

1.0 
bamouse area fire 

Maximum reasonably 5.6E-06 5.lE-10 3.9E-09 8.4E-03 1.0 
foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-83. Chemical-Related Accident Risks Associated With LLMW Treatment at 
LLNL Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
8.8E-05 2.4E-08 6.0E-06 4.0E-01 3.2 

baghouse area fire 

Alpha incineration, (A) 
6.4E-05 l.8E-08 4.7E-06 2.9E-01 

2.6 
baghouse area fire 

' Maximum reasonably 8.8E-05 2.4E-08 6.0E-06 4.0E-01 3.2 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (1.0E-04 to l.0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D. . -84. Chemical-Related Accident Risks Associated With LLMW Treatment at 
ORR Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

OtTsite OtTsite OtTsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
8.7E-03 5.6E-07 2.5E-04 9.2 3.6E+0l 

baghouse area fire 

Maximum reasonably 8.7E-03 5.6E-07 2.5E-04 9.2 3.6E+0l 
foreseeable accident 

• Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > 1.0E--02), "U" for unlikely (l .OE-04 to 1.0E-02), "VU" for very unlikely (1.0E-06 
to l .OE-04), and "EU" for extremely unlikely ( < 1.0E-06). 

Table D.3.5-85. Chemical-Related Accident Risks Associated With LLMW Treatment at 
PGDP Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

OtTsite OtTsite OtTsite 
Accident Population MEI Workers MEI Worker 

Non-aJpba incineration, (A)b 
1.3E-04 l.9E-08 9.9E-07 3.2E-01 1.8 

baghouse area fire 

Maximum reasonably 1.3E-04 1.9E-08 9.9E-07 3.2E-01 1.8 foreseeable accident 

• Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .OE-02), "U" for unlikely (1.0E-04 to 1.0E-02), "VU" for very unlikely 
(l .OE-06 to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 

Table D.3.5-86. Chemical-Related Accident Risks Associated With LLMW Treatment at 
Pantex Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

OtTsite OtTsite OtTsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
6.5E-06 4.5E-10 7.0E-07 7.4E-03 1.9 

baghouse area fire 

Maximum reasonably 
6.5E-06 4.5E-10 7.0E-07 7.4E-03 1.9 

foreseeable accident 

• Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are" A" for anticipated ( > 1.0E-02), "U" for unlikely (1.0E-04 to 1.0E-02), "VU" for very unlikely 
(1.0E-06 to l .OE-04), and "EU" for extremely unlikely ( < 1.0E-06). 
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Table D.3.5-87. Chemical-Related Accident Risks Associated With LLMW Treatment at 
PORTS Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

OfTsite OfTsite OfTsite 
Accident Population MEI Workers MEI Worker 

Non-alpha incineration, (A)b 
l.lE-04 7.9E-08 3.4E-05 1.3 

9.5 
baibouse area fire 

Maximum reasonably l.lE-04 7.9E-08 3.4E-05 1.3 9.5 
foreseeable accident 

• Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .OE-02), "U" for unlikely (1 .0E-04 to l .OE-02), "VU" for very unlikely 
(l.OE-06 to 1.0E-04), and "EU" for extremely unlikely ( < l.OE-06). 

Table D.3.5-88. Chemical-Related Accident Risks Associated With LLMW Treatment at 
RFETS Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

OfTsite OfTsite OfTsite 
Accident Population MEI Workers MEI Workers 

Alpha incineration, (A)b 
4.7E-04 9.5E-09 4.5E-06 l.6E-0l 1.8 

baghouse area fire 

Maximum reasonably 4.7E-04 9.5E-09 4.5E-06 l.6E-0l 1.8 
foreseeable accident 

• Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > 1.0E-02), "U" for unlikely (1 .0E-04 to 1.0E-02), "VU" for very unlikely 
(1 .0E-06 to 1.0E-04), and "EU" for extremely unlikely ( < l.OE-06) . 

Table D.3.5-89. Chemical-Related Accident Risks Associated With LLMW Treatment at SNL-NM 
Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

OfTsite OfTsite OfTsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
3.5E-06 l.0E-09 4.6E-08 l.7E-02 1.1 

baghouse area fire 

Maximum reasonably 3.5E-06 l.0E-09 4.6E-08 l.7E-02 1.1 foreseeable accident 

• Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > 1.0E-02), "U" for unlikely (1 .0E-04 to l .OE-02), "VU" for very unlikely 
( l .OE- 06 to l .OE-04), and "EU" for extremely unlikely ( < l .OE-06). 
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Table D.3.5-90. Chemical-Related Accident Risks Associated With LLMW Treatment at 
R Under the Decentralized Alternative, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration. (A)b 
l.6E-05 5.2E-09 5.9E-05 8.5E-02 l.4E+0l 

baghouse area fire 

Alpha incineration. (A) 
l .5E-06 4.7E-10 3.2E-06 7.6E-03 

2.2 
baghouse area fire 

Maximum reasonably l .6E-05 5.2E-09 5.9E-05 8.5E-02 l .4E+0l 
foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are " A" for anticipated(> 1.0E- 02), "U" for unlikely (1.0E- 04 to 1.0E- 02), "VU" for 
very unlikely (l .0E-06 to l .0E- 04) , and "EU" for extremely unlikely ( <I .0E-06). 

Table D.3.5-91. Chemical-Related Accident Risks Associated With UMW Treatment at 
FEMP Under Regi,onalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidencea Index IDLHlndex 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
2.5E-04 1.lE-08 3.8E-06 l.8E-01 2.0 

baghouse area fire I 

Maximum reasonably 2.5E-04 1.lE-08 3.8E-06 l.8E-01 2.0 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are " A" for anticipated(> 1.0E- 02), "U" for unlikely (l.0E-04 to l.0E- 02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5-92. Chemical-Related Accident Risks Associated With LLMW Treatment at Hanford 
Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
6.6E-05 l.7E-09 2.2E-05 2.SE-02 

5.4 
baghouse area fire 

Maximum reasonably 6.6E-05 l.7E-09 2.2E-05 2.SE-02 5.4 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

I 

Table D.3.5-93. Chemical-Related Accident Risks Associated With LLMW Treatment at 
INEL Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
2.SE- 06 6.SE-10 3.IE-07 1.lE-02 1.3 baghouse area fire 

Alpha incineration, (A) 
3.5E-05 8.2E-09 l.9E-05 1.3E-01 4.7 

baghouse area fire 

Maximum reasonably 
3.5E-05 8.2E-09 1.9E-05 l .3E-01 4.7 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04) , and "EU" for extremely unlikely ( < l .0E-06) . 
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Table D.3.5-94. Chemical-Related Accident Risks Associated With UMW Treatment at 
LANL Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidence8 Index IDLH Index 

OtTsite OtTsite OtTsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration," (A)b 
3.4E-06 l.2E-09 l.lE-07 l .9E-02 1.3 

baghouse area fire 

Alpha incineration, (A) 
2.2E-05 7.5E-09 4.5E-06 l.2E-01 

2.6 
baghouse area fire . 

Maximum reasonably 2.2E-05 7.5E-09 4.5E-06 l .2E-01 2.6 
foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are" A" for anticipated(> l.0E-02), "U" for unlikely (1.0E-04 to l.0E-02), "VU" for 
very unlikely (1.0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-95. Chemical-Related Accident Risks Associated With UMW Treatment at 
LLNL Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

OtTsite OtTsite OtTsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
9.lE-05 2.5E-08 6.4E-06 4.lE-01 3.3 baghouse area fire 

Alp);la incineration, (A); 
6.4E-05 1.8E-08 4.7E-06 2.9E-01 

2.6 
baghouse area fire 

Maximum reasonably 
9.lE-05 2.5E-08 6.4E-06 4. lE-01 3.3 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02) , "U" for unlikely (1.0E-04 to l .0E-02), "VU" for 
very unlikely (1.0E-06 to l .0E-04) , and "EU" for extremely unlikely (<I .0E-06) . 
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Table D.3.5-96. Chemical-Related Accident Risks Associated With LLMW Treatment at 
ORR Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
8.7E-03 5.6E-07 2.5E-04 9.2 

3.6E+0l 
ballhouse area ftre 

Maximum reasonably 8.7E-03 5.6E-07 2.5E-04 9.2 3.6E+0l foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated(> 1.0E- 02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for very 
unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-97. Chemical-Related Accident Risks Associated With UMW Treatment at 
Pantex Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

"' .. 
(A)b Non-alp& incineration, 6.5E-06 4.5E-10 7.0E-07 7.4E-03 1.9 

baehouse area ftre 

MaximuU1 reasonably 6.5E-06 4.5E-10 7.0E-07 7.4E-03 1.9 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for very 
unlikely (1.0E-06 to 1.0E-04) , and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5- 98. Chemical-Related Accident Risks Associated With LLMW Treatment at 
PGDP Under Regi.onalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
l.3E-04 1.9E-08 9.9E-07 3.2E-01 

1.8 
bae:house area fire 

Maximum reasonably l .3E-04 1.9E-08 9.9E-07 3.2E-01 1.8 
foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06) . 

Table D.3.5-99. Chemical-Related Accident Risks Associated With LLMW Treatment at 
PORTS Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
l.lE-04 8. lE-08 3.5E-05 1.3 

9.8 
baghouse area fire 

Maximum reasonably 
l.lE-04 8. lE-08 3.5E-05 1.3 9.8 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06) . 
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Table D.3.5-100. Chemical-Related Accident Risks Associated With LLMW Treatment at 
RFETS Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpJla incine~tion, (A)b 
2.lE-07 4.2E-12 2.7E-12 6.9E-05 1.0 

baghouse area fire 

Alpha incineration, (A) 
4.7E-04 9.SE-09 4.SE-06 1.6E-01 

1.8 
bagh~ area fire 

Maximum reasonably 4.7E-04 9.SE-09 4.SE-06 l.6E-01 1.8 
foreseeable accident 

3 Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (1 .0E-04 to l .0E-02), "VU" for 
very unlikely (1 .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-101. Chemical-Related Accident Risks Associated With LLMW Treatment at 
SRS Under Regionalized Alternative 1, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
l.6E-05 5.2E-09 5.9E-05 8.6E-02 l.4E+0l 

baghouse area fire ' 

Algha incineration, (A) 
l.SE-06 4.7E-10 3.2E-06 7.6E-03 

2.2 
baghouse area facility fire 

Maximum reasonably 1.6E-05 5.2E-09 5.9E-05 8.6E-02 l.4E+0l 
foreseeable accident 

3 Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for 
very unlikely (1 .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5-102. Chemical-Related Accident Risks Associated With LLMW Treatment at Hanford 
Under Regi.onalized Alternative 2, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
l.0E-04 2.6E-09 3.4E-05 4.3E-02 

7.7 
ba!!house area fire 

Maximum rea§onably 
l.0E-04 2.6E-09 3.4E-05 4.3E-02 7.7 

foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for very 
unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-103. Chemical-Related Accident Risks Associated With LLMW Treatment at 
INEL Under Regionalized Alternative 2, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
2.9E-06 7.0E-10 5.2E-07 l.lE-02 1.3 baghouse area fire 

Alpha incineration, (A) 
5.0E-05 l.2E-08 3.lE-05 l.9E-01 6.3 

baghouse area fire 

Maximum reasonably 
5.0E-05 l.2E-08 3. lE-05 l.9E-01 6.3 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for very 
unlikely (l .0E- 06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5- 104. Chemical-Related Accident Risks Associated With UMW Treatment at 
LANL Under Regionalized Alternative 2, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
l .6E-05 5.5E-09 1.2E-06 9.0E-02 2.2 

baghouse area fire 

Alpha incineration, (A). 
2.2E-05 7.5E-09 4.5E-06 1.2E-01 

2.6 
baghouse area fire 

Maximum reasonably 2.2E-05 7.5E-09 4.5E-06 l .2E-01 2.6 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for very 
unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-105. Chemical-Related Accident Risks Associated With UMW Treatment at 
ORR Under Regionalized Alternative 2, by Accident Type 

Hazard 
Cancer Incidencea Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Ill 

Non-alpha incineration (A)b 
8.9E-03 5.7E-07 2.5E-04 9.4 

3.6E+0l 
ba2house area fire 

Maximum reasonably 8.9E-03 5.7E-07 2.5E-04 9.4 3.6E+0l foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for very 
unlikely (1.0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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Table D.3.5-106. Chemical-Related Accident Risks Associated With LLMW Treatment at 
PORTS Under Regionalized Alternative 2, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
l .2E-04 9.0E-08 4.?E-05 1.5 

l.lE+0l 
ba2house area fire 

Maximum reasonably l.2E-04 9.0E-08 4.?E-05 1.5 l.lE+0l 
foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (1.0E-04 to l .0E-02), "VU" for very 
unlikely (l .0E-06 to l .0E- 04), and "EU" for extremely unlikely ( < l .0E- 06). 

Table D.3.5-107. Chemical-Related Accident Risks Associated With LLMW Treatment at 
RFETS Under Regionalized Alternative 2, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
8.0E-07 l.6E- 11 2. lE-11 2.6E-04 1.0 baghouse area fire 

Alpha incineration, (A) 
4.?E-04 9.5E-09 4.5E-06 l .6E-01 1.8 

baghouse area fire 

Maximum reasonably 4.?E-04 9.5E-09 4.5E-06 l.6E-01 1.8 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l.0E- 02), "U" for unlikely ( l.0E- 04 to 1.0E- 02), "VU" for very 
unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unl ikely ( < l .0E- 06). 
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Table D.3.5-108. Chemical-Related Accident Risks Associated With LLMW Treatment at 
SRS Under Regi.onalized Alternative 2, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
l.6E-05 5.2E-09 5.9E-05 8.6E-02 l.4E+0l 

baghouse area fire 

Alpha incineration, (A) 
l.SE-06 4.7E-10 3.2E-6 7.6E-03 

2.2 
baghouse area fire 

Maximum reasonably l.6E-05 5.2E-09 5.9E-05 8.6E-02 1.4E+0l foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (l.0E-04 to l.0E- 02) , "VU" for 
very unlikely (1 .0E-06 to 1.0E-04) , and "EU" for extremely unlikely ( < 1.0E-06). 

Table D.3.5- 109. Chemical-Related Accident Risks Associated With LLMW Treatment at Hanford 
Under Regi.onalized Alternative 4, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI I Workers MEI Workers 

Non-alpha incineration, (,A)b 
l .0E-04 2.6E-09 3.2E-05 4.3E-02 

7.7 
ba2house area fire 

Maximum reasonably l.0E-04 2.6E-09 3.2E-05 4.3E-02 7.7 foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to 1.0E-02) , "VU" for 
very unlikely (1 .0E-06 to 1.0E-04) , and "EU" for extremely unlikely ( < 1.0E-06). 
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Table D.3.5-110. Chemical-Related Accident Risks Associated With LLMW Treatment at 
INEL Under Regionalized Alternative 4, by Accident Type 

Hazard 
Cancer lncidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
1.4E-05 3.4E-09 3.6E- 06 5.5E- 02 2.5 baghouse area fire 

Alpha incineration, (A) 
7.2E-05 1.7E-08 4.9E-05 2.8E-01 

8.7 
baghouse area fire 

Ill 

Maximum reasonably 7.2E-05 l.7E-08 4.9E-05 2.8E-01 8.7 
foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are " A" for anticipated(> l.0E- 02) , "U" for unlikely (l.0E- 04 to l.0E-02) , "VU" for 
very unlikely (1.0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06) . 

Table D.3.5-111. Chemical-Related Accident Risks 'Associated With LLMW Treatment at 
ORR Under Regionalized Alternative 4, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration, (A)b 
l. lE-02 7.3E-07 3.6E-04 l.2E+0l 

4.6E+0l 
buhouse area fire 

Maximum reasonably l.lE-02 7.3E-07 3.6E-04 l.2E+0l 4.6E+0l 
foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l .0E-02), "U" for unlikely (l .0E-04 to l .0E-02), "VU" for 
very unlikely (1.0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E- 06) . 
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Table D.3.5-112. Chemical-Related Accident Risks Associated With LLMW Treatment at 
SRS Under Regi.onalized Alternative 4, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration. (A)b 
l.6E-05 5.2E-09 6.4E-05 8.6E-02 1.4E+0l 

bagbouse area fire 

~ha incineration, (A) 
l.5E-06 4.7E-10 3.8E-06 7.6E-03 

2.2 
baghouse area fire 

Maximum reasonably 1.6E-05 5.2E-09 
1 

6.4E-05 8.6E-02 1.4E+0l foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated(> l.0E-02), "U" for unlikely (l.0E-04 to l.0E-02), "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 

Table D.3.5-113. Chemical-Related Accident Risks Associated With LLMW Treatment at Hanford 
Under the Centralized Alternative, by Accident Type 

Hazard 
Cancer Incidence3 Index IDLH Index 

Offsite Offsite Offsite 
Accident Population MEI Workers MEI Workers 

Non-alpha incineration. (A)b 
l.0E-03 2.6E-08 7.5E-04 4.3E-0l 6.8E+0l baghouse area fire 

Alpha incineration. (A) 
l.3E-04 3.5E-09 5.7E-05 5.7E-02 9.8 

baghouse area fire 

Maximum reasonably l.0E-03 2.6E-08 7.5E-04 4.3E-0l 6.8E+0l foreseeable accident 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Accident annual frequency codes are "A" for anticipated ( > l.0E-02), "U" for unlikely (1.0E-04 to l.0E-02) , "VU" for 
very unlikely (l .0E-06 to l .0E-04), and "EU" for extremely unlikely ( < l .0E-06). 
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D.3.5.8 Summary of the LLMW Accident Analysis Results 

Accidents Involving Releases of Radiological Contaminants. For radionuclide-related incineration 

accidents in all alternatives, the dominant accident type for all receptors is the earthquake resulting in a fire. 

The highest site-specific cancer fatality risks are consistently: associated with Hanford and/or ORR for all 

receptors. Cancer fatality risks associated with incineration accidents in alpha facilities are usually higher 

than those associated with similar accidents in non-alpha facilities by 2 times to 3 orders of magnitude (for 

all receptors at INEL, LANL, and RFETS in Decentralized, Regionalized 2, and Regionalized 4). 

However, at SRS (in all alternatives where SRS is evaluated) and at Hanford (in the Centralized 

Alternative), alpha facility accident risks are lower than those from similar accidents in non-alpha facilities 

by 1 to 2 orders of magnitude. Note that for workers, the risk of death from latent cancers due to exposure 

to radioactive materials released in such accidents may be smaller than the risk of fatality due to 

nonradiological impacts. 

Accidents Involving Releases of Chemical Contaminants. For chemical-related incineration accidents in 

all alternatives except Centralized (where Hanford treats all LLMW), ORR is consistently the highest-risk 

site for all receptors. In the Centralized Alternative, however, Hanford has the highest worker cancer 

incidence risk and IDLH index of all alternatives due to a greater number of exposed workers. At sites 

where both alpha and non-alpha LLMW are incinerated, the accident risks vary depending on contaminant 

inventories. At a given site, the estimated cancer incidence risks and hazard/lDLH indices for accidents 

occurring in alpha incineration facilities are usually higher (in some instances by more than 2 orders of 

magnitude) than those estimated for similar non-alpha facility accidents. The exceptions to this are: SRS 

(Decentralized and Regionalized 1, 2, and 4) and Hanford (Centralized), where the risks from non-alpha 

incineration accidents are approximately one order of magnitude higher than those from alpha facility 

accidents; and LLNL (Decentralized and Regionalized 1), where non-alpha incineration accident risks are 

only slightly higher (less than a factor of two) than similar alpha facility accident risks. 

D.3.5.8.1 Risks to the Of/site Population From LLMW Accidents 

Accidents Involving Releases of Radiological Contaminants. For incineration accidents involving releases 

of radionuclides from non-alpha facilities, cancer fatality risks to the off site population range from 9 .SE-09 

to 4 .0E-01 in population sizes ranging from 153,061 to 10,453,402. Cancer fatality risks from alpha 
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facility incinerator accidents range from 5.4 -07 to l. lE- 02 in population sizes ranging from 153,061 to 

6,324,234. Incineration accident risks at a given site do not differ greatly among alternatives. Risks 

associated with a particular accident either remain the same at a site across alternatives or increase only 

slightly with waste consolidation. 

The incineration accident type resulting in the highest risks to offsite populations is the earthquake resulting 

in a fire . In each alternative, the risks of cancer fatalities for other incinerator accidents (incinerator 

explosion and aircraft impact) are approximately 2 to 3 orders of magnitude lower than those associated 

with the earthquake scenario at a given site . However, the estimated annual frequency of the earthquake 

scenario affecting the incinerator facility is "very unlikely" (l.0E-06 to l.0E-04) for all sites and 

alternatives, while the baghouse area fire and incinerator explosion are considered "unlikely" (l .0E-04 to 

l .0E-02) and "anticipated" (greater than 1.0E-02), respectively . Hanford has the highest cancer fatality 

risks to the offsite population from incineration accidents in all alternatives (where Hanford is evaluated) 

because of relatively high releases of plutonium-238 and/or uranium-238 . The highest cancer fatality risk 

at Hanford is 4.0E-1 (distributed over a population of 377,645) for the non-alpha earthquake scenario in 

the Centralized Alternative . ORR has the next highest cancer fatality risks to the offsite population from 

non-alpha incineration accidents. The controlling contaminant at ORR is uranium-238. Internal exposure 

is the primary route for both sites. The highest alpha facility accident risks are at LLNL in Decentralized 

and Regionalized 1 and at RFETS in Decentralized and Regionalized 1 and 2. The controlling contaminant 

at both sites is plutonium-238 ; the primary exposure route is internal. 

Accidents Involving Releases of Chemical Contaminants. For incineration accidents that involve chemical 

releases from non-alpha facilities (baghouse area fire), the estimated risks of cancer incidence range from 

2 . lE-07 to 1. lE- 02 in population sizes ranging from 153,061 to 10,453,402. Estimated risks of cancer 

incidence from alpha incinerator facility baghouse area fire accidents range from 1. 5E-06 to 4. 7E-04 in 

population sizes ranging from 153,061 to 6,324,234. All chemical-related baghouse area fire scenarios are 

considered "anticipated" (estimated annual frequency greater than 1.0E-02). 

The highest estimated risk of cancer incidence from an accidental chemical release associated with 

incineration at a site is at ORR in Regionalized 4 (l. lE-02 in a population of 881 ,652). In all alternatives 

except Centralized (in which all treatment is performed at Hanford), ORR poses the greatest risks of cancer 

incidence from incineration accidents, ranging from 7.3E-03 to 1. lE-02 in a population of 881,652. This 

is approximately 1 to 5 orders of magnitude higher than the risks at all other sites. The higher estimated 
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cancer risk at ORR is due to a relatively large release of chromium (VI) during an incinerator accident. The 

alpha incineration accident with the highest risk of cancer incidence to the offsite population is the baghouse 

area fire at RFETS; the risk of cancer incidence is 4.7E-04 in a population of 2,171,877 for Decentralized 

and Regionalized 1 and 2. The controlling contaminant at RFETS is also chromium (VI). 

Maximum reasonably foreseeable incineration accident risks do not differ much among alternatives at most 

sites (remain approximately equal or increase slightly with greater waste consolidation). However, cancer 

incidence risk to the offsite population from the maximum reasonably foreseeable accident in Decentralized 

and Regionalized 1, 2, and 4 is higher than for No Action at INEL by 1 to 2 orders of magnitude. In 

addition, cancer incidence risk from the worst-case accident at Hanford in the Centralized Alternative is 

higher than for Hanford in other alternatives by an order of magnitude or more due to centralized 

consolidation of waste loads. 

D.3.5.8.2 Risks to the Noninvolved Worker Population From UMW Accidents 

Accidents Involving Releases of Radiological Contaminants. For radionuclide-related accidents, the 

trends in risk to the noninvolved worker population follow the trends for the offsite population. For 

incineration accidents involving releases of radionuclides from non-alpha facilities , cancer fatality risks 

range from 3.SE-10 to 1.2E-01 in population sizes ranging from 128 to 15,996. Cancer fatality risks from 

alpha facility incinerator accidents range from 1. lE-07 to 2.0E-03 in population sizes ranging from 6,993 

to 15,996. Incineration accident risks at a given site do not differ greatly among alternatives. Risks 

associated with a particular accident either remain the same at a site across alternatives or increase only 

slightly with waste consolidation. 

The incineration accident type resulting in the highest risks to noninvolved worker populations is the 

earthquake resulting in a fire. For each alternative, the risks of cancer fatalities for other incinerator 

accidents (incinerator explosion and aircraft impact) are approximately 1 to 3 orders of magnitude lower 

than those associated with the earthquake scenario at a given site. Recall, however, that the estimated annual 

frequency of the earthquake scenario affecting the incinerator facility is the lowest of the three accident 

types . 
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For the non-alpha facility earthquake scenario, ORR produces the greatest risk of cancer fatalities, with the 

maximum reasonably foreseeable accident risks ranging from 8.3E-02 to l.2E-01 in Decentralized and 

Regionalized 2 and 4, distributed over a population of 3,809. The next highest non-alpha accident risks are 

at Hanford in all alternatives (where Hanford is evaluated), with cancer fatality risks ranging from 2.2E- 02 

to 3.8E-02 in a population of 8,674. The controlling contaminants at ORR and Hanford are uranium-238 

and plutonium-238, respectively. For alpha facility incinerator accidents, the highest-risk sites are INEL 

and RFETS in Decentralized and Regionalized 1 and 2 and INEL in Regionalized 4. In these alternatives, 

cancer fatality risk associated with the incinerator accident (earthquake) is 2.0E-03 for INEL in a population 

of 8,451 and l.0E-03 for RFETS in a population of 6,993; the controlling contaminant is plutonium-238 

at both sites. 

Accidents Involving Releases of Chemical Contaminants. For chemical-related incineration accidents 

occurring in non-alpha facilities, the estimated risks of cancer incidence range from 5. lE-10 to 9. 7E-04 

in population sizes ranging from 128 to 15,996. Estimated risks of cancer incidence from alpha facility 

incinerator accidents range from 4.3E-06 to l.7E-04 in population sizes ranging from 6,993 to 15 ,996. 

The incinerator accident resulting in the highest estimated risk of cancer incidence is the non-alpha baghouse 

area fire at ORR in Regionalized 4 (9.7E-04 in a population of 3,809). In all alternatives except Centralized 

(all sites treat at Hanford), ORR poses the greatest risks of cancer incidence. Incineration accident risks to 

noninvolved worker populations at other sites are 1 to 6 orders of magnitude lower. The controlling 

contaminant at ORR is chromium (VI) . The alpha incineration accident with the highest risk of cancer 

incidence to the noninvolved worker population is the baghouse area fire at INEL in Regionalized 4 

( 1. 7E-04 in a population of 8,451). The controlling contaminant at INEL is also chromium (VI). 

Maximum reasonably foreseeable accident risks of cancer incidence do not differ much among alternatives 

at most sites (remain approximately equal or increase slightly with greater waste consolidation). However, 

cancer incidence risk to the noninvolved worker population from the worst-case accident in Decentralized 

and Regionalized 1, 2, and 4 is higher than for No Action at INEL by 1 to 2 orders of magnitude. In 

addition, cancer incidence risk from the maximum reasonably foreseeable accident at Hanford in the 

Centralized Alternative is higher than for Hanford in other alternatives by about an order of magnitude due 

to centralized consolidation of waste loads . 
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D.3.5.8.3 Risks to the Maxima/,ly Exposed Noninvolved Worker and Maximally Exposed Of/site 
Individual From LLMW Accidents 

Accidents Involving Releases of Radiological Contaminants. For radionuclide-related accidents, the 

trends in risk to the offsite MEI and noninvolved worker MEI generally follow those for their respective 

populations. Incineration accident risks at a given site do not differ greatly among alternatives. Risks to the 

MEls associated with a particular accident either remain the same at a site across alternatives or increase 

only slightly with waste consolidation. Differences in cancer risks between non-alpha facility accidents and 

alpha facility accidents parallel those estimated for the offsite and noninvolved worker populations. 

The highest-risk incineration accident type for both MEis is the earthquake resulting in a fire. The highest­

risk sites for the offsite MEI differ somewhat from those observed for the offsite population. The highest 

site-specific cancer fatality risk to the offsite MEI is from the non-alpha facility earthquake scenario at ORR 

in No Action, Decentralized, and Regionalized 2 and 4 (ranging from 1.4E-05 to 1.6E-05). The controlling 

contaminant at ORR is uranium-238; the primary exposure route is internal. Toe next highest site risks are 

for the non-alpha facility earthquake scenarios at Hanford in Centralized (9.4E-06) and PGDP in 

Decentralized (9.0E- 06). The controlling contaminants at Hanford and PGDP are plutonium-238 and 

uranium-238, respectively; exposure is primarily internal. 

The highest cancer fatality risk to the noninvolved worker MEI from an earthquake scenario is at Hanford 

(for non-alpha facilities) in Decentralized, Regionalized 2 and 4, and Centralized (ranging from 2.2E-04 

to 3.9E- 04). The contaminant contributing the most to risk at Hanford is plutonium-238 by internal 

exposure. The next highest risk to the noninvolved worker MEI is from the non-alpha earthquake scenario 

at ORR in Regionalized 2 and 4 (1.4E-04 and 1. lE-04 cancer fatalities, respectively) . The controlling 

contaminant at ORR is uranium-238; exposure is primarily internal. 

Accidents Involving Releases of Chemical Contaminants. For chemical-related accidents , the trends in 

risks to the offsite MEI and the noninvolved worker MEI tend to generally follow those for their respective 

populations. As observed for the offsite and noninvolved worker populations, risks and hazard indices do 

not differ greatly among alternatives at a site with the exception of INEL (lower in No Action than other 

alternatives by about 2 orders of magnitude) and Hanford (greater in the Centralized Alternative with 

centralized consolidation by an order of magnitude or more) . :For incineration accidents (i.e., baghouse area 

fire), the highest risks of cancer incidence to the offsite MEI (7 .3E-07) and the noninvolved worker MEI 
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(7 . 7E-07) occur at ORR in Regionalized 4. The cancer incidence risks to both MEls are higher at ORR 

than those at other sites by 2 times to 4 orders of magnitude. The controlling carcinogenic contaminant at 

ORR is chromium (VI). 

The highest hazard indices associated with incineration accidents are also at ORR in all alternatives (ranging 

from 7.8 to l.2E+0l for the offsite MEI and from 8.1 to l.3E+0l for the noninvolved worker MEI). For 

both MEls, the hazard index is greater than 1.0 at PORTS in Decentralized and Regionalized 1 and 2 

(ranging from 1.3 to 1.5 for the offsite MEI and from 2.1 to 2.4 for the noninvolved worker MEI). In 

addition, for the noninvolved worker MEI, hazard indices are greater than 1.0 at SRS in all alternatives 

where SRS treats LLMW (ranging from 4.4 to 4.7) and at INEL in Regionalized 2 and 4 (ranging from 1.1 

to 1.6). The controlling noncarcinogenic chemical is hydrogen chloride at ORR, PORTS, SRS, and INEL. 

All other hazard indices are below 1.0, indicating less likelihood of harmful effects from exposure to 

noncarcinogens. 

D.3.5.8.4 Risks to Waste Management Workers From LLMW Accidents 

Accidents Involving Releases of Radiological Contaminants. For incineration accidents involving releases 

of radionuclides, site-specific worker risks are similar among alternatives, increasing only very slightly at 

sites where LLMW is consolidated for treatment, most notably in the Centralized Alternative, in which 

estimated cancer fatalities at Hanford from all incineration accidents increase approximately half an order 

of magnitude. Estimated worker cancer fatalities associated with accident scenarios in non-alpha facilities 

range from 7 .9E-08 to l.6E-02. For alpha facility accident scenarios, estimated worker cancer fatalities 

range from l.3E-04 to 3.SE-03. Shift size varies from 1 to 14 workers. In all alternatives, the earthquake 

and incinerator explosion scenarios produce the higher worker risks by about 1 to 2 orders of magnitude 

over the baghouse area fire scenario. 

The highest site-specific cancer fatality risks associated with non-alpha incinerator accidents are for the 

earthquake scenarios at ORR in No Action (9.8E-03), at ORR and Hanford in Decentralized (l. lE-02 at 

both sites), at ORR and Hanford in Regionalized 2 (1.6E-02 and l. lE-02, respectively), at ORR and 

Hanford in Regionalized 4 (l.4E-02 and l. lE-02, respectively), and at Hanford in the Centralized 

Alternative (4.4E-02). The controlling contaminants are uranium-238 at ORR and plutonium-238 at 

Hanford; the primary exposure route is inhalation. For alpha incinerator accidents, the highest site cancer 
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fatality risks are for the earthquake scenario at INEL in Decentralized and Regionalized 1, 2, and 4 (ranging 

from 3. lE-03 to 3.5E-03). The controlling contaminant at this site is plutonium-238, and the primary 

exposure route is inhalation. Recall that the radionuclide-related earthquake scenario affecting he 

incinerator is considered to be "very unlikely." 

Accidents Involving Releases of Chemical Contaminants. Estimated risks of cancer incidence to workers 

from non-alpha incineration accidents (baghouse area fires) range from 2.7E-12 to 7 .5E-04 across 

alternatives. Alpha facility accident risks range from 3.2E-06 to 5.7E-05. Worker population size (shift 

size) varies from 1 to 14 workers. Chemical emissions from an incinerator baghouse area fire in a non-alpha 

facility are assumed to be identical regardless of site or alternative; the same assumption was made for alpha 

facility accidents. Because of this, cancer incidence risk estimates for workers only vary by facility type and 

in direct proportion to the number of workers assumed to be present during the accident at each site (which 

depends on the waste volume being incinerated at each site) . 

The highest cancer incidence risk to workers from a non-alpha incinerator baghouse area fire is at Hanford 

in the Centralized Alternative (7 .5E-04) due to the consolidated waste load and a greater number of 

workers necessary to operate the incinerator. The next highest cancer incidence risks to workers from non­

alpha baghouse area fires are at ORR in all alternatives where ORR treats LLMW (ranging from 1. 9E-04 

to 3.6E-04). The highest alpha facility risks are also associated with Hanford in the Centralized Alternative 

(5.7E-05). The IDLH index is equal to or greater than 1.0 f9r all sites and alternatives, indicating a danger 

of irreversible health effects due to exposure to toxic chemicals. The controlling contaminants are the same 

at each site, chromium (VI) and carbon monoxide. 

As observed for the offsite and noninvolved worker populations and their respective MEls, risks and IDLH 

indices do not differ greatly among alternatives at a site with the exception of INEL (lower in No Action 

than other alternatives by about 2 orders of magnitude) and Hanford (greater in the Centralized Alternative 

with waste consolidation by an order of magnitude or more). 

D.3.5.9 Risks to the Hypothetical Intruder From LLMW Disposal 

The health risks to the hypothetical intruder who drills a well through an LLMW disposal facility were 

evaluated for the Decentralized, Regionalized 2, and Centralized Alternatives, and for remote-handled 

LLMW (RH-LLMW) disposal (disposal at four sites in the Decentralized, Regionalized, and Centralized 
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Alternatives) . Intrusion was evaluated 100 years and 3 00 years after the cessation of disposal activities at 

each site. 

Tables D.3.5-114 and D.3.5-115 present summaries 

respectively. Tables D.3.5-116 through D.3.5-123 conta 

of the risk evaluations at 100 and 300 years, 

in the health risks by health endpoint and site for 

each alternative in both time frames. 

Table D.3.5-114. Summary Table for the In truder Scenario for LLMW (100 years) 

Radionuclides Chemicals 

Dose Cancer Cancer Genetic Cancer 
Alternative (rem) Fatality Incidence Effects Incidence Hazard Index 

Decentralized 34 l.7E-02 5.SE-02 3.4E-03 l.SE-13 l.lE-07 

Regionalized 2 33 l.6E-02 5.5E-02 3.3E- 03 l.SE-13 1.4E- 07 

Centralized 7.1 3.6E-03 1.2E-02 7.lE-04 5. lE-14 9.6E-08 

RH-LLMW 68 3.3E-02 l.2E-01 6.SE-03 l.2E-14 8.SE-09 

Table D.3.5-115. Summary Table for the In truder Scenario for LLMW (300 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer 
Alternative Dose (rem) Fatality Incidence Effects Incidence Hazard Index 

Decentralized 7.2E-01 3.5E-04 l.2E-03 7.2E-05 l.SE-13 l.lE-07 

Regionalized 2 6.lE-01 3.0E-04 l.0E-03 6. lE-05 l.SE-13 1.4E-07 

Centralized l.5E-01 7.3E-05 2.5E-04 l.5E-05 5. lE-14 9.6E-08 

RH-LLMW 2.2 l.lE-03 3.7E-03 2.2E-04 l.2E-14 8.SE-09 
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Table D.3.5-116. Intruder Scenario Risk Results for the Decentralized Altemati,ve (100 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer Hazard 
Site Dose (rem) Fatality Incidence Effects Incidence Index 

ANL-E 6.6E-01 3.3E-04 l.lE-03 6.6E-05 l.4E-14 1.6E-08 

BNL l.5E-02 7.4E-06 2.5E-05 l.5E-06 0.0 l.3E- 09 

FEMP l.4E-03 6.SE-07 2.3E-06 l.4E-07 0.0 6.SE-09 

Hanford 19 9.4E-03 3.2E-02 l .9E-03 3. lE-14 4.0E-08 

INEL 7.5 3.SE-03 l.3E-02 7.5E-04 2.2E-14 6.2E-08 
I 

LANL 5.2E-02 2.6E-05 8.SE-05 5.2E-06 0.0 l.0E-08 

LLNL 3.2E-01 1.6E-04 5.4E-04 3.2E-05 0.0 1.6E-08 

NTS 4.9E-02 2.4E-05 8.3E-05 4.9E-06 0.0 6.7E-09 

ORR 2.6 l.3E-03 4.4E-03 2.6E- 04 4.SE-14 l . lE-07 

PGDP l.3E-01 6.4E-05 2.2E-04 1.3E-05 0.0 2.5E-09 

Pantex 1.9E-02 9.4E-06 3.2E-05 l.9E-06 0.0 8.6E-10 

PORTS 4.SE-01 2.4E-04 8.2E-04 4.SE-05 2.7E-14 2.9E-08 

RFETS 1.6E-02 7.SE-06 2.6E-05 l.6E-06 1.3E-14 5.4E-09 

SNL-NM l.lE-02 5.6E-06 l.9E-05 l. lE-06 0.0 4.9E-11 

SRS 3.1 1.6E-03 5.4E-03 3. lE-04 2.SE-14 1.0E-07 

Total 34 1.7E-02 5.SE-02 3.4E-03 l.SE-13 l. lE-07 
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Site 

ANL-E 

BNL 

FEMP 

Hanford 

INEL 

LANL 

LLNL 

NTS 

ORR 

PGDP 

Pantex 

PORTS 

RFETS 

Table D.3.5- 117. Intruder Scenario Risk Results for the Decentralized Alternative 
(300 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer Hazard 
Dose (rem) Fatality Incidence Effects Incidence Index 

2.3E-02 l. lE-05 3.9E-05 2.3E-06 l.4E-14 l.6E-08 

5.0E-04 2.5E-07 8.6E-07 5.0E-08 0.0 1.3E-09 

l.4E-03 6.8E-07 2.3E-06 l.4E-07 0 .0 6.8E-09 

l .5E-Ol 7.7E-05 2.6E-04 l.5E-05 3. lE-14 4.0E-08 

2.5E-0l l.2E-04 4.2E-04 2.5E-05 2.2E-14 6.2E-08 

l.9E-03 9.3E-07 3.2E-06 l.9E-07 0.0 l.0E-08 

9.3E-03 4.6E-06 l.6E-05 9.3E-07 0.0 l.6E-08 

3. lE-03 l.6E-06 5.3E-06 3. lE-07 0.0 6.7E- 09 

8.5E-02 4.2E-05 l.4E-04 8.5E-06 4.8E-14 l. lE-07 

l.3E-0l 6.4E-05 2.2E-04 l.3E-05 0.0 2.5E-09 

l.9E-04 9.3E-08 3.2E-07 l .9E-08 0.0 8.6E-10 

6.0E-03 3.0E-06 l .OE-05 6.0E-07 2.7E-14 2.9E-08 

l . lE-02 5.7E-06 l.9E-05 l.lE-06 l.3E-14 5.4E-09 

SNL-NM l.6E-04 8.2E-08 2.8E-07 l.6E-08 0.0 4.9E-11 

SRS 4.6E-02 2.3E-05 7.9E-05 4.6E-06 2.8E-14 l.0E-07 

Total 7.2E-01 3.5E-04 l.2E-03 7.2E-05 1.8E-13 l. lE-07 

Table D.3.5-118. Intruder Scenario Risk Results for Regi,onalized Alternative 2 (100 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer Hazard 
Site Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 19 9.4E-03 3.2E-02 l .9E-03 3.4E-14 4.7E-08 

INEL 7.9 3.9E-03 l .3E-02 7.9E-04 2.7E-14 6.9E-08 

LANL 4.6E-02 2.3E-05 7.9E-05 4.6E-06 l.7E-14 l. lE-08 

NTS l.4E-04 7.lE-08 2.4E-07 l .4E-08 0.0 2.8E-12 

ORR 2.5 1.2E-03 4.2E-03 2.5E-04 7. lE-14 l.4E-07 

SRS 3.1 l.6E-03 5.4E-03 3. lE-04 2.7E-14 l.0E-07 

Total 33 l.6E-02 5.5E-02 3.3E-03 l.8E-13 l.4E-07 
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Table D.3.5-119. Intruder cenario Risk Results for Regionalized Alternative 2 (300 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer Hazard 
Site Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford l.4E-01 7.lE-05 2.4E-04 l.4E-05 3.4E-14 4.7E-08 

INEL 2.6E-01 l.3E-04 4.4E-04 2.6E-05 2 .7E-14 6.9E-08 

LANL l.4E-02 6.8E- 06 2.3E-05 l.4E-06 1. 7E-14 l.lE-08 

NTS 3.4E-04 1.7E- 08 5.8E-08 3.4E-09 0 .0 2.8E-12 

ORR l .5E-01 7.4E- 05 2.5E-04 l.5E-05 7. lE-14 1.4E-07 

SRS 4.6E-02 2.3E-05 7.9E-05 4.6E-06 2.7E-14 1.0E-07 

Total 6.lE-01 3.0E-04 l .0E-03 6. lE-05 l.8E-13 l.4E-07 

Table D.3.5-120. Intruder Scenario Risk Results for the Centralized Alternative (100 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer Hazard 
Site Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 7.1 3.6E-03 l.2E-02 7.lE-04 5. lE-14 9.6E-08 

Total 7.1 3.6E-03 l.2E-02 7. lE-04 5. lE-14 9.6E-08 

Table D.3.5-121. Intruder Scenario Risk Results for the Centralized Alternative (300 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer Hazard 
Site Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford l .5E-01 7.3E-05 2.5E-04 l.5E-05 5.lE-14 9.6E-08 

Total l .5E-01 7.3E-05 2.5E-04 l.5E-05 5. lE-14 9.6E-08 
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Table D.3.5-122. Intruder Scenario Risk Results for RH-LLMW (100 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer Hazard 
Site Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 6.2E-03 3.lE-06 l .0E-05 6.2E-07 0.0 5.9E- 13 

INEL 13 6.4E-03 2.2E-02 1.3E-03 l.2E-14 8.8E-09 

ORR 55 2.7E-02 9 .3E-02 5.5E-03 0.0 2.3E-10 

SRS 7.0E-02 3.5E-05 l.2E-04 7.0E-06 0.0 6.8E-11 

Total 68 3.3E-02 1.2E-01 6.8E-03 l.2E-14 8.8E-09 

Table D.3.5-123. Intruder Scenario Risk Results for RH-LLMW (300 years) 

Radionuclides Chemicals 

Cancer Cancer Genetic Cancer Hazard 
Site Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 4.7E-05 2.4E-08 8. lE-08 4.7E-09 0.0 5.9E-13 

INEL 2.8E-01 1.4E-04 4.8E-04 2.8E-05 l.2E-14 8.8E-09 

ORR 1.9 9.5E-04 3.2E-03 l.9E-04 0.0 2.3E-10 

SRS l.0E-03 5.2E-07 l .8E-06 l .0E-07 0.0 6.8E-l l 

Total 2.2 l. lE-03 3.7E-03 2.2E-04 l.2E-14 8.8E-09 

D.3.5.9.1 Results of the Human Health Risk Analysis for the Intruder 

For the Decentralized Alternative (which entails disposal at 15 sites), 100 years after the end of disposal 

operations, the site with the highest intruder cancer fatality risk is Hanford (9.4E-03) and the lowest cancer 

fatality risk is at FEMP (6.8E-07). The high dose at Hanford is due to large inventories 

of strontium-90 and cesium-137 . Three hundred years after waste disposal is completed, the highest 

intruder cancer fatality risk is at INEL (l .2E-04) , due primarily to a large inventory of nickel-63, and the 

lowest risk is at SNL-NM (8.2E-08) . 

For Regionalized Alternative 2 (involving disposal at six sites) , 100 years following the end of disposal , 

the highest intruder cancer fatality risk is at Hanford (9 .4E-03) due to strontium-90 and cesium-137; the 

lowest intruder risk is at NTS (7 . lE-08) . Three hundred years after disposal , the highest intruder cancer 
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fatality risk is at INEL (l.3E- 04) , where nickel-63 is the driving radionuclide; the lowest risk is at NTS 

(l.7E-08). 

The Centralized Alternative (in which all waste is disposed at Hanford) poses an intruder cancer fatality risk 

of 3.6E- 03 at 100 years, following the end of disposal activities. The controlling radionuclide is 

strontium-90. Three hundred years after disposal, the cancer fatality risk to the intruder decreases to 

7 .3E-05. The risks at Hanford under this single-site consolidation alternative are nearly three times lower 

than the risks at Hanford under the 15- or 6-site disposal options. While this may seem counterintuitive at 

first , it derives from the reduction in average waste concentration at Hanford that results when the waste 

volumes of low-activity wastes from other sites are added to the relatively higher-activity Hanford wastes. 

For the RH-LLMW disposal scenario, 100 years after disposal operations cease, the highest cancer fatality 

risk is at ORR (2. 7E-02) due to the presence of strontium-90 in the inventory. The lowest cancer fatality 

risk occurs at Hanford (3. lE-06). Three hundred years after the end of disposal operations, the highest 

intruder cancer fatality risk remains at ORR (9.5E-04), due to thorium-232, and the lowest risk remains 

at Hanford (2.4E-08) . The driving radionuclide at ORR changes between the 100- and 300-year intrusions 

because strontium-90 decays through about 10 half-lives in the intervening 200 years whereas, thorium-232 

has a half-life of approximately 14.1 billion years. As such, more than 99.99% of the material that was 

present at the close of disposal activities has decayed to lower-risk daughter products. 

In general, the risks associated with intrusion at 300 years after closure of the disposal facility are less than 

those at 100 years due to the decay of radionuclides with time. The incidence of cancer associated with 

chemical exposures is eight to 12 eight orders of magnitude lower than the risk from exposure to 

radionuclides, and is well below levels of risk considered to be tolerable. The highest hazard index for any 

site is in the E-07 range, so exposure to noncarcinogenic chemicals is unlikely to lead to adverse health 

effects. 

D.4 Uncertainty 

The risks estimated in the preceding sections of the PEIS will be used to evaluate the alternatives based on 

cost, health risk, and environmental and socioeconomic impacts. These risks were calculated based on 

assumptions about the amount of contaminants released into the environment (source terms) , the transport 
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of the contaminants through the air and groundwater to various populations, and the health effects to man 

resulting from the intake of these contaminants by inhalation or ingestion. These assumptions are necessary 

because the actual processes may be too complex to simulate or insufficient information is available to 

properly model the system. Because exact system definition is not possible, a range of possible values can 

be estimated; the most likely value (based on available data) is then chosen for calculating the risk. This 

range of possible values and the frequency with which these values occur are referred to as the 

"distribution." The model can be run using this distribution of input parameters to determine the range of 

risk estimates. This range is known as the risk uncertainty. 

The risk uncertainty can be applied to the risk values given in the PEIS to get an estimated range of risks 

for each alternative. If part of the range of risks for one alternative overlaps the range for another 

alternative, it may not be possible to make a distinction between the two alternatives to determine which 

alternative poses the lower risk. 

The standard method for determining risk uncertainties is quantitative, and involves estimating the range 

and distribution of each input parameter, producing a large number of input data sets that simulate those 

ranges and distributions, then running the model to determine the range of risks that result. However, the 

PEIS uses too many parameters and data sets for such an uncertainty analysis . Therefore, a qualitative 

uncertainty analysis was performed to assess the general accuracy of the PEIS risk estimates. This was done 

by performing an uncertainty analysis on a limited amount of data, then applying the results across all sites 

and alternatives. 

As noted in previous sections, the uncertainties associated with risk analyses depend to a large degree on 

the various assumptions that are made when determining model methodologies, scenario definitions, and 

input parameters. Model uncertainties vary according to the model being used and how applicable that 

model is to the scenario; they are estimated during the verification and validation phase of model 

development . Usually, the model developers provide the model uncertainties and/or limitations of model 

applicability. 

Scenario uncertainties include overlooking important recept~rs, not fully considering receptor activities 

(which could, for instance, lead to under- or overestimates of exposure), and so forth. Since the PEIS 

defines the scenarios to be analyzed for risk, these types of uncertainties do not apply in the alternative 

comparisons and , therefore, were not included in the uncertainty analysis . 

VOLUME III D-327 



Appendix D Waste Management Facility Human Health Risk Estimates 

Parameter uncertainties are caused by errors in measurements of the independent variables involved in the 

risk calculations and/or the representativeness of the samples taken for measurement. Since the PEIS is 

concerned with the comparison of relative risk estimates , only the parameters that cause a relative 

uncertainty between alternatives should be included. These parameters generally include all site-specific 

variables such as wind conditions or crop yields, as opposed to parameters that are common across all 

facilities, such as the breathing rate of humans and toxicity-related measures such as dose conversion 

factors. 

The first step in this uncertainty analysis requires determining which parameters are significant, that is, 

which ones have the greatest influence on risk. Parameters that do not contribute to relative errors have 

been excluded from this uncertainty analysis, and are discussed in greater detail where appropriate in the 

following sections. The second step involves determining the uncertainty of each significant parameter . The 

third and final step is calculating the total risk uncertainty . Since different mathematical models are used 

for treatment and storage sites, disposal facilities, and waste management workers, the analysis will vary 

for each alternative. Uncertainties are presented in the following text, first for treatment and storage sites , 

then for disposal sites, and finally for waste management workers. 

D.4.1 TREATMENT AND STORAGE SITES 

Atmospheric transport and subsequent inhalation, ingestion, and external exposure to contaminants were 

considered to be the only significant exposure pathways for treatment and storage sites (the groundwater 

and surface water transport pathways were excluded). To determine unit doses for the PEIS for 

radionuclides, the GENII code (Napier et al., 1988) was used. For hazardous chemicals, the ISC2 

dispersion models (EPA, 1992a) were used. The risk uncerta1nty from using each of these codes had to be 

evaluated separately. To determine the general trends and magnitudes in risk uncertainty, a single, 

quantitative uncertainty analysis was performed using representative data from various sites. The results 

of this analysis are discussed according to their applicability across all sites. 

To perform the uncertainty analysis for the PEIS, the measurement uncertainty and/or representativeness 

of the samples of all parameters having a significant influence on risk are needed. One significant variable 

is the source term. However, the uncertainties of the source terms for the PEIS were not provided by ANL 

at the time of this study and were, therefore , not included in this uncertainty analysis . 
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The uncertainties of other parameters, such as dose conversion factors , risk factors , and RfDs are associated 

with a high level of uncertainty . However, these parameters are determined apart from the PEIS and remain 

constant; therefore, any error associated with them is systematically applied across all facilities . In addition, 

although the health effects vary for each individual for a given exposure, the overall effects averaged across 

an entire population should be similar from one facility to another if that population is sufficiently large. 

Since the assumption that the populations were sufficiently large at all facilities was considered appropriate 

for a qualitative uncertainty analysis, the uncertainties from these parameters were not included in this 

study. The breathing rate of humans was also not considered in this analysis for similar reasons . Other 

parameters such as particle deposition velocity, resuspension parameters, stack flow rate, and stack exhaust 

gas temperature were assumed to be identical at all treatment and storage facilities since the facilities are 

not yet built and are hypothetical in nature. Therefore, these parameters were not included in this 

uncertainty analysis. 

D.4.1.1 Radionuclides 

To calculate the uncertainty associated with the estimated exposure caused by radionuclides, a sensitivity 

analysis of the GENII model was performed first, then the uncertainty analysis was made using only the 

significant parameters. The results are presented in the following subsections. 

D.4.1.1.1 Sensitivity Analysis of GENII 

A sensitivity analysis was performed to determine the variables that have a significant influence on the 

model's predictions of risk. Variables that were included in the sensitivity study included average air 

concentrations from a unit source for a specific area and population (called "Chi/Q"), agricultural yields, 

and what are termed "dietary fractions " (the rates at which a receptor consumes various nutrients such as 

water, grain, etc.). As noted in Section D.4.1, other variables such as breathing rates, particle deposition 

velocities, etc., were not included. 

The GENII-S code (Leigh et al. , 1992), developed by SNL-NM specifically for sensitivity and uncertainty 

analysis, was used to perform the sensitivity studies. The uncertainty associated with the annual effective 

dose equivalent (AEDE) due to the uncertainties associated with input parameters was determined. Latin 
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Hypercube sampling (Iman and Shortencarier, 1984) was used to generate a total of 300 input data sets that 

represent the distributions of the input variables. The results were subjected to regression analysis so that 

the statistically significant predictor variables could be determined. The regression equation simply fits a 

linear curve to the outputs from the Latin Hypercube samples: 

(D.3-1) 

where Y is the predicted variable, b is the y intercept, x is the predictor variable, and c is the coefficient of 

the predictor variable in the linear formula. The null hypothesis that a coefficient was zero was tested to 

within the 95 % confidence level; in other words, any coefficient that had a probability less than 0.05 of 

being zero was considered a significant parameter. 

The parameters used in the sensitivity study included Chi/Q, 11 crop yields, and dietary fractions of cattle. 

To perform the sensitivity study, the range and distribution of each parameter had to be determined. To 

initialize input parameters, SRS was chosen as the site and a representative source term consisting of 1 Ci 

of each of the following radionuclides was used: tritium, carbon-14, phosphorus-32, sulfur-35, cobalt-60, 

strontium-90, yttrium-90, technetium-99, ruthenium-106, iodine-125, iodine-129, iodine-135 , cesium-137, 

neptunium-237, thorium-229, uranium-238 , americium-242, plutonium-238, and curium-245. 

GENII-S uses Chi/Q as an input parameter. However, Chi/Q is actually a derived variable based on the 

joint frequency data, anemometer height, exhaust stack height, stack flow rate, stack diameter, and stack 

exhaust gas temperature; therefore, the uncertainty of Chi/Q had to be determined. Only the uncertainty 

in the site-specific joint frequency data was included in determining the uncertainty of Chi/Q, since the 

other parameters were not addressed (refer to Section D.4.1). 

The joint frequency data for the 26 sites analyzed in the PEIS were collected from the MEPAS code 

(Droppo et al., 1989) (21 sites), the National Climatic Data Center (4 sites), and an environmental impact 

statement report (1 site) . The joint frequency data comprise six wind speed ranges, seven stability classes 

per wind speed range (these stability classes indicate the number and intensity of wind gusts for a particular 

average wind speed range), and 16 wind directions (16 sectors of 22.5 degrees per sector; e.g ., north , 

north-northeast, northeast, east-northeast, etc .). The uncertainties associated with each joint frequency data 

set are the measurement uncertainties for wind speed and direction and the representativeness of that data 

set relative to average wind conditions at the site over a specified period of time. The time period of interest 
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may differ for the release scenario. For a chronic release, the joint frequency data should represent wind 

speeds and directions averaged over the longest possible time period since the exposure period used in the 

human health risk analysis is equivalent to the average life span of an individual. However, for acute 

releases, such as would result from accidents, the data should be representative of a 1-year release since 

a 1-year constant release was assumed for acute release scenarios. The uncertainty of the joint frequency 

data is therefore a function of the variability of the wind on an, annual basis and of how many years of data 

were used to estimate the average annual wind conditions. 

To estimate the uncertainty in Chi/Q caused by the variations in atmospheric conditions, one site was chosen 

for which sufficient wind profile data were available to perform the analysis. (However, for a more 

complete uncertainty analysis, every site would have to be analyzed individually since the method for 

obtaining the data, the instrumentation used, the location of the meteorological tower relative to the facility, 

and the number of samples taken vary from site to site.) The meteorological data at the ORNL-East Tower 

were used since the data are readily available, fairly extensive, and measurement uncertainties are negligibly 

small compared to wind condition variability. The meteorological data are taken each hour, with 

measurement uncertainties of one degree for wind directions and 0.1 mph for wind speeds. Since GENII 

uses 16 wind directions of 22. 5 degrees per directional sector, a 1-degree uncertainty in wind direction 

would have a negligible effect on the wind velocity profiles used for modeling (these profiles present wind 

velocity as a function of direction, by degree). GENII also uses only six wind speed ranges separated by 

approximately 2 mph and only seven stability classes. Therefore, wind speed uncertainties of 0 .1 mph are 

negligible relative to model input capabilities for both mean wind speeds and stability classes. 

The only uncertainty that must be considered is the representativeness of the joint frequency data to the 

"actual" conditions one would experience during exposure. To estimate this uncertainty for one site, the 

hourly data taken at the ORNL-East Tower were averaged over 1 year to produce one joint frequency data 

set for that year. Since data have been acquired since 1987, seven yearly data sets could then be constructed 

(1987-1993) . The GENII code was run for each of these joint frequency data sets to determine a Chi/Q with 

all other parameters being constant. The results presented in Table D .4-1 show that the standard deviation 

for Chi/Q for this set of data is l .27E-12. Two standard deviations are typically used to bound data within 

the 95 % confidence level. Using two standard deviations, the uncertainty of the resultant Chi/Q is 

approximately ± 10%. Therefore, the joint frequency data averaged over 7 years would also be expected 

to have an uncertainty of no more than ± 10 % . 
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Shor et al. (1982) (the source of the agricultural yield data) report that the margin of error for the 

agricultural yields is ± 10 % ; the distribution had to be determined from the data in that study. From 

evaluating various yields from counties surrounding SRS, it was determined that a normal distribution was 

appropriate for the crop yields. 

After the range and distribution of the input parameters were established, 300 input data sets were developed 

using the Latin Hypercube sampling technique. The regression analysis was then performed on the 

300 model outputs. The coefficients resulting fr9m the regression analysis and the probability of a 

coefficient being zero from the test of the null hypothesis are presented in Table D.4-2. 

Table D.4-1. Descriptive Statistics for Chi/Q From ORR Meteorological Data 

Statistic 

Mean 

Standard deviation 

Two standard deviations 

Value 

2.34E-11 

l.27E-12 

2.54E-12 (10% of mean value) 

Table D.4-2. Results of GENII Sensitivity Study 

Variable 

Chi/Q 

Yield rate-Grain for human consumption 

Yield rate-Fresh forage for beef cattle 

Beef dietary fraction for stored feed 

Yield rate-Stored feed for milk cows 

Yield rate-Stored feed for poultry 

Yield rate-Root vegetables 

Yield rate-Stored feed for beef cattle 

Yield rate-Leafy vegetables 

Yield rate-Fruit 

Yield rate-Fresh forage for milk cows 

Milk dietary fraction for stored feed 

Yield rate-Stored feed for laying hens 
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Coefficient 

113,787.87 

326.36 

202.11 

100.51 

74.28 

31.17 

27 .57 

25.37 

-6 .58 

-18.43 

-32 .35 

-42 .69 

-102.27 

Probability 

0.000 

0.00 

0.05 

0.17 

0.09 

0.73 

0.62 

0.56 

0.68 

0.45 

0.75 

0.56 

0.25 
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Of all the variables considered in the analysis, only Chi/Q, the yield of grain for human con umption , and 

the yield of fresh forage for beef cattle were below the 0.05 probability level of having a zero coefficient. 

This means that the AEDE was most sensitive to variations in these three variables . Latin Hypercube 

sampling and regression analysis were performed again using these three variables only. The resulting 

partial correlations (which indicate the strength of the linear dependence of a parameter and factor out the 

first-order correlations between input variables) are presented in Table D.4-3 . 

Table D.4-3 reveals that the most sensitive variable was Chi/Q with a correlation coefficient of 0.99. This 

means that the uncertainty in Chi/Q will probably affect the uncertainties in risk much more than the 

uncertainties in the other two parameters. This is similar to the results found in an uncertainty study by 

Lyon et al. (1992), in which the Chi/Q correlation coefficient was 0.95. Despite the small contributions 

from the other two variables (grain yield for humans and fresh forage yield for beef cattle) , the uncertainty 

analysis was performed using all three variables to ensure the thoroughness of the analysis. 

D.4.1.1.2 Uncertainty Analysis 

The uncertainty analysis was performed using the GENII-S code again, along with the three parameters 

shown in Table D.4-3 . The results presented in Table D.4-4 show that the deviations in AEDE were ±9%. 

This is nearly the same uncertainty as that of Chi/Q (which, the reader will recall from preceding 

discussion , was ±10%); this is as expected, since the correlation coefficient of Chi/Q is 0.99. 

Table D.4-3. Co"elation Coefficients for Significant Variables 

Variable 

Chi/Q 

Yield rate-Grain for human consumption 

Yield rate-Fresh foliage for beef cattle 
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Partial Correlation 

0.99 

0.17 

0.12 
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D.4.1.2 Hazardou Chemical 

The ISC2 code (EPA, 1992a) was used in the PEIS to estimate atmospheric fate and transport of hazardous 

chemicals. ISC2 estimates unit air concentrations for each block in a circular grid comprising 16 directional 

sectors (e.g., north, north-northeast, northeast, east-northeast, etc.) at 10 radial distances out to 80 km 

(50 mi) from the point of release, similar to the Chi/Q calculation in GENII. Because of the simplicity of 

the approach in ISC2, the Chi/Q, cancer potency factors, and RfDs are the only parameters used in 

modeling, and all are sensitive parameters on risk. However, recall from Section D.4.1 that the uncertainties 

in cancer potency factors and RfDs were not considered applicable in the PEIS uncertainty analysis since 

only relative, not absolute, uncertainties were being sought. Therefore, Chi/Q was the only sensitive 

variable in the ISC2 model for the purposes of this uncertainty analysis. Since the calculation for Chi/Q in 

ISC2 is almost identical to that in GENII, the uncertainties in Chi/Q are ± 10%. 

D.4.1.3 Conclusion for Treatment and Storage Sites 

The relative uncertainty of risk for the PEIS for comparison purposes could not be determined since the 

uncertainties in source terms were not available for this analysis. For the parameters pertaining to ingestion 

or inhalation, including Chi/Q, crop yields, and dietary fractions of humans and animals, the only 

significant parameter was Chi/Q, which had an uncertainty of ± 10 % . 

Because the uncertainties for parameters other than the source term are relatively low, the overall risk 

uncertainties should be of approximately the same order of magnitude as the source term uncertainties 

determined by ANL. 

Table D.4-4. Descriptive Statistics for AEDE From the Uncertainty Analysis 

Statistic Value 

Mean 2.5E+04 

Deviation (Max-Mean) 2.15E+03 (9% of mean value) 
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If the critically exposed population in the PEIS is relatively small , the uncertainties in the breathing rates 

of humans, dose conversion factors, risk factors, and RfDs become significant, and the uncertainties in risk 

increase accordingly. 

D.4.2 DISPOSAL SITES 

Groundwater transport was considered the only significant environmental transport pathway for disposal 

sites. Three computer codes were used to estimate disposal risks. The DUST code (Sullivan, 1992) was used 

to estimate the amount leached from the disposal site; MEPAS (Droppo et al., 1989) was used to calculate 

fate and transport of the contaminants; and the DITTY portion of the GENII code (Napier et al., 1988) was 

used for the ingestion and exposure assessment. The uncertainty in these disposal risk calculations was 

estimated based on a sensitivity and uncertainty analysis of the MEP AS code conducted in April 1992 by 

ORNL and PNL (Lyon et al., 1992). 

The applicability of the sensitivity and uncertainty analysis of the MEP AS code to the PEIS was evaluated. 

The locations studied by Lyon et al. were chosen to encompass high-risk sites (sites for which population 

fatalities were estimated at greater than 1), medium-risk sites (where population fatalities were predicted to 

range between 1 and 0 .0001), and low-risk sites (with population fatalities estimated at less than 0.0001). 

Of the six contaminated sites studied, four involved the groundwater pathway. These four were ORNL 

Waste Area Grouping 6, the Hanford Nonradioactive Dangerous Waste Landfill Site, LLNL Site 300 

Landfill 6, and FEMP Operable Unit 1. Because these four sites are located at four sites that were included 

in the PEIS health risk analyses, the results from the 1992 study were considered applicable to the PEIS. 

Before relating the results of the study by Lyon et al. to the PEIS results, two differences must be pointed 

out. First, the PEIS used the DUST model instead of MEPAS to input the rate of contaminant release from 

the disposal site; however, the methodology used in the PEIS was identical to that used in the MEPAS study 

by Lyon et al. Second, the risk estimates in the study by Lyon et al. (1992) were time-weighted such that 

health effects that occurred sooner were weighted more heavily than those occurring later; the PEIS risks 

were not time-weighted. However, the contaminants in the Lyon study-uranium-238, strontium-90, 

benzene, and trichloroethene-moved through the groundwater at relatively similar rates and relatively fast ; 

therefore, time-weighting the results would have a negligible effect on the uncertainties. Moreover, these 

contaminants are some of the primary constituents in the PEIS source terms. Because of these factors , the 
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t 1. (1992) h uld p ide a r nable e timate of the 

Latin Hypercube sampling was used to perform the sensitivity and uncertainty studies. The sensitivity 

analysis was performed by PNL, which used the time-weighted number of health effects as the dependent 

variable . The initial sensitivity rankings of the inputs were based on the partial correlation coefficients 

(indicating the strength of the linear dependence of the parameters). Typically, only three to six parameters 

showed sufficient sensitivity to be considered for the uncertainty analysis at the various sites. The null 

hypothesis that a coefficient was zero was tested to the 95 % confidence level (i.e., parameters were 

considered sufficiently sensitive if there was a probability of 0.05 or less that a parameter's coefficient in 

the regression equation was zero). 

Table D.4-5 presents the input parameters with significant correlation coefficients and the number of orders 

of magnitude difference between the 95th percentile upper and lower confidence levels. The significant 

parameters are listed in order of the highest to lowest correlation coefficients. The authors concluded that 

the most vital components of the risk characterization process are the initial concentrations of 

contaminants,contaminant inventories, and contaminant flux rates at the site. In many cases , the final risk 

estimate is directly proportional to these values. Uncertainties in the subsurface partitioning coefficient, Kct, 

were determined to be insignificant relative to these other components. 

Table D.4-5 shows that the differences in population risk estimates between the upper and lower 95th­

percentile confidence bands ranged from 0.2 to 12.2 orders of magnitude. Note that the uncertainty at 

Hanford was very high in relation to the other three sites (12 orders of magnitude compared to 0.2, 1.5, 

and 2.1). This was because of a large decrease in population risk from the lower 80th percentile to the lower 

95th percentile, accounting for approximately 10 orders of magnitude of uncertainty ; there is only a 

difference of 2.2 orders of magnitude of uncertainty between the upper 95th percentile to the lower 80th 

percentile . Excluding the lower 80th to 95th percentile of the uncertainty for Hanford from consideration 

(because this behavior appears to be unique to Hanford and is extremely uncharacteristic of the other sites), 

the most reasonable estimate of the uncertainty with respect to disposal risks in the PEIS would be between 

1 and 2 orders of magnitude. 
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Table D.4-5. Uncertainties of Risk Predictions via the Groundwater Pathway 

Significant Parameters (from highest Population Risk Orders 
Site 

ORR-Waste Area Group 6 

Hanford-Nonradioactive 
dangerous waste landfill site 

LLNL-Site 300 Landfill 6 

FEMP-Operable Unit 1 

to lowest correlation coefficient) of Magnitude Difference3 

-------"'--------11 
1) Contaminant inventory · 1.5 
2) Surface Kd 
3) Subsurface Kd 
4) Discharge rate of White Oak Lake into 

the Clinch River 

1) Thickness of saturated zone 
2) Waste leaching rate 
3) Transverse dispersivity in saturated 

zone 
4) Kd in saturated zone 
5) Kd in partially saturated zone 
6) Population drinking contaminated 

groundwater 

1) Flux rate 
2) Leaching rate 
3) Kd in first partially saturated zone 
4) Kd in second partially saturated zone 
5) Kd in saturated zone 
6) Population drinking contaminated 

groundwater 

1) Contaminant inventory 
2) Pore water velocity in saturated zone 
3) Kd in first partially saturated zone 
4) Kd in second partially saturated zone 
5) Kd in saturated zone 
6) Travel distance in saturated zone to 

receptor 

12 

2 .1 

0.2 

a Orders of magnitude difference between the 95th percentile upper and lower confidence levels. 

This uncertainty estimate does not take into account uncertainties in the waste inventories provided by ANL. 

If the uncertainties in the inventories are provided by ANL, the risk uncertainty estimated in the preceding 

paragraph can be adjusted accordingly. 

D.4.2.1 Conclusion for Disposal Sites 

The most reasonable estimate of the uncertainty in the risk predictions in the PEIS for the disposal sites was 

expected to be approximately one to two orders of magnitude, based on the study by Lyon et al. (1992). 
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If ANL provides source term uncertainties in the future , the uncertainties in risk in the PEIS can be adjusted 

accordingly. 

D.4.3 WASTE MANAGEMENT WORKERS 

The MicroShield code (Grove Engineering, Inc., 1992) was used to calculate external radiation exposure 

to waste management workers for the waste management portion of the PEIS. MicroShield is capable of 

performing sensitivity studies for the shield thickness, distance-from-source-to-shield, and distance-from­

source-to-receptor parameters. Sensitivity studies on other parameters such as material density and source 

strength must be performed manually. 

For the comparison of PEIS alternatives, only the parameters that cause relative error, not absolute error, 

are the ones desired in determining the risk uncertainties. Since the PEIS treatment facilities and operational 

equipment were hypothetical in nature and were all assumed to be identical for the various treatments 

required, many parameters could be excluded from this uncertainty study. These included the shielding 

material and thickness, and the distances of the shield and receptor from the source. 

Uncertainties were introduced in the PEIS risk estimates from relating waste throughputs to source volumes 

(volumes of waste in treatment vessels) and unit dose methodologies. For the PEIS, the throughput of waste 

for each treatment module for each alternative was provided by ANL. Since MicroShield requires input of 

the source (or waste) volume rather than the waste throughput, regression equations were used to relate 

throughputs to treatment vessel volumes using known values for existing facilities, derived from facility data 

provided by Morrison Knudsen Corporation (1993, 1994). The treatment modules that have variable 

capacities included feed waste bins, shredders, evaporators, high pressure spray/blast booths, solidification 

units, aqueous tanks, neutralization tanks, ion exchange tanks, oxidation reactor tanks, incinerators, metal 

melters, thermal desorption units , mercury roasting kilns, metal deactivation units, lead melting tanks, soil 

washing tanks, sludge washing tanks, debris washing tanks, and polymer blending tanks. (The size of some 

modules, such as drum compactors, did not change since the drum sizes remain the same for various 

throughputs; only the number of drums changed.) 

There were two sources of error in the worker exposure calculations. First, the known throughputs and 

volumes consisted of three or four sizes categorized as extra-small, small, medium, and large. Since only 
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three or four sizes existed to derive the regression equations for each treatment module, the maximum error 

of the three or four known values was used, regardless of throughput. 

The second source of error resulted from using the unit dose methodology, in which the unit dose to a 

worker is calculated based on exposure to 1 m3 of waste in a 1-m3 container. Since the capacity of some 

of the treatment modules varied, the unit doses had to be scaled to reflect the doses for the correct waste 

volumes in these cases. To derive this relationship, MicroShield was executed for each of the variable-size 

modules for a range of waste volumes, and a regression equation was used to relate the dose from the 

various waste volumes to the unit dose. 

To estimate the uncertainty in risk predictions from these two sources of error, an alternative was chosen 

in which the treatment train consisted of throughputs and treatment modules for which larger errors on the 

regression curves existed. The management of LLMW at INEL in Regionalized Alternative 3 was chosen. 

Since the throughput changed with each of the 57 treatment modules for this alternative, and the number 

of workers changed with throughput, the actual dose for each treatment module had to be determined. The 

total actual dose was then calculated in an EXCEL spreadsheet and compared to that in the PEIS, resulting 

in an approximate ± 6 % error. 

The shielding materials used for the PEIS included air, concrete, iron, and water. Since the construction, 

operation, and maintenance of all the facilities were assumed to be identical because the facilities are 

hypothetical in nature, any variations in the densities of concrete, iron, or water that might occur would 

cause absolute. errors in risk predictions but would not cause relative errors (the type of errors sought for 

comparison purposes). The only site-specific parameter that might cause relative error would be air density 

since it is a function of the altitude of the treatment site. Because the sea-level air density of 0.00122 g/cm3 

was used for all locations in the PEIS, the error would be the difference between the average density at a 

specific location and the density at sea level. The altitudes for the facility locations in the PEIS ranged from 

sea level to approximately 5,300 feet at RFETS in Golden, Colorado. Therefore, the corresponding air 

densities ranged from 0.00122 to 0.00127 g/cm3. This variability would have little effect on the shielding 

properties of air, so its effect on risk estimates would be negligible. 
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D.4.3.1 Conclusion for Worker Risk 

Variability in parameters such as shield thickness, the distance-from-source-to-shield , and distance-from­

source-to-receptor would be the major source of absolute error in risk estimates. However, these parameters 

would not have contributed to relative error since they were hypothetical in nature and were assigned 

identical values at all facilities. Uncertainties in the source terms and waste throughputs are significant for 

alternative comparisons in the PEIS since they are site-specific parameters. However, as with the source 

terms for the treatment and storage sites and disposal sites, ANL had not provided the uncertainties in 

source terms for WM workers at the time of this study; therefore , uncertainties for worker risks could not 

be determined. Because the uncertainties for parameters, other than source term, that contribute to relative 

error are relatively low (±6%), the overall risk uncertainties should be approximately of the same order 

of magnitude as the source term uncertainties determined by ANL. 

D.5 Models Used in the PEIS Human Health Risk Evaluation 

The ORNL Center for Risk Management used a number of computer codes to generate the PEIS human 

health risk estimates; these included numerous in-house codes based on established outside models for 

application of the unit risk approach. 

GENII (Generation II of the Hanford Environmental Radiation Dosimetry Software System) (Napier et al., 

1988) was used to assess the exposures to the offsite and noninvolved populations resulting from 

atmospheric releases of radioactive contaminants during routine facility operations and accidents , and to 

assess the intruder's radiological exposure to contaminated soil . 

GENII is the second generation of a model developed for DOE at PNL to incorporate internal dosimetry 

models recommended by the ICRP into Hanford's existing environmental pathway analysis models. GENII 

analyzes environmental contamination resulting from both acute and chronic radionuclide releases by 

calculating radiation doses to individuals or populations from inhalation, ingestion of contaminated food and 

water, and external exposure through soil, water, and air. The GENII codes were developed under a 

stringent quality assurance plan based on American National Standards Institute (ANSI) standard NQA-1 

as implemented in the PNL QA Manual (PNL-MA-70) . It includes the DITTY (Dose Integrated Over Ten 

D-340 VOLUME III 



Waste Management Facility Human Health Risk Estimates Appendix D 

Thousand Years) code, which was used to calculate doses to the hypothetical farm family in the disposal 

scenarios as described below. 

GENII has been used worldwide by several hundred users . Some noted applications include the Hanford 

Defense Waste EIS, Hanford's annual reports, the Hanford Safety Analysis, the Reactor Retirement EIS 

for PNL, and the ANL New Production Reactor Study. It has also been accepted by the State of 

Washington. 

EPA's ISC2 (Industrial Source Complex Dispersion Models, Version 2) (EPA, 1992a) was used to model 

atmospheric exposure modeling to chemical contaminants for the offsite and noninvolved worker 

populations. The code was designed specifically to support the EPA's regulatory modeling programs, and 

has EPA approval. 

The DUST (Disposal Unit Source Term), MEPAS (Multimedia Environmental Pollutant Assessment 

System), and DITTY models were used in series to estimate exposures to contaminated groundwater. 

DUST was used to calculate the flux of contaminants released and transported to the disposal facility 

boundary; these fluxes were then used as the input to MEPAS. The transport portion of MEPAS was used 

for the vadose and saturated zone plume migration calculations; the output concentrations from MEPAS 

were then used as input to DITTY. The DITTY code was then used for dose assessment calculations. 

DUST was developed at Brookhaven National Laboratory (BNL) (Sullivan, 1992). This code models the 

release and transport of radionuclides through a shallow land disposal facility. DUST contains models to 

predict fluid flow, container degradation, waste form leaching, and radionuclide transport. DUST is useful 

for screening to determine which radionuclide is released at the highest rate, and for parameter sensitivity 

analysis. It has been extensively tested and verified, and the code predictions have been compared to known 

analytical solutions and to other code predictions; several verification tests are provided in the Data Input 

Guide (Sullivan, 1992). An important application of DUST was the modeling of field lysimeter release data 

collected at ORNL and ANL over a 7-year period. 

MEPAS (Drappo et al. , 1989) was originally developed in 1986 by PNL to assist the DOE Office of 

Environmental Safety and Health in prioritizing sites for remedial activities. This model is an objective, 

physics-based, PC-platform system that uses mathematical algorithms and a pathway analysis to evaluate 

the release of contaminants into the environment; the movement of these contaminants through and between 
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multiple environmental media; exposure to surrounding human populations via inhalation, ingestion, dermal 

contact, and external dose; and the human health effects due to exposure to both chemicals and 

radionuclides. 

MEPAS has been the subject of numerous technical reviews and has been widely used. Applications include 

the identification and prioritization of areas of existing environmental problems and risk at DOE's defense 

production facilities, and the assessment of potential risks for a number of commercial clients, the Hanford 

Site Single-Shell Tank Waste Characterization Program, the Hanford grout studies of hazardous waste risks, 

and 20 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) sites. 

DITTY was used in the PEIS analysis to calculate radiological doses to the hypothetical farm family. DITTY 

was developed to calculate long-term population exposures from waste disposal sites; the time frame for 

calculations in DITTY is 10,000 years, divided into 143 periods of 70 years each. DITTY calculates the 

lifetime cumulative dose equivalent for each time period and the EDE for the period of maximum dose. 

The risks due to chemicals for the intruder scenario and the surface water deposition study were estimated 

using an upgraded version of the PRESTO-II risk assessment code (Fields et al. , 1986). PRESTO-II was 

developed at ORNL to assist EPA in assessing the potential human health impacts from the disposal of 

LLW. PRESTO-II, originally written for a mainframe computer, was based on methodologies presented 

in the U.S. Nuclear Regulatory Commission Reg. Guide 1.109 (NRC, 1977) for the release, transport, 

uptake, and human health risk assessment of radionuclides released from a shallow land burial trench . The 

PRESTO-II code was downloaded to a PC and augmented with a windows interface; this version of the 

code is called PRESTO-W (Fields and Melescue, in preparation). Further code development included 

adding the capability to simulate near-field scenarios where the contaminant concentrations of the 

environmental media are known at the receptor location. PRESTO-W was also upgraded to estimate human 

health risks from chemicals. The chemical database in MEPAS was incorporated into PRESTO-W for 

initializing chemical properties, cancer slope factors, and RtDs. The hazard index and cancer risks from 

chemicals were calculated in PRESTO-W using the methodologies presented in the EPA Superfund risk 

assessment guidelines (EPA, 1989a). 

The MicroShield 4 computer code (Grove Engineering, Inc ., 1992) was used for assessing external radiation 

exposure to waste management workers. MicroShield 4 was developed for designing shields and containers, 

assessing radiation exposure to people and materials, making source strength calculations based on radiation 
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measurements, and teaching shielding principles . This model uses a highly structured ANSI standard 

programming language with good numerical precision. Data for attenuation coefficients, buildup factors , 

and buildup factor coefficients are taken from information distributed by the Radiation Shielding Information 

Center and included in ANSI/ANS 6.4.3. 

MicroShield is currently being used by 400 organizations worldwide. For example, MicroShield was used 

in assessments of the Chernobyl accident in the former Soviet Union (Grove Engineering, Inc ., 1992) and 

of various commercial nuclear utilities. Numerous universities including Kansas State University, 

Pennsylvania State University, the Massachusetts Institute of Technology, the Georgia Institute of 

Technology, and Rensselaer Polytechnic Institute use MicroShield for teaching shielding principles. 

INEXPLC is a QuickBASIC program designed by ORNL System Safety Engineering (Bloom, 1993). The 

code includes relatively simple models that simulate close-in (i.e., less than 50 m downwind from the 

source) atmospheric dispersion, explosive releases, and particle deposition. These models are based on exact 

solutions to the differential equation of a convection, turbulent-diffusion model for a point source and a 

semicircular, finite-area source. In this model, it is assumed that simple gas dispersion takes place with no 

effects from nearby structures (building wake effects or downwash). The INEXPLC code was used in the 

WM PEIS worker risk analysis to estimate outdoor air concentrations from accidental chemical releases. 
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Foreword 

This appendix presents a summary of the transportation-related human-health risk assessment conducted 

for the U.S. Department of Energy Waste Management Programmatic Environmental Impact Statement 

(WM PEIS). It also provides references to more detailed sources of information for all waste types. The 

assessment of risks associated with the transportation of radioactive waste is described in Part I, the 

assessment for transportation of hazardous waste (HW) in Part II. The information presented in this 

appendix is supported by data in separate technical reports (ANL, 1996a-t), that is, transportation technical 
I 

memoranda, which describe the transportation for offsite and onsite shipments of radioactive and hazardous 

wastes . 

Transportation of radioactive waste and HW presents a risk to both crew members and members of the 

public. Part of this risk results from the nature of transportation itself, independent of the radioactive or 

hazardous characteristics of the cargo (for example, increased levels of pollution from vehicular exhaust 

and accidents during transportation); these risks can be viewed as "vehicle-related" risks. In addition, 

transportation of radioactive waste or HW may pose additional risk because of the characteristics and 

potential hazards of the material itself; these risks are considered to be "cargo-related" risks. 

For radioactive materials, the cargo-related impacts on human health during transportation are caused by 

exposure to ionizing radiation during routine (for example, incident-free) transportation and during 

accidents. During routine operations, the external radiation field must be below limits specified in Federal 

regulations. During transportation-related accidents, human exposures may occur following release and 

dispersal of radioactive materials via multiple environmental pathways such as exposure to contaminated 

ground or contaminated air, or ingestion of contaminated food. 

In contrast to radioactive materials, hazardous chemicals do not pose cargo-related risks to humans during 

routine transportation-related operations. Waste transportation operations are generally well regulated with 

respect to packaging, such that small spills or seepages during routine transport are kept to a minimum and 

do not result in exposures (for example, containers of liquids are surrounded by absorbent overpacking). 

Potential cargo-related health risks to humans can occur only if the integrity of a container is compromised 

during an accident (that is, a container is breached). Under such conditions, some toxic chemicals (such as 

chlorine gas) may cause an immediate health threat to exposed individuals. 
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In addition t ut health effe t , cargo-related ri k of excess cases of latent cancer from accidental 

chemical exposures has been estimated. The correlation of ,chemical dose with the induction of human 

cancer has traditionally been based on the linear/no-threshold hypothesis, similar to radioactive exposure . 

The treatment of carcinogenic effects of exposures resulting from accidental chemical releases has added 

uncertainty because the carcinogenic risk is estimated for short-term (1-hour) exposures. Lifetime risks less 

than 1 in 1 million have been considered negligible and are not estimated. The number of individuals 

experiencing an increased risk of cancer of 1 in 1 million or greater has been estimated, without attempting 

to estimate the precise risk for those in the category of greater than 1 in 1 million. 

Health impacts from radioactive and hazardous materials are presented separately in Part I and Part II of 

this appendix. No attempt has been made (even in cases where both radioactive and hazardous components 

are present in the same materials) to add or compare the estimated risks for the two classes of contaminants. 

To understand and interpret the estimated health impacts presented in this appendix, readers must keep in 

mind the fundamental differences between radioactive and chemical contaminants discussed previously. The 

table on the following page summarizes the human health effects considered for the radioactive-waste and 

HW risk assessments in this appendix. 
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Endpoints Used for Human Health Effects: 
WM PEIS Transportation Risk Assessmenf! 

Nature of Radioactive 
Type of Human Health Effect Health Effect Waste HW 

Vehicle-related effects: routine transportation 

Truck-emission-induced cancer fatality Latent ✓ ✓ 

Vehicle-related effects: accident 

Physical trauma fatality Acute ✓ ✓ 

Cargo-related effects: routine transportation 

Radiation-induced cancer fatality Latent ✓ 
b 

Radiation-induced cancer incidence Latent ✓ 
b 

Radiation-induced genetic effects Latent ✓ 
b 

Cargo-related effects: accident 

Potential life-threatening effects Acute 
C 

✓ 

Potential for any adverse effects Acute 
C 

✓ 

Cancer fatality Latent ✓ 
d 

Cancer incidence Latente ✓ ✓ 

Genetic effects Latent ✓ 
d 

a Each check mark represents a quantitative measure of risk computed in this appendix. All 
end points are relevant to mixed waste because it contains both a radioactive and a hazardous 
component. 
b No public exposure to the HW occurs during routine transportation. 
c Threshold doses for radiological acute effects are generally in excess of 100 rem. 
Exposures from transportation-related activities (routine or accidents) have not been found to 
reach such a high dose level. 
d Not applicable because of lack of scientific data to support the measure. 
e For radioactive waste, the risk of cancer is expressed as the number of excess cases of 
cancer in the general population. For HW, the risk of cancer is expressed as the number of 
individuals in the general population experiencing an excess lifetime cancer risk of 
1 in 1 million or greater. 
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Acronyms and Abbreviations 

The following is a list of acronyms and abbreviations (including units of measure) used in this appendix. 

Acronyms 

ALOHA TM 

Ames 
ANL-E 
ANL-W 

BCL 
Bettis 
BNL 

CFR 
CH 

DOE 
DOT 

EPA 
ER 

FEMP 
Fermi 
FY 

GTCC LLW 

Hanford 
HaWRAM 
HEAST 
HLW 
HMIRS 
HQ 
HW 

ICRC 
INEL 
IRIS 
ITRI 

KAPL-S 
KCP 
LANL 
LBL 
LC50 
LCw 

E-xiv 

Areal Locations of Hazardous Atmospheres 
Ames Laboratory 
Argonne National Laboratory-East 
Argonne National Laboratory-West 

Battelle Columbus Laboratories 
Bettis Atomic Power Laboratory 
Brookhaven National Laboratory 

Code of Federal Regulations 
contact-handled 

U.S. Department of Energy 
U.S. Department of Transportation 

U.S. Environmental Protection Agency 
environmental restoration 

Fernald Environmental Management Project 
Fermi National Accelerator Laboratory 
fiscal year 

Greater-Than-Class-C low-level waste 

Hanford Site 
Hazardous Waste Risk Assessment Modeling 
Health Effects Assessment Summary Tables 
high-level waste 
Hazardous Materials Incident Reporting System 
hazard quotient 
hazardous waste 

increased cancer risk concentration 
Idaho National Engineering Laboratory 
Integrated Risk Information System 
Inhalation Toxicology Research Institute 

Knolls Atomic Power Laboratory (Schenectady) 
Kansas City Plant 
Los Alamos National Laboratory 
Lawrence Berkeley Laboratory 
lethal concentration causing death in 50% of animals tested 
lowest reported lethal concentration 
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LOR 
LLMW 
LLNL 
LLW 

MEI 
Mound 

NRC 
NRF 
NTS 

ORISE 
ORR 

PAEC 
Pantex 
PEIS 
PGDP 
PIH 
Pinellas 
PLC 
PORTS 
PPPL 

RCRA 
RfC 
RID 
RFETS 
RH 
RMI 
RTECS 

SFEIS 
SLAC 
SMAC 
SNL-CA 
SNL-NM 
SRS 
STEL 

TCLo 
TRUW 
TSCA 
TSO 

WAC 
WIPP 
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land disposal restriction 
low-level mixed waste 
Lawrence Livermore National Laboratory 
low-level waste 

maximally exposed individual 
Mound Plant 

U.S. Nuclear Regulatory Commission 
Naval Reactor Facility 
Nevada Test Site 

Oak Ridge Institute for Science and Education 
Oak Ridge Reservation 

potential adverse effect concentration 
Pantex Plant 
Programmatic Environmental Impact Statement 
Paducah Gaseous Diffusion Plant 
poison inhalation hazard 
Pinellas Plant 
potential lethal concentration 
Portsmouth Gaseous Diffusion Plant 
Princeton Plasma Physics Laboratory 

Resource Conservation and Recovery Act 
reference concentration 
reference dose 
Rocky Flats Environmental Technology Site 
remote-handled 
Reactive Metals, Inc. 
Registry of Toxic Effects of Chemical Substances 

Supplemental Final Environmental Impact Statement 
Stanford Linear Accelerator Center 
Shipment Mobility/ Accountability Collection 
Sandia National Laboratories (California) 
Sandia National Laboratories (New Mexico) 
Savannah River Site 
short-term exposure level 

lowest toxic concentration (lowest concentration causing any adverse effect) 
transuranic waste 
Toxic Substance Control Act 
treatment, storage, and disposal 

waste acceptance criteria 
Waste Isolation Pilot Plant 
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WM 
WVDP 

YM 

waste management 
West Valley Demonstration Project 

Yucca Mountain 

Abbreviations 

oc degree(s) Celsius 
d day(s) 
gal gallon(s) 
kg kilogram(s) 
km kilometer(s) 
km2 square kilometer(s) 
L liter(s) 
m meter(s) 
m3 cubic meter(s) 
mi mile(s) 
mi2 square mile(s) 
mrem millirem 
ppm part(s) per million 
rem roentgen equivalent man 
s second(s) 
yr year(s) 
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APPENDIX E-PART I 
Radioactive Waste Transportation Risk Assessment 

E.1 Introduction 

Transportation is an integral component of the alternatives being considered for each type of radioactive 

waste in the U.S. Department of Energy (DOE) Waste Management Programmatic Environmental Impact 

Statement (WM PEIS). The types of radioactive waste considered in Part I are high-level waste (HLW), 

low-level waste (LLW), transuranic waste (TRUW), and low-level mixed waste (LLMW). For some 

alternatives, radioactive waste would be shipped among the DOE sites at various stages of the treatment, 

storage, and disposal (TSD) process. The magnitude of the transportation-related activities varies with each 

alternative, ranging from minimal transportation for decentralized approaches to significant transportation 

for some centralized approaches. The human health risks associated with transporting various waste 

materials were assessed to ensure a complete appraisal of the impacts of each PEIS alternative being 

considered. 

This section provides an overview of the approach used in the PEIS to assess human health risks that may 

result from transporting radioactive waste . The assessment's scope, computer models used, important 

assumptions for each waste type, and methods for determining potential routes for transportation are 

discussed. The risk assessment results are summarized for all alternatives for each waste type. In addition, 

to aid in understanding and interpreting the results, specific areas of uncertainty are described, emphasizing 

how the uncertainties may affect comparisons of the alternatives. Finally, possible mitigative measures that 

could be implemented to reduce potential impacts are discussed. 

Transportation of hazardous and radioactive materials, substances, and waste is governed by the 

U.S. Department of Transportation, the U.S. Nuclear Regulatory Commission (NRC), U.S. Environmental 

Protection Agency (EPA) regulations, and the Hazardous Materials Transportation Act. These regulations 

may be found in 49 CFR Parts 171-178, 49 CFR Parts 383-397, 10 CFR Part 71, and 40 CFR Parts 262 

and 265, respectively. 

The methods and assumptions used in the transportation-related radiological risk assessment were selected 

to ensure meaningful comparisons among programmatic-level alternatives. Therefore, this assessment uses 
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a number of generic assumptions appropriate to the programmatic nature of the PEIS; for example, because 

a detailed consideration of every possible waste shipment would be impractical, representative physical and 

radiological characteristics were determined for each waste type. Similarly, conceptual transportation routes 

were selected to be consistent with current practice and applicable regulations, so that DOE can ensure that 

the waste is transported safely and will minimize the potential for adverse impacts to the public and 

environment. However, these may not be the actual routes that will be used in the future . Actual routes will 

be determined during the transportation planning process. 

Transportation mode and routing decisions will be made on a site-specific basis during the transportation 

planning process. Sites can use the transportation analyses in this WM PEIS to make site-specific 

transportation decisions or, if necessary, conduct additional transportation analyses. DOE proactively works 

with states, regional entities, and carriers during large shipping campaigns to ensure that safe routing 

alternatives and safe havens are utilized. 

Extensive studies of transportation risk assessment have been conducted for specific Federal actions (NRC, 

1977a; DOE, 1986a; DOE, 1990a). However, care must be exercised when comparing the results of this 

PEIS transportation-related risk assessment with others. Although some alternatives in this PEIS may be 

similar to those analyzed in other studies, the results of other transportation risk assessments may differ for 

many reasons. In general, the other studies did not consider the range of programmatic alternatives being 
I 

considered in this PEIS. Moreover, the other studies used assumptions and parameters specific to the actions 

being considered, which are not necessarily appropriate for this PEIS. In addition, revised radiation health 

risk conversion factors have been recommended (ICRP, 1991), and data on the projected waste inventory 

and on waste characterization have been revised and updated. Results of this PEIS are not intended to 

replace results of previous transportation risk assessments for ongoing or planned actions. 

This section of the appendix should be read in conjunction with the technical reports describing the 

development of site-specific data on the waste inventory and characterization for each waste type (ANL, 

1996g-k). Data on site-specific waste characterization are used for the transportation accident risk 

assessment but are not presented explicitly in this appendix. Similarly, the alternatives analyzed for each 

waste type are only summarized in Part I; detailed alternative definitions for each waste type are provided 

in the respective chapters of the PEIS for the waste type. The supporting technical reports prepared for each 

waste type contain detailed information on waste characterization, alternative definitions, and risk 

assessment results (ANL, 1996a,c-t). Revised site inventory estimates have become available, as discussed 

in Appendix I, since the original transportation analysis. Due to large changes in site inventory, radiological 
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profiles, or waste treatment, the risk analysis involving selected sites has been updated. However, the 

transportation risk analysis has not been recalculated for all alternatives because the same trends among 

alternatives are expected to apply. Site-specific information in the site data sheets and the cumulative 

impacts have been updated, however. 

E.2 Scope of Assessment 

The scope of the PEIS transportation radiological risk assessment-including the alternatives, transportation­

related activities, potential vehicle- and cargo-related impacts, receptors, and transportation modes 

considered-is described in this section. Additional details of the assessment are provided in the sections 

that follow. 

E.2.1 ONSITE VERSUS OFFSITE TRANSPORTATION 

The transportation risk assessment includes the onsite and offsite transportation of radioactive waste. Onsite 

transportation involves transporting waste between facilities within a DOE site's boundaries. Transfers of 

waste within a specific facility are not considered onsite shipments but are considered part of the normal 

facility operations. Offsite transportation refers to transporting waste between distinct sites, including parts 

of the routes that may be within the boundaries of the origin and destination sites. 

Offsite transportation usually involves the shipment of potentially large quantities of radioactive waste 

moving through a changing landscape and potentially stopping at any place along a route (usually a major 

highway). To effectively describe this situation, models that use simplified assumptions and generalizations 

are used to estimate risk from offsite shipments. National average or typical values are chosen for variables 

such as road and track dimensions, vehicular speed, traffic density, weather conditions, and stop times; 

population densities are modeled as being uniformly distributed. Conversely, onsite transportation occurs 

at a fixed location, which allows for a site-specific analysis . The onsite risk assessment uses site-specific 

characteristics, such as local weather, nonuniform distributions of population, and data on agricultural 

productivity. 

The human health risks associated with onsite transportation are generally much smaller than those from 

offsite transportation, largely because of the limited distances for onsite shipment, limited population 
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densities along the routes , and limited average travel speeds (DOE, 1992b). Accordingly, the impacts of 

onsite transportation are not likely to contribute significantly to differences among the alternatives being 

considered. Therefore, for purposes of the PEIS, the onsite risk assessment has been limited to one 

representative site-the Hanford Site (Hanford) . This site was selected primarily because it is relatively large 

and conducts activities for managing all waste types . The impacts calculated for the Hanford Site are 

believed to be typical of other large DOE sites and conservatively estimate the impacts expected for smaller 

sites. The risk assessment conducted for onsite transportation is intended to estimate the magnitude of 

potential risk for comparison with the risks of offsite transporiation. The risk assessment also characterizes 

the typical site-specific transportation scenarios and impacts not encompassed in the offsite analysis. 

E.2.2 WASTE TYPE-SPECIFIC ALTERNATIVES 

The transportation risk assessment conducted for the PEIS estimates the human health risks associated with 

transporting radioactive waste for a large number of alternatives. In general, the PEIS alternatives are 

considered independently for each waste type and reflect decentralized, regionalized, and centralized 

approaches . For each waste type, several options, referred to as "cases," have been defined for each broad 

alternative . The individual cases differ in the numbers, locations, and types of TSD facilities being 

considered. 

For the offsite transportation risk assessment, each specific case is defined as a set of pairs (origin and 

destination) representing shipping linkages among generator, treatment, and disposal sites. The number of 

origin-and-destination pairs varies among cases, ranging from a small number of pairs for decentralized 

cases to many pairs for centralized ones. Examples of the linkages for shipment in two sample cases are 

shown in Figures E-1 and E-2 . Figure E-1 represents a decentralized LLW case involving 12 disposal 

sites. The sites that would not have the capability for disposal ship their wastes to a site that does. 

Figure E-2 represents a LLW centralized disposal case in which all sites would dispose of their wastes at 

a single site. Chapter 3 of the PEIS contains detailed descriptions of the alternatives for each waste type . 

The alternatives are summarized in the following paragraphs. 
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E.2.2.1 Alternatives for HL W 

The generation, treatment, and management of HLW and the cases considered in the PEIS are described 

in detail in the HLW technical report (ANL, 1996g). In summary, canisters of vitrified HLW would be 

produced at the four DOE sites that have historically generated and currently store HL W and would be 

transported to a geologic repository for final disposal. 

The analysis of HL W investigates storage options under the No Action, Decentralized, Regionalized, and 

Centralized Alternatives. For each of the latter three alternatives, two cases are analyzed. The first assumes 

the repository will open as scheduled in 2015, while the second case assumes the repository opens after 

2015 . The cases differ primarily in the location of interim canister storage before final disposal in a 

repository. For assessing the impacts of transportation, this PEIS assumes the repository to be located .at 

the candidate site of Yucca Mountain in Nevada, which is the only site authorized by legislation for 

investigation. The alternatives are defined in Chapter 3 of the PEIS and are summarized as follows: 

• No Action. Store HLW canisters on an interim basis at Hanford, the Savannah River Site (SRS), and the 

West Valley Demonstration Project (WVDP) in existing and approved interim storage facilities until 

acceptance of HLW canisters at a geologic repository. Store HLW at Idaho National Engineering 

Laboratory (INEL) in bin-sets as calcine or in tank farms as liquid HLW. 

• Decentralized. Provide adequate interim HLW canister storage capacity at each of the four sites that 

would produce HL W canisters until acceptance of HL W canisters at a geologic repository. 

• Regionalized 1. Transport HLW canisters from WVDP to SRS and provide adequate interim storage 

capacity for HL W canisters at Hanford, SRS, and INEL until acceptance of HL W canisters at a geologic 

repository. 

• Regionalized 2. Transport the HL W canisters from WVDP to Hanford and provide adequate interim 

storage capacity for HLW canisters at Hanford, SRS, and INEL until acceptance of HLW canisters at 

a geologic repository. 

• Centralized. Transport the HLW canisters from the WVDP, INEL and SRS to Hanford and provide 

adequate interim storage capacity for HL W canisters at Hanford until acceptance of HL W canisters at 

a geologic repository. Case 1 assumes the repository opens on time in the year 2015. Case 2 assumes 

the repository opens later and all HL W is stored temporarily at Hanford. 
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E.2.2.2 Alternatives for LL W 

Transportation risks have been calculated for 14 LLW cases. The cases range from decentralized to 

centralized approaches to TSO. Case 1 represents the No Action Alternative . The number of disposal sites 

varies from 16 (decentralized disposal) to 1 (centralized disposal) . Treatment options also vary from 

decentralized to centralized approaches. In general, sites without treatment or disposal capability would ship 

to the nearest site with such capability. The alternatives are defined in Chapter 3 of the PEIS and are 

summarized as follows: 

• No Action (Case 1). All sites would treat LLW using existing, planned, and approved treatment facilities 

and dispose of LLW at the six current disposal sites in accordance with current arrangements . 

• Decentralized (Case 2). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose 

of LLW at 16 sites (Argonne National Laboratory-East [ANL-E], Brookhaven National Laboratory 

[BNL], Fernald Environmental Management Project [FEMP], Hanford, INEL, Lawrence Livermore 

National Laboratory [LLNL], Los Alamos National Laboratory [LANL], the Nevada Test Site [NTS], 

Oak Ridge Reservation [ORR], Paducah Gaseous Diffusion Plant [PGDP], Pantex Plant [Pantex], 

Portsmouth Gaseous Diffusion Plant [PORTS], Rocky Flats Environmental Technology Site [RFETS], 

Sandia National Laboratories-New Mexico [SNL-NM], SRS, and WVDP). 

• Regionalized 1 (Case 3). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose 

ofLLWat 12 sites (Hanford, INEL, NTS, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, 

and RFETS) . 

• Regionalized 2 (Case 9). Eleven Sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, 

LLNL, Pantex, and RFETS) would thermally treat, supercompact, reduce the size of, and grout 

volume-reducible waste; all sites would minimally treat other waste; disposal would occur at 12 sites 

(Hanford, INEL, NTS, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS). 

• Regionalized 3 (Case 4). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose 

of LLW at the nearest of six sites (Hanford, INEL, NTS, LANL, ORR, and SRS). 

• Regionalized 4 (Case 12). Seven sites (Hanford, INEL, LANL, ORR, PORTS, RFETS, and SRS) 

would thermally treat, supercompact, reduce the size of, and grout volume-reducible waste; all sites 

would minimally treat other waste; disposal would occur at six sites (Hanford, INEL, NTS, LANL, 

ORR, and SRS). 

• Regionalized 5 (Case 19). Four sites (Hanford, INEL, ORR, and SRS) would thermally treat, 

supercompact, reduce the size of, and grout volume-reducible waste; all sites would minimally treat other 

waste; disposal would occur at six sites (Hanford, INEL, NTS, LANL, ORR, and SRS). 
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• Regionalized 6 (Case 5) . All sites would minimally treat LLW, stabilizing fines and liquids, and dispose 

of LLW at the nearer of two sites (Hanford and SRS) . 

• Regionalized 7 (Case 6). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose 

of LLW at the nearer of two sites (NTS and SRS). 

• Centralized 1 (Case 7). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose 

of LLW at one site (Hanford) . 

• Centralized 2 (Case 8) . All sites would minimally treat LLW, stabilizing fines and liquids, and dispose 

of LL W at one site (NTS) . 

• Centralized 3 (Case 14). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) would 

thermally treat, supercompact, reduce the size of, and grout volume-reducible waste; all sites would 

minimally treat other waste; disposal would occur at one site (Hanford) . 

• Centralized 4 (Case 14a). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) would 

thermally treat, supercompact, reduce the size of, and grout volume-reducible waste; all sites would 

minimally treat other waste; disposal would occur at one site (NTS). 

• Centralized 5 (Case 21). One site (Hanford) would thermally treat, supercompact, reduce the size of, 

and grout volume-reducible waste; all sites would minimally treat other waste; disposal would occur at 

one site (Hanford). 

E.2.2.3 Alternatives for TRUW 

Transportation risks have been calculated for six TRUW alternatives. Each alternative is comprised of a 

case that deals with contact-handled TRUW (CH-TRUW) and a case that deals with remote-handled TRUW 

(RH-TRUW). The cases range from decentralized to centralized approaches to treatment and storage before 

final geologic disposal. In general, sites without treatment capability ship to the nearest site with such 

capability. The treatment options considered are (1) treatment that meets the Waste Isolation Pilot Plant 

(WIPP) waste acceptance criteria (WAC); (2) treatment to reduce gas generation using shredding, grouting, 

and nonsteel containers, resulting in waste that exceeds current WIPP-WAC requirements but does not meet 

land disposal restrictions (LDRs); and, finally, (3) treatment to a level that meets or exceeds LOR 

requirements . The transportation assessment assumes that all TRUW will ultimately be shipped to WIPP 

for disposal. The alternatives are defined as follows: 

• No Action (CH-TRUW Case 1, RH-TRUW Case 10). Continue storing CH-TRUW at ANL-E, Hanford, 

INEL, LANL, Lawrence Berkeley Laboratory (LBL), LLNL, Mound Plant (Mound), NTS, ORR, 

PGDP, RFETS , SNL, SRS, and WVDP in accordance with current practices. Storage of RH-TRUW 
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would continue at ANL-E, Hanford, INEL, LANL, and ORR in accordance with current practices. No 

transportation of waste is assumed. 

• Decentralized (CH-TRUW Case 4, RH-TRUW Case 11). Ten sites (ANL-E, Hanford, INEL, LANL, 

LLNL, Mound, NTS, ORR, RFETS, and SRS) would treat CH-TRUW to meet the WIPP-WAC. Five 

sites (ANL-E, Hanford, INEL, LANL, and ORR) would treat RH-TRUW to WIPP-WAC. All treated 

TRUW would be disposed at WIPP. 

• Regionalized 1 (CH-TRUW Case 5, RH-TRUW Case 14). Five sites (Hanford, INEL, LANL, RFETS , 

and SRS) would treat CH-TRUW to reduce gas generation. Two sites (Hanford and ORR) treat 

RH-TRUW to reduce gas generation. All treated TRUW would be disposed at WIPP. 

• Regionalized 2 (CH-TRUW Case 6, RH-TRUW Case 15). Five sites (Hanford, INEL, LANL, RFETS, 

and SRS) would treat CH-TRUW to LOR levels. Two sites (Hanford and ORR) treat RH-TRUW to LOR 

levels. All treated TRUW would be disposed at WIPP. 

• Regionalized 3 (CH-TRUW Case 8, RH-TRUW Case 15). Three sites (Hanford, INEL, and SRS) would 

treat CH-TRUW to LOR levels. Two sites (Hanford and ORR) treat RH-TRUW to LOR levels. All 

treated TRUW would be disposed at WIPP. 

• Centralized (CH-TRUW Case 9, RH-TRUW Case 15). One site (WIPP) would treat CH-TRUW to LOR 

levels. Two sites (Hanford and ORR) treat RH-TRUW to LOR levels. All treated TRUW would be 

disposed at WIPP. 

E.2.2.4 Alternatives for LLMW 

Transportation risks have been calculated for seven LLMW alternatives. The alternatives range from 
' 

decentralized to centralized approaches to TSO. The number of disposal sites varies from 16 sites to 1. 

Treatment options also vary from decentralized to centralized approaches. In general, sites without 

treatment or disposal capability ship to the nearest site with such capability. The alternatives are defined 

in Chapter 3 of the PEIS and are summarized as follows: 

• No Action (Case 1). Treatment and indefinite storage of LLMW generated in the future. No 

transportation occurs. 

• Decentralized (Case 2a). Forty-nine sites treat LLMW to LOR levels, and 16 sites dispose . 

• Regionalized 1 (Case 4) . Eleven sites treat LLMW, and 12 sites dispose. 

• Regionalized 2 (Case 7). Seven sites treat LLMW, and 6 sites dispose. 

• Regionalized 3 (Case 10a). Seven sites treat LLMW, and 1 site disposes (NTS). 
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• Regionalized 4 (Case 15). Four sites treat LLMW, and 6 sites dispose. 

• Centralized (Case 17) . One site treats LLMW (Hanford), and 1 site disposes (Hanford). 

E.2.3 DESCRIYfION OF TRANSPORTATION ACTIVITIES 

The transportation risk assessment determines transportation-related risks by considering the total amount 

of waste shipped over each route for each alternative. The assessment considers waste currently stored or 

generated over the next 20 years. The assessment takes into account differences in the quantity and 

properties of wastes at each site. In addition, characteristics of the routes between sites are considered. For 

onsite transportation, most solid radioactive waste at the Hanford Site is assumed to be initially shipped to 

a central waste complex, regardless of possible offsite shipment for treatment or disposal. Therefore, the 

onsite transportation risks presented here apply equally to all alternatives. The onsite assessment is not 

intended to be used as a basis for comparison among alternatives. 

The transportation risk assessment is limited to estimating the human health risks incurred during the actual 

transportation of waste for each alternative. The risks to workers or to the public during the loading, 
! 

unloading, and handling of waste before or after shipment are considered as part of normal facility 

operations and are not included in the transportation assessment. Similarly, the transportation risk 

assessment does not address how increased levels of transportation may affect local traffic flow, noise 

levels , logistics, or infrastructure. 

E.2.4 CARGO-RELATED IMPACTS (RADIOLOGICAL) 

The cargo-related impacts on human health during the transportation of radioactive materials would be 

caused by exposure to ionizing radiation. For all cases, radiological risks (risks resulting from the 

radioactive nature of the waste) are assessed for routine (normal) transportation and for accidents. The 

radiological risk associated with routine transportation results from the potential exposure of people to low 

levels of external radiation near a loaded shipment. The radiological risk from transportation-related 

accidents lies in the potential release and dispersal of radioactive ,material into the environment during an 

accident and the subsequent exposure of people through multiple exposure pathways, such as exposure to 

contaminated soil, inhalation, or the ingestion of contaminated food. 
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All radiologically related impacts are calculated in terms of committed dose and associated health effects 

in the exposed populations. The dose of radiation calculated is the total effective dose equivalent (Title 10, 

Part 20, of the Code of Federal Regulations [10 CFR 20]), which is the sum of the effective dose equivalent 

from exposure to external radiation and the 50-year committed effective dose equivalent (ICRP, 1977) from 

exposure to internal radiation. Doses of radiation are calculated in units of roentgen equivalent man (rem) 

for individuals and in units of person-rem for collective populations. 

The potential exposures to the public from transporting radioactive materials, either from routine operations 

or from postulated accidents, are usually at such a low dose that the primary adverse health effect is the 

potential induction of latent cancers (that is, cancers that occur years after the exposure). The correlation 

of radiation dose and human health effects for low doses has traditionally been based on what is called the 

"linear/no-threshold hypothesis," which has been described by various international authorities on 

protection against radiation. This hypothesis implies, in part, that even small doses of radiation have some 

cancer risk and that doubling the radiation dose means doubling the expected numbers of cancers. The types 

of cancer induced by radiation are similar to "naturally occurring" cancers and might be expressed at some 

point in the lifetime of the exposed individuals. 

On the basis of the analyses presented in this appendix, transportation-related operations for all waste types 

are not expected to cause acute (short-term) radiation-induced fatalities or to produce immediately 

observable effects in exposed individuals. Acute radiation-induced fatalities occur at doses well in excess 

of 100 rem (ICRP, 1991), which generally would not occur for a wide range of transportation activities, 

including routine operations and accident conditions. (In general, individual acute whole-body doses in the 

range of 300 to 500 rem are expected to cause death in 50% of the exposed individuals within 30 to 60 days 

[ICRP, 1991].) For all severe accident scenarios analyzed, other short-term effects, such as temporary 

sterility and changes in blood chemistry, are not expected. 

The radiological impacts discussed in this appendix are expressed as health risks in terms of the number 

of estimated latent cancer fatalities, the incidence of cancer, and the genetic effects in exposed populations 

for each alternative. The health risk conversion factors (expected latent health effects per dose absorbed) 

were derived from ICRP Publication 60 (ICRP, 1991). 
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E.2.5 VEHICLE-RELATED IMPACTS (NONRADIOLOGICAL) 

In addition to the radiological risks posed by transportation-related activities, risks are also assessed for 

vehicle-related causes for the same routes for offsite transportation. These risks are independent of the 

radioactive nature of the cargo and would be incurred for similar shipments of any commodity. The vehicle­

related risks are assessed for routine conditions and accidents . Vehicle-related risks during routine 

transportation are caused by potential exposure to increased vehicular exhaust emissions. The routine risks 

are primarily associated with travel in urban environments . The vehicle-related accident risk refers to the 

potential for transportation-related accidents that result in fatalities caused by physical trauma unrelated to 

the cargo. State-specific rates for transportation-related fatalities are used in the assessment. Vehicle-related 

risks are presented in terms of estimated fatalities for each alternative . 

E.2.6 TRANSPORTATION MODES 

Although radioactive waste can be transported by various modes, all shipments have been assumed to take 

place either by truck or rail. For each alternative, risks have been calculated separately for all truck and all 

rail options, although the actual shipping campaigns for a selected alternative may involve a combination 

of the two modes. Rail shipments are assumed to take place by regular freight train . Since the largest risk 

(fatalities) from rail transport is from the physical trauma due to accidents, the use of special or dedicated 

rail service would only reduce the overall risk by at most a factor of two for only those sites shipping 

enough waste to warrant dedicated shipment. Shipments by barge, though feasible for some sites, have not 

been explicitly considered because this mode of transportation is somewhat limited and has not been 

established as a major programmatic option for the PEIS assessment. Similarly, shipments by aircraft and 

other modes were not considered. 

The assumption that waste would be shipped entirely by truck or entirely by rail has been made for 

calculational purposes. All DOE sites can ship waste by truck, but not all sites have readily available rail 

access. A review of the transportation facilities at 35 major DOE sites shows that 15 sites have onsite rail 

access: an additional 12 sites have access within 16 km (10 mi), and 8 more have access within 16 to 

161 km (10 to 100 mi) of the site (Johnson, 1994). To ship by rail, sites that do not have direct rail access 

would likely ship waste by truck to the nearest rail siding, where th~ waste would be transferred to railcars. 

This type of shipment involving cargo transfer has not been considered in the risk assessment. 
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E.2. 7 RECEPTORS 

Transportation-related risks are calculated and presented separately for workers and members of the general 

public . The workers considered are truck and rail crew members involved in the actual transportation of 

waste. The public includes all persons who could be exposed to a shipment while it is moving or stopped 

en route. Potential risks are estimated for the collective populations of exposed people, as well as for 

maximally exposed individuals (MEis). The collective population risk is a measure of the radiological risk 

posed to society as a whole by the alternative being considered. As such, the collective population risk is 

used as the primary means of comparing various alternatives. 

E.3 Packaging and Representative Shipment Configurations 
for Radioactive Waste 

Regulations that govern the transportation of radioactive materials are designed to protect the public from 

the potential loss or dispersal of radioactive materials, as well as from routine doses of radiation during 

transit. The primary regulatory approach for ensuring safety is by specifying standards for the packaging 

of radioactive materials . 

Because packaging represents the primary barrier between the radioactive material being transported and 

exposure of the public and the environment to radiation, packaging requirements are an important 

consideration for the transportation risk assessment. Regulatory packaging requirements and the 

representative packaging and shipment configurations assumed for each type of radioactive waste considered 

in the PEIS are described in this section. The information about shipment configuration includes truck and 

railcar payload capacities for each waste type. 

E.3.1 PACKAGING 

Although several Federal and State organizations are involved in regulating the transportation of radioactive 

waste, the U.S. Department of Transportation (DOT) and the U.S. Nuclear Regulatory Commission (NRC) 

have primary regulatory responsibility. In addition, DOE has formalized agreements with the NRC and 

DOT to delineate responsibilities of each agency. All transportation- related activities must be in accordance 

with applicable regulations of these agencies specified in 49 CFR 173 and 10 CFR 71. 
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Packaging for transporting radioactive materials must be designed, constructed, and maintained to ensure 

that they will contain and shield their contents during normal transportation . For more highly radioactive 

material, the packaging must contain and shield their contents in severe accidents. The type of packaging 

used is determined by the radioactive hazard associated with the packaged material. The basic types of 

packaging required by the applicable regulations are designated as Type A, Type B, or "strong and tight" 

(generally for low specific-activity material). 

Type A packaging must withstand the conditions of normal transportation without the loss or dispersal of 

the radioactive contents. "Normal" transportation refers to all transportation conditions except those 

resulting from accidents or sabotage. Approval of Type A packaging is achieved by demonstrating that the 

packaging can withstand specified testing conditions intended to simulate normal transportation. Type A 

packaging, typically a 0.21-m3 (55-gallon [gal]) drum or standard waste box, is commonly used to transport 

wastes with low radioactivity levels. Type A packaging is routinely used in waste management for storage, 

transportation, and disposal. Type A packaging usually does not require special handling, packaging, or 

transportation equipment. 

"Strong and tight" packagings may be used to transport certain low specific-activity materials (for example, 

mill tailings, uranium ore, natural uranium hexafluoride, and some LLW). Shipments of "strong and tight" 

packagings are excepted from certain packaging specifications and marking and labeling requirements but 

must still comply with many administrative controls. Functionally, "strong and tight" packagings are 

equivalent to Type A packaging because contents must not leak under normal transport conditions. 

Examples of "strong and tight" packages currently in use include steel drums, rectangular metal bins, and 

wooden boxes . 

In addition to meeting the standards for Type A packaging, Type B packaging must provide a high degree 

of assurance that the package integrity will be maintained, even during severe accidents, with essentially 

no loss of the radioactive contents or serious impairment of the shielding capability. Type B packaging is 

required for shipping large quantities of radioactive material and must satisfy stringent testing criteria 

(specified in 10 CFR 71). The testing criteria were developed to simulate conditions of severe hypothetical 

accidents, including impact, puncture, fire, and immersion in water. The most widely recognized Type B 

packagings are the massive casks used for transporting highly radioactive spent nuclear fuel from nuclear 

power stations. Large-capacity cranes and mechanical lifting equipment are usually necessary for handling 

Type B packagings. Many Type B packagings are transported on trailers specifically designed for the 

package being used. 
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External radiation allowed to escape from a package must be below specified limits that minimize exposure 

of the handling personnel and the public . Most DOE waste shipments are handled only by the shipper and 

the receiver, an arrangement referred to as an "exclusive-use" shipment. For this type of shipment 

(regardless of the waste type or package), the dose rate for external radiation during normal transportation 

must be maintained below the following limits (49 CPR 173): 

• Dose of 10 millirem per hour (mrem/h) at any point 2 m (6.6 ft) from the vertical planes projected by 

the outer lateral surfaces of the car or vehicle 

• Dose of 2 mrem/h in any normally occupied position in the car or vehicle 

Additional restrictions apply to radiation levels on the package surface; however, these restrictions do not 

affect the transportation-related radiological risk assessment. Representative external dose rates for each 

waste type are described in Section E.6.2. 

For the purposes of risk assessment, specifying the actual package that will be used is unnecessary because 

all packagings of a certain type are designed to meet the same performance criteria; for instance, a 0.21-m3 

(55-gal) drum and a standard waste box, each designed to meet Type A packaging criteria, would be 

expected to behave similarly under routine transportation and accident conditions. 

E.3.2 REPRESENTATIVE PACKAGING AND SHIPMENT CONFIGURATIONS BY WASTE TYPE 

To conduct the transportation risk assessment, assumptions must be made about the types of packaging, the 

transporting vehicles, and the shipment capacities used for future waste shipments. Certain assumptions, 

such as types of vehicles and their legal weight restrictions, are common to all waste types; however, the 

radiological and physical characteristics of waste types differ, so separate packaging assumptions must be 

made for each. In all cases, waste is assumed to be characterized, treated, packaged, and labeled in 

accordance with applicable regulations before shipment. 

E.3.2.1 Offsite Transportation 

For all waste types, transportation is assumed to be in certified or certified-equivalent packagings, and 

exclusive-use vehicles are assumed to be used. Legal-weight heavy-haul combination (tractor-trailer) trucks 

are assumed to be used for highway transportation. Typically, Type A packages are transported on common 
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flatbed or covered trailers; Type B packages are generally shipped on trailers designed specifically for the 

pa kaging being used. For transportation by truck, the maximum payload weight is considered to be 

19,958 kg (44,000 lb), based on DOT highway weight limitations and an average tractor-trailer weight of 

16,329 kg (36,000 lb). 

Regular freight-train service is assumed for the rail transportation . The use of special or dedicated train 

service was not considered in the analysis. For rail transportation, average payload weights for boxcars 

range from 45,359 to 68,039 kg (100,000 to 150,000 lb) . A median payload weight of 54,431 kg 

(120,000 lb) has been assumed for this assessment. 

The above shipment capacities for truck and rail were assumed to be reasonable based on current practice. 

In reality, truck and rail shipment capacities vary from shipment to shipment at a given site, depending on 

the characteristics of the waste, operational practices, and site regulations . Because of the programmatic 

nature of the PEIS, representative shipment capacities were assumed for each waste type based on current 

practices. For truck shipments, payloads were taken to be near the regulatory weight limit because the 

density of most waste is such that volume tends not to be limiting, and it is common practice to load trucks 

near the legal weight limit for economical reasons. On the other hand, railcar capacities are seldom limited 

by the weight restrictions of the railcar and can vary over a wide range depending upon the density of the 

material. Therefore, a "median" railcar capacity of 54,431 kg (120,000 lb) was assumed for calculational 

purposes because railcar weights are not normally distributed. In addition, the total risk remains relatively 

unchanged if the size of each shipment is changed. If the maximum payloads are used, the number of 

shipments is minimized, resulting in the least number of potential accidents, although the consequences are 

higher. Conversely, smaller payloads require more shipments, resulting in more potential accidents, each 

of lessor consequence . 

As discussed previously, the packaging type is determined primarily by radiological characteristics of the 

waste material. For the purposes of risk assessment, representative packagings have been determined for 

each type of radioactive waste on the basis of average waste characteristics and currently accepted practice. 

In practice, packagings are selected on a case-by-case basis and may differ from the representative types 

presented here. Assumptions about packaging and shipment are discussed in this section and are 

summarized in Table E-1 . 
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Table E-1. Representative Packagi,ng and Shipment Assumptions 
for Radioactive Waste Types 

Waste Packaging Shipment Capacitya 

HLW Type B: similar to the defense HLW cask Truck cask = 1 canister; rail cask = 5 canisters 

LLW 

TRUW 

r 

Type A: 208-L (55-gal) drums or 
standard waste boxes or strong and tight 
packaging 

Type B 

CH = TRUPACT-11 

RH= RH-72B 

Assumed to be limited by vehicular weight 
restrictions; payload capacity: truck = 19,958 kg 
(44,000 lb) and rail = 54,431 kg (120,000 lb) 

Assumed to be limited by package volume 
restrictions 

3 TRUPACT-Ils per truck and 6 fer railcar; 
payload capacity: truck = 8.4 m (11 yd3) and 
rail = 16.8 m3 (22 yd3) 

1 RH-72B per truck and 2 per railcar; payload 
capacity: truck = 0.89 m3 (1.2 yd3) and rail = 
1.8 m3 (2.4 yd3) 

LLMW Type A: 208-L (55-gal) drums or Similar to LLW 
standard waste boxes or strong and tight 
packaging · 

Notes: CH = contact-handled waste; RH = remote-handled waste. 
a Truck shipments are assumed to be legal weight. Truck payload capacities were calculated by assuming a 36,287-kg 
(80,000-lb) gross vehicular weight limit and a tractor-trailer weight of 16,329 kg (36,000 lb). Rail shipments are by 
regular freight service. The median railcar payload capacity was taken to be 54,431 kg (120,000 lb) . 

E.3.2.1.1 HL W Shipments 

Canisters of vitrified HL W are assumed to be shipped in a Type B package similar to the "defense HL W 

cask" being developed for SRS. The number of canisters to be transported in a cask differs for the truck 

and rail modes . The truck cask is assumed to accept one HLW canister, and rail capacity is assumed to be 

five canisters (DOE, 1987a). In the future, DOE will likely develop a multiple-canister HLW truck cask 

to minimize the number of shipments for major shipping campaigns; however, because a multiple-canister 

cask does not yet exist, impacts were calculated by assuming that a single-canister cask would be used. If 

a multiple-canister cask were designed and used in the future, risks would be significantly less than those 

in this analysis. 
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E.3.2.1.2 LL W Shipments 

All LLW is assumed to be transported in strong and tight or Type A packaging , such as 208-L (55-gal) 

drums or standard waste boxes. Suitable Type A packagings are readily available from commercial sources. 

The number of shipments from a specific site is calculated by projecting site-specific information about 

waste inventory (weight) and limitations on shipment capacity for each transportation mode. The effects of 

potential waste treatment, such as volume reduction or incineration, are reflected in changes in waste 

density. All shipments are assumed to be at the maximum weight limits for truck and rail shipments. On 

the basis of typical LLW densities, roughly 80 drums with a 208-L (55-gal) capacity each would be shipped 

per truck, and 300 per railcar. 

E.3.2.1.3 TRUW Shipments 

The radiological characteristics of TRUW require the use of Type B packaging. The DOE has agreed to 

have the NRC certify the containers used for CH-TRUW and RH-TRUW shipments as meeting Type B 

specifications (DOE, 1990a). Shipments of TRUW will essentially consist of a number of Type A packages 

within reusable certified Type B packages. The Type B packages are assumed to be the TRUPACT-11 for 

CH-TRUW and the RH-72B for RH-TRUW. 

The TRUPACT-11 was certified as meeting the NRC regulations for Type B packaging in August 1989 

(DOE, 1990a). The container is a cylinder with a flat bottom and domed top that is transported in an upright 

position. Each TRUPACT-11 is approximately 2.4 m (8 ft) in diameter and 3.1 m (10 ft) in height. The 

TRUPACT-II was designed to maximize payload in volume and in weight. The usable volume of each 

TRUPACT-11 is approximately 2.8 m3 (3.7 yd3) . The payload capacity of each TRUPACT-11 is 3,300 kg 

(7,275 lb) . Three TRUPACT-Ils are assumed to be transported per truck, and six per railcar. The total 

number of required shipments has been calculated on the basis of waste volume, which is 8.4 m3 (11 yd3) 

for truck shipments and 16.8 m3 (22 yd3) for rail shipments. 

The RH-72B shipping cask is assumed to be used for all RH-TR UW shipments. The RH-72B is being 

designed to meet Type B packaging specifications and is a scaled-down version of the certified NuPac 125B 

cask (DOE, 1990a). (The NuPac 125B was used to transport core debris from the damaged Three Mile 

Island nuclear power station to INEL.) The RH-72B cask is approximately 3.7 m (12 ft) long with a 

diameter of 1.1 m (3.5 ft). The usable volume of each RH-72B is approximately 0 .89 m3 (1.2 yd3). The 

VOLUME IV E-19 



Appendix E Part I Transportation Risk Assessment 

payload capacity of each RH-72B is limited to 3,629 kg (8,000 lb). One RH-72B is assumed to be 

transported per truck, and two per r ii ar. Th total numb r of r quir d hipm nt ha been calculated on 

the basis of waste volume , which is 0.89 m3 (1 .2 yd3) for truck shipments and 1.8 m3 (2.4 yd3) for rail 

shipments. 

E.3.2.1.4 UMW Shipments 

Shipment of LLMW is assumed to be similar to LL W. Shipments of LLMW would meet any additional 

requirements for characterization and labeling associated with the HW component. In addition, shipments 

of liquid waste would meet regulatory requirements specified for liquids; that is, packages would contain 

adequate absorbent material to absorb twice the volume of the transported liquid , or a leak-tight overpack 

would be used (10 CFR 71). 

E.3.2.2 Onsite Transportation 

The policy at the Hanford Site is to use certified packaging whenever practicable for transporting 

radioactive materials onsite (Mercado et al., 1992). Therefore, the packaging used for onsite transportation 

is assumed to be the same as that used for offsite transportation . If an alternative means of packaging is 

necessary , a concept of equivalent safety is maintained while achieving the same shipping results. Onsite 

transportation safety is attained through _such measures as limiting vehicular speeds, appropriate traffic 

controls, or increasing shielding for crew members and distance from the package. 

In addition, the public has access to a number of routes on the Hanford Site. Unless such routes are 

barricaded while radioactive waste is being transported, shipments must meet all pertinent Federal 

regulations pertaining to public highways. Stringent procedures are followed at the Hanford Site to ensure 

the safety of workers and the public, providing the same level of safety for onsite and offsite shipments 

(WHC, 1993). 
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E.4 Analysis of Truck and Rail Routing 

As discussed previously and illustrated in Figures E-1 and E-2, each case can be defined as a set of origin­

and-destination pairs representing shipping linkages among generator, treatment, and disposal sites. The 

calculation of the transportation risk for an alternative depends, in part, on the characteristics of the 

transportation routes between the origin and destination sites. Regulatory routing criteria and the methods 

used to determine conceptual truck and rail routes for the transportation risk assessment are described in 

this section. 

E.4.1 ROUTING REGULATIONS 

The DOT routing regulations for public highways are prescribed in 49 CFR 177 ( commonly referred to as 

HM-164). The objectives of the regulations are to reduce the impacts of transporting radioactive materials, 

to establish consistent and uniform requirements for route selection, and to identify the role of State and 

local governments in routing radioactive materials. The regulations attempt to reduce potential hazards by 

avoiding populous areas and by minimizing travel times. In addition, the regulations require that the carrier 

of radioactive materials ensure that the vehicle is operated on routes that minimize radiological risks, and 

that accident rates, transit times, population density and activity, time of day, and day of week are 

considered in determining risk. 

A vehicle transporting a shipment of a "highway route controlled quantity" of radioactive materials is 

required by HM-164 to use the interstate highway system except when moving from origin to interstate or 

from interstate to destination, when making necessary repair or rest stops, or when emergency conditions 

make continued use of the interstate unsafe or impossible. Carriers are required to use interstate 

circumferential or bypass routes, if available , to avoid populous areas. Any State or Native American tribe 

may designate other "preferred highways" to replace or supplement the interstate system. Under its 

authority to regulate interstate transportation safety, DOT can prohibit State and local bans and restrictions 

as "undue restraint of interstate commerce." State or local bans can be preempted if inconsistent with 

HM-164. 

The DOT has no railroad routing regulations specific to the transportation of radioactive materials. Routes 

are generally fixed by the location of rail lines, and urban areas cannot readily be bypassed. 
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E.4.2 REPRESENTATIVE TRANSPORTATION ROUTES 

E.4.2.1 Offsite Transportation 

The scope of this PEIS assessment involves every DOE site that generates , stores, or disposes radioactive 

waste. The transportation linkages among generator, treatment, and disposal sites depend on the type of 

waste and are defined explicitly for each case under consideration. For this PEIS, representative offsite 

truck and rail routes were determined for all possible pairs of origin and destination sites. Table E-2 gives 

the truck route distances between major DOE sites, and Table E-3 gives the rail route distances. The routes 

were selected to be consistent with existing routing practices and all applicable routing regulations and 

guidelines; however, because the routes were determined for the purposes of risk assessment, they do not 

necessarily represent actual routes that would be used to transport waste in the future. 

The conceptual truck routes were determined by using the routing model HIGHWAY 3 .1 (Johnson et al., 

1993a), and INTERLINE 5.0 was used to determine the rail routes (Johnson et al., 1993b). For truck and 

rail transportation, the route characteristics most important to the radiological risk assessment include the 

total shipping distance between each origin-and-destination pair and the fractions of travel in rural, 

suburban, and urban zones of population density. The route selected determines the total potentially exposed 

population along a route and the expected frequency of transportation-related accidents. Because of the large 

number of unique origin-and-destination pairs considered for the PEIS alternatives, detailed route 

characteristics are provided in the technical reports prepared for each waste type (ANL, 1996a,c-f). 

E.4.2.1.1 HIGHWAY 3.1 

The HIGHWAY 3 .1 computer program is used for predicting highway routes for transporting radioactive 

materials by truck within the United States. The HIGHWAY database is a computerized road atlas that 

describes at least 386,243 km (240,000 mi) of roads. This database includes a complete description of the 

interstate highway system and of all U.S. highways. In addition, most principal State highways and many 

local and community highways are identified. The code is updated periodically to reflect current road 

conditions and has been compared with reported mileages and observations of commercial trucking firms . 

Routes are calculated within the model by minimizing the total impedance between origin and destination . 

The impedance is basically defined as a function of distance and driving time along a particular segment 
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Table E-2. Truck Route Distances (mi) Between Major DOE Sitesa 
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Ames 0 351 1287 675 894 1206 341 611 1703 1287 1129 234 1163 1844 1853 1136 644 1287 

ANL-E 351 0 1582 348 567 874 36 294 1998 1582 1333 520 831 2139 2148 1431 317 1582 

ANL-W 1287 1582 0 1906 2125 2437 1572 1842 599 0 1177 1325 2393 963 972 1144 1875 0 

BCL 675 348 1906 0 223 653 380 113 2322 1906 1463 650 626 2463 2472 1552 72 1906 

Bettis 894 567 2125 223 0 506 599 312 2541 2125 1682 869 543 2682 2691 1771 291 2125 

BNL 1206 874 2437 653 506 0 906 760 2853 2437 2113 1299 241 2994 3003 220 1 721 2437 

Fermi 341 36 1572 380 599 906 0 326 1975 1572 1359 519 863 2129 2138 1421 349 1572 

FEMP 61 1 294 1842 113 312 760 326 0 2258 1842 1399 586 733 2399 2408 1488 49 1842 

Hanford 1703 1998 599 2322 254 1 2853 1975 2258 0 599 1593 174 1 2809 875 894 1560 2291 599 

INEL 1287 1582 0 1906 2 125 2437 1572 1842 599 0 1177 1325 2393 963 972 1144 1875 0 

ITRI 1129 1333 1177 1463 1682 2 113 1359 1399 1593 1177 0 895 2085 1194 1154 Ill 1432 1177 

KCP 234 520 1325 650 869 1299 519 586 1741 1325 895 0 1272 1881 1890 984 619 1325 

KAPL-S 1163 831 2393 626 543 241 863 733 2809 2393 2085 1272 0 2950 2959 2174 694 2393 

LBL 1844 2 139 963 2463 2682 2994 2 129 2399 875 963 1194 1881 2950 0 45 1274 2432 963 

LLNL 1853 2148 972 2472 2691 3003 2 138 2408 894 972 1154 1890 2959 45 0 1233 2441 972 

LA NL 1136 1431 1144 1552 1771 2201 1421 1488 1560 1144 Ill 984 2174 1274 1233 0 1521 1144 

Mound 644 317 1875 72 291 721 349 49 2291 1875 1432 619 694 2432 2441 152 1 0 1875 

NRF 1287 1582 0 1906 2 125 2437 1572 1842 599 0 1177 1325 2393 963 972 1144 1875 0 

NTS 1520 1815 7 12 2078 2297 2670 1805 20 14 1128 712 918 1428 2626 719 678 997 2047 7 12 

ORISE 887 571 2077 399 586 808 603 299 2493 2077 1420 752 872 2592 2551 1509 335 2077 

ORR 900 584 2048 412 563 821 616 3 12 2464 2048 1391 723 885 2563 2523 1480 348 2048 

PGDP 629 385 1766 477 696 1115 417 409 2182 1766 1230 44 1 1099 2322 2327 1319 441 1766 

Pantex 834 1038 1468 1168 1387 1817 1064 1104 1884 1468 313 600 1790 1485 1445 402 1137 1468 

Pinellas 1481 1204 2617 1065 1252 1329 1236 965 3033 2617 1959 1293 1393 2945 2904 2048 1001 2617 

PORTS 755 428 1986 84 265 689 460 173 2402 1986 1543 730 688 2543 2552 1632 152 1986 

PPPL 1217 822 2448 546 398 189 854 635 2864 2448 2006 1192 29 1 3005 3014 2094 6 14 2448 

RMI 751 419 1982 214 175 531 45 1 321 2398 1982 1673 860 416 2538 2547 1762 282 1982 

RFETS 722 1017 716 1283 1500 1870 1005 1217 1132 716 483 631 1827 1283 1292 452 1250 716 

SNL- 1120 1324 1168 1454 1673 2103 1350 1390 1584 1168 9 886 2076 1185 1145 102 1423 11 68 
NM 

SNL-CA 1853 2 148 972 2472 2691 3003 2138 2408 894 972 1154 1890 2959 45 0 1233 244 1 972 

SRS 1175 892 2311 720 656 897 924 620 2727 2311 1653 987 961 2791 2750 1742 656 23 1 I 

SLAC 1885 2180 1004 2524 2723 3035 2167 2440 916 1004 1198 1939 2979 47 64 1294 2473 1004 

WVDP 909 577 2 140 372 257 492 609 479 2556 2 140 1832 1018 314 2697 2706 1921 440 2140 

WIPP 1301 1505 1759 1625 1813 2 192 1531 1526 2175 1759 614 1067 2256 1509 1468 693 1561 1759 

YM 1554 1849 746 2112 2331 2704 1839 2048 1162 746 952 1462 2660 753 712 1031 2081 746 
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E-24 

Table E-2. Truck Route Di tances (mi) Between Major DOE Sit a-Conti.nued 
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Ames 1~20 R87 900 629 834 1481 155 1217 751 722 1120 !R<1 1175 !RR< Q()Q 1301 

ANL-E 1815 571 584 385 1038 1204 428 822 419 1017 1324 2148 892 2180 577 1505 

ANI -W 712 2077 204R 1766 1468 2617 1986 2448 1982 716 1168 972 231 I 1nru 2140 1759 

BCL 2078 1QQ 412 477 1168 1065 84 546 214 12R1 1454 2472 720 2524 172 11,2~ 

s~ttis 2297 586 563 696 1387 1252 265 398 175 1500 1673 2691 656 2723 257 1813 

BNL 2670 808 821 1115 1817 1329 689 189 531 1870 2103 3001 R97 3035 492 2192 

F~rmi 1805 603 616 417 1064 1236 460 854 451 1005 1350 2138 924 2167 ~ 1531 

FEMP 2014 299 312 40Q 1104 965 173 635 321 1217 1390 2408 620 2440 479 1526 

Hanford 1128 2493 2464 2182 1884 3033 2402 2864 2398 1132 1584 894 2727 916 2556 2175 

INEL 712 2077 2048 1766 1468 2617 1986 2448 1982 716 1168 972 2311 1004 2140 1759 

ITRI 918 1420 1391 1230 313 1959 1543 2006 1673 483 9 1154 1653 1198 1832 614 

KC'P 1428 752 723 441 600 1293 730 1192 860 631 886 1890 987 1939 1018 1067 

KAPL 2626 872 885 1099 1790 1393 688 291 416 1827 2076 2959 961 2979 314 22~6 

LBL 719 2592 2563 2322 1485 2945 2543 3005 2538 1283 1185 45 2791 47 2697 1509 

LLNL 678 2551 2521 2327 1445 2904 2552 3014 2547 1292 1145 0 2750 64 2706 1468 

LANL 997 i<OO 1480 1319 402 2048 1632 2094 1762 452 102 1233 1742 1294 1921 693 

Mound 2047 335 348 441 1137 1001 152 614 282 1250 1423 2441 656 2473 440 1561 

NRF 712 2077 2048 1766 1468 2617 1986 2448 1982 716 1168 972 2lll 1nru 2140 17W 

NTS 0 2180 2151 1864 1209 2720 2158 2620 2214 836 909 678 2414 739 2373 1365 

ORISE 2180 0 10 333 1125 692 358 702 595 1383 1411 2551 369 2584 753 1410 

ORR 2151 10 0 304 1096 685 371 115 608 1354 1382 2523 379 2584 766 1181 

PGDP 1864 333 304 0 940 874 0 1009 687 1072 1226 2327 568 2359 845 1258 

Pantex 1209 112< 1096 940 0 1664 1248 1710 1378 774 304 1445 1358 1506 1537 308 

Pinellas 2720 692 685 874 1664 0 1024 1152 1261 1924 1950 2904 620 2969 1419 1762 

PORTS 2158 358 371 0 1248 1024 0 588 276 1361 1534 2552 540 2584 434 1632 

PPPL 2620 702 715 1009 1710 1152 588 0 528 1823 1997 3014 767 3046 489 2086 

RMI 2214 595 608 687 1378 1261 276 528 0 1415 1664 2547 726 2579 162 1822 

RFETS 836 1383 1354 1072 774 1924 1361 1823 1415 0 474 1292 1618 1324 1573 1067 

SNL-NM 909 1411 1382 1226 304 1950 1534 1997 1664 474 0 1145 1644 1198 1823 605 

SNL-CA 678 2551 2523 2327 1445 2904 2552 3014 2547 1292 1145 0 2750 64 2706 1468 

SRS 2414 369 379 568 1358 620 540 767 726 1618 1644 2750 0 2820 1023 1524 

SLAC 739 2584 2584 2359 1506 2969 2584 3046 2579 1324 1198 64 2820 0 2738 1529 

WVDP 2373 753 766 845 1537 1419 434 489 162 1573 1823 2706 1023 2738 0 1980 

WIPP 1365 1410 1381 1258 308 1762 1632 2086 1822 1067 605 1468 1524 1529 1980 0 

YM 46 2214 2185 1903 1243 2754 2192 2654 2248 868 943 712 2448 773 2407 1399 

Notes : Ames = Ames Laboratory; ANL-E = Argonne National Laboratory-East; ANL-W = Argonne National Laboratory-West ; 
BCL = Battelle Columbus Laboratories ; Bettis = Bettis Atomic Power Laboratory; BNL = Brookhaven National Laboratory; 
Fermi = Fermi National Accelerator Laboratory; FEMP = Fernald Environmental Management Project; Hanford = Hanford Site: 
INEL = Idaho National Engineering Laboratory; ITRI = Inhalation Toxicology Research Institute ; KCP = Kansas City Plant; 
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KAPL-S = Knolls Atomic Power Laboratory (Schenectady): LBL = Lawrence Berkeley Laboratory; LLNL = Lawrence Livermore 
National Laboratory; LANL = Los Alamos National Laboratory; Mound = Mound Plant; NRF = Naval Reactor Facility; NTS = 
Nevada Test Site; ORISE = Oak Ridge Institute for Science and Education; ORR = Oak Ridge Reservation ; PGDP - Paducah Gaseous 
Diffusion Plant; Pantex = Pantex Plant; Pinellas = Pinellas Plant; PORTS = Portsmouth Gaseous Diffusion Plant; PPPL = Princeton 
Plasma Physics Laboratory; RMI = Reactive Metals, Inc .; RFETS = Rocky Flats Environmental Technology Site; SNL-NM = Sandia 
National Laboratories (New Mexico); SNL-CA = Sandia National Laboratories ·(California); SRS = Savannah River Site; SLAC = 
Stanford Linear Accelerator Center; WVDP = West Valley Demonstration Project ; WIPP = Waste Isolation Pilot Plant; and YM = 

Yucca Mountain . 

• Truck routes generated by using the HIGHWAY 3. I routing model (Johnson et al. , 1993a). 
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Table E-3. Rail Route Distances (mi) Between Major DOE Sites0 
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Ames 0 329 1242 700 823 1365 291 717 1788 1242 1187 275 1126 1873 2018 1124 715 1242 

ANL-E 329 0 1655 401 518 1066 49 412 2201 1655 1351 439 827 2549 2506 1288 416 1655 

ANL-W 1242 1655 0 1942 2133 2607 1533 1907 658 0 1247 1238 2468 1102 1100 1179 1926 0 

BCL 700 401 1942 0 280 855 427 135 2488 1942 1759 753 615 2573 2718 1696 65 1942 

Bettis 823 518 2133 280 0 772 543 475 2611 2133 1857 943 533 2696 2840 1794 345 2133 

BNL 136~ 1066 2607 855 772 0 1088 984 3153 2607 2414 1518 239 3238 3383 2351 920 2607 

Fermi 291 49 1533 427 543 1088 0 441 1971 1533 1356 453 853 2343 2341 1405 443 1533 

FEMP 717 412 1907 135 475 984 441 0 2505 1907 1751 717 745 2590 2735 1688 69 1907 

Hanford 1788 2201 658 2488 2611 3153 1971 2505 0 658 1793 1784 2914 986 973 1725 2472 658 

INEL 1242 1655 0 1942 2133 2607 1533 1907 658 0 1247 1238 2468 1102 1100 1179 1926 0 

ITRI I 187 1351 1247 1759 1857 2414 1356 1751 1793 1247 0 932 2177 1266 1222 104 1767 1247 

KCP 27~ 439 1238 751 943 1518 453 717 1784 1238 932 0 1250 2016 2013 869 708 1238 

KAPL-S 1126 827 2468 615 533 239 853 745 2914 2468 2177 1250 0 2999 3144 2122 680 2468 

LBL 1873 2549 1102 2573 2696 3238 2343 2590 986 1102 1266 2016 2999 0 46 1354 2717 1102 

LLNL 2018 2506 1100 2718 2840 3383 2341 2735 973 1100 1222 2013 3144 46 0 1326 2695 1100 

LANL 1124 1288 1179 1696 1794 2351 1405 1688 1725 1179 104 869 2122 1354 1326 0 1704 1179 

Mound 715 416 1926 65 345 920 443 69 2472 1926 1767 708 680 2717 2695 1704 0 1926 

NRF 1242 1655 0 1942 2133 2607 1533 1907 658 0 1247 1238 2468 1102 1100 1179 1926 0 

NTS 1674 2348 756 2374 2496 3039 1997 2391 1302 756 1065 1670 2800 860 1370 1169 2386 756 

ORISE 956 651 2f'lQQ 366 714 1221 679 331 2644 2099 1989 881 981 2890 2868 1926 301 2099 

ORR 954 649 2055 393 903 1152 682 358 2601 2055 1749 838 957 2686 2831 1686 328 2055 

PGDP 646 390 1699 581 816 1346 469 468 2245 1699 1539 482 1106 2490 2469 1476 564 1699 

Pantex 809 972 1141 1381 1479 2035 977 1373 1686 1141 379 554 1807 1561 1534 483 1396 1141 

Pinellas 1623 1319 2721 1151 1293 1585 1344 1116 3267 2721 2079 1503 1390 3278 3491 2183 1086 2721 

PORTS 727 422 1975 91 429 921 451 207 2515 1975 1761 758 681 2767 2745 1698 156 1975 

PPPL 1197 898 2507 655 400 410 924 938 2985 2507 2248 1289 214 3298 3276 2186 719 2507 

RMI 717 418 2060 207 136 648 445 337 2505 2060 1769 842 408 2851 2829 1706 272 2060 

RFETS 782 1194 718 1~02 1692 2266 1016 1466 1284 738 572 778 2027 1320 1394 504 1485 738 

SNL-NM 1187 1351 1247 1759 1857 2414 1356 1751 1793 1247 0 932 2177 1266 1222 104 1767 1247 

SNL-CA 2018 2506 1100 2718 2840 3383 2341 2735 973 1100 1222 2013 3144 46 0 1326 2695 1100 

SRS 1281 976 2407 740 947 1219 JOO! 774 2953 2407 2315 1161 1044 1192 3183 2252 744 2407 

SLAC 1924 2536 1160 2947 2746 3289 2393 2641 1036 1160 1253 2073 3050 56 60 1357 2930 1160 

WVDP 881 579 2123 370 244 549 603 631 2669 2123 1929 1033 309 2773 2898 1866 562 2123 

WIPP II I~ 1279 1447 168R 178~ 2342 1284 1679 1991 1447 477 861 2114 1660 1633 581 1703 1447 

YM 1674 2348 756 2374 2496 3039 1997 2391 1302 756 1065 1670 2800 860 1370 1169 2386 756 
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Table E-3 . Rail Route Distances (mi) Between Major DOE Site 0 -Continued 
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Ames 1674 956 954 646 809 1623 727 1197 717 782 1187 2018 128 1 1924 881 1115 1674 

ANL-E 2348 651 649 390 972 1319 422 898 418 1194 1351 2506 976 2536 579 1279 2348 

ANL-W 756 2099 2055 1699 1141 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756 

BCL 2374 366 393 581 1381 1151 91 655 207 1502 1759 2718 740 2947 370 1688 2374 

Bettis 2496 714 903 816 1479 1293 429 400 136 1692 1857 2840 947 2746 244 1785 2496 

BNL 3039 1221 1152 1346 2035 1585 921 410 648 2266 2414 3383 1239 3289 549 2342 3039 

Fermi 1997 679 682 469 977 1344 451 924 445 1016 1356 2341 1001 2393 603 1284 1997 

FEMP 2391 331 358 468 1373 1116 207 938 337 1466 1751 2735 774 2641 631 1679 2391 

Hanford 1302 2644 2601 2245 1686 3267 2515 2985 2505 1284 1793 973 2953 1036 2669 1993 1302 

INEL 756 2099 2055 1699 1141 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756 

ITRI 1065 1989 1749 1539 379 2079 1761 2248 1769 572 0 1222 2315 1253 1929 477 1065 

KCP 1670 881 838 482 554 1503 758 1289 842 778 932 2013 1161 2073 1033 861 1670 

KAPL-S 2800 981 957 1106 1807 1390 681 214 408 2027 2177 3144 1044 3050 309 2114 2800 

LBL 860 2890 2686 2490 1561 3278 2767 3298 2851 1320 1266 46 3192 56 2773 1660 860 

LLNL 1370 2868 2831 2469 1534 3491 2745 3276 2829 1394 1222 0 3183 60 2898 1633 1370 

LANL 1169 1926 1686 1476 483 2183 1698 2186 1706 504 104 1326 2252 1357 1866 581 1169 

Mound 2386 301 328 564 1396 1086 156 719 272 1485 1767 2695 744 2930 562 1703 2386 

NRF 756 2099 2055 1699 1141 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756 

NTS 0 2530 2487 2131 1376 3153 2401 2871 2391 987 1065 1370 2839 862 2554 1475 0 

ORlSE 2530 0 40 632 1611 786 392 1176 575 1658 1989 2868 443 3103 889 1918 2530 

ORR 2487 40 0 527 1371 797 442 760 600 1586 1749 2831 417 3031 889 1678 2487 

PGDP 2131 632 527 0 1103 1056 495 1145 698 1220 1539 2469 714 2597 861 1410 2131 

Pantex 1376 1611 1371 1103 0 1825 1382 1867 1387 465 379 1534 1937 1564 1551 307 1376 

Pinellas 3153 786 797 1056 1825 0 1106 1207 1361 2280 2079 3491 485 3280 1568 2019 3153 

PORTS 2401 392 442 495 1382 1106 0 838 279 1535 1761 2745 655 2651 585 1689 2401 

PPPL 2871 1176 760 1145 1867 1207 838 0 511 2066 2248 3276 848 3121 426 2185 2871 

RMI 2391 575 600 698 1387 1361 279 511 0 1619 1769 2829 920 2641 163 1705 2391 

RFETS 987 1658 1586 1220 465 2280 1535 2066 1619 0 572 1394 1938 1377 1782 769 987 

SNL-NM 1065 1989 1749 1539 379 2079 1761 2248 1769 572 0 1222 2315 1253 1929 477 1065 

SNL-CA 1370 2868 2831 2469 1534 3491 2745 3276 2829 1394 1222 0 3183 60 2898 1633 1370 

SRS 2839 443 417 714 1937 485 655 848 920 1938 2315 3183 0 3194 1223 2243 2839 

SLAC 862 3103 3031 2597 1564 3280 2651 3121 2641 1377 1253 60 3194 0 2804 1662 862 

WVDP 2554 889 889 861 1551 1568 585 426 163 1782 1929 2898 1223 2804 0 1858 2540 

WIPP 1475 1918 1678 1410 307 2019 1689 2185 1705 769 477 1633 2243 1662 1858 0 1475 

YM 0 2530 2487 2131 1376 3153 2401 2871 2391 987 1065 1370 2839 862 2540 1475 0 

Notes : Ames= Ames Laboratory; ANL-E = Argonne National Laboratory-East; .ANL-W = Argonne National Laboratory-West; 

E-26 

BCL = Battelle Columbus Laboratories; Bettis = Bettis Atomic Power Laboratory; BNL = Brookhaven National Laboratory; Fermi = 
Fermi National Accelerator Laboratory ; FEMP = Fernald Environmental Management Project ; Hanford = Hanford Site; INEL = Idaho 
National Engineering Laboratory; ITRI = Inhalation Toxicology Research Institute ; KCP = Kansas City Plant ; KAPL-S = Knolls 
Atomic Power Laboratory (Schenectady); LBL = Lawrence Berkeley Laboratory ; LLNL = Lawrence Livermore National Laboratory ; 
LANL = Los Alamos National Laboratory ; Mound = Mound Plant; NRF = Naval Reactor Facility; NTS = Nevada Test Site; ORISE 
= Oak Ridge Institute for Science and Education; ORR = Oak Ridge Reservation; PGDP = Paducah Gaseous Diffusion Plant; Pantex = 
Pantex Plant; Pinellas = Pinellas Plant; PORTS = Portsmouth Gaseous Diffusion Plant; PPPL = Princeton Plasma Physics Laboratory; 
RMI= Reactive Metals , Inc .; RFETS = Rocky Flats Environmental Technology Site; SNL-NM = Sandia National Laboratories (New 
Mexico) ; SNL-CA = Sandia National Laboratories (California); SRS = Savannah River Site; SLAC = Stanford Linear Accelerator 
Center; WVDP = West Valley Demonstration Project ; WIPP = Waste Isolation Pilot Plant; and YM = Yucca Mountain. 

• Rail routes generated by using the INTERLINE 5 .0 routing model (Johnson et al., 1993b). 
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of highway. A special feature of the HIGHWAY 3.1 model is its ability to calculate routes that maximize 

the use of interstate highways . This feature allows the user to predict routes for shipping radioactive 

materials that conform to DOT transportation regulations, specifically HM-164. The population densities 

along a route are derived from 1990 census data from the U.S. Bureau of the Census. Rural, suburban, and 

urban areas are characterized according to the following breakdown: rural population densities range from 

0 to 54 persons/km2 (0 to 39 persons/mi2); the suburban range is 55 to 1,284/km2 (140 to 3,326/mi2); and 

urban covers all population densities greater than 1,284/km2 (3,326/mi2). 

E.4.2.1.2 INTERLINE 5.0 

The INTERLINE 5.0 computer program is designed to simulate routing of the U.S. rail system. The 

INTERLINE database consists of 94 separate subnetworks and represents various competing rail companies 

in the United States. The database used by INTERLINE was originally based on data from the Federal 

Railroad Administration and reflected the U.S. railroad system in 1974. The database has been expanded 

and modified over the past two decades. The code is updated periodically to reflect current track conditions 

and has been compared with reported mileages and observations of commercial rail firms . 

The INTERLINE 5. 0 model uses a shortest route algorithm that finds the path of minimum impedance 

within an individual subnetwork. A separate method is used to find paths along the subnetworks. The routes 

chosen for this study used the standard assumptions in the INTERLINE model that simulate the process of 

selection that railroads would use to direct shipments of radioactive waste. For sites that do not have direct 

rail access, the rail siding nearest the site was used for routing. The population densities along a route are 

derived from 1990 census data. Rural, suburban, and urban areas are characterized according to the 

following breakdown: rural population densities range from O to 54 persons/km2 (0 to 139/mi2); the 

suburban range for population density is 55 to 1,284/km2 (140 to 3,326/mi2); and urban covers all 

population densities greater than 1,284/km2 (3,326/mi2). 

E.4.2.2 Onsite Transportation 

Most radioactive waste at the Hanford Site is shipped by truck . The routes for onsite transportation used 

for this analysis are typical of those used for shipping radioactive waste onsite at the Hanford Site (DOE, 

1989). Because the Hanford Site maintains an extensive onsite railroad network, consideration of rail 
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transport was included to maintain consistency with the analyse of off ite tran portation. Rail routes were 

chosen to minimize distance traveled. 

E.5 Methods for Calculating Transportation-Related Risks 

The technical approach for conducting the transportation risk assessment was developed after a thorough 

and critical review of the literature and existing documentation in the National Environmental Policy Act 

for Federal actions involving transportation of radioactive materials . Consideration was also given to recent 

DOE commitments arising from litigation and public awareness. The approach selected uses several 

computer models and databases to determine risks for each case. The method for offsite assessment is 

discussed in Section E.5.1; the method for onsite assessment is discussed in Section E.5.2. 

E.5.1 OFFSITE TRANSPORTATION 

The approach for offsite transportation risk assessment is summarized in Figure E-3 and discussed in detail 

in this section. For each case, risks are assessed for routine transportation and accidents. For the routine 

assessment, risks are calculated for the collective populations of potentially exposed individuals, as well as 

for the MEls. The accident assessment consists of two components: (1) an accident risk assessment, which 

considers the probabilities and consequences of a range of possible transportation-related accidents, 

including low-probability accidents that have high consequences, and high-probability accidents that have 

low consequences; and (2) an accident consequence assessment, which considers only the radiological 

consequences of the severe transportation-related accidents that are postulated to result in the largest releases 

of radioactive material. 

The RADTRAN 4 computer code (Neuhauser and Kanipe, 1993) is used for routine and accident risk 

assessments to estimate the impacts to collective populations. RADTRAN 4 was developed by SNL-NM 

to calculate population risks associated with transporting radioactive materials by various means, including 

truck, rail, air, ship, and barge. The code has been extensively reviewed, updated, and used for 

transportation risk assessments since it was issued in the late 1970s. 

The RADTRAN 4 calculations of population risk take into account the consequences and the probabilities 

of potential exposures. The collective population risk is a measure of the total radiological risk posed to 
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society as a whole by the alternative being considered. The collective population risks are used as the 

primary means of comparing the various alternatives. 

As a complement to the RADTRAN calculations, the RISKIND computer code (Yuan et al. , 1993) is used 

to estimate scenario-specific doses to MEis for routine operations and accidents and to estimate population 

impacts for the accident consequence assessment. The RISKIND computer code was developed for the DOE 

Office of Civilian Radioactive Waste Management specifically to analyze radiological consequences to 

individuals and population subgroups associated with transporting spent nuclear fuel . Minor modifications 

to the code were made for WM PEIS applications to accommodate shipments of all types of radioactive 

waste . 

The RISKIND calculations are conducted for the WM PEIS to supplement the results for collective risk 

calculated with RADTRAN 4. Whereas the results for collective risk provide a measure of the overall risks 

of each case , the RISKIND calculations are meant to address areas of specific concern to individuals and 

subgroups of population. Essentially , the RISKIND analyses are meant to address hypothetical questions, 

such as, "What if I live next to a site access road?" or "What if an accident happens near my town?" 

E.5.1.1 Routine (Incident-Free) Risk Assessment Method 

E.5.1.1.1 Collective Population Risk 

The radiological risk associated with routine transportation results from the potential exposure of people 

to low-level external radiation from loaded shipments . The maximum allowable external dose rates for 

exclusive-use shipments were presented in Section E.3 .1. 

For routine transportation, the RADTRAN 4 computer code considers all major groups of potentially 

exposed persons. The RADTRAN 4 calculations of risk for routine highway and rail transportation include 

exposures of the following population groups: 

• Persons Along the Route (Off-Link Population) . Collective doses are calculated for all persons living or 

working within 0.8 km (0.5 mi) on each side of a transportation route. The total number of persons 

within the 1.6-km (1-mi) corridor is calculated separately for each route considered in the assessment. 
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• Persons Sharing the Route (On-Link Population). Collective doses are calculated for persons in all 

vehicles sharing the transportation route . This group includes persons traveling in the same or the 

opposite direction as the shipment, as well as persons in vehicles passing the shipment. 

• Persons at Stops. Collective doses are calculated for people who may be exposed while a shipment is 

stopped en route. For truck transportation, these include stops for refueling, food, and rest. For rail 

transportation, stops are assumed to occur for purposes of classification. 

• Crew Members. Collective doses are calculated for truck and rail transportation crew members. 

The doses calculated for the first three population groups are added generically to yield the collective dose 

to the public; the dose calculated for the fourth group represents the collective dose to workers. The 

RADTRAN 4 models for routine dose are not intended to be used for estimating specific risks to 

individuals. 

The RADTRAN 4 calculations for routine dose are based on generically expressing the dose rate as a 

function of distance from a point source (Neuhauser and Kanipe, 1993). Associated with the calculation of 

routine doses for each exposed population group are parameters such as the radiation field strength, source­

receptor distance, duration of exposure, vehicular speed, stopping time, traffic density, and route 

characteristics such as population density . The RADTRAN manual contains derivations of the equations 

and descriptions of these parameters (Neuhauser and Kanipe, 1993). The values for many of the most 

important parameters are presented in Section E.6. 

The collective routine risks are calculated for each specific alternative as follows. Each alternative is first 

defined as a set of origin-and-destination pairs. Representative highway and rail routes are determined for 

each unique pair, as described in Section E.4. The number of shipments transported across each linkage 

is then calculated for truck and rail modes by using estimated site-specific waste inventories and information 

on shipment capacity, which is in Section E.3. For shipments between each origin-and-destination pair, 

RADTRAN 4 is used to calculate collective risks to workers and the public on the basis of representative 

radiological and physical properties of the waste type being considered. The collective risks are then 

summed over the set of origin-destination pairs to estimate the coll7ctive routine risks associated with that 

case. 
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E.5.1.1.2 Maximally Exposed Individual Risk 

In addition to assessing the routine collective population risk, the RISKIND model has been used to estimate 

risk to MEis for a number of hypothetical exposure scenarios. The receptors include transportation crew 

members, departure inspectors, and members of the public exposed during traffic delays, while working 

at a service station, or while living near a DOE site . 

The dose to each MEI considered is calculated with RISKIND for an exposure scenario defined by a given 

distance, duration, and frequency of exposure specific to that receptor. The distances and durations of 

exposure are similar to those given in previous transportation risk assessments (DOE, 1987b; DOE, 1990a) 

and are presented in Section E.6. The scenarios are not intended to be exhaustive but were selected to 

provide a range of potential exposure situations. 

The RISKIND external dose model considers direct external exposure and exposure from radiation scattered 

from the soil and air. The RISKIND model is used to calculate dose as a function of distance (millirems per 

hour) for stationary exposures and millirems per event (for moving shipments) from a waste shipment on 

the basis of the shipment dimensions. The code approximates the shipment as a cylindrical volume source; 

and the calculated dose includes secondary radiation-scattering contributions from buildup (scattering by 

waste contents), cloudshine (scattering by air), and groundshine (scattering by the ground). The dose rates 

calculated by using RISKIND have been shown to be comparable with output from existing shielding codes 

for various waste configurations. The RISKIND model produces realistic but conservative results. As a 

conservative measure, credit for potential shielding between the cask and the receptor is not considered, 

although RISKIND allows for shielding provisions. 

E.5.1.1.3 Vehicle-Related (Nonradiological) Routine Risk 

Vehicle-related health risks resulting from routine transportation may be associated with the transporting 

vehicles that generate air pollutants during waste shipment, independent of the nature of the shipment. The 

health endpoint assessed under routine transport conditions is the excess (additional) latent mortality caused 

by inhalation of vehicular exhaust emissions. A risk factor for latent mortality from pollutant inhalation, 

generated by Rao et al. (1982), is 1 x 10·7/km (l.6x 10·7/mi) of truck travel in an urban area 

(1.3 x 10·7/railcar-krn for rail) . This risk factor is based on regression analyses of the effect of sulfur dioxide 

and particulate releases from diesel exhaust on mortality. Excess latent mortality is assumed to be equivalent 
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to cancer fatalities. Vehicle-related risks from routine transportation are calculated for each case by 

multiplying the total distance traveled in urban areas by the appropriate risk factor. Similar risk factors are 

not available for rural and suburban areas . 

Risks are summed over the entire route and over all shipments for each alternative. This method has been 

used in several reports to calculate risks from routine transport of radioactive wastes (DOE, 1986b, 1987a, 

1990a) and provides a convenient method of comparing the risks of routine transport for HW shipment 

alternatives and the risks of HW versus radioactive waste shipments under routine conditions. Lack of 

information for rural and suburban areas is an obvious gap in the data, although the risk factor would 

presumably be lower because total emissions from all sources in rural and suburban areas are lower. 

E.5.1.2 Accident Assessment Method 

E.5.1.2.1 Radiological Accident Risk Assessment 

The risk analysis for potential accidents differs fundamentally from the risk analysis for routine 

transportation because occurrences of accidents are statistical. The accident risk assessment is treated 

probabilistically in RADTRAN 4. Accident risk is defined as the product of the accident consequence (dose) 

and the probability of the accident occurring. In this respect, the RADTRAN 4 code estimates the collective 

accident risk to populations by considering a spectrum of transportation-related accidents. The spectrum 

of accidents is designed to encompass a range of possible accidents, including low-probability accidents with 

high consequences and high-probability accidents with low consequences ("fender benders") . The results 

for collective accident risk can be directly compared with the results for routine collective risk because the 

former results incorporate the probabilities of accident occurrences. 

The RADTRAN 4 calculation of collective accident risk employs models that quantify the range of potential 

accident severities and the responses of transported packages to accidents. The spectrum of accident severity 

is divided into a number of categories. Each category of severity is assigned a conditional probability of 

occurrence-that is, the probability that an accident will be of a particular severity if an accident occurs . 

The more severe the accident, the more remote the chance of such an accident. Release fractions , defined 

as the fraction of the material in a package that could be released in an accident, are assigned to each 

accident severity category on the basis of the physical and chemical form of the waste material. The models 

VOLUME IV E-33 



Appendix E Part I Transportation Risk Assessment 

take into account the transportation mode and the packaging type bein considered. The accident rate , the 

definition of accident severity categories , and the release fractions used in this analysis are discussed further 

in Section E.6. 

For accidents involving the release of radioactive material, RADTRAN 4 assumes that the material is 

dispersed into the environment according to standard Gaussian diffusion models . For the risk assessment, 

default data for atmospheric dispersion were used, representing an instantaneous ground-level release and 

a small-diameter source cloud (Neuhauser and Kanipe, 1993). The calculation of the collective population 

dose after the release and dispersal of radioactive material includes the following exposure pathways: 

• External exposure to the passing radioactive cloud 

• External exposure to contaminated soil 

• Internal exposure from inhaling airborne contaminants 

• Internal exposure from ingesting contaminated food 

For the pathway of ingestion , State-specific food transfer factors, which relate the amount of radioactive 

material ingested to the amount deposited on the ground, were calculated in accordance with the methods 

described by NRC Regulatory Guide 1.109 (NRC, 1977b) and were used as input to the RADTRAN code. 

Doses of radiation from ingesting or inhaling radionuclides are calculated with standard dose conversion 

factors (DOE, 1988a-b). 

The collective accident risk for each case is determined in a manner similar to that described for routine 

collective risks. Accident risks are first calculated for each unique origin-and-destination pair and then are 

summed over all pairs to estimate the total risk for the case. The accident risk assessment uses site-specific 

and waste type-specific radiological and physical waste characteristics , which are described further in 

Section E.6 . In addition, the assessment uses route-specific information and accident rates derived for 

individual States. 

E.5.1.2.2 Radiological Accident Consequence Assessment 

The RISKIND code is used to provide a scenario-specific assessment of radiological consequences of severe 

transportation-related accidents for each waste type . The RADTRAN 4 accident risk assessment considers 

the entire range of accident severities and their related prob:abilities , whereas the RISKIND accident 
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consequence assessment focuses on accidents that result in the largest releases of radioactive material to the 

environment. 

For each waste type , accident consequences are presented for a shipment of waste that represents the highest 

potential radiological risk if an accident occurs . This "maximum reasonably foreseeable accident" is 

identified for each waste type by screening the site-specific radiological waste characteristics (that is, activity 

concentrations) developed for this PEIS, taking into account the physical forms of waste and the relative 

hazards of individual radionuclides. For most waste shipments, the consequences of severe accidents would 

be less than those presented for the maximum reasonably foreseeable case. The accident consequence 

assessment is intended to provide an estimate of the maximum potential impacts posed by a severe 

transportation-related accident involving a particular waste type. 

The severe accidents considered in the consequence assessment are characterized by extreme mechanical 

and thermal forces. In all cases, these accidents result in a release of radioactive material to the 

environment. The accidents correspond to those within the highest accident severity category, as described 

previously. These accidents represent low-probability high-consequence events. Therefore, accidents of 

this severity are expected to be extremely rare. However, the overall probability that such an accident 

could occur is dependent upon the potential accident rates for this severity category and the shipping 

distance for each case . 

The RISKIND model was used to assess accident consequences for two reasons. First, its code can model 

the complex atmospheric (or site-specific) dispersion from severe accidents. The atmospheric dispersion 

is modeled as an instantaneous release by using standard Gaussian puff methods. In addition, because severe 

accidents routinely involve fires, modeling the potential radiological consequences takes into account 

physical phenomena resulting from the fire, such as buoyant plume rise. Second, RISKIND can estimate 

the dose to MEis near an accident. RISKIND is used to determine the MEI' s location on the basis of the 

atmospheric conditions assumed at the time of the accident and the thermal characteristics of the release . 

For each waste type, the accident consequences are calculated for local populations and for MEls. The 

population dose includes the population within 80 km (50 mi) of the accident site . The exposure pathways 

considered are similar to those discussed previously for the accident risk assessment. Although remedial 

activities after the accident (for example , evacuation or ground cleanup) would reduce the consequences, 

these activities were not considered in the consequence assessment. 
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Because predicting the exact location of a evere tran portation-related accident is impossible, separate 

consequences are calculated for accidents occurring in rural , suburban, and urban zones of population 

density. Moreover, to address the effects of the atmospheric conditions existing at the time of an accident, 

two different atmospheric conditions are considered. The first case assumes neutral atmospheric conditions, 

and the second assumes stable conditions. Atmospheric conditions are discussed further in Section E.6. 

E.5.1.2.3 Vehicle-Related (Nonradiological) Accident Risk Assessment 

The vehicle-related accident risk refers to the potential for transportation-related accidents that directly 

result in fatalities that are not related to the shipment's cargo. This risk represents fatalities from mechanical 

causes. State-specific transportation fatality rates are used in the assessment and are discussed in 

Section E.6. Vehicle-related accident risks are calculated for each case by multiplying the total distance 

traveled in each State by the appropriate State rate for transportation-related fatalities. In all cases, the 

vehicle-related accident risks are calculated by using distances for round-trip shipment. 

E.5.2 ONSITE TRANSPORTATION 

The RISKIND computer code was used to calculate the routine and accident doses to MEis and to collective 

onsite populations from onsite transportation at the Hanford Site. The RISKIND code allows for extensive 

use of site-specific data. Sitewide characteristics, such as weather data, nonuniform population densities, 

and surrounding agricultural productivity, are variable input pa~ameters . In addition, the characteristics of 

receptors, such as shielding, intake rates, and location relative to the shipping route, can be specified. 

E.5.2.1 Routine (Incident-Free) Risk Assessment Method 

For routine conditions, RISKIND is used to calculate the dose and risk to specific individuals distinguished 

by their location relative to a shipment when it is stationary or moving. As a conservative assumption, 

potential shielding between the waste shipments and the receptor is not considered. 

The following four groups of receptors are considered for the onsite routine risk assessment: 

• Truck and rail crew members (crew dose) 

• Workers near the transportation route (off-link worker population dose) 
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• Persons sharing the transportation route (on-link dose) 

• Guards at the gates of individual facili ties or at checkpoints along the route 

The dose to the crew members is calculated by multiplying the distance traveled times the dose per 

kilometer calculated by RADTRAN 4 at the crew compartment. The dose rate in the crew compartment is 

limited to a value of 2 mrem/h by Federal regulations. RADTRAN 4 was used for estimating the dose to 

the crew to retain consistency with the offsite transportation assessment. 

Onsite workers at the Hanford Site are located within well-defined facilities or work areas. All areas within 

0.8 km (0.5 mi) on each side of the route were considered. RISK.IND was used to calculate the population 

dose to each affected area by specifying the minimum distance from the route, the maximum distance from 

the route, and the average population density of that specific work area . The dose for each area was 

calculated while the shipment was immediately next to the area. 

RISK.IND was used to calculate the dose to individuals sharing the truck transportation route with waste 

shipments on the basis of the average vehicular occupancy and speed, road type, and one-way traffic 

densities. Members of the public, as well as workers , receive this dose because a section of a principal 

onsite route is over public-access roadways. No on-link dose was calculated for rail transportation because 

the tracks at the Hanford Site are used exclusively by Hanford; no parallel sets of tracks exist over the 

route . 

For truck routes, the guard at the boundary of the shipping facility or the one at the checkpoint along the 

route is potentially the closest individual to the shipment outside of the loading facilities . This dose was 

calculated directly by using RISK.IND . 

E.S.2.2 Accident Consequence Assessment Method 

For each waste type, the radiological accident consequences of the onsite transportation and its attendant 

health risks were calculated. The probabilities for onsite transportation accidents at Hanford Site (Wang 

et al., 1991) were used to estimate the likelihood of potential accidents and the associated maximum credible 

radioactive release for each waste type . 
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Doses to an MEI and to onsite and offsite populations are calculated by using RISKIND and parameters 

specific to Hanford. Doses include contributions from inhalation, cloudshine, and groundshine; no pathway 

for food ingestion has been considered for MEis or for onsite worker populations. The food-ingestion 

pathway was considered only for offsite rural populations . 

E.6 Input Parameters and Assumptions 

The transportation risk assessment is designed to ensure-through uniform and judicious selection of 

models, data, and assumptions-that relative comparisons of risk among the various alternatives are 

meaningful. This goal is accomplished by uniformly applying to all alternatives the input parameters and 
I 

assumptions common to each waste type. The principal input parameters and assumptions used in the 

transportation risk assessment are discussed in this section. 

E.6.1 WASTE INVENTORY AND CHARACTERIZATION DATA 

The computational model WASTE_ MGMT was developed at ANL-E to support the PEIS analyses of risks 

and costs (ANL, 19961). Input to the model includes data on the waste inventory and on waste 

characterization at each DOE site, data on operations for the TSD facilities used for the wastes, and 

definitions of various alternatives . The sources and development of the model input data are described in 

the supporting technical reports specific to each waste type (ANL, 1996g-k) . 

One output of the model consists of the quantity, physical form, and radiological characteristics of the waste 

shipped between sites for each case. Table E- 4 shows an example of output for an LL W case. The output 

presents part of a waste transportation data file that includes, for each origin- and-destination pair, the total 

quantity of waste shipped (both volume and mass) , as well as the total activity (curies) of radionuclides in 

the waste being shipped. The effects of potential waste treatment, such as volume reduction or incineration, 

are considered in the model and are reflected in changes in waste density and activity concentrations. The 

WASTE_ MGMT output files are used directly as input to the transportation risk assessment. 

For each waste type, the physical forms of the waste are generally classified into a small number of 

categories, such as vitrified waste, liquid waste, metal waste , and heterogeneous solid waste . The package 

release fractions are developed according to the physical characteristics of the waste in each category . 
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Table E-4. Example of a Partial Argonne National La,boratory WASTE_ MGMT 
Computational Model Output File Used as Input 

for the Transportation Radiologi.cal Risk Assessment° 

Waste Stream LLW 

__ Origin Site_ AMES--· 

Destination Volume Mass 

Site NTS m3/yr 1.16E+0l kg/yr 2.99E+04 
~ -------------------------------------------------------------------------

Activity 
Radionuclide Ci/yr 

------------------ -------------
Tl-208 4.S0E-07 

Pb-212 l.19E-06 

Bi-212 l.19E-06 

Po-212 7.68E-07 

Po-216 1.19E-06 

Ra-224 l .19E-06 

Ra-228 7.12E-06 

Ac-228 7.12E-06 

Th-228 l.19E-06 

Th-231 6.86E-06 

Th-232 7.23E-05 

Th-234 8.79E-03 

Pa-234 9.0lE-07 

Pa-234m 8.79E-03 

U-235 6.83E-06 

U-238 8.79E-03 

Pu-238 6.94E-04 

Pu-239 5.30E-05 

Pu-240 l.85E-04 

Pu-241 2.55E-02 

Am-241 l.06E-06 

Cm-242 l.48E-05 

Cm-244 5.30E-06 

a A complete WASTE_MGMT output file contains the above shipment information for all 
origin-and-destination pairs for a given case. For illustrative purposes , only shipments between 
one origin and one destination are shown. 
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E.6.2 SHIPMENT EXTERNAL DOSE RA TES 

The dose (and, correspondingly , the risk) to populations and MEis during routine transportation is directly 

proportional to the assumed external dose rate from the shipment. The Federal regulations for maximum 

allowable external dose rates for exclusive-use shipments are presented in Section E.3.1. The actual 

shipment dose rate is a complex function of the composition and configuration of shielding and containment 

materials used in the waste packaging, the geometry of the loaded shipments, and the characteristics of the 

waste material itself. The external dose rates assumed for each waste type are summarized in Table E-5 and 

are discussed in detail in the text. In practice, external dose rates vary not only from site to site and from 

waste type to waste type but also from shipment to shipment at a given site. 

E.6.2.1 HLW Shipments 

For HL W shipments, the external dose rate has been assumed to be equal to the regulatory limit of 

10 mrem/h at 2 m (6.6 ft) for all shipments. The regulatory limit was assumed because extensive historical 

data for HLW shipments do not exist. In practice, the dose rates may range well below the regulatory limit 

assumed for this assessment. TJ:,P,refore, assuming that the dose rates are equal to the regulatory limit 

provides a conservative estimate . 

E-40 

Table E-5. Shipment External Dose Rates 
for Each Waste Type 

Waste Type 

LLMW 

External Dose Rate 

10 mrem/h at 2 m (6.6 ft) 

1 mrem/h at 1 m (3.3 ft) 

CH = 3 mrem/h at 1 m (3 .3 ft) 
RH = 7 mrem/h at 1 m (3.3 ft) 

1 mrem/h at 1 m (3 .3 ft)d 

Notes: CH = contact handled waste; RH = remote-handled 
waste. 
a Regulatory limit (10 CFR 71). 
b Based on historical DOE LL W shipments as reported to 
the Shipment Mobility/Accountability Collection (Morris, 
1993) . 
c Derived from DOE (1990a). 
d Based on comparison of LLMW and LL W radiological 
characteristics . 
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E.6.2.2 LL W Shipments 

For LLW shipments , the external dose rates from historical waste shipments were investigated by using the 

Shipment Mobility/Accountability Collection (SMAC) system (Morris , 1993). The SMAC database contains 

information about unclassified commercial freight shipments made by DOE and its contractors . The 

information available in the SMAC database is collected from site shipping and receiving documents. 
' 

Available information for shipments of radioactive materials includes the types of material shipped, the 

number of packages in each shipment, shipment weights , external dose rates , and package isotopic 

inventories. Approximately two-thirds of all DOE unclassified shipments are estimated to be reported to 

the SMAC database . 

Shipment information from the SMAC database was examined for fiscal years 1983 to the present (Morris, 

1993). Information was provided for three general categories of radioactive material: irradiated fuel, 

"other" highway route controlled quantities, and LLW. (The material categories chosen were dictated by 

the format in which data are submitted and entered into the SMAC database and are not consistent with the 

definitions of waste types used in this PEIS.) Of the 15,000 LLW shipments recorded in the SMAC 

database, approximately 2,500 reported external dose rates. The average dose rate reported was 

approximately 1 mrem/h, measured at 1 m (3 .3 ft) from the surface of a shipment. This value was used for 

future LL W shipments for the PEIS analysis. 

E.6.2.3 TRUW Shipments 

For TROW shipments, external package dose rates have been derived from information in the Supplemental 

Final Environmental Impact Statement (SPEIS) for WIPP (DOE, 1990a). In the WIPP SPEIS , site-specific 

external package dose rates were presented for CH-TRUW and for RH-TROW packages. For this PEIS, 

the average external dose rates were calculated by using the SPEIS values and were used for purposes of 

assessment. The average external package dose rates were calculated to be 3 mrem/h for CH-TRUW and 

7 mrem/h for RH-TROW at 1 m (3.3 ft). 
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E.6.2.4 LLMW Shipments 

Because very limited data exists for historical LLMW shipments, and the fact that the radiological 

characteristics of LLMW were assumed to be similar to LL W for the PEIS, the external dose rate for 

shipments of LLMW was assumed to be the same as for the LLW shipments . As with LLW shipments, an 

average dose rate of 1 mrem/h measured at 1 m (3 .3 ft) from the surface of a shipment was assumed for 

analysis purposes. 

E.6.3 POPULATION DENSITY ZONES 

Three population density zones-rural, suburban, and urban-were used for the offsite population risk 

assessment. The fractions of travel in each zone were determined by using the HIGHWAY and 

INTERLINE routing models. The rural, suburban, and urban zones are assigned average population 

densities of 6/km2 (15.5/mi2), 719/km2 (l,862/mi2), and 3,861/km2 (10,000/mi2), respectively . These 

population densities are typical of rural, suburban, and urban environments (NRC, 1977a). Occurrence of 

the three population density zones is based on an aggregation of the 12 population density zones provided 

in the HIGHWAY and INTERLINE model outputs. For calculation purposes, information about population 

density was generated at the State level and used as RADTRAN input for all origin-and-destination pairs. 

For the onsite analysis, the population density of the Hanford Site was used. 

E.6.4 ACCIDENT RATES 

For calculating accident risks, vehicle accident involvement and fatality rates are taken from data provided 

in Saricks and Kvitek (1994). For each transport mode, accident rates are generically defined as the number 

of accident involvements (fatalities) in a given year per unit of travel of that mode in the same year. 

Therefore, the rate is a fractional value-the accident-involvement count is the numerator, and vehicular 

activity (total traveled distance) is the denominator. Accident rates are derived from multiple-year averages 

that automatically account for such factors as heavy traffic and adverse weather conditions . For assessment 

purposes, the total number of expected accidents or fatalities is calculated by multiplying the total shipping 

distance for a specific case by the appropriate accident or fatality rate. 

For truck transportation, the rates presented in Saricks and Kvitek (1994) are specifically for heavy 

combination trucks involved in interstate commerce. Heavy combination trucks are rigs composed of a 
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separable tractor unit containing the engine and one to three freight trailers connected to each other and the 

tractor. Heavy combination trucks are typically used for shipping radioactive wastes . Truck accident rates 

are computed for each State on the basis of statistics compiled by the DOT Office of Motor Carriers for 

1986 to 1988. Saricks and Kvitek (1994) present accident involvement and fatality counts, estimated 

kilometers of travel by State, and the corresponding average accident involvement, fatality, and injury rates 

for the 3 years investigated. Fatalities (including crew members) are deaths attributable to the accident that 

occurred any time within 30 days of the accident. 

Rail accident rates are computed and presented similarly to truck accident rates in Saricks and Kvitek 

(1994); however, for rail transport, the unit of haulage is the railcar. State-specific rail accident involvement 

and fatality rates are based on statistics compiled by the Federal Railroad Administration for 1985 to 1988. 

Rail accident rates include both mainline accidents and those occurring in rail yards. 

The accident assessment presented in this appendix uses separate accident rates for travel in rural, suburban, 

and urban population density zones in each State. Therefore, total accident risk for a case depends on the 

total distance traveled in various population zones in each State and does not rely on national average 

accident statistics. However, for comparative purposes, the national average truck accident rate presented 

in Saricks and Kvitek (1994) is 2.4 x 10-7 accidents/km (3.9 x 10-7 accidents/mi). The national average 

railcar accident rate is 5. 6 x 10-8 accidents/km (9. 0 x 10-8 accidents/mi). For the onsite accident assessment, 

accident probabilities at the Hanford Site were taken from Wang et al. (1991). 

Note that the accident rates used in this assessment were computed using all interstate shipments, regardless 

of the cargo. Saricks and Kvitek (1994) point out that shippers and carriers of radioactive material generally 

have a higher-than-average awareness of transportation risk and prepare cargos and drivers for such 

shipments accordingly. This preparation should have the twofold effect of reducing component and 

equipment failure and mitigating the contribution of human error to accident causation. These effects were 

not considered in the accident assessment. 

E.6.5 ACCIDENT SEVERITY CATEGORIES 

A method to characterize the potential severity of transportation-related accidents is described in a NRC 

report commonly referred to as NUREG-0170 (NRC, 1977a). The NRC method divides the spectrum of 

transportation accident severities into eight categories. Other studies have divided the same accident 
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spectrum into 6 categories (Wilmot, 1981) and into 20 categories (Fischer et al. , 1987); however, these 

studies fo u d primarily on a id nt in 1 ing pent nu lear fuel hipment . 

The NUREG-0170 scheme for accident classification is shown in Figure E-4 for truck transportation, and 

Figure E-5 for rail transportation . Severity is described as a function of the magnitudes of the mechanical 

forces (impact) and thermal forces (fire) to which a package may be subjected during an accident. Because 

all accidents can be described in these terms, severity is independent of the specific accident sequence. In 

other words, any sequence of events that results in an accident in which a package is subjected to forces 

within a certain range of values is assigned to the accident severity category associated with that range. The 

scheme for accident severity is designed to take into account all credible transportation-related accidents, 

including accidents with low probability but high consequences and those with high probability but low 

consequences. 

Each severity category represents a set of accident scenarios defined by a combination of mechanical and 

thermal forces . A conditional probability of occurrence (that is, the probability that if an accident occurs, 

it is of a particular severity) is assigned to each category. The fractional occurrences for accidents by the 

accident severity category and the population density zone are shown in Table E-6. 

Category I accidents are the least severe but the most frequent, whereas Category VIII accidents are very 

severe but very infrequent. To determine the expected frequency of an accident of a given severity, the 

conditional probability in the category is multiplied by the baseline accident rate. Each population density 

zone has a distinct baseline accident rate and distribution of accident severities related to differences in 

average vehicular velocity, traffic density, and other factors, including location-rural, suburban, or urban. 

For the accident consequence assessment, the doses were assessed for populations and individuals by 

assuming an accident of severity Category VIII. This accident severity category represents the most severe 

accident scenarios, which would result in the largest releases of radioactive material. Accidents of this 

severity are extremely rare, occurring approximately once in ev.ery 70,000 truck or 100,000 rail accidents 

involving a radioactive waste shipment. On the basis of national accident statistics (Saricks and Kvitek, 

1994), for every 1.6 km (1 mi) of shipment (loaded), the probability of an accident of this severity is 

6 x 10-12 for shipment by truck and 1 x 10 -12 for shipment by rail. For the PEIS waste alternatives (the 

largest estimated shipment mileage is 560 million mi for LL W), no accident of such severity is expected 

to occur. 

E-44 VOLUME IV 



Transportation Risk Assessment 

-(/) 
C 
0 -~ 
Q) 
C 

C") 
0 ,.... -Q) 
() .... 
0 

LL 
.c 
(/) 
:::, .... 
() 

VOLUME IV 

j • 

2220 

VII VIII 

1330 

VI VII 

440 

V VI VII 

220 

IV V VI VII 

89 

111 IV V VI VII 

22 

II 111 IV 

6.7 

I 111 IV 

0 
.. 

I I -
0.5 1 1.5 2 

1300° Kelvin Fire Duration (hours) 

Reference: NRG (1977a) 

CMA2605 

Figure E-4. Scheme for NUREG-0170 Classification 
by Accident Severity Category for Truck Accidents. 

ApPendix E Part I 

E-45 



ApPendix E Part I 

--: ... 
:::, 
0 
.c --1/) ... 
Q) -Q) 

E 
..2 
~ -u 
Q) 
Q) 
a. 

Cl) -0 
ctS a. 
E 
u 
C 
ctS 
Q) ... 
:::, -0 
C 
:::, 
a.. 

E-46 

Transportation Risk Assessment 

j • 

160 

130 

97 

64 

40 

24 

8.0 

I 

0 

VII VIII 

VI VII 

V VI VII 

IV V VI VII 

111 IV V VI VII 

II Ill IV 
IV 

111 IV 

.. 
I I -

0.5 1 1.5 2 

1300° Kelvin Fire Duration (hours) 

Reference: NRG (1977a) 
CMA2604 

Fi,gure E-5. Scheme for NUREG-0170 Classification 
by Accident Severity Category for Rail Accidents. 

VOLUME IV 



Transportation Risk Assessment Appendix E Part I 

Table E-6. Fractional Occu"ences for Accidents by Severity 
Category and Population Density Zone 

Fractional Occurrence by 
Population Density Zone 

Severity Fractional 
Category Occurrence Rural Suburban Urban 

Truck 
I 5.5E-01 1.0E-01 l .0E-01 8.0E-01 

II 3.6E-01 l .0E-01 l .0E-01 8.0E-01 
III 7.0E-02 3.0E-01 4.0E-01 3.0E-01 
IV l .6E-02 3.0E~0l 4.0E-01 3.0E-01 
V 2.8E-03 5.0E-01 3.0E-01 2.0E-01 

VI l. lE-03 7.0E-01 2.0E-01 l .0E-01 
VII 8.5E-05 8.0E-01 l.0E-01 l.0E-01 

VIII l.5E-05 9.0E-01 5.0E-02 5.0E-02 

Rail 
I 5.0E-01 l .0E-01 l.0E-01 8.0E-01 

II 3.0E-01 l.0E-01 1.0E-01 8.0E-01 
III l.8E-01 3.0E-01 4.0E-01 3.0E-01 
IV l.8E-02 3.0E-01 4.0E-01 3.0E-01 
V l .8E-03 5.0E-01 3.0E-01 2.0E-01 

VI l.3E-04 7.0E-01 2.0E-01 l .0E-01 
VII 6.0E-05 8.0E-01 l .0E-01 1.0E-01 

VIII 1.0E-05 9.0e-01 5.0E-02 5.0E-02 

Source: NRC (1977a) . 

E.6.6 PACKAGE RELEASE FRACTIONS 

Radiological consequences are calculated by assigning package release fractions to each accident severity 

category. The release fraction is defined as the fraction of the radioactive material in a package that could 

be released from that package during an accident of a certain severity. Release fractions take into account 

all mechanisms necessary to create release of radioactive material from a damaged package to the 

environment. Release fractions vary according to the package type and the physical form of the waste. 

Type B packagings are designed to withstand the forces of severe accidents and, therefore, have smaller 

release fractions than Type A packagings. 

Package release fractions for accidents of each severity category are given in Table E-7 for the package 

types considered in this assessment. The values for release fractions were obtained from various sources, 

but all were derived on the basis of the methods described in NUREG-0170 (NRC, 1977a). Also important 
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Table E-7. Estimated Release Fractions for Shipping Packagings 
Under Vari(!us Accident Severity Categories 

Estimated Release Fraction 

Type B 
Severity Category Type Aa filWCask8 TRUPACT-Ilb ~. 
Truck 

I 0 0 0 
II l.0E-02 0 0 

III l .0E-01 l.OE-02 8 .0E-09 

IV l.0E+OO 1.0E-01 2.0E-07 
V l .0E+OO l.0E+OO 8 .0E-05 

VI l .0E+OO l.0E+OO 2.0E-04 

VII l.0E+OO l.0E+OO 2.0E-04 
VIII l .0E+OO l.0E+OO 2.0E- 04 

Rail 
I 0 0 0 

II l .OOE-02 0 0 
III l .OOE-01 l.OE-02 2.0E-08 
IV l.OOE+OO l.OE-01 7.0E-07 
V l.OOE+OO l.0E+OO 8.0E-05 

VI l.OOE+OO l.0E+OO 2.0E-04 
VII l.OOE+OO l.0E+OO 2 .0E-04 

VIII l.OOE+OO l.0E+OO 2.0E-04 

RH-72Bb 

0 
0 

6 .0E-09 
2.0E-07 
l.0E-04 
l.0E-04 
2.0E-04 
2 .0E-04 

0 
0 

2 .0E-08 
7.0E-07 
l.0E-04 
l .0E-04 
2.0E-04 
2.0E-04 

a Values are for total material release fraction . To determine the amount of material dispersed in the environment, these 
values must be multiplied by the aerosoliz.ed and respirable fractions give in Table E-8 for the various physical waste forms . 
b Values are for respirable release fraction. 
Sources: NRC (1977a) ; DOE (1990a). 

for the purposes of risk assessment are the fraction of the released material that can be entrained in an 

aerosol (that is, part of an airborne radioactive plume) and the fraction of the aerosolized material that is 

also respirable (of a size that can be inhaled into the lungs) . These fractions depend on the physical form 

of the waste material. Most solid materials are difficult to release in particulate form and are, therefore, 

relatively nondispersible. Conversely, liquid or gaseous materials are relatively easy to release if the 

container is compromised in an accident. The aerosolized and respirable fractions for various physical forms 

of waste have been compiled in RADTRAN (Neuhauser and Kanipe, 1993) and are given in Table E- 8. 

(Note that the release fractions for TRUW packages incorporate the aerosolized and respirable fractions on 

the basis of the characteristics of TR UW.) 
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Table E-8. Aerosolized and Respirable Material Release 
Fractions for Various Physical Waste Forms 

Phvsical Waste Form 
Vitrified waste (HLW)a 

Activated metals (LL Wl 

Heterogeneous solids (LL W, LLMW)b 

Nonvolatile liquids (LLMW) 

Volatile liquids (LLMW) 

a Considered to behave as immobile material. 
b Considered to behave as a loose powder. 
Source: Neuhauser and Kanipe (1993). 

E.6. 7 ATMOSPHERIC CONDITIONS 

Aerosolized Fraction Res irable Fraction 
1.0E-06 5.0E-02 

l .0E-06 5.0E-02 

1.0E-01 5.0E-02 

1.0E-01 5.0E-02 

1.0E+00 1.0E+OO 

Radioactive material released to the atmosphere is transported by the wind. The amount of dispersion, or 

dilution, of the radioactive material in the air depends on the meteorologic conditions at the time of the 

accident. Because predicting the specific location of an offsite transportation-related accident is impossible , 

generic atmospheric conditions were selected for the accident risk and consequence assessments. 

For the accident risk assessment, neutral weather conditions were assumed; these conditions were 

represented by Pasquill stability Class D with a windspeed of 4 m/s (9 mi/h) . Because neutral meteorologic 

conditions constitute the most frequently occurring atmospheric stability condition in the United States, 

these conditions are most likely to be present if an accident occurs involving a waste shipment. Observations 

at National Weather Service surface meteorologic stations from more than 300 U.S . locations indicate that 

on a yearly average, neutral conditions (represented by Pasquill Classes C and D) occur about half (50%) 

the time, while stable conditions occur about one-third (33 % ) of the time (Pasquill Classes E and F) , and 

unstable conditions (Pasquill Classes A and B) occur about one-sixth (17%) of the time (Doty et al., 1976). 

The neutral category predominates in all seasons but is most prevalent (nearly 60% of the observations) 

during winter. 

For the accident consequence assessment, doses were assessed under neutral atmospheric conditions 

(Pasquill Stability Class D with a windspeed of 4 m/s [9 mi/h] and stable conditions (Pasquill Stability Class 

F with a windspeed of 1 m/s [2.2 mi/h]). The results calculated for neutral conditions represent the most 

likely consequences, and the results for stable conditions represent a weather situation in which the least 

amount of dilution is evident with the highest air concentrations of radioactive material. 
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E.6.8 HEALTH RISK CONVERSION FACTORS 

The health risk conversion factors used throughout this PEIS to estimate the number of expected cancer­

caused fatalities, the incidence of cancer, and the serious genetic effects from radiological exposures were 

derived from ICRP (1991): 5.0x 104 cases of fatal cancer per person-rem for members of the public, and 

4.0 x 104 cases for workers; 1. 7 x 10-3 cases of induced cancer per person-rem for members of the public, 

and 1 .4 x 10-3 cases for workers; and 1.0 x 104 adverse genetic effects per person-rem for members of the 

public, and 6.0 x 10-5 adverse genetic effects for workers. Cancer-caused fatalities and cancer incidence are 

determined over the lifetimes of exposed populations. Genetic effects occur in descendants of the exposed 

population, and the estimates for these effects are based on the total dose to the reproductive organs. The 

genetic health risk conversion factors used in this analysis include all generations. 

E.6.9 MAXIMALLY EXPOSED INDIVIDUAL EXPOSURE SCENARIOS 

The risk to MEis has been estimated for a number of hypothetical exposure scenarios for offsite 

transportation. The receptors include crew members, departure inspectors, and members of the public 

exposed during traffic obstructions (traffic jams), while working at a service station, or by living near a 

treatment, storage, or disposal site. The dose and risk to MEis were calculated for particular distances and 

durations of exposure. The distances and durations of exposure for each receptor are similar to those used 

in previous transportation assessments (DOE, 1987b, 1990a). The scenarios for exposure are not intended 

to be exhaustive but were selected to provide a range of potential exposure situations. The assumptions for 

exposure scenarios are as follows: 

• Crew Members. Truck and rail crew members are assumed to be occupational radiation workers and 

would be monitored by a dosimetry program. Therefore, the maximum allowable dose would be 

5 rem/yr. As an administrative procedure, DOE limits doses to its workers to 2 rem/yr (DOE, 1992b). 

• Inspectors (Truck and Rail). Inspectors are assumed to be either Federal or State vehicle inspectors. 

Inspectors are not assumed to be monitored by a dosimetry program. An average exposure distance of 

3 m (9.8 ft) and an exposure duration of 30 minutes are assumed. 

• Rail-Yard Crew Member. A rail-yard crew member is not assumed to be monitored by a dosimetry 

program. An average exposure distance of 10 m (32.8 ft) and an exposure duration of 2 hours are 

assumed. 

• Resident (Truck and Rail). A resident is assumed to live 30 m (98 ft) from a site entrance route (truck 

or rail). Shipments pass at an average speed of 24 km/h (15 mi/h), and the resident is exposed 
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unshielded. Cumulative doses are assessed for each site on the basis of the number of shipments entering 

or exiting the site, with the assumption that the resident is present for 100% of the shipments . 

• Person in Traffic Obstruction (Truck and Rail). A person is assumed to be stopped next to a waste 

shipment (because of traffic or other obstructions). The person is assumed to be exposed unshielded at 

a distance of I m (3.3 ft) for 30 minutes. 

• Person at Truck Service Station. A person is assumed to be exposed at an average distance of 20 m 

(65.6 ft) for 2 hours . This receptor could be a worker at a truck stop. 

• Resident Near a Rail Stop. A resident is assumed to live near a rail classification yard. The resident is 

assumed to be exposed unshielded at a distance of 200 m (656 ft) for 20 hours. 

The largest uncertainty in predicting the dose to MEis during transportation involves determining the 

frequency of exposure occurrence. This difficulty arises from uncertainties in future shipment schedules 

and route selection and from the inherent uncertainty in predicting the frequency of random or chance 

events; for example, it is conceivable that an individual may be stopped in traffic next to a shipment of 

radioactive waste, but it is difficult to predict how often the same individual would experience this event. 

Therefore, doses are assessed on a per-event basis for most receptors considered. To account for possible 

multiple exposures, ranges of realistic total doses are discussed qualitatively. One exception is the dose 

calculation for hypothetical residents living near an entrance route to a treatment, storage, or disposal site. 

For these residents, total doses are calculated on the basis of the number of shipments entering or exiting 

each site for each PEIS alternative. 

E.6.10 GENERAL RADTRAN INPUT PARAMETERS 

In addition to the specific parameters discussed previously, values for several general parameters must be 

specified within the RADTRAN code. These general parameters define basic characteristics of the shipment 

and traffic and are specific to the transportation mode. The user's manual for the RADTRAN code 

(Neuhauser and Kanipe, 1993) contains derivations and descriptions of these parameters . Table E-9 

summarizes the general RADTRAN input parameters used in the transportation risk assessment. 

VOLUME IV E-51 



APPendix E Part I Transportation Risk Assessment 

Table E-9. General RADTRAN Input Parameters0 

Parameter Truck Rail 

Package type Waste-type Waste-type 
specific specific 

No. of crew 2 5 

Distance from source to crew (m) 3 152 

Average vehicular speed (km/h) 
Rural 88 64 
Suburban 40 40 
Urban 24 24 

Stop time (h/km) 0.011 0.033 

No . of people exposed while stopped 25 100 

No. of people per vehicle sharing route 2 3 

Population densities (persons/km2) 

Rural 6 6 
Suburban 719 719 
Urban 3,861 3,861 

One-way traffic count (vehicles/h) 
Rural 470 1 
Suburban 780 5 
Urban 2,800 5 

a Accident conditional probabilities are listed by severity category in Table E-6; 
accident release fractions are given in Table E-7. 

Source: Neuhauser and Kanipe (1993). 

E.6.11 ONSITE ASSESSMENT ACCIDENT LOCATION 

The onsite transportation accident consequence was estimated for a potential accident occurring on the 

roadway or railroad adjacent to the 300 Area at the Hanford Site. This location would maximize exposure 

to worker populations onsite and to the public offsite. The highest accident severity category possible for 

each waste type was assumed to determine the amounts of radioactive material released. 

E. 7 Results of Risk Assessment 

This section presents results of the transportation risk assessment for each of the four types of radioactive 

waste considered in the PEIS. For each waste type, results are presented for the alternatives summarized 

in Section E.2.2 and defined in detail in the waste type-specific chapters (Chapters 6 through 10). As stated 
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previously, the number and location of potential treatment, storage, or disposal sites differs for each specific 

alternative , and the number of alternatives considered varies among waste types . 

Although the method for risk assessment and important assumptions about assessment have been presented 

in detail previously, the following sections give a brief overview of the risk assessment process . This 

overview is intended to help readers interpret results as they are presented for each waste type. 

For each waste type, the impacts of transportation are calculated in four areas: (1) collective population 

risks during routine conditions and accidents for each alternative, (2) risks to MEls during routine 

conditions for each alternative, (3) consequences to individuals and populations after the most severe 

accidents involving release of radioactive material, and (4) onsite transportation risks . Each of these areas 

is described briefly. 

Collective Population Risk. The collective population risk is a measure of the total risk posed to society 

as a whole by the alternative being considered. For the collective population risk assessment, the persons 

exposed are considered as a group, without specifying individual receptors. The collective population risk 

is used as the primary means to compare the various alternatives. 

Collective population risks are calculated from vehicle- and cargo-related causes for routine transportation 

and accidents. Vehicle-related risks are independent of the shipment's cargo and include risks from 

vehicular exhaust emissions and traffic accidents (fatalities caused by physical trauma). Vehicle-related risks 

are presented in terms of estimated fatalities for each alternative. 

For radioactive material, cargo-related risk refers to the risk posed by the radioactive nature of the material. 

The RADTRAN 4 model is used to calculate collective population risks for each alternative. The 

RADTRAN 4 calculations for population risk take into account the consequences and the probabilities of 

potential exposure-causing events (such as accidents). The accident risk values are referred to as "dose risk" 

because they incorporate the probabilities of a spectrum of accidents. The collective population risks are 

presented in terms of the total dose (person-rem) to workers and to members of the public for each 

alternative. The collective population risks are also presented in terms of estimated fatalities from latent 

cancer by using the ICRP Publication 60 (ICRP, 1991) health risk conversion factors described in 

Section E.6.8. Other health endpoints, such as the incidence of cancer and severe genetic effects, are not 

explicitly presented but can be calculated by multiplying the total doses by the appropriate conversion 

factors given in Section E.6.8. 
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Maximally Exposed Individuals During Routine Conditions. During the routine transportation of 

radioactive waste, pecific individual clo e to a hipment may be exposed to radiation. For each waste 

type, the RISKIND model has been used to estimate risk to these individuals for a number of hypothetical 

exposure-causing events. The receptors include transportation crew members, inspectors, and members of 

the public exposed during traffic delays, while working at a service station, or living near a DOE site. The 

assumptions about exposure are given in Section E.6 .9. The scenarios for exposure are not meant to be 

exhaustive but were selected to provide a range of potential exposures. 

For most individual receptors considered, doses are assessed and presented on a per-event basis. No attempt 

has been made to estimate the frequency of exposure-causing events, although the range of possible 

exposures is qualitatively discussed. However, one exception is the calculation of the dose to a hypothetical 

resident living near the entrance route to a treatment, storage, or disposal site. For these residents, 

cumulative doses are calculated on the basis of the total number of shipments entering or exiting each site 

for each alternative. 

Accident Consequence Assessment. The RISKIND code is used to provide a detailed assessment of the 

consequences of the most severe transportation-related accidents for each waste type. The RADTRAN 4 

collective accident risk assessment considers the entire range of accident severities and their related 

probabilities, whereas the RISKIND accident consequence assessment assumes that an accident of the 

highest severity category (Category VIII) has occurred. The consequences, in terms of committed dose 

(rem) and latent cancer fatalities, are calculated for exposed populations and individuals near an accident. 

For each waste type, accident consequences are calculated for a waste shipment that represents the highest 

potential radiological risk if an accident occurs. The most hazardous waste is identified for each waste type 

by screening the site-specific characteristics for radiological waste (that is, activity concentrations) 

developed for the PEIS, by taking into account the physical forms of the waste and relative hazards of 

individual radionuclides. For most waste shipments, the consequences of severe accidents would be fewer 

than those presented for the most hazardous waste. Separate accident consequence calculations are not 

performed for each case for a given waste type. The accident consequence assessment is intended to provide 

an estimate of the maximum potential impacts posed by a severe transportation-related accident. 

Onsite Assessment. The risk assessment conducted for onsite transportation is intended to provide an 

estimate of the magnitude of the potential onsite transportation risk for comparison with offsite 

transportation risks. For the PEIS, onsite transportation is defined as transportation of waste between 
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facilities within the boundaries of a DOE Site. Transfers of waste within a specific facility are not 

considered onsite shipments but are part of the normal facility operations. (Offsite transportation refers to 

transporting waste between distinct sites, including parts of the routes that may be within the boundaries 

of the origin and destination sites.) 

For purposes of the PEIS, the onsite risk assessment has been limited to one representative site-the 

Hanford Site. The Hanford Site was selected primarily because it is a relatively large site that conducts 

waste management activities for all waste types. The impacts calculated for the Hanford Site are believed 

to be typical of other large DOE sites and would conservatively bound the impacts expected for smaller 

sites. The routine risks presented for the Hanford Site are expected to be the same among alternatives for 

each waste type. This is because all radioactive waste is shipped to a centrally located processing facility 

regardless of final treatment/disposal, onsite or offsite. 

E.7.1 HIGH-LEVEL WASTE 

The generation, treatment, and management of HL W and the alternatives considered in the PEIS are 

described in detail in ANL ( 1996g). In summary, canisters of vitrified HL W are assumed to be produced 

at the four DOE sites that have historically generated and currently store HLW, and these canisters would 

be transported to a geologic repository for final disposal. Untreated HL W is transferred between facilities 

by a special pipeline system. Treated (vitrified) HL W will be stored in facilities in close proximity to the 

vitrification facilities. No significant onsite transportation of HLW is assumed to occur . 

Transportation risks have been calculated for four HLW alternatives summarized in Section E.2.2. The six 

alternative cases differ primarily in the location for interim storage of canisters before final disposal in a 

geologic repository . For assessing the impacts of transportation, the PEIS assumes the location of the 

geologic repository to be at the candidate site of Yucca Mountain in Nevada, the only site currently 

authorized by legislation for investigation. 

The analysis for transportation of HL W to a geologic repository for the Centralized Alternative is divided 

into Centralized Alternative 1 and Centralized Alternative 2. Centralized Alternative 1 for HL W refers to 

shipment to a geologic repository by 2015 . Centralized Alternative 2 refers to shipment of HLW to a 

geologic repository later than 2015. 
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E. 7 .1.1 Shipment Summary 

The number of canisters of vitrified HL W shipped varies from approximately 20,000 for the No Action 

Alternative to over 28,000 for the second case of the Centralized Alternative. The impacts of transportation 

have been calculated for shipping the entire estimated inventory of HL W canisters. However, the repository 

is expected to accept approximately 800 canisters per year when it becomes operational. Impacts have been 

calculated separately for all truck and rail modes of shipment. 

The total number of shipments and the mileage for loaded shipments for each case are summarized in 

Table E-10 for truck shipments, and Table E-11 for rail shipments. For the six HLW cases, the total 

Table E-10. Total Populatwn Impacts of HLW Transportatwn 
for the WM PEIS Cases: Truck Mode 

Alternative• 

No 
Parameter Action Decentralized Regionallzed 1 Regionallzed 2 Centralized 1 Centralized 2 Onsiteb 

Shipment summary 

Shipments 

Mileage (106 mi) 

Population impacts 

Cargo-relatedc 

Dose risk (person-rem) 

Routine crewd 

Routine public 

Accident° 

Latent cancer fatalitiesf 

Crew fatalities 

Public fatalities 

Vehicle-related' 

Emission fatalities 

Accident fatalities 

Total population 
health effects 
fatalities 

Note: NA = not applicable. 

21,612 21,9'2 

30.7 

• Alternative definitions are summarized in Section E.2 .2 and provided in detail in Chapter 3 of the WM PEIS. 
b By definition, no onsite HLW shipments exist at the Hanford Site. 

28,224 

39.S 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

c Cargo-related impacts are intpacts attributable to the radioactive nature of the waste material . 
d Rail crew values are expected to range from impacts listed in this table (for dedicated shipments) to slightly higher than the truck crew 
impacts identified in the previous table. See Section E. 7 for a more detailed explanation. 
e Dose risk is a societal risk and is the product of accident probability and accident consequence. 
f Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 
4 x 10-4 fatal cancers per person-rem for workers, and S x 104 for the public. 
g Vehicle-related impacts are impacts independent of the shipment's cargo. 
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Table E-11. Total Population Impacts of HL W Transportation 
for the WM PEIS Cases: Rail Mode 

Alternativea 

No 
Parameter Action Decentralized Regionalized 1 Regionalized 2 Centralized 1 

Shipment summary 

Shipments 4,323 4,391 4,391 4,866 

Mileage (106 mi) 6.93 7.04 7.03 7.70 

Population impacts 

Cargo-relatedc 

Dose risk (person-rem) 

Routine crew 153 161 163 163 180 

Routine public 168 175 178 177 192 

Accidentd 0.0215 0.0215 0.0208 0.0217 0.0234 

Latent cancer fatalities• 

Crew fatalities 0 .061 0.064 0.065 0 .065 0 .072 

Public fatalities 0 .084 0.088 0.089 0 .089 0.096 

Vehicle-related' 

Emission fatalities 0.041 0.043 0.043 0.043 0.046 

Accident fatalities 0.014 0.015 0.015 0.015 0 .016 

Total population 0.20 0.21 0.21 0.21 0 .23 
health effects 
fatalities 

Note: NA = not applicable. 
• Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the WM PEIS . 
b By definition, no onsite HLW shipments exist at the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 

Centralized 2 Onsiteb 

5,646 NA 

8.74 NA 

205 NA 

215 NA 

0.0250 NA 

0.082 NA 

0.11 NA 

0.050 NA 

0.018 NA 

0.26 NA 

• Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 
4 x 10·4 fatal cancers per person-rem for workers, and 5 x 10·4 for the public. 
r Vehicle-related impacts are impacts independent of the shipment's cargo. 

number of truck shipments ranges from 19,912 if the canisters from currently available storage are shipped 

directly to a repository (No Action Alternative) to about 28,224 if the repository opens after 2015 and all 

the canisters are consolidated at one site for interim storage (Centralized 2 Alternative). For rail 

transportation, the corresponding numbers of shipments range from about 3,983 to 5,646. The total mileage 

for loaded shipments ranges from about 47.3 to 63 .6 million km (29.4 to 39.5 million mi) for truck 

transportation and from about 10.8 to 14.0 million km (6 .7 to 8.7 million mi) for rail transportation. 

For purposes of comparison, within the United States for the years 1986 to 1988, the average annual 

reported mileage for interstate truck shipments of all commodities was approximately 45 .1 billion km 

(28 billion mi), and for train shipments approximately 48.8 billion railcar-km (30.3 billion railcar-mi) 

(Saricks and Kvitek, 1994). The entire number of HLW shipments for the Centralized 2 Alternative would 
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thus represent less than 0.2 % of the annual amount of truck and rail transportation activity within the United 

States. 

E.7.1.2 Collective Population Risk Results 

The results for collective risk assessment for HLW shipments are also summarized in Table E-10 for truck 

shipments and Table E-11 for rail shipments. The collective risk results are presented for shipment of the 

total estimated inventory of HLW canisters . 

An examination of the results of the transportation risk assessment shows that differences in population risk 

among the various cases are dependent primarily on the number of shipments made and then on total 

shipping distances. The number of shipments and total shipping distance for each case is determined by the 

case definition (storage capacity, repository availability, shipment origin, and destination sites), the 

site-specific waste inventories (specifically waste volume and mass, which directly determine the total 

number of shipments), and the route distances among all pairs of origin and destination sites. 

For truck transportation, the total estimated number of fatalities from radiological causes ranges from 

approximately 2.8 to 3.7. For rail transportation, the number of fatalities from radiological causes ranges 

from 0.15 to 0.19. In general, shipment by rail results in sliglitly lower doses to crew members and the 

public , primarily because of the reduced number of shipments . The vehicle- and cargo-related risks are 

comparable for truck shipments. The cargo-related risks are generally greater than the vehicle-related risks 

for rail transportation. 

E. 7 .1.3 Maximally Exposed Individual Assessment 

The estimated doses during routine transportation for each individual receptor considered (see Section E.6.9 

for exposure assumptions) are presented in Table E-12 on a per-event basis. The total dose for repeated 

exposures can be estimated by multiplying the per-event dose by the number of exposure-causing events. 

The potential exists for significant individual exposures if multiple exposure-causing events occur. For 

example, the dose to a person stuck in traffic next to an HL W shipment for 30 minutes is estimated to be 

11 mrem . If the duration of exposure were longer, the dose would rise proportionally . Therefore, 

conceivably, a person could receive a dose of approximately 30 to 50 mrem while stopped in traffic next 
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Table E-12. Estimated Routine Doses and Lifetime Risk of Fatal 
Cancer to MEis From Shipments of HL W 

(per Exposure Event)0 

Dose (rem) Lifetime Riske 

Receptorb Truck Rail Truck Rail 
Workers 

Crew member d d d d 
Inspector 2.9E-03 2.9E-03 l .0E-06 l.0E-06 
Rail-yard crew member NA l.3E-03 NA 5.0E-07 

Public 
Resident 4.0E-07 4.0E-07 2.0E-10 2.0E-10 
Person in traffic jam l.lE-02 l.lE-02 6.0E-06 6.0E-06 
Person at service station 3.lE-04 NA 2.0E-07 NA 
Resident near rail stop NA l.3E-05 NA 7.0E-09 

Note: NA = not applicable. 
a The external dose rate is assumed to be 10 mrem/h at 2 m (6 .6 ft) for all shipments. 
b Receptor assumptions are described in Section E.6.9. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk 
conversion factors of 4 x 1 o·4 fatal cancers per person-rem for workers, and 5 x 1 o·4 

for the public. 
d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 

to an HL W shipment. In addition, a person working at a truck service station could receive an increased 

dose if trucks used the same stops repeatedly. If a truck stop worker is present for 100 shipment stops (at 

the distance and duration given previously), the calculated dose would be approximately 30 mrem. 

Administrative controls could be instituted to control the location and duration of truck stops if multiple 

exposures were to occur routinely . 

Table E-13 summarizes for each case the potential cumulative dose to a resident living along a site entrance 

route. The cumulative doses assume that a resident is present for every shipment entering or exiting a site 

and is unshielded at a distance of 30 m (98 ft) from the entrance route. The maximum cumulative dose 

would occur near the repository, except for the Centralized 2 case, because of the large number of 

shipments entering the site for all alternatives. The maximum total dose to this resident would be 

approximately 9 mrem for the all-truck case and 2 mrem for the all-rail case. For the Centralized 2 case 

where temporary storage of all HL W occurs at Hanford, the maximum total dose to a resident would be 

approximately 11 mrem for the all-truck case and 2 mrem for the all-rail case. The estimated dose to a 

resident would be well below the annual limit of 100 mrem specified for members of the public (DOE, 

1990b). 
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Table E-13. Cumulative Routine Dose and Lifetime Risk to an MEI 
Living Along a Site Entrance Route f or Shipments of HL ff"' 

All Truck All Rail 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Site Shipments (rem) Riskb Shipments (rem) Riskb 

No Action 
Repository 19,912 8.0E- 03 4E-06 3,983 1.6E- 03 8E- 07 
Hanford 15,000 6.0E- 03 3E-06 3,000 1.2E-03 6E-07 
SRS 4,572 1.8E-03 9E-07 915 3.7E-04 2E-07 
WVDP 340 1.4E-04 7E-08 68 2.7E-05 lE-08 
INEL 0 0.0E+OO 0E+OO 0 0.0E+OO 0E+OO 

Decentralized 
Repository 21,612 8.6E-03 4E-06 4,323 1.7E-03 9E-07 
Hanford 15 ,000 6.0E-03 3E- 06 3,000 l.2E-03 6E-07 
SRS 4,572 1.8E-03 9E-07 915 3.7E-04 2E-07 
INEL 1,700 6.8E-04 3E-07 340 l.4E-04 7E-08 
WVDP 340 1.4E-04 7E-08 68 2.7E-05 lE-08 

Regionalized 1 
Repository 21 ,612 8.6E-03 4E-06 4,323 1.7E-03 9E-07 
Hanford 15,000 6.0E-03 3E-06 3,000 l .2E-03 6E-07 
SRS 5,252 2. lE-03 lE-06 1,051 4.2E-04 2E-07 
INEL 1,700 6.8E-04 3E-07 340 l.4E-04 7E-08 
WVDP 340 l.4E-04 7E- 08 68 2.7E- 05 lE-08 

Regionalized 2 
Repository 21,612 8.6E-03 4E-06 4,323 l .7E-03 9E-07 
Hanford 15,680 6.3E-03 3E- 06 3,136 l.3E-03 6E-07 
SRS 4,572 l.8E- 03 9E-07 915 3.7E- 04 2E-07 
INEL 1,700 6.8E-04 3E-07 340 l.4E- 04 7E-08 
WVDP 340 l.4E-04 7E-08 68 2.7E- 05 lE- 08 

Centralized 1 
Repository 21,612 8.6E-03 4E-06 4,323 l.7E- 03 9E- 07 
Hanford 20,426 8.2E-03 4E- 06 4,086 1.6E-03 8E-07 
SRS 4,572 l.8E-03 9E- 07 915 3.7E-04 2E-07 
INEL 1,700 6.8E-04 3E-07 340 l.4E-04 7E-08 
WVDP 340 l.4E-04 7E-08 68 2.7E-05 lE- 08 

Centralized 2 
Hanford 28,224 l.lE-02 6E- 06 5,646 2.3E-03 lE-06 
Repository 21,612 8.6E-03 4E-06 4,323 l.7E- 03 9E- 07 
SRS 4,572 l.8E-03 9E- 07 915 3.7E- 04 2E-07 
INEL 1,700 6.8E-04 3E-07 340 l.4E- 04 7E-08 
WVDP 340 l.4E-04 7E-08 68 2.7E-05 IE- 08 

3 The external dose rate is assumed to be 10 mrem/h at 2 m (6 .6 ft) . The resident is assumed to be present for all 
shipments that either enter or exit the Site . Shipments are assumed to pass at a distance of 30 m (98 ft) and an average 
speed of 24 km/h (15 mi/h). 
b Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4 x 10-4 

fatal cancers per person-rem for workers, and 5 x 10-4 for the public. 
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E. 7 .1.4 Accident Consequence Assessment 

Table E-14 presents results of the accident consequence assessment for HLW. As stated previously, the 

results are calculated for transportation-related accidents that result in the maximum release of radioactive 

material. The results were calculated for SRS HLW, which was found to result in the highest accident­

related doses of the four types of site-specific HLW; however, all maximum accident-related doses for the 

Table E-14. Estimated Consequences for the Most Severe Accidents 
Involving Shipments of HL wz,b 

Neutral Conditionsc Stable Conditionsd 

Populatione MEif Populatione MEif 

Mode and Dose Risk Risk Dose Risk Risk 
Accident (person- (cancer Dose (cancer (person- (cancer Dose (cancer 
Location rem) fatalities) (rem) fatality) rem) fatalities) (rem) fatality) 

Truck 

Urban 4.2E+OO 2.0E-03 3.4E-03 l.7E-06 3.4E+0l l.7E-02 l.2E-02 6.0E-06 

Suburban 7.8E+0l 4.0E-04 3.4E-03 l .7E-06 6.2E+OO 3. lE-03 l.2E-02 6.0E-06 

Rural l.6E-02 8.0E-06 3.4E-03 l.7E-06 l.3E-0l 6.5E-05 l.2E-02 6.0E-06 

Rail 

Urban 2.lE+0l l.0E-02 l.7E-02 8.5E-06 l.7E+02 8.5E-02 6.0E-02 3.0E-05 

Suburban 3.9E+OO 2.0E-03 l.7E-02 8.5E-06 3. lE+0l l.6E-02 6.0E-02 3.0E-05 

Rural 8.0E-02 4.0E-05 l.7E-02 8.5E-06 6.5E-0l 3.3E-04 6 .0E-02 3.0E-05 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) 
(NRC, 1977a). Results are presented for HLW from SRS. 
b Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. One HLW 
canister is assumed to be breached in a truck accident; five canisters are assumed to be equally breached in a rail 
accident. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions 
were considered to be Pasquin Stability Class D with a windspeed of 4 mis (9 mi/h). Neutral conditions occur 
approximately 50% of the time in the United States. 
d Stable weather conditions result in minimal dispersion and dilution of the released plume and thus are unfavorable. 
Stable conditions were taken to be Pasquin Stability Class F with a windspeed of l mis (2.2 mi/h) . Stable conditions 
occur approximately one-third of the time in the United States. 
e Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population 
exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended 
cloudshine; and ingestion of food, including initially contaminated food (rural only) . No decontamination or 
mitigative actions are taken . 
f The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 
160 m (525 ft) from the accident site under neutral atmospheric conditions and 400 m (1,312 ft) under stable 
atmospheric conditions. Individual exposure pathways include acute inhalation, acute cloudshine, and groundshine 
during passage of the plume. No ingested dose is considered. 
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four HL W types were within a factor of 5. The population doses are for a uniform population density within 

an 80-km (50-mi) radius of accidents in rural, suburban, and urban population density zones . 

The location of the MEI after an accident is determined on the basis of atmospheric conditions and the 

buoyant characteristics of the released plume. The locations of maximum exposure are 160 m (525 ft) from 

the accident site for neutral conditions, and 400 m (1 ,312 ft) for stable conditions. The dose to the MEI is 

independent of the accident location. The maximum dose to an individual is approximately 60 mrem under 

stable weather conditions, which corresponds to a lifetime fatal cancer risk of 3 x 10-5. 

E. 7 .1.5 Onsite Assessment Results 

As defined previously, no onsite transportation of HLW will occur at the Hanford Site. Therefore, no onsite 

transportation impacts have been calculated for the site. 

E. 7 .2 LOW-LEVEL WASTE 

The projected rate of LL W generation for each site, the waste characteristics, the potential treatments, and 

the alternatives considered in the PEIS are described in detail in the LLW technical report (ANL, 1996h). 

Transportation risks have been calculated for the 14 LLW alternatives summarized in Section E.2.2. The 

cases range from decentralized to centralized approaches to TSD. The number of disposal sites varies from 

16 sites for decentralized disposal to 1 site for centralized disposal. Options for treatment also vary from 

decentralized to centralized approaches. 

The PEIS considers current inventories of LLW plus 20 years of generation for all DOE Sites. All impacts 

are calculated as totals for the entire inventory of waste under consideration. The average annual risk can 

be estimated by dividing the summarized results by the duration of the shipping campaigns. For the 

No Action Alternative, shipments would be distributed uniformly over a 20-year period; however, for all 

other alternatives, shipments would occur uniformly over a 10-year period, with the assumption of a 

10-year period to build TSD facilities. These timeframes are consistent with the assumptions used in the 

facility assessments for estimating throughputs. 
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E. 7 .2.1 Shipment Summary 

The total number of shipments and the mileage for loaded shipments for each LL W case are summarized 

in Table E-15 for truck shipments, and Table E-16 for rail shipments. The estimated number of shipments 

and the total mileage for the various alternatives span a wide range. The total number of truck shipments 

ranges from approximately 24,420 for the Decentralized Alternative to about 264,000 shipments for the 

Centralized 4 Alternative. For rail transportation, the corresponding numbers of shipments range from 

9,210 to 102,100. The total mileage for loaded shipments ranges from 13.9 to 906 million km (8.63 to 

563 million mi) for truck transportation and from 5.6 to 360 million km (3 .5 to 224 million mi) for rail 

transportation. The average annual number of shipments and mileage can be estimated by dividing the total 

results by a shipping duration of either 10 or 20 years. 

For comparison, within the United States for the years 1986 to 1988, the average annual reported mileage 

for interstate truck shipments of all commodities was approximately 45 billion km (28 billion mi), and for 

train shipments approximately 48 .8 billion railcar-km (30.3 billion railcar-mi) (Saricks and Kvitek, 1994). 

The estimated annual LL W shipments for the maximum transportation alternative would represent 

approximately 0.2 % of the annual truck and rail transportation activity within the United States. 

E. 7 .2.2 Collective Population Risk Results 

The results for the collective risk assessment for the 14 LLW alternatives are also summarized in 

Table E-15 for truck shipments, and Table E-16 for rail shipments. The results for collective risk are 

presented for shipment of the current inventories plus the estimated generation of LL W for a period of 

20 years. 

Examination of the results of the transportation risk assessment shows that differences in population risk 

among the various cases are primarily dependent on total shipping distances. Thus, in general, centralized 

options predictably show larger transportation risks than regionalized or decentralized approaches because 

the centralized options involve greater transportation distances . The total shipping distance for each 

alternative is determined by the definition of the case (shipment origin and destination sites), site-specific 

waste inventories (specifically waste volume and mass, which directly determine the total number of 

shipments) , packaging assumptions, and route distances among all pairs of origin and destination sites. 
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Table E-15. Total Population Impacts of Transportation of Current U W Inventories Plus 20 Years 
of U W Generation: Truck Mode 

No Decentral- Regional- Regional- Regional- Regional• 
Im ct Action md melt md2 md3 md4 

Shipment summary 

Shipments 87,360 25,800 25,880 84,200 87,390 

Mileage (106 m) 166 9.31 9.19 38.1 36.9 

Population Impacts 

Cargo-related" 

Dose risk (person-rem) 

Routine crew 4,690 343 338 1,2IO 1,190 

Routine public 5,620 362 357 1,340 1,3IO 

Accidenf 2.45 0.648 0.648 1.52 2.13 

Latent cancer fatalities" 

Crew fatalities 1.9 0.1 0.1 0.5 0.48 

Public fatalities 2.7 0.2 0.2 0.7 0.66 

V chicle-relatecit 

Emission fatalities 1.0 0.1 0.1 0.2 0.22 

Accident fatalities 10.8 0.5 0.5 2.6 2.5 

Total population health 
effects (fatalities) 16.4 0.9 0.9 4.0 3.9 

Note: NA = not applicable. 
1 Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS. 
~ Onsite i111>acts are calculated for the Hanford Site. 
c Cargo-related i111>acts are i111>acts attributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 

Alternative• 

Regional• Regional• Regional• 
ladS lad6 l:oed 7 

92,200 174,390 188,930 

63 .8 124 125 

1,900 3,870 3,890 

2,180 4,350 4,410 

344 233 205 

0.8 1.5 1.6 

I.I 2.3 2.2 

0.3 0.67 0.8 

4.4 8.7 9.0 

6.6 13 13.6 

Central• Central• Central- Central-
i:oed I l:oed 2 md3 l:oed 4 

242,730 257,270 250,020 264,060 

563 505 530 478 

15,800 14,500 14,900 13,700 

18,700 17,200 17,700 16,300 

580 563 580 567 

6.3 5.8 6.0 5.5 

9.7 8.6 9.1 8.4 

2.4 2.9 2.2 2.8 

35 35.1 33 34 

53 52.4 50 51 

Central- On-
md S slteb 

241,540 11,640 

560 0.27 

15,700 10. 1 

18,700 0.224 

580 NA 

6.3 0.004 

9.3 0.0001 

2.4 NA 

35.0 NA 

53.0 NA 

c Latent cancer fatalities are calculated by rwltiplying dose by the ICRP Publication 60 health risk conversion factors of 4x l0-4 fatal cancers per person-rem for workers, and 5x I 0-4 for the public (ICRP, 1991 ). 
r Vehicle-related impacts are i111>acts independent of the cargo in the shipment. 
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Table E-16. Total Population Impacts of Transportation of Current LLW Inventories Plus 20 Years 
of U W Generation: Rail Mode 

Decentral- Regional- Regional- Regional- Regional-
Impact No Action b.ed b.ed 1 lzed2 ized 3 lzed 4 

Shipment summary 

Shipments 33,420 9,210 9,740 9,900 31 ,850 33,460 

Mileage (I 06 mi) 69.9 3.50 ,. 3.74 3.78 17.2 16.6 

Population Impacts 
Cargo-related" 

Dose risk 
(person-rem) 

Routine crewd 388 "!' 41.1 >tt' 43.7 44.2 163 166 

Routine public 849 1211 135 136 408 368 

Accident" 1.03 0.1)859 0.162 0.162 0 .626 0.886 

Latent cancer 
fatalities' 

Crew fatalities 0 .15 p.0.016 e: 0 .02 0.02 0.07 0.067 

Public fatalities 0.43 0.064 } c 0.07 0.07 0.21 0.18 

Vehicle-related' ~ '-~ 
Emission fatalities 0.78 0.12 0.13 0.13 0.32 0.23 

Accident fatalities 0 .15 
: 0-~ ~ 

0.0078 0.0079 0.036 0.o35 

Total population 
health effects 
(fatalities) 1.5 ~ 0.21 ;,. 0.23 0.23 0.64 0.51 

Note: NA = not applicable. 
• Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS. 
b Onsite i~acts are calculated for the Hanford Site. 
c Cargo-related i~cts are i~acts attributable to the radioactive nature of the waste material. 

Alternative• 

Regional- Regional- Regional• Central• Central- Central• Central-
lzed 5 ized 6 lzed 7 ized 1 17.ecl2 lzed3 ized 4 

35,430 66,040 71 ,480 91,440 96,880 96,710 !02,100 

25.3 51.4 54.4 224 219 218 212 

208 405 433 1,190 1,190 1,190 1,180 

470 820 845 2,340 2,340 2,3!0 2,310 

23.9 44.0 25.0 114 90.9 114 91.6 

0.08 0.16 0.17 0.48 0.47 0 .48 0.47 

0.23 0.43 0.42 1.2 1.20 I.I 1.2 

0.35 0.47 0.47 1.8 1.8 1.7 1.8 

0.053 0.11 0.11 0 .47 0.46 0.46 0.45 

0.71 1.2 1.2 4 .0 3.9 3.7 3.9 

Central- On-
ized 5 siteb 

90,980 4,360 

223 0.122 

1,190 1.38 

2,330 0 

11 3 NA 

0.47 5.52x l0-4 

1.20 0 

1.8 NA 

0 .47 NA 

3.9 NA 

d Rail crew values are expected to range from i~cts listed in this table (for dedicated shipments) to slightly higher than the truck crew i~acts identified in the previous table. See Section E.7 for a more detailed 
explanation. 
c Dose risk is a societal risk and is the produc: ~; accident probability and accident consequence. 
1 Latent cancer fatalities are calculated by rwltiplying dose by the ICRP Publication 60 health risk conversion factors of 4xl04 fatal cancers per person-rem for workers, and 5xl04 for the public (ICRP, 1991 ). 
1 Vehicle-related i~cts are i~acts independent of the cargo in the shipment. 
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For truck transportation , the total estimated number of fatalities from radiological causes ranges from 

approximately 0.3 to 16. For rail transportation, fatalities from radiological causes range from 0.08 to 1.7 . 

Shipment by rail results in lower doses to crew members and the public, primarily because of the reduced 

number of shipments involved. In general, for LLW shipments, the vehicle-related risks are greater than 

the associated cargo-related risks . 

E. 7 .2.3 Maximally Exposed Individual Assessment 

The estimated doses during routine transportation for each of the individual receptors considered (see 

Section E.6.9 for exposure assumptions) are presented in Table E-17 on a per-event basis. The total dose 

for repeated exposures can be estimated by multiplying the per-event dose by the number of exposures. 

As noted previously for HL W shipments, the potential exists for significant individual exposures if multiple 

exposure-causing events occur during LLW shipments; for instance, the dose to a person caught in a traffic 

jam for 30 minutes next to a shipment is estimated to be 0.5 mrem. If the exposure is longer, the dose 

would rise proportionally. Therefore, it is conceivable that a person could receive a dose of between 2 to 

Table E-17. Estimated Routine Doses and Lifetime Risk of Fatal Cancer 
to MEls From Shipments of LL W (per Exposure Event)a 

Dose (rem) Lifetime Riske 

Receptorb Truck Rall Truck Rail 

Workers 
Crew member d d d d 
Inspector l.SE-04 l.SE-04 6.0E-08 6.0E-08 
Rail-yard crew member NA 7.9E-05 NA 3.0E-08 

Public 
Resident l.6E-08 l.6E-08 8.0E-12 8.0E-12 
Person in traffic jam 5.0E-04 5.0E-04 3.0E-07 3.0E-07 
Person at service station 2. lE-05 NA 1.0E-08 NA 
Resident near rail stop NA l. lE-06 NA 6.0E-10 

\ 

Note: NA = not applicable. 
a The external dose rate is assumed to be 1 mrem/h at 1 m (3 .3 ft) for all shipments. 
b Receptor assumptions are described in Section E.6.9. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4 x 10-4 

fatal cancers per person-rem for workers, and 5 x 10·4 for the public. 
d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 
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10 mrem while stopped in traffic next to an LLW shipment. In addition, a person working at a truck service 

station could receive an increased dose if trucks were to use the same stops repeatedly . If a truck-stop 

worker is present for 100 shipment stops (at the distance and duration given previously), the estimated dose 

is approximately 2 mrem. Administrative controls could be instituted to control the location and duration 

of truck stops if multiple exposures were to happen routinely. The probability of multiple exposures 

increases as the amount of waste transportation increases. 

The potential cumulative dose to a resident living along a site entrance route is summarized in Table E-18 

for the LLW alternatives. Doses were calculated for all DOE sites in each case; however, only the five sites 

sending or receiving the most shipments have been included in Table E-18 . The cumulative doses assume 

that a resident is present for every shipment entering and exiting a site and is unshielded at a distance of 

30 m (98 ft) from the roadway. The maximum cumulative dose would occur near centralized facilities 

because of the large number of shipments entering a single site; for instance, for the Centralized 2 

Alternative, the maximum dose to a resident living near the NTS would be approximately 4 mrem for the 

all-truck case and 2 mrem for the all-rail case . The annual dose can be estimated by assuming that shipments 

would occur over a 20-year period for the No Action Alternative and over a 10-year period for all other 

cases. The estimated annual dose to a resident would be well below the annual limit of 100 mrem specified 

for members of the public (DOE, 1990b) . 

E. 7 .2.4 Accident Consequence Assessment 

For the accident consequence assessment, the waste characteristics for each site were screened to determine 

the waste with the highest potential radiological consequences if a release were to occur. The LL W from 

the Argonne National Laboratory-West (ANL-W) site results in the highest transportation accident doses. 

The doses were highest primarily because the LL W from ANL-W contains a significant amount of 

cobalt-60, nearly 7,000 Ci per shipment. To comply with regulations in 10 CFR 71 for Type A packagings, 

the material would have to be shipped in many packages. In practice, such quantities likely would be 

shipped in Type B packages; however, for purposes of assessment, the ANL-W source term was used to 

conservatively estimate the impacts of potential LLW accidents . 

As stated previously , the accident consequences were calculated for transportation-related accidents that 

result in the maximum release of radioactive material (accident severity Category VIII). The accident 

consequence results are presented in Table E-19. The population doses are for a uniform population 

VOLUME IV E-67 



Appendix E Part I Transportation Risk Assessment 

Table E- 18. Cumulative Dose and Lifetime Risk to an MEI Living Along a Site Entrance 
Route for Shipments of U W (Current Inventories Plus 20 Years of Generation)° 

All Truck All Rail 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Siteb Shipments (rem) Riske Shipments (rem) Riske 

No Action 

NTS 69,960 l.lE-03 6.0E-07 26,740 4.3E- 04 2.0E-07 
PORTS 33,440 5.4E-04 3.0E-07 12,740 2. lE-04 1.0E-07 
Hanford 17,340 2.8E-04 l.OE-07 6,640 l.lE-04 6.0E-08 
Pantex 13,740 2.2E-04 1.0E-07 5,440 8.8E- 05 4.0E-08 
RMI 7,300 1.2E-04 6.0E-08 2,740 4.4E- 05 2.0E-08 

Decentralized . nn-- - -·,..-.-
PORTS 23,320 a,JE-04 2.0E-07 , ~·t!' 8,760 l.4E-04 7.0E-08 
RMI ~ 7,680 '1.2E-04 6.,0E-08 2,870 4.6E-05 2.0E-08 ", -,, 

~ 3'' ll'st KAPL-s · 'Ill' 
~ 6~780 !I' 1>1.rlE-04 , 6.0E-08 '~ iii',,, 2,570 4.lE-0S 11 2.0E-08 

o" :'a£ ,:1 
I ;cl' d'l •~11 900 Ii 

3.IE-05 cl 2;0E-08 Mound nil!;,,.,· " 5,120 S.~2E-0S 4.0E-08 Ii , . 

Jl~ajs J,73Q 6,QE-QS ~&E-Q§ ~ ' rs· l,4l<L;_ _ 2.3E-OS - ! ~OE-:_08 
Regionalized 1 
PORTS 24,820 4.0E-04 2.0E-07 9,330 1.SE- 04 8.0E-08 
RMI 7,680 l.2E- 04 6.0E-08 2,870 4.6E-05 2.0E- 08 
KAPL-S 6,780 l.lE-04 6.0E-08 2,570 4.lE- 05 2.0E-08 
Mound 5,120 8.2E-05 4.0E-08 1,900 3. lE-05 2.0E-08 
Bettis 3,730 6.0E-05 3.0E-08 1,410 2.3E- 05 l.OE-08 

Regionalized 2 
PORTS 24,380 3.9E-04 2.0E-07 9,260 l.SE-04 8.0E-08 
RMI 7,610 l .2E-04 6.0E-08 2,850 4.6E- 05 2.0E-08 
KAPL-S 6,670 l.lE-04 5.0E-08 2,560 4. lE-05 2.0E-08 
Mound 5,080 8.2E-05 4.0E-08 1,910 3. lE- 05 2.0E-08 
Bettis 3,660 5.9E-05 3.0E-08 1,400 2.3E- 05 l.OE- 08 

Regionalized 3 
ORR 64,590 l.OE-03 5.0E-07 24,470 3.9E-04 2.0E-07 
PORTS 33,440 5.4E-04 3.0E-07 12,740 2. lE-04 l.OE-07 
LANL 18,400 3.0E-04 2.0E-07 6,910 l.lE- 04 6.0E-08 
Pantex 14,500 2.3E-04 l.OE-07 5,440 8.8E- 05 4.0E-08 
RMI 7,680 l.2E-04 6.0E-08 2,870 4.6E-05 2.0E-08 

Regionalized 4 
ORR 58 ,210 9.4E-04 5.0E-07 22,310 3.6E- 04 2.0E-07 
PORTS 47,610 7.7E-04 4.0E-07 18,410 3.0E- 04 2.0E- 07 
LANL 17,860 2.9E-04 l.OE-07 6,740 l.lE- 04 5.0E-08 
Pantex 14,180 2.3E-04 1.0E-07 5,370 8.6E-05 4.0E-08 
RMI 7,520 l.2E-04 6.0E-08 2,860 4.6E-05 2.0E-08 
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Table E-18. Cumulative Dose and Lifetime Risk to an MEI Living Along a Site Entrance 
Route for Shipments of U W (Cu"ent Inventories Plus 20 Years of Generation}°- Continued 

All Truck All Rail 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Siteb Shipments (rem) Riske Shipments (rem) Riske 

Regionalized 5 
ORR 63,430 l.0E-03 5.0E-07 24,170 3.9E-04 2.0E-07 
PORTS 32,500 5.2E-04 3.0E-07 12,500 2.0E-04 l.0E-07 
INEL 25,620 4.lE-04 2.0E-07 10,020 l.6E-04 8.0E-08 
Pantex 13,830 2.2E-04 l.0E-07 5,380 8.7E-05 4.0E-08 
LANL 11,750 l.9E-04 l.0E-07 4,640 7.5E-05 4.0E-08 

Regionalized 6 
SRS 130,030 2. lE-03 l.0E-06 49,340 7.9E-04 4.0E-07 
ORR 65,420 1.lE-03 5.0E-07 24,860 4.0E-04 2.0E-07 
Hanford 44,360 7. lE-04 4.0E-07 16,700 2.7E-04 l.OE-07 
PORTS 33,440 5.4E-04 3.0E-07 12,740 2.lE-04 l.OE-07 
Pantex 14,500 2.3E-04 1.0E-07 5,440 8.8E-05 4.0E-08 

Regionalized 7 
SRS 130,030 2. lE-03 l.0E-06 49,340 7.9E-04 4.0E-07 
ORR 65,420 1.lE-03 5.0E-07 24,860 4.0E-04 2.0E-07 
NTS 58,900 9.5E-04 5.0E-07 22,140 3.6E-04 2.0E- 07 
PORTS 33,440 5.4E-04 3.0E-07 12,740 2. lE-04 l.OE-07 
Hanford 14,540 2.3E-04 l.0E-07 5,440 8.8E-05 4.0E-08 

Centralized 1 
Hanford 242,730 3.9E-03 2.0E-06 91,440 1.5E-03 7.0E-07 
SRS 68,340 1.lE-03 6.0E-07 25,400 4.lE-04 2.0E-07 
ORR 65,420 1.lE-03 5.0E-07 24,860 4.0E-04 2.0E-07 
PORTS 33,440 5.4E-04 3.0E-07 12,740 2. lE-04 l.0E-07 
Pantex 14,500 2.3E-04 l.0E-07 5,440 8.8E-05 4.0E-08 

Centralized 2 

NTS 257,270 4.lE-03 2.0E-06 96,880 l.6E-03 8.0E-07 

SRS 68,340 1.lE-03 6.0E-07 25,400 4.lE-04 2.0E-07 

ORR 65,420 1.lE-03 5.0E-07 24,860 4.0E-04 2.0E-07 

PORTS 33,440 5.4E-04 3.0E-07 12,740 2.lE-04 l.0E-07 

Hanford 14,540 2.3E-04 l.0E-07 5,440 8.8E-05 4.0E-08 

Centralized 3 

Hanford 225,660 3.6E-03 2.0E-06 87,240 l.4E-03 7.0E-07 

SRS 67,520 1.lE-03 5.0E-07 25,230 4. lE-04 2.0E-07 

ORR 61,250 9.9E-04 5.0E-07 24,470 3.9E-04 2.0E-07 

PORTS 47,440 7.6E-04 4.0E-07 18,350 3.0E-04 2.0E-07 

LANL 36,640 5.9E-04 3.0E-07 14,400 2.3E-04 l.0E-07 
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Table E- 18. Cumulanve Dose and Lifeti,me Risk to an MEI Living Along a Site Entrance 
Route for Shipments of U W (Cu"ent Inventories Plus 20 Years of Generanon)°-Connnued 

All Truck All Rail 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Siteb Shipments (rem) Riske Shipments (rem) Riske 

Centralized 4 

NTS 239,350 3.9E-03 2.0E-06 92,470 l.SE-03 7.0E-07 

SRS 67,520 l.lE-03 5.0E-07 25,230 4.lE-04 2.0E-07 

ORR 61,250 9.9E-04 5.0E-07 24,470 3.9E-04 2.0E-07 

PORTS 47,440 7.6E-04 4.0E-07 18,350 3.0E-04 2.0E-07 

LANL 36,640 5.9E-04 3.0E-07 14,400 2.3E-04 l.0E- 07 

Centralized 5 

Hanford 241,540 3.9E-03 2.0E-06 90,980 l.SE-03 7.0E-07 

SRS 68,540 l.lE-03 6.0E- 07 25,320 4.lE-04 2.0E-07 

ORR 65,840 l.lE-03 5.0E-07 24,890 4.0E-04 2.0E- 07 

PORTS 32,500 5.2E-04 3.0E-07 12,500 2.0E-04 l.0E-07 

Pantex 14,180 2.3E-04 1.0E-07 5,370 8.6E-05 4.0E-08 

a The external dose rate is assumed to be 1 mrem/h at 1 m (3.3 ft) for all shipments. The resident is assumed to be 
present for all shipments that either enter or exit the site . Shipments are assumed to pass at a distance of 30 m (98 ft) 
and an average speed of24 km/h (15 mi/h). 
b For each alternative, only the five sites sending or receiving the most shipments are reported. All other sites have 
MEI doses less than those presented here. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4 x 10-4 

fatal cancers per person-rem for workers, and 5 x 10-4 for the public. 

density. The location of the MEI after an accident is determined on the basis of atmospheric conditions and 

buoyant characteristics of the released plume. The locations of maximum exposure from the accident site 

are 160 m (525 ft) for neutral conditions and 400 m (1,312 ft) for stable conditions. 

The dose to the MEI is independent of the accident location. The maximum dose to an individual 

(approximately 7 rem for a rail accident under unfavorable weather conditions) has a potential lifetime fatal 

cancer risk of 4 x 10-3• 

The accident consequence results for LLW from ANL-W should be considered extremely conservative for 

most LL W shipments for a number of reasons. First, the LL W from ANL-W represents less than 1 % by 

volume of the total LL W generated annually within DOE. Only about two truck shipments would be 

required each year to transport ANL-W waste to an offsite facility for treatment, storage, or disposal. 

Therefore, it is unlikely that a severe LLW accident would involve the LLW from ANL-W. Second, the 
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Mode and 
Accident 
Location 

Truck 
Urban 
Suburban 
Rural 

Rail 
Urban 
Suburban 
Rural 

Table E-19. Estimated Consequences for the Most Severe Accidents 
Involving Shipments of LL W a,b 

Neutral Conditionsc Stable Conditionsd 

Populatione MEir Populatione MEI' 

Dose Risk Risk Dose Risk Risk 
(person- (cancer Dose (cancer (person- (cancer Dose (cancer 

rem) fatalities) (rem) fatality) rem) fatalities) (rem) fatality) 

8.3E+03 4.2E+OO 7.7E-0l 3.9E-04 6.7E+04 3.4E+0l 2.6E+OO 1.3E-03 
l.6E+03 8.0E-01 7.7E-0l 3.9E-04 l.2E+04 6.0E+OO 2.6E+OO l.3E-03 
l.5E-01 8.0E-03 7.7E-0l 3.9E-04 l.2E+02 6.0E-02 2.6E+OO 1.3E-03 

2.2E+04 l.1E+0l 2. lE+OO 1.3E-03 l.8E+05 9.0E+0l 7.0E+OO 3.5E-03 
4.2E+03 2. lE+OO 2.lE+OO l.3E-03 3.3E+04 l.7E+0l 7.0E+OO 3.5E-03 
4.lE+0l 2.0E-02 2.lE+OO l.3E-03 3.2E+02 l.6E-0l 7.0E+OO 3.5E-03 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) (NRC, 
1977a). Results are reported for LLW from ANL-W, which was found to result in the highest potential accident doses. 
b Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were 
taken to be Pasquin Stability Class D with a windspeed of 4 mis (9 mi/h). Neutral conditions occur approximately 50% 
of the time in the United States. 
d Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. 
Stable conditions were taken to be Pasquin Stability Class F with a windspeed of 1 mis (2.2 mi/h). Stable conditions 
occur approximately one-third of the time in the United States. 
c Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population 
exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended 
cloudshine; and ingestion of food, including initially contaminated food (rural only). No decontamination or mitigative 
actions are taken. 
f The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 
160 m (525 ft) and 400 m {1,312 ft) from the accident site under neutral and stable atmospheric conditions, 
respectively . Individual exposure pathways include acute inhalation, acute cloudshine, and groundshine during passage 
of the plume. No ingested dose is considered. 

accident dose results for LL W from ANL-W are at least a factor of 10 greater than those for LL W from 

other sites, primarily because of the cobalt-60 content of the ANL-W waste. The "average" accident 

consequences would be much less than those presented here . 

E. 7 .2.5 Onsite Assessment Results 

The onsite risks for LL W transportation at the Hanford Site are summarized in Table E-15 for truck 

transportation and in Table E-16 for rail transportation. The risks presented for the transportation crew 

include the dose to workers in areas along the shipping route . The total dose to workers close to the route 
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is generally much less than the dose to the actual crew members involved in transporting the waste. Risks 

calculated for the public include persons sharing the transportation route with waste shipments. The MEI 

for routine conditions, besides crew members, was considered to be a guard at a facility gate or checkpoint 

along the route who is exposed to each shipment for 1 minute at a distance of 5 m (16.4 ft). The total dose 

to the guard for all shipments is estimated to be 30 mrem. Overall, the routine onsite shipment risks are 

much less than the offsite shipment risks for all cases considered. 

In addition, the consequences of an onsite accident at the Hanford Site are summarized in Table E-20. For 

the accident consequence assessment, the characteristics of LL W from the Hanford Site were used. The 

Table E-20. Results of Onsite Accident Consequence Assessment for the Hanford Site 

Onsite Pol!ulation OfTsite Pol!ulation MEI 

Waste and Neutral Stable Neutral Stable Neutral Stable 
Trans rt Mode Conditions Conditions Conditions Conditions Conditions Conditions 

Dose (person-rem) 
LLW 

Truck 7.6E-02 2.6E-0l 9.0E-01 7.7E+OO 7.7E-03 2.6E-02 
Rail 2.0E-01 6.9E-0l 2.4E+OO 2.lE+0l 2.lE-02 7.0E-02 

CH-TRUW 
Truck l.0E+0l 3.6E+0l 6.0E+OO 5.2E+0l 2.5E-0l 8.4E-0l 
Rail 2.lE+0l 7.0E+0l l.2E+0l l.0E+02 5.0E-01 l.7E+OO 

RH-TRUW 
Truck 2.lE+OO 7.lE+OO l.2E+OO l.lE+0l 5.0E-02 1.7E-0l 
Rail 4.lE+OO l .4E+0l 2.4E+OO 2.lE+0l l.0E-01 3.4E-0l 

LLMW 
Truck 4.5E+OO l.6E+0l 8.lE+OO 6.9E+0l l.lE-01 3.6E-0l 
Rail 1.2E+0l 4.0E+0l 2. lE+0l 1.8E+02 2.SE-01 9.3E-0l 

Risk (latent 
cancer fatalities) 

LLW 
Truck 3.0E-05 l.0E-04 4.5E-04 3.SE-03 3.9E-06 l .3E-05 
Rail 8.lE-05 2.SE-04 l.2E-03 l.0E-02 l.0E-05 3.5E-05 

CH-TRUW 
Truck 4.2E-03 l.4E-02 3.0E-03 2.6E-02 l.3E-04 4.2E-04 
Rail 8.2E-03 2.SE-02 5.9E-03 5.2E-02 2.5E-04 8.3E-04 

RH-TRUW 
Truck 8.2E-04 2.SE-03 6.0E-04 5.3E-03 2.5E-05 8.4E-05 
Rail l.6E-03 5.6E-03 l .2E-03 1.lE-02 5.0E- 05 l.7E-04 

LLMW 
Truck l.SE-03 6.2E-03 4.0E-03 3.5E-02 5.3E- 05 l.SE-04 
Rail 4.7E-03 l.6E-02 l.lE-02 9.0E-02 l.4E-04 4.6E-04 
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MEI is located at the position where maximum impacts would occur, similar to the offsite accident 

consequence assessment. An exposure of 2 hours was assumed for the population of onsite workers after 

an accident. The impacts on the offsite population were calculated by using the population distribution in 

the vicinity of the Hanford Site and by assuming a I-year exposure duration. 

E. 7 .3 TRANSURANIC WASTE 

The projected rate for TRUW generation for each site, the waste characteristics, the potential treatments, 

and the cases considered in the PEIS are described in detail in the TRUW technical report (ANL, 1996i). 

Transportation risks have been calculated for five TRUW alternative cases summarized in Section E.2.2 

(1 of the 6 alternatives does not involve waste transportation). The alternatives range from decentralized 

to centralized approaches to treatment and storage before final geologic disposal. The No Action Alternative 

does not involve transport of waste. The other alternatives each have CH-TRUW and RH-TRUW 

components. The transportation assessment assumes that all TRUW will ultimately be shipped to WIPP for 

disposal. The WM PEIS considers current inventories of TRUW plus 20 years of TRUW generation for 

all DOE sites. All impacts are calculated as totals for the entire waste inventory under consideration. The 

average annual risk can be estimated by dividing the summarized results by the duration of the shipping 

campaigns. For purposes of the PEIS, to estimate the sizes of potential facilities needed for treatment, the 

assumption has been made that waste would be shipped over a IO-year period. Previous assessments have 

assumed that TRUW would be shipped to WIPP over a 20-year period (DOE, 1990b). Transportation of 

TRUW for treatment, storage, and disposal is also analyzed in the DOE'S Draft WIPP Disposal Phase 

Supplemental Environmental Impact Statement. 

E. 7 .3.1 Shipment Summary 

The total number of shipments and the mileage for loaded shipments for each TRUW alternative are 

summarized in Table E-21 for truck shipments and Table E-22 for rail shipments. The total truck 

shipments range from approximately 18,640 to 23,900. For rail transportation, the corresponding numbers 

range from 9,360 to 12,010 shipments. The total distance for loaded shipments ranges from 55 to 

69 million km (34 to 43 million mi) for truck transportation and from 26 to 34 million km (16 to 

21 million mi) for rail transportation. The average annual number of shipments and mileage can be 

estimated by dividing the total results by a shipping duration of either 10 or 20 years. 
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Table E- 21. Total Population Impacts of Transportation of Cu"ent 
TRUW Inventories Plus 20 Years of TRUW Generation: Truck Mode 

Altemative8 
· 

No Decentral- Regional- Regional- Regional- Central-
Impact Action ized ized 1 ized 2 ized 3 ized 

Shipment summary 
Shipments 0 23,900 21,680 18,640 20,600 21,640 

Mileage (106 mi) -- 42 .4 38.3 34.0 37.2 38.7 

Population impacts 
Cargo-relatedc 

Dose risk 
(person-rem) 

2 890-:-, Routine crew -- 3,650 I ''3 270 11111! 3, 160 3,310 
Routine public -- 3,870 3,360 2,940 3,310 3,490 
Accidentd -- 9.80 8.98 8.98 11.8 8.93 

Latent cancer 
fatalitiesc 

Crew fatalities -- 1.5 1.3 1.2 1.3 1.3 
Public fatalities -- 1.9 1.7 1.5 1.7 1.7 

Vehicle-relatedf 

Emission fatalities -- 0.22 0 .19 0.18 0.19 0 .20 
Accident fatalities -- 3.0 2.7 2.4 2.6 2.7 

Total population -- 6.6 5.9 5.2 5.7 6.0 
health effects 
(fatalities) 

Note: NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS. 
b Onsite impacts are calculated for the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive natUre of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 

Onsiteb 

206 
0.0047 

11 
0.56 
NA 

0.0044 
0.00028 

NA 
NA 
NA 

c Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 (ICRP, 1991) health risk 
conversion factors of 4 x 10·4 fatal cancers per person-rem for workers, and 5 x 10·4 for the public. 
f Vehicle-related impacts are independent of the shipment' s cargo. 

For comparison, within the United States for the years 1986 to 1988, the average annual reported mileage 

for interstate truck shipments of all commodities was approximately 45 billion km (28 billion mi), and for 

rail shipments approximately 48.8 billion railcar-km (30.3 billion railcar-mi) (Saricks and Kvitek, 1994). 

The maximum estimated annual TRUW shipments would represent much less than 0.1 % of the annual truck 

and rail transportation activity within the United States. 
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Table E-22. Total Population Impacts of Transportanon of Cu"ent 
TRUW Inventories Plus 20 Years of TRUW Generanon: Rail Mode 

Altemative8 

No Decentral- Regional- Regional- Regional- Central-
Impact Action ized ized 1 ized 2 ized 3 ized 

Shipment summary 
Shipments 0 12,010 10,890 9,360 10,340 10,870 
Mileage (106 mi) 20.3 18.2 15 .8 17.4 18.4 

Population impacts 
Cargo-relatedc 

Dose risk 
(person-rem) 

Routine crewd 836 756 656 718 759 
Routine public -- I 1 130 978 821 907 
Accidentc 0.777 0.770 0.773 0.844 

Latent cancer 
fatalitiesf 
Crew fatalities 0.33 0 .30 0.26 0.28 0.30 
Public fatalities 0 .57 0.49 0.41 0.46 0.51 

Vehicle-relatedg 
Emission fatalities 0.10 0.091 0.073 0 .079 
Accident fatalities 0.043 0.037 0.033 0.036 

Total population 1.0 0.92 0.78 0.86 
health effects 
(fatalities) 

Note: NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS. 
b Onsite impacts are calculated for the Hanford Site. 

Onsiteb 

104 
0.0029 

4.8 
0 

NA 

0.0019 
0 

NA 
NA 
NA 

c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Rail crew values are expected to range from impacts listed in this table (for dedicated shipments) to slightly 
higher than the truck crew impacts identified in the previous table. See Section E.7 for a more detailed explanation. 
c Dose risk is a societal risk and is the product of accident probability and accident consequence. 
f Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 (ICRP, 1991) health risk 
conversion factors of 4 x 10·4 fatal cancers per person-rem for workers, and 5 x 10·4 for the public . 
g Vehicle-related impacts are independent of the shipment' s cargo. 

E.7.3.2 Collective Population Risk Results 

The results for collective risk assessment for the TRUW alternatives are also summarized in Table E-21 

for truck shipments and Table E-22 for rail shipments. The collective risk results are presented for 

shipment of the current TRUW inventories plus the estimated generation of TRUW for a period of 20 years. 

Examination of the results of the transportation risk assessment shows that differences in population risk 

among the various cases are dependent primarily on total shipping distances. The total shipping distance 
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for each alternative is determined by the definition of the case (shipment origin and destination sites), site­

specific waste inventories (specifically waste volume and mass, which directly determine the total number 

of shipments), packaging assumptions, and the route distances among all pairs of origin-and-destination 

sites . 

The total estimated number of fatalities from radiological causes ranges from approximately 2. 7 to 3 .4 for 

truck shipments. For rail transportation, fatalities from radiological causes range from 0.67 to 0 .90. 

Shipment by the rail mode results in lower doses to crew members and the public, primarily because of the 

reduced number of shipments involved. In general, for TRUW shipments, the vehicle-related risks are 

comparable to the associated cargo-related risks. 

E.7.3.3 Maximally Exposed Individual Assessment 

The estimated doses during routine transportation for each individual receptor considered (see Section E.6 .9 

for exposure assumptions) are presented in Table E-23 for CH-TRUW, and in Table E- 24 for RH-TRUW. 

The total dose for repeated exposures can be estimated by multiplying the per-event dose by the number 

of exposures. 

Except for doses to crew members, all doses are presented for single exposures. Note that the potential 

exists for significant individual exposures if multiple exposure-causing events occur. For example, the dose 

to a person stopped in traffic next to a truck shipment of CH-TRUW for 30 minutes is estimated to be 

5 mrem; if the exposure duration were longer, the dose would rise proportionally. Therefore , it is 

conceivable that a person could receive a dose of approximately 10 to 20 mrem while stopped in traffic next 

to a TRUW shipment. In addition, a person working at a truck service station could receive an increased 

dose if trucks used the same stops repeatedly. If a truck stop worker were present for 100 CH-TRUW 

shipment stops (at the distance and duration given previously) , the estimated dose would be approximately 

20 mrem. Administrative controls could be instituted to control the location and duration of truck stops if 

multiple exposures were to happen routinely. The probability of multiple exposures increases as the amount 

of waste transportation increases. 

The cumulative dose to a resident living along a site entrance route is summarized in Table E-25 for each 

TRUW alternative. Note that each alternative involves both contact- and remote-handled shipments. 

Although doses were calculated for all DOE sites storing or generating TRUW, only data for the five sites 
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Table E-23. Estimated Routine Doses and Lifetime Risk of Fatal Cancer 
to MEls From Shipments of CH-TRUW (per Exposure Event)° 

Dose (rem) Lifetime Riske 

Receptorb Truck Rail Truck Rail 

Workers 
Crew member d d d d 

Inspector l.4E-03 l.4E-03 6.0E-07 6.0E-07 
Rail-yard crew member NA l .5E-03 NA 6.0E-07 

Public 
Resident l.5E-07 3.0E-07 8.0E-11 2.0E-10 
Person in traffic jam 4.7E-03 9.3E-03 2.0E-06 5.0E-06 
Person at service station l.9E-04 NA l.0E-07 NA 
Resident near rail stop NA 2.lE-05 NA l.0E-08 

Note: NA = not applicable. 
a The dose rate is assumed to be 3 mrem/h at 1 m (3 .3 ft) from each package. 
b Receptor assumptions are described in Section E.6 .9. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4 x 1 o-4 

fatal cancers per person-rem for workers, and 5 x 10-4 for the public. 
d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 

Table E-24. Estimated Routine Doses and Lifetime Risk of Fatal Cancer to MEls 
From Shipments of RH-TRUW (per Exposure Event)0 

Dose (rem) Lifetime Riske 

Receptorb Truck Rail Truck Rail 

Workers 
Crew member d d d d 
Inspector l.0E-03 l.0E-03 4.0E-07 4.0E-07 
Rail-yard crew member NA l.lE-03 NA 4.0E-07 

Public 
Resident l.lE-07 2.3E-07 6.0E-11 l .0E-10 
Person in traffic jam 3.6E-03 7.lE-03 2.0E-06 4.0E-06 
Person at service station l.5E-04 NA 8.0E-08 NA 
Resident near rail stop NA l.5E-05 NA 8.0E-09 

Note: NA = not applicable. 
a Dose rate is assumed to be 7 mrem/h at 1 m (3.3 ft) from each package. 
b Receptor assumptions are described in Section E.6.9. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4 x 1 o·4 

fatal cancers per person-rem for workers, and 5 x 10-4 for the public. 
d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 
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Table E-25. Cumulative Dose and Lifetime Risk to an MEI 
Living Along a Site Entrance Route for Shipments of TRUW 

(Cu"ent Inventories Plus 20 Years of Generation)° 

All Truck All Rail 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Siteb Shipments (rem) Riske Shipments (rem) Riske 

Decentralized 

WIPP 23,860 3.lE-03 2.0E-06 11,970 3.lE-03 2.0E-06 
Hanford 10,260 1.2E-03 6.0E-07 5,140 1.2E~3 6.0B--07 
INEL 5,970 8.7E-04 4.0E-07 2,990 8.7 -04 4.0E-07 
SRS 2,370 3.6E-04 2.0E-07 1,190 3.6E-04 2.0E-07 
ORR 1,910 2.lE-04 l.OE-07 970 2.2E.:.:o4 l.OE-07 

Regionalized 1 
WIPP 20,080 2.5E-03 1.0E-06 10,060 2.6E-03 l.OE-06 
Hanford 11,920 1.4E-03 7.0E-07 5,970 1.4E-03 7.0E-07 
INEL 4,900 7.lE-04 4.0E-07 2,460 7.lE-04 4.0E-07 
ORR 2,440 2.7E-04 l.OE-07 1,230 2.SE-04 l.OE--07 
LANL 1,32 1.9E-04 l.OE-07 670 2.0E-04 l.OE-07 

Regionalized 2 
WIPP 17,040 2.tB:..03 l.OE-06 8,530 2.2E-03 l.OE-06 
Hanford 11,830 l.3E-03 7.0E-07 5,930 1.4E-03 7.0E-07 
INEL 4,250 6.lE-04 3.0E-07 2,130 6.lE-04 3.0E-07 
LANL 1,030 1.5E-04 8.0E-08 520 1.5E-04 8.0E-08 
ORR 990 1.lE-04 .OE-08 500 l.lE-04 6.0E-08 

Regionalized 3 
WIPP 17,030 2~1E-03 l.OE-06 8,520 2.2E-03 l.OE-06 
Hanford 11,830 1.3E-:-03 7.0E-07 5,930 1.4E-03 7.0E-07 
INEL 7,610 l . lE-03 6.0E-07 3,820 6.0E-07 
LANL 1,350 2.0E-04 l.OE-07 680 l.OE-07 
ORR 990 1.lE-04 5.0E-08 500 6.0E-08 

Centralized 

WIPP 20,500 2.6E-03 10,290 
Hanford 11,610 l.3E-03 5,820 
INEL 5,180 7.SE-04 2,600 
SRS 2,080 3.lE-04 2.0E-07 1,040 3.lE-04 2.0E-07 
LANL 2.0S::. l.OE-07 l.OE-07 

a The external dose rates are assumed to be 3 mrem/h at I m (3 .3 ft) for CH-TRUW, and 7 mrem/h for RH-TRUW 
shipments. The resident is assumed to be present for all shipments that enter or exit the site. Shipments are assumed to 
fass at a distance of 30 m (98 ft) and an average speed of24 km/h (15 mi/h) . 

For each alternative, only the five sites sending or receiving the most shipments are reported. All other sites have 
MEI doses less than those presented here. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4x 10-4 

fatal cancers per person-rem for workers and 5 x 10-4 for the public. 
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sending or receiving the most shipments have been provided for each case in Table E-25. The cumulative 

doses assume that an unshielded resident is present at a distance of 30 m (98 ft) from the roadway for every 

shipment entering or exiting a site. In almost all cases, the maximum cumulative dose would occur near the 

WIPP disposal site . If all CH-TRUW and RH-TRUW were shipped to WIPP, the maximum dose to a 

resident would be less than 4 mrem for both truck and rail cases. The truck and rail doses are similar 

because the same number of packages would be shipped for each mode. The annual dose can be estimated 

by assuming that shipments would occur over either a 10- or 20-year period. The annual dose to a resident 

would be well below the annual limit of 100 mrem specified for members of the public through DOE orders 

(DOE, 1990b), as well as comparable NRC limits (10 CFR 20). 

E.7.3.4 Accident Consequence Assessment 

For the accident consequence assessment, the characteristics of contact- and remote-handled waste for each 

site were screened to determine the waste with the highest potential radiological consequences if a release 

were to occur during an accident. For CH-TRUW, waste shipments from LANL were found to result in 

the highest potential transportation accident doses. For RH-TRUW, shipments from the Hanford Site were 

found to result in the highest potential accident doses. The accident consequence results are presented in 

Table E-26 for contact-handled shipments and Table E-27 for remote-handled shipments . The population 

doses are for a uniform population density within an 80-km (50-mi) radius of accidents occurring in rural, 

suburban, and urban population density zones. 

The location of the MEI after an accident is determined on the basis of atmospheric conditions and buoyant 

characteristics of the released plume. The locations of maximum exposure are 160 m (525 ft) from the 

accident site for neutral conditions, and 400 m (1,312 ft) from the accident site for stable conditions. The 

dose to the MEI is independent of the accident location. The maximum dose to an individual (approximately 

34 rem for a RH-TRUW rail accident under unfavorable weather conditions) corresponds to a potential 

lifetime fatal cancer risk of 2 x 1 o·2. 

E. 7 .3.5 Onsite Assessment Results 

The onsite risks for TRUW transportation at the Hanford Site are summarized in Table E-21 for trucks and 

Table E-22 for rail. The risks presented for the transportation crew include the dose to workers in areas 
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Table E-26. Estimated Consequences for the Most Severe Accidents 
Involving Shipments of CH-TRCJW 0 ,b 

Neutral Conditionsc Stable Conditionsd 

Populatione MEir Populatione MEir 

Dose Risk Risk Dose Risk Risk 
Mode and (person- (cancer Dose (cancer (person- (cancer Dose (cancer 

Accident Location rem) fatalities) (rem) fatality) rem) fatalities) (rem) fatality) 

Truck 
Urban 4.0E+03 2.0E+OO 3.5E+OO l.BE-03 3.2E+04 l .6E+0l l.2E+0l 6.0E-03 

Suburban 7.4E+02 3.7E-0l 3.5E+OO l.BE-03 5.9E+03 3.0E+OO l .2E+0l 6.0E-03 

Rural 6.5E+OO 3.0E-03 3.5E+OO l.SE-03 5.2E+0l 3.0E-02 l.2E+0l 6.0E-03 

Rail 
Urban 7.9E+02 4.0E+OO 7.lE+OO 3.6E-03 6.3E+04 3.2E+0l 2.4E+Ol l.2E-02 

Suburban l.5E+02 7.5E-0l 7.lE+OO 3.6E-03 l.2E+04 6.0E+OO 2.4E+0l l.2E-02 

Rural l.3E+0l 7.0E-03 7.lE+OO 3.6E-03 1.0E+02 5.0E-02 2.4E+0l l.2E-02 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) (NRC, 
1977a). Results are reported for CH-TRUW from LANL. 
b Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. Three TRUPACT-Ils 
are assumed to be breached in a truck accident; six TRUPACT-Ils are assumed to be equally breached in a rail accident. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were 
taken to be Pasquill Stability Class D with a windspeed of 4 mis (9 mi/h) . Neutral conditions occur approximately 50% 
of the time in the United States. 
d Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. 
Stable conditions were taken to be Pasquin Stability Class F with a windspeed of 1 m/s (2 .2 mi/h). Stable conditions 
occur approximately one-third of the time in the United States. 
c Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population 
exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended 
cloudshine; and ingestion of food , including initially contaminated food (rural only) . No decontamination or mitigative 
actions are taken. 
f The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 160 m 
(525 ft) from the accident site under neutral atmospheric conditions, and 400 m (1,312 ft) for stable atmospheric 
conditions. Individual exposure pathways include acute inhalation, acute cloudshine, and groundshine during passage of 
the plume. No ingested dose is considered. 

along the shipping route. The total dose to workers adjacent to the route is generally much less than the 

dose to the crew members involved in transporting the waste. Risks calculated for the public include persons 

sharing the transportation route with waste shipments. The MEI for routine conditions, besides crew 

members, was considered to be a guard at a facility gate or checkpoint along the route exposed to each 

shipment for 1 minute at a distance of 5 m (16.4 ft) . The total dose to the guard from all shipments is 

estimated to be 61 mrem. Overall, the routine onsite shipment risks are much lower than the offsite 

shipment risks for all cases considered. 

E-80 VOLUME IV 



Transportation Risk Assessment Appendix E Part I 

Mode and 
Accident 
Location 

Truck 
Urban 
Suburban 
Rural 

Rail 
Urban 
Suburban 
Rural 

Table E-27. Estimated Consequences for the Most Severe Accidents 
Involving Shipments of RH-TRuwa,b 

Neutral Conditionsc Stable Conditionsd 

Populatione MEie Populatione MEir 

Dose Risk Risk Dose Risk Risk 
(person- (cancer Dose (cancer (person- (cancer Dose (cancer 

rem) fatalities) (rem) fatality) rem) fatalities) (rem) fatality) 

6.0E+0l 3.0E-02 5. lE-02 2.6E-05 4.8E+02 2.4E-0l l.7E+0l I 8.SE-03 
l.lE+0l 5.5E-03 5. lE-02 2.6E-05 8.9E+0l 4.5E-02 1.7E+0l 8.SE-03 
l.0E-01 5.0E-03 5.lE-02 2.6E-05 8.3E+0l 4.2E-04 1.7E+0l 8.5~ 

l .2E+02 6.0E-02 l .0E-01 5.0E-05 9.5E+02 4.SE-01 3.4E+0l I 1.7E-02 
2.2E+0l l.lE-02 l.0E-01 5 .0E-05 l.8E+02 9.0E-02 3.4E+0l 1.7E-02 
2.lE-01 l.lE-04 l.0E-01 5.0E-05 l.7E+OO 8.5E-04 3.4E+0l l.7E-02 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) (NRC, 
1977a) . Results are reported for RH-TRUW from the Hanford Site. 
b Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. One RH-72B is 
assumed to be breached in a truck accident; two RH-72Bs are assumed to be equally breached in a rail accident. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were 
taken to be Pasquill Stability Class D with a windspeed of 4 mis (9 mi/h) . Neutral conditions occur approximately 50% of 
the time in the United States. 
d Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. 
Stable conditions were taken to be Pasquill Stability Class F with a windspeed of 1 m/s (2.2 mi/h) . Stable conditions 
occur approximately one-third of the time in the United States. 
e Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population 
exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended 
cloudshine; and ingestion of food, including initially contaminated food (rural only) . No decontamination or mitigative 
actions are taken. 
f The MEI is assumed to be at the location of maximum exposure . The locations of maximum exposure would be 160 m 
(525 ft) and from the accident site under neutral atmospheric conditions, and 400 m (1 ,312 ft) for stable atmospheric 
conditions. Individual exposure pathways include acute inhalation, acute cloudshine, and groundshine during passage of 
the plume. No ingested dose is considered. 

The consequences of an onsite accident at the Hanford Site are summarized in Tabl~ E-20. For the accident 

consequence assessment, characteristics of CH-TRUW and RH-TRUW from the Hanford Site were used. 

The MEI is located at the position where maximum impacts would occur, similar to the off site accident 

consequence assessment. An exposure of 2 hours was assumed for the population of onsite workers after 

an accident. Impacts on the offsite population were calculated by using the population distribution near the 

Hanford Site and by assuming a 1-year exposure duration. 
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E. 7 .4 LOW-LEVEL MIXED WASTE 

The projected rate of LLMW generation for each site, the waste characteristics, the potential treatments, 

and the cases considered in the PEIS are described in detail in ANL (1996k). Transportation risks have been 

calculated for the LLMW alternatives summarized in Section E.2.2 (the No Action Alternative does not 

involve transportation of LLMW). The cases range from decentralized to centralized approaches to TSD. 

The number of disposal sites varies from 16 sites for decentralized disposal to 1 site for centralized disposal. 

Options for treatment also vary from decentralized to centralized approaches. 

The PEIS considers current inventories of LLMW plus 20 years of generation for all DOE sites. All impacts 

are calculated as totals for the entire inventory of waste under consideration. The average annual risk can 

be estimated by dividing the summarized results by the duration of the shipping campaigns. For all 

alternatives, shipments would occur uniformly over a 10-year period, with the assumption of a 10-year 

period to build TSD facilities. These timeframes are consistent with the assumptions used in the facility 

assessments for estimating throughputs. 

E.7.4.1 Shipment Summary 

The total number of shipments and the mileage for loaded shipments for each LLMW alternative are 

summarized in Table E-28 for truck shipments, and Table E-29 for rail shipments. The estimated number 

of shipments and the total mileage for the various cases span a wide range. The total number of truck 

shipments ranges from approximately 490 for the Decentralized Alternative to about 11,000 shipments for 

the Regionalized 3 Alternative. For rail transportation, the corresponding numbers of shipments range from 

360 to 4,540. The total mileage for loaded shipments ranges from 0.37 to 24 million km (0.23 to 

15 million mi) for truck transportation and from 0.34 to 11 million km (0.21 to 6.8 million mi) for rail 

transportation. The average annual number of shipments and mileage can be estimated by dividing the total 

results by the shipping duration which is assumed to be 10 years in the WM PEIS. 

For comparison, within the United States for the years 1986 to 1988, the average annual reported mileage 

for interstate truck shipments of all commodities was approximately 45 billion km (28 billion mi), and for 

train shipments approximately 48.8 billion railcar-km (30.3 billion railcar-mi) (Saricks and Kvitek, 1994). 

The estimated annual LLMW shipments for the maximum transportation alternative would represent less 

than 0.1 % of the annual truck and rail transportation activity within the United States. 
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Table E-28. Total Population Impacts of Transportation of Cu"ent LLMW 
Inventories Plus 20 Years of LLMW Generation: Truck Mode 

Altemative8 

Decentral- Regional- Regional- Regional- Regional- Central-
Impact ized ized 1 ized 2 ized 3 ized 4 ized Onsiteh 

Shipment summary 

Shipments 480 1,820 5,560 10,990 4,250 7,520 1,720 

Mileage (106 mi) 0.25 0 .59 2.57 14.9 2.89 13.5 0.051 

Population impacts 
Cargo-relatedc 

Dose risk (person-rem) 
Routine crew 8.22 20.4 80.3 429 84.1 374 1.49 
Routine public 9.72 23.1 92.6 513 98.6 447 0.033 
Accidentd 1.09 2.23 15.4 26 15.9 148 NA 

Latent cancer fatalitiese 
Crew fatalities 0.0033 0.0083 0.032 0.17 0.033 0.15 0.00060 
Public fatalities 0.0055 0.013 0.053 0.27 0.049 0.29 1.12x10·5 

Vehicle-relatedf 

Emission fatalities 0.0046 0.0085 0.024 0.10 0.015 0.054 

Accident fatalities 0,018 0.038 0.19 1.0 0.19 0.83 
Total fatalities 0.031 0.068 0.30 1.5 0.29 1.3 

Note: NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS. 
b Onsite impacts are calculated for the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 

NA 
NA 
NA 

e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 health risk conversion factors 
of4x 10·4 fatal cancers per person-rem for workers, and 5 x 10·4 for the public (ICRP, 1991). 
f Vehicle-related impacts are impacts independent of the cargo in the shipment. 

E. 7 .4.2 Collective Population Risk Results 

The results for the collective risk assessment for the LLMW alternatives are also summarized in Table E-28 

for truck shipments, and Table E-29 for rail shipments. The results for collective risk are presented for 

shipment of the current inventories plus the estimated generation of LLMW for a period of 20 years . 

Examination of the results of the transportation risk assessment shows that differences in population risk 

among the various cases are primarily dependent on total shipping distances. Thus, in general, centralized 

options predictably show larger transportation risks than regionalized or decentralized approaches because 

the centralized options involve greater transportation distances. The total shipping distance for each 

alternative is determined by the definition of the case (shipment origin and destination sites), site-specific 
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Table E-29. Total Population Impacts of Transportation of Current LLMW 
Inventories Plus 20 Years of LLMW Generation: Rail Mode 

Alternative8 

Decentral- Regional- Regional- Regional- Regional- Central-
Impact ized ized 1 ized 2 ized 3 ized 4 ized 

Shipment summary 
Shipments 350 1,030 2,490 4,540 2,050 3,340 
Mileage (106 mi) 0.23 0.48 1.37 6 .76 1.57 6.46 

Population impacts 
Cargo-relatedc 

Dose risk (person-rem) 
Routine crewd 1.97 4.98 12.9 41.3 12.5 36 .6 
Routine public 5.75 13.7 29.1 75.8 28.2 69.3 
Accidente 0.311 0.596 2.18 4.61 2.60 27.6 

Latent cancer fatalitiesf 
Crew fatalities 0.00081 0.0020 0.0052 0.017 0.0050 0.015 
Public fatalities 0.003 1 0.0072 0.015 0.040 0.015 0.049 

Vehicle-relatedg 

Emission fatalities 0.0057 0.013 0.023 0.055 0.024 0.053 
Accident fatalities 0.00050 0.0010 0.0028 0.014 0.0032 0.014 

Total fatalities 0.010 0.023 0.046 0.13 0.047 0.13 

Note: NA = not applicable . 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS . 
b Onsite impacts are calculated for the Hanford Site. 

Onsiteb 

660 
0.026 

0.206 
0.0024 

NA 

8.3 x 10·5 

9.6 x 10-7 

NA 
NA 

NA 

c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Rail crew values are expected to range from impacts listed in this table (for dedicated shipments) to slightly higher 
than the truck crew impacts identified in the previous table. See Section E.7 
e Dose risk is a societal risk and is the product of accident probability and accident consequence. 
f Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 health risk conversion factors 
of 4 x 1 o·4 fatal cancers per person-rem for workers and 5 x 1 o-4 for the public (ICRP, 1991) . 
g Vehicle-related impacts are impacts independent of the cargo in the shipment. 

waste inventories (specifically waste volume and mass, which directly determine the total number of 

shipments), packaging assumptions, and route distances among all pairs of origin and destination sites . 

For truck transportation, the total estimated number of fatalities from radiological causes ranges from 

approximately 0 .009 to 0.5 . For rail transportation, fatalities from radiological causes range from 0.004 

to 0 .06. Shipment by rail results in lower doses to crew members and the public, primarily because of the 

reduced number of shipments involved. In general, for LLMW shipments, the vehicle-related risks are 

greater than the associated cargo-related risks. 
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E. 7 .4.3 Maximally Exposed Individual Assessment 

The estimated doses during routine transportation for each of the individual receptors considered (see 

Section E.6.9 for exposure assumptions) are presented in Table E-30 on a per-event basis. The total dose 

for repeated exposures can be estimated by multiplying the per-event dose by the number of exposures. 

As noted previously for HLW and LLW shipments, the potential exists for significant individual exposures 

if multiple exposure-causing events occur during LLMW shipments; for instance, the dose to a person 

caught in a traffic jam for 30 minutes next to a shipment is estimated to be 0.5 mrem. If the exposure is 

longer, the dose would rise proportionally. Therefore, it is conceivable that a person could receive a dose 

of between 2 to 10 mrem while stopped in traffic next to an LLMW shipment. In addition, a person 

working at a truck service station could receive an increased dose if trucks were to use the same stops 

repeatedly. If a truck-stop worker is present for 100 shipment stops (at the distance and duration given 

previously), the estimated dose is approximately 2 mrem. Administrative controls could be instituted to 

control the location and duration of truck stops if multiple exposures were to happen routinely. The 

probability of multiple exposures increases as the amount of waste transportation increases. 

Table E-30. Estimated Routine Doses and Lifetime Risk of Fatal Cancer 
to MEls From Shipments of LLMW (per Exposure Event)0 

Dose (rem) Lifetime Riske 

Receptorb Truck Rail 

Workers 
Crew member d d 
Inspector l.SE-04 l.SE-04 
Rail-yard crew member NA 7.9E-05 

Public 
Resident l .6E-08 l.6E-08 
Person in traffic jam 5.0E-04 5.0E-04 
Person at service station 2. lE-05 NA 
Resident near rail stop NA l. lE-06 

Note: NA = not applicable. 
a Dose rate is assumed to be 1 mrem/h at 1 m (3.3 ft) from an LLMW shipment. 
b Receptor assumptions are described in Section E.6.9. 

Truck Rail 

d d 
6.0E-08 6.0E-08 

NA 3.0E-08 

8.0E-12 8.0E-12 
3.0E-07 3.0E-07 
l.0E-08 NA 

NA 6.0E-10 

c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 
4 x 10·4 fatal cancers per person-rem for workers and 5 x 10·4 for the public. 
d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 
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The potential cumulative dose to a resident living along a site entrance route is summarized in Table E-31 

for the LLMW alternativ s. Do d t ll DOE ite t reach ca e; however, only the five 

sites sending or receiving the most shipments have been included in Table E- 31. The cumulative doses 

assume that a resident is present for every shipment entering and exiting a site and is unshielded at a 

distance of 30 m (98 ft) from the roadway. The maximum cumulative dose would occur near regionalized 

or centralized facilities because of the large number of shipments entering a small number of sites; for 

instance, for the Regionalized 3 Alternative, the maximum dose to a resident living near the NTS would 

be approximately 0.2 mrem for the all-truck case and 0.06 mrem for the all-rail case. The annual dose can 

be estimated by assuming that shipments would occur over a 10-year period for all alternatives. The 

estimated annual dose to a resident would be well below the annual limit of 100 mrem specified for 

members of the public through DOE Orders (DOE, 1990b), as well as comparable NRC limits 

(10 CFR 20). 

E. 7 .4.4 Accident Consequence Assessment 

As stated previously, the accident consequences were calculated for transportation-related accidents that 

result in the maximum release of radioactive material (accident severity Category VIII). For these accidents, 

the assumptions were that all of the material in the shipment would be released from its packaging, that 10% 

would be entrained as an aerosol, and that 5 % of the aerosol would be respirable. 

During screening, the LLMW from the Paducah Gaseous Diffusion Plant (PGDP) was found to result in 

the highest transportation accident doses for the most severe accidents. The accident consequence results 

from RISKIND for LLMW shipments are presented in Table E-32. The population doses are for a uniform 

population density within an 80-km (50-mi) radius of accidents occurring in rural, suburban, and urban 

population density zones. The location of the MEI after an accident is determined on the basis of 

atmospheric conditions and the buoyant characteristics of the released plume. The locations of maximum 

exposure are approximately 160 m (525 ft) and 400 m (1,312 ft) from the accident site for neutral and stable 

weather conditions, respectively. The dose to the MEI is independent of the location of the accident. The 

maximum dose to an individual (approximately 5 rem for a rail accident under unfavorable weather 

conditions) has a potential lifetime fatal-cancer risk of 2.0E-03. 
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Table E-31. Cumulative Dose and Lifetime Risk to MEI Living Along a Site Entrance Route 
for WM UMW Shipments (Cu"ent Inventories plus 20 Years of Generationl 

All Truck All Rail 

Alternatives Total Dose Risk Total Dose Risk 
and Siteb Shipments (rem) (Fatal Cancerf Shipments (rem) (Fatal Cancerf 

Decentralized 
LLNL 250 4.0E-06 2.0E-09 120 l.9E-06 l.0E-09 
ETEC 110 1.8E-06 40 6.4E-07 3.0E-10 
NTS 40 6.4E-07 3.0E-10 
SRS 90 90 7 .0E- 10 
PORTS 90 7.0E-10 

Regionalized 1 
FEMP 1,060 l.7E-05 9.0E-09 410 6.6E-06 3.0E- 09 
PORTS 820 l.3E-05 7.0E-09 440 7.IE- 06 4.0E- 09 
ANL-E 450 7.2E-06 4.0E-09 180 2.9E-06 l.0E- 09 
LLNL 310 5.0E- 06 3.0E-09 180 2.9E-06 l.0E- 09 
NTS 120 l.9E-06 l.0E-09 60 9.7E-07 5.0E- 10 

Regionalized 2 
LANL 2,610 4.2E-05 2.0E-08 1,020 l .6E-05 8.0E-09 
RFETS 2,560 4. lE-05 2.0E-08 980 l.6E-05 8.0E- 09 
PORTS 2,260 3.6E-05 2.0E-08 960 l.5E-05 8.0E- 09 
ORR 1,660 2.7E- 05 l.0E-08 650 l.0E-05 5.0E- 09 
ANL-E 450 7.2E-06 4.0E-09 180 2.9E-06 l.0E- 09 

Regionalized 3 
NTS 9,650 l .6E- 04 8.0E-08 3,700 6.0E-05 3.0E-08 
RFETS 2,560 4. lE-05 2.0E-08 980 l.6E-05 8.0E-09 
PORTS 2,260 3.6E-05 2.0E-08 960 l.5E- 05 8.0E-09 
ORR 2,100 3.4E-05 2.0E-08 790 l.3E- 05 6.0E- 09 
Hanford 1,690 2.7E-05 l.0E-08 710 l.lE-05 6.0E- 09 

Regionalized 4 
INEL 24 3.9E-OS 8.0E-
RFETS 1,990 3.2E-05 2.0E-08 740 1.2E- 05 6.0E- 09 
ORR 1,480 2.4E-05 1.0E-08 740 l.2E-05 6.0E- 09 
PORTS 650 1.0E-05 5.0E-09 260 4.2E-06 2.0E- 09 
ANL-E 450 1.2a-06 4.0E-09 180 2.9E-06 t.OE-09 

Centralized 
Hanford 7,520 l.2E-04 6.0E-08 3,340 5.4E-05 3.0E-08 
RFETS 1,990 3.2E-05 2.0E- 08 740 l .2E-05 6.0E- 09 
ORR 1,970 3.2E-05 2.0E-08 740 l .2E-05 6.0E- 09 
INEL 700 1.lE- 05 6.0E-09 290 4.7E-06 2.0E-09 
PORTS 650 1.0E-05 5.0E-09 260 4.2E-06 2.0E- 09 

• The external dose rate is assumed to be 1 mrem/h at 1 m (3 .3 ft) for all shipments. The resident is assumed to be present for all 
shipments that enter or exit the site. Shipments are assumed to pass at a distance of 30 m (98 ft) and an average speed of 24 km/h 
(15 mi/h). 
b For each alternative, only the five sites sending or receiving the most shipments are reported. All other sites have MEI doses Jess than 
those presented here. 
c The risk of fatal cancer is calculated by using the ICRP Publication 60 (ICRP, 1991) health risk conversion factor of 5.0E--04 fatal cancers 
per person-rem for members of the public. 
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Truck 
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Suburban 
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Rail 
Urban 
Suburban 
Rural 

Table E-32. Estimated Consequences for the Most Severe Accidents Involving 
Shipments of WM LLMw°'b 

Neutral Conditionsc Stable Conditionsd 

Po2ulatione MEif Po2ulatione MEif 

Risk Risk Risk 
Dose (Cancer Dose (Cancer Dose (Cancer Dose 

(person-rem) Fatalities) (rem) Fatality) (person-rem) Fatalities) (rem) 

6.0E+02 3.0E-01 5.3E-01 2.7E- 04 4.75E+03 2.0E + OO l.8E+OO 
I.IE+02 6.0E-02 5.3E-01 2.7E-04 8.85E+02 4.0E-01 l.8E+OO 
I.0E+OO 5.0E-04 5.3E-OI 2.7E- 04 7.5E+OO 4.0E- 03 l.8E+OO 

l.62E+03 8.0E-01 l.4E+OO 7.0E- 04 l.283E+04 6.0E+OO 4.8E+OO 
3.0E+02 2.0E-01 1.4E+OO 7.0E- 04 2.4E+03 1.0E+ OO 4.8E+OO 
2.7E+OO 1.0E-03 1.4E+OO 7.0E-04 2.0E+0I 1.0E- 02 4.8E+OO 

Risk 
(Cancer 
Fatality) 

9.0E-04 
9.0E-04 
9.0E-04 

2.4E-03 
2.4E-03 
2.4E-03 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) (NRC, 1977a). Results are reported for 
WM LLMW from PGDP, which was found to result in the highest potential accident doses . The assumptions were that 100% of the radioactive 
material would be released from its packaging in an accident, that 10% of the release would be entrained in an aerosol , and that 5 % of the aerosolized 
~elease would be respirable. 

Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were taken to be Pasquill Stabil ity 
~lass D with a wind speed of 4 mis (9 mi/h) . Neutral conditions occur approximately 50% of the time in the United States. 

Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. Stable conditions were taken to be 
Pasquill Stability Class F with a wind speed of I mis (2.2 mi/h) . Stable conditions occur approximately one-third of the time in the United States. 
e Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population exposure pathways include acute 
inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended cloudshine; and ingestion of food, including initially contaminated food 
frural only) . No decontamination or mitigative actions are taken. 

The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 160 m (525 ft) and 400 m (1,312 ft) 
from the accident site under neutral and stable atmospheric conditions, respectively. Individual exposure pathways include acute inhalation, acute 
cloudshine, and groundshine during passage of the plume. No ingested dose is considered. 
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E. 7 .4.5 Onsite Assessment Results 

The onsite risks for LLMW transportation at the Hanford Site are summarized in Table E- 28 for truck 

transportation and in Table E- 29 for rail transportation . The risks presented for the transportation crew 

include the dose to workers in areas along the shipping route. The total dose to workers close to the route 

is generally much less than the dose to the actual crew members involved in transporting the waste . Risks 

calculated for the public include persons sharing the transportation route with waste shipments. The MEI 

for routine conditions, besides crew members, was considered to be a guard at a facility gate or checkpoint 

along the route who is exposed to each shipment for 1 minute at a distance of 5 m (16.4 ft) . The total dose 

to the guard for all shipments is estimated to be 16 mrem. Overall, the routine onsite shipment risks are 

much less than the offsite shipment risks for all cases considered. 

In addition, the consequences of an onsite accident at the Hanford Site are summarized in Table E-20. For 

the accident consequence assessment, the characteristics of LLMW from the Hanford Site were used. The 

MEI is located at the position where maximum impacts would occur, similar to the offsite accident 

consequence assessment. An exposure of 2 hours was assumed for the population of onsite workers after 

an accident. The impacts on the offsite population were calculated by using the population distribution in 

the vicinity of the Hanford Site and by assuming a I-year exposure duration. 

E.8 Uncertainties and Conservatism in Estimated Impacts 

The sequence of analyses performed to generate estimates of radiological risk for transporting radioactive 

waste includes (1) determining waste inventory and characteristics at each site, (2) estimating shipment 

requirements, (3) determining route characteristics, (4) calculating radiation doses to exposed individuals 

(including estimating of environmental transport and uptake of radionuclides), and (5) estimating health 

effects . Uncertainties are associated with each step. Uncertainties exist in the way that the physical systems 

being analyzed are represented by the computational models; in the data required to apply the models 

(because of measurement errors, sampling errors, natural variability , or unknowns caused simply by the 

future nature of the actions being analyzed); and in the calculations themselves (for example , the 

approximation algorithms used by the computers). 

In principle , one can estimate the uncertainty associated with each input or computational source and predict 

the resultant uncertainty in each subsequent set of calculations. Thus , one can propagate the uncertainties 

from one set of calculations to the next and estimate the uncertainty in the final , or absolute , result. 
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However, conducting such a full-scale quantitative uncertainty analysis is often impractical and sometimes 

impossible, especially for actions to be initiated at an un pecified time in the future . Instead, the risk 

analysis is designed to ensure- through uniform and judicious selection of scenarios, models, and input 

parameters-that relative comparisons of risk among the various alternatives are meaningful. In the 

transportation risk assessment, this design is accomplished by uniformly applying input parameters and 

assumptions to all alternatives for each waste type. Therefore, although considerable uncertainty is inherent 

in the absolute magnitude of the transportation risk for each alternative, much less uncertainty is associated 

with the relative differences among the alternatives in a given measure of risk. 

In the following sections, areas of uncertainty are discussed for each assessment step enumerated 

previously , with the exception of health effects . Special emphasis is placed on identifying whether the 

uncertainties affect relative or absolute measures of risk. Where practical, the parameters that most 

significantly affect the risk assessment results are identified, and quantitative estimates of uncertainty are 

provided. The uncertainties involved in estimating health effects from radiological doses are discussed in 

Appendix D. 

E.8.1 UNCERTAINTIES IN WASTE INVENTORY AND CHARACTERIZATION 

The site-specific waste inventories and the physical and radiological waste characteristics are important input 

parameters for the transportation risk assessment. The potential amount of transportation for any alternative 

is determined primarily by the projected waste inventory at each site and assumptions about shipment 

configurations (packaging and shipment capacities). The physical and radiological waste characteristics are 

important in detennining the amount of waste released during accidents and the subsequent doses to exposed 

individuals through multiple environmental exposure pathways. 

The development of projected site-specific inventory and waste characterization data, including 

identification of uncertainties, is discussed in the reports prepared for each waste type. In general, the 

uncertainties in the data specific to the site and to the waste type may potentially affect the relative and 

absolute measures of transportation risk and are difficult to quantify. Precisely defining the impact of these 

uncertainties on the transportation risk analysis is difficult because of the large number of sites and 

alternatives and because of the inability to accurately quantify the uncertainty in waste characterization at 

each site. 
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The uncertainties in the waste characterization data will be reflected to some degree in the transportation 

risk results. If the waste inventories are consistently overestimated (or underestimated) , the resulting 

transportation risk estimates will also be overestimated ( or underestimated) by roughly the same factor . In 

terms of relative risk comparisons, if the uncertainty in one site inventory is large as compared with other 

site inventories, then the uncertainties may not be comparable among different alternatives, and meaningful 

relative risk comparisons are difficult. For example, if the inventory at Site A is overestimated as compared 

with other sites, the risk transportation assessment results will be unduly biased toward those alternatives 

that do not involve shipping Site A waste; however, the waste characterization data have been carefully 

developed by uniformly applying consistent methodologies and assumptions to the best available 

information. This approach is expected to limit the overall uncertainty in the data and the likelihood that 

the level of uncertainty varies significantly among sites. For comparative purposes among alternatives, the 

observed differences in transportation risks are believed to represent unbiased, reasonably accurate estimates 

from current information. 

E.8.2 UNCERTAINTIES IN SHIPMENT CONFIGURATIONS 

As stated previously, the amount of transportation required for each alternative is partly based on 

assumptions about the packaging and shipment configurations for each waste type. Representative shipment 

configurations have been defined for each waste type on the basis of either historical or probable future 

shipment capacities (for example, all truck shipments of L~W are assumed to be at the regulatory weight 

limit). In reality, the actual shipment capacities may differ from the predicted capacities so that the projected 

number of shipments and, consequently, the total transportation risk would change; however, although the 

predicted transportation risks would increase or decrease accordingly, the relative differences in risks 

among consolidation alternatives would generally remain unchanged. 

E.8.3 UNCERTAINTIES IN ROUTE DETERMINATION 

Conceptual routes have been determined between all pairs of origin and destination sites considered by the 

alternatives. The routes have been determined consistent with current guidelines, regulations, and practices 

but may not be the actual routes that will be used in the future . In reality, the actual routes may differ from 

the conceptual ones in terms of distances and total population along the routes . Moreover, because the 

assessment considers wastes generated over the next 20 to 30 years, the highway and rail infrastructures 

and the demographics along routes may change as a function of time. Although these effects have not been 
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accounted for in the transportation assessment, it is not anticipated that these changes would significantly 

affect relative comparisons of risk among alternative con idered in the PEIS . 

E.8.4 UNCERTAINTIES IN THE CALCULATION OF RADIATION DOSES 

The models used to calculate radiation doses from transportation activities introduce additional uncertainty 

into the risk assessment process. Estimating the accuracy, or absolute uncertainty, of the risk assessment 

results is generally difficult. The accuracy of the calculated results is closely related to the limitations of the 

computational models and to the uncertainties in each of the input parameters that the model requires. The 

single greatest limitation facing users of RADTRAN, or any computer code of this type, is the scarcity of 

data for certain input parameters. 

Uncertainties associated with the computational models are minimized by using state-of-the-art computer 

codes that have been extensively reviewed. However, because numerous uncertainties are recognized but 

are difficult to quantify, assumptions are made at each step of the risk assessment process that are intended 

to produce conservative results (that is, overestimate the calculated dose and radiological risk). Because 

parameters and assumptions are applied equally to all alternatives for a waste type, this model bias is not 

expected to affect the meaningfulness of relative comparisons of risk; however, the results may not 

represent risks in an absolute sense. 

To understand the most important uncertainties and conservatisms in the transportation risk assessment, the 

results for all cases were examined to identify the largest contributors to the collective population risk. The 

results of this examination are discussed briefly in the following paragraphs. 

For truck shipments, the largest contributors to the collective population dose were found to be, in 

decreasing order of importance: (1) incident-free dose to members of the public at stops; (2) incident-free 

dose to transportation crew members; (3) incident-free dose to members of the public sharing the route (on­

link dose); (4) incident-free dose to members of the public living along the route (off-link dose); and 

(5) accident dose risk to members of the public. Approximately 80% of the estimated public dose was 

incurred at stops; 15 % was incurred by the on-link population; and 5 % was incurred by the off-link 

population. In general, the accident contribution to the total risk was negligible as compared with the 

incident-free risk. 
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For rail shipments, the largest contributors to the collective population dose were found to be the following 

(in decreasing order of importance): (1) incident-free dose to transportation crew members; (2) incident-free 

dose to members of the public living along the route (off-link dose); (3) incident-free dose to members of 

the public at stops; (4) incident-free dose to members of the public sharing the route (on-link dose); and 

(5) accident dose risk to members of the public. Approximately 70% of the estimated public dose was 

incurred by the off-link population; 25 % was incurred by the population at stops; and 5 % was incurred by 

the on-link population. As with truck shipments, the accident contribution to the total risk in general was 

negligible as compared with the incident-free risk. 

As shown previously, incident-free transportation risks are the dominant component of the total 

transportation risk for both truck and rail modes. The most important parameter in calculating incident-free 

doses is the shipment external dose rate (incident-free doses are directly proportional to the shipment 

external dose rate). For calculational purposes, representative dose rates have been applied to each waste 

type because information is not available to predict shipment dose rates accurately on a site-by-site ba.sis . 

The representative dose rates are based on historical shipments or waste type-specific data when possible 

and were selected to reflect the probable average dose rates of future shipments . In practice, the external 

dose rates will vary not only from site to site and waste type to waste type , but also from shipment to 

shipment at a given site; and the rates will range above and below the levels assumed for this assessment. 

Finally, the single largest contributor to the collective population doses calculated with RADTRAN was 

found to be the dose to members of the public at truck stops. RADTRAN uses a simple point source 

approximation for truck stop exposures and assumes that the total stop time for a shipment is proportional 

to the shipment distance . The parameters used in the stop model were based on a survey of a very limited 

number of radioactive material shipments that examined various shipment types in different areas of the 

country (Madson and Wilmot, 1982). The assumption was made that stops occur as a function of distance, 

with a rate of 0.011 h/km; thus, for a 1,000-km (621-mi) trip, the total would be 11 hours of stops. The 

further assumption was made that an average of 25 people are exposed at a distance of 20 m (66 ft) at each 

stop. The population dose is directly proportional to the external shipment dose rate and the number of 

people exposed (25) and is inversely proportional to the square of the distance (20 x 20 = 400). Based on 

the limited data available, the parameter values used in the assessment appear to be conservative; however, 

data do not exist to qualitatively assess the degree of conservatism in the stop dose model. As a practical 

matter, DOE could conceivably take steps to control the location, frequency, and duration of truck stops, 

if necessary to assure that the local population does not receive excessive exposure to radiation . 

VOLUME IV E-93 



Appendix E Part I Transportation Risk Assessment 

E.8.5 UNCERTAINTIES IN THE COMPARISON OF TRUCK AND RAIL TRANSPORTATION MODES 

The transportation risk assessment results presented in the WM PEIS indicate that rail transportation poses 

a lower overall risk to workers and the public as compared with truck transportation of the same quantity 

of waste . However, it is important to recognize that although rail shipments were found to result in a 

smaller number of expected fatalities compared with truck shipments, in general the risks from 

transportation operations are small for both modes. Moreover, comparisons between truck and rail shipment 

risks need to consider the uncertainties inherent in the risk assessment process. As discussed above, in most 

cases the calculational uncertainties are difficult to quantify and, in fact, may not be the same between the 

truck and rail assessment assumptions. Some important issues that should be considered while comparing 

truck and rail shipment risks are discussed below. 

In the WM PEIS , transportation risks were estimated for the shipment of all waste by (a) 100% truck and 

(b) 100% rail for each alternative and waste type. The intent of this approach was to bound the 

transportation impacts for any possible mix of truck and rail shipments, recognizing that both will likely 

take place in the future . Therefore, all facilities were assumed to have rail access. A review of the 

transportation capabilities at 35 major DOE sites indicated that 15 have direct rail access onsite, an 

additional 12 have access within 10 miles, and 8 more have access between 10 and 100 miles . For those 

sites lacking direct rail access, the risks associated with shipping waste by truck to a rail siding were not 

considered in detail in the WM PEIS assessment, although preliminary evaluations indicated that these 

activities are generally a small contributor to the overall transportation risk. 

Although subject to calculational uncertainties, a number of factors contribute to the assessment results , 

indicating that rail shipments have lower impacts than truck shipments for the same alternative . These 

include: 

• Rail shipments are larger than truck shipments (about three times larger) and thus require fewer 

total shipments. Consequently, impacts tend to be lower for rail because overall transportation 

impacts tend to be proportional to shipment mileage. 

• On a per-shipment basis, rail shipments have lower radiological impacts than truck shipments. The 

radiological impacts from rail shipments tend to be lower than truck shipments because fewer 

members of the public are exposed during rail transport (primarily fewer people at stops and 

sharing the routes). In addition, crew members tend to be much farther from the radioactive 

material packages. However, the differences in radiological risk between the two modes for all 
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alternatives lies within the uncertainty from the estimates for the number and location of exposed 

persons in both cases. 

Although rail impacts were found to be lower than truck impacts, a number of considerations were not 

specifically addressed in the representative assessment conducted for the purposes of the WM PEIS. First, 

rail shipments may require additional handling and preparation, especially for sites lacking rail access, 

which will contribute to the overall rail shipment risk. Second, rail shipments generally require a large 

inventory of waste to be cost-effective, and thus may not be a cost-effective option at smaller generating 

sites. Finally , rail operations in general are not as flexible and responsive to individual site needs and 

capabilities as truck operations. 

E.9 Mitigative Measures 

The DOE is committed to conducting all transportation-related activities in a manner protective of human 

health and safety. The hazards of transporting radioactive materials under both incident-free conditions and 

accidents are minimized by existing regulations . All activities related to transporting radioactive waste 

would be conducted according to applicable health-and-safety requirements of the Federal Government, 

States, and local jurisdictions, including requirements promulgated by DOT in 49 CFR. 

Transportation planning integrates a wide range of expertise and requirements, including program 

engagement, material handling and packaging, transportation operations (traffic management), key 

governmental involvement, public information, environmental safety and health, and emergency 

preparedness. Where necessary, planning would be clarified in a Transportation Plan that would document 

the planned logistics for a shipping campaign. The focus of this plan would be operational; e.g., the 

handling, packaging, and transport of the waste through sequential steps resulting in the safe transport to 

a site . The plan would include organizational responsibilities of DOE, the shipper, corridor jurisdictions, 

and other Federal agencies. It would contain shipment schedules, transport mode, shipment route, 

emergency plan and contacts, and communication strategies. 

Although detailed plans about waste transportation will not be prepared for major shipping campaigns until 

some future time , safety plans have been prepared for a program involving the transportation of TRUW 
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to WIPP. The plans for WIPP can be considered as representative of those for future major DOE programs 

for waste transportation. The WIPP plans (DOE, 1990a) include provisions for the following : 

• Vehicles and equipment with the best available mechanical safeguards , including personal protective 

equipment and speed limiters 

• A facility for maintaining and inspecting equipment 

• A safety program, including personnel training in safe work practices 

• Stringent driver-training program and penalty provisions 

• Accident and emergency training 

• Constant-surveillance service for all loaded shipments 

• Communications equipment and services 

In reviewing the WIPP program activities, the National Academy of Sciences concluded that the "system 

proposed for transportation of TRUW waste to the WIPP is safer than that employed for any other 

hazardous material in the United States today and will reduce risk to very low levels" (DOE, 1990a). 

In addition to these policies, DOE may impose administrative measures to control accumulated doses during 

specific circumstances. Examples of administrative controls would include requiring temporary lead 

shielding between loaded casks and service personnel, controlling the location and duration of service stops, 

and prohibiting transportation during inclement weather. These measures would ensure that all exposures 

are maintained below the Mgulatory dose limits specified in DOE Orders 5400.5 and 5480.11 (DOE, 

1988c, 1990b), as well as comparable NRC limits (10 CFR 20) for members of the public and for workers. 

For accidents, DOE has issued a series of orders specifying the requirements for emergency preparedness, 

including DOE Orders 5500.10, 5500.2B, 5500.3A, and 5500.4A (DOE, 199la-c, 1992a). Each DOE site 

has also established an emergency management program, such as the one at the Hanford Site (WHC, 1994). 

Procedures and agreements among DOE, other Federal agencies, and State agencies are in place to allow 

for effective response by all appropriate parties if a severe accident should occur. 

State and local police and fire departments have primary responsibility for responding to events that could .,. 

endanger the health and welfare of their citizens. Most States maintain specialized teams capable of 

responding to hazardous materials incidents . Through the capabilities these teams currently possess for 

dealing with potential accidents involving other hazardous materials (e .g., hazardous chemicals), they 

should already have the capability to deal with most plausible accidents involving LLW and LLMW. Thus, 

additional training for LL W and LLMW would most likely be minimal. However, some states would 
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require additional training to respond to potential radioactive hazards resulting from TRUW or HLW 

transportation accidents. Currently, to assist in planning and preparedness for an unlikely, but theoretically 

possible transportation emergency involving TRUW or HLW radioactive shipments, DOE does offer a 

variety of radiological emergency response resources and information to complement existing emergency 

preparedness programs, and will continue to maintain a comprehensive emergency management system, 

particularly for radiological emergencies . The emergency management system includes training courses, 

Regional Coordinating Offices, and DOE Radiological Assistance Program teams. 
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APPENDIX E-PART II 
Hazardous Waste Transportation Risk Assessment 

E.11 Introduction 

Part II of this appendix considers risk from hazardous waste (HW) transportation and from the hazardous 

waste components of low-level mixed waste (LLMW) and transuranic waste (TRUW). These wastes are 

regulated under the Resource Conservation and Recovery Act (RCRA). Some waste types not covered by 

RCRA but regulated by the States or under the Toxic Substances Control Act (TSCA: 7 United States Code 

[USC] 136) are also included. The transportation of each waste type for treatment and ultimate disposal is 

an integral component of the alternatives being considered in the U.S. Department of Energy (DOE) Waste 

Management Programmatic Environmental Impact Statement (WM PEIS). 

This appendix should be read in conjunction with the technical reports for HW, LLMW, and TRUW (ANL, 

1996a-c), which present inventory characterization and waste load data for each major generator within the 

DOE complex. These data are used for the transportation risk assessment. 

Section E.12 discusses the scope of the transportation risk assessment for HW and HW components of 

LLMW and TRUW. Section E.13 describes packaging requirements and the distinctions between 

requirements for HW and those for radioactive waste . Section E.14 describes the method for selecting the 

most likely transportation routes for use in the risk assessment. Section E.15 describes the analytical 

approach used for the transportation risk assessment . Modeling input parameters and assumptions are 

provided in Section E.16. Section E.17 presents the results of the transportation risk assessment for HW, 

LLMW, and TRUW. Section E.18 discusses sources of uncertainty in the assessment, focusing on areas 

that might affect comparisons among alternatives . Finally , Section E.19 suggests mitigative measures that 

could be implemented to reduce the risk of transporting HW and HW components of LLMW and TR UW. 

E.12 Scope of Assessment 

This section describes the scope of the PEIS transportation risk assessment, including the treatment, storage, 

and disposal (TSO) alternatives; transportation-related activities; onsite versus offsite assessments; potential 
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vehicle- and cargo-related impacts; receptors; and transportation modes are considered. Subsequent sections 

provide additional details about the assessment. 

E.12.1 ALTERNATIVES 

HW. The HW transportation risk analysis is intended to provide input for decisions about the extent to 

which DOE should continue to rely on commercial facilities for treating and disposing of the nonaqueous 

portion of the hazardous waste stream. Four alternatives are considered: (1) No Action, (2) Decentralized, 

(3) Regionalized 1 (five TSO sites), and (4) Regionalized 2 (two TSO sites). The specific DOE and TSO 

sites associated with these alternatives are discussed in Section E.17. The HW technical report (ANL, 

1996a) contains details about TSO technologies, HW inventory and generation, existing and planned 

capabilities for treating and storing HW, and waste loads by alternative. 

TRUW. For TRUW, six alternatives are considered: (1) No Action, (2) Decentralized, (3) Regionalized 1, 

(4) Regionalized 2, (5) Regionalized 3, and (6) Centralized. See Section E.2.2.3 for detailed descriptions 

of these alternatives. 

LLMW. For LLMW, seven alternatives are considered: (1) No Action, (2) Decentralized, 

(3) Regionalized 1, (4) Regionalized 2, (5) Regionalized 3, (6) Regionalized 4, and (7) Centralized. See 

Section E.2.2.4 for detailed descriptions of these alternatives. 

E.12.2 DESCRIPTION OF TRANSPORTATION ACTIVITIES 

As in Part I of this appendix, the radioactive waste transportation risk assessment, these HW assessments 

for HW and HW components of TRUW and LLMW are limited to estimating the human health risks during 

waste transport. The risks during waste loading, unloading, and handling before or after shipment are not 

included; nor do these assessments address possible impacts from increased transportation levels on local 

traffic flow, noise levels, logistics, or infrastructure. 
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E.12.3 ONSITE VERSUS OFFSITE TRANSPORTATION 

The HW transportation risk assessment includes onsite and offsite transportation. These transportation types 

are as defined in Section E.2.1 . To estimate onsite transportation risks, site-specific values are used (when 

available). Models that rely on simplifying assumptions and average values for many parameters, such as 

road dimensions, weather conditions, and population densities, are used to estimate risk from offsite 

shipments. As in the radiological transportation risk assessment, the Hanford Site (Hanford) was selected 

as representative of conservatively estimated impacts for onsite transportation risks and is used for 

comparison with offsite transportation risks. On-site analyses were not conducted for TRUW and LLMW. 

For both of these waste types, the low risks estimated for offsite transportation indicated that risks from 

onsite transportation would be negligible. 

E.12.4 CARGO-RELATED IMPACTS (HAZARDOUS CHEMICAL WASTES) 

Cargo-related impacts to human health during HW, TRUW and LLMW transportation come from exposure 

resulting from container failure and chemical release during an accident (a collision with another vehicle 

or road obstacle) . Containers used for shipping HW have been specified by the U.S. Department of 

Transportation (DOT) and have been assumed to preclude any significant exposure of workers or the public 

during routine HW transport. Type A packaging for LLMW is also designed and maintained to ensure the 

containers will contain and shield their contents during normal transport. TRUW is packaged in 

TRUPACT-11 containers (i.e. , external containers into which 55-gal drums are placed for transportation), 

decreasing further the likelihood of release under routine conditions. Accordingly, no cargo-related impacts 

are associated with HW transport under routine (incident-free) conditions. 

The risks from HW and HW component exposure during transportation accidents can be either acute 

(resulting in immediate injury or fatality) or latent (resulting in cancer that becomes evident after a latency 

period of several years). Population risks and risks to the maximally exposed individual (MEI) have been 

evaluated for transportation accidents. Two acute health endpoints-potential life-threatening effects and 

potential adverse effects-have been evaluated for assessing cargo-related population impacts from 

transportation accidents. The identification of chemicals in HW, TRUW, and LLMW with potential life­

threatening effects was made by comparison with gaseous and liquid substances designated "poison 

inhalation hazard" (PIH) chemicals by DOT. Chemicals selected for the potential adverse effects analysis 

VOLUME IV E-107 



ApPendix E Part II Transportation Risk Assessment 

included PIHs and gaseous or liquid chemicals with inhalation toxicity values (reference concentrations) 

established by the U.S. Environmental Protection Agency (EPA, 1993a-b). 

The acute effects evaluated are assumed to exhibit a threshold, nonlinear relationship with exposure; that 

is, some low level of exposure can be tolerated without inducing a health effect. Chemical-specific values 

for the potential life-threatening concentration (PLC) and potential adverse effect concentration (P AEC) 

were developed to estimate risks. All individuals exposed at these levels or higher are included in HW 

transportation risk estimates. Use of this type of population risk descriptor, which involves estimating the 

number of persons exposed above a specified conservatively estimated level, is recommended under EPA 

guidance (EPA, 1992). Figure E-6 presents a conceptual diagram of how PLC and PAEC values were 

derived. Additionally, to address MEls, locations of maximum HW concentration were identified for 

shipments with the largest potential releases of individual HW components. 

A latent health endpoint-"increased cancer risk"-has also been used to assess the cargo-related population 

impacts from accidents involving carcinogen releases . Traditionally, risk assessment for chemical 

carcinogens characterizes risk to the MEI (EPA, 1989a). The MEI assessment is included in this HW 
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transportation risk analysis (Section E.17 .1.3). Additionally, for assessing risk to the general population, 

increased carcinogenic risk has been expressed as the number of individuals in the general population with 

an increased lifetime cancer risk of one in one million or greater, as recommended under EPA guidance 

for characterization of population risks (EPA, 1992). Cancer risks greater than one in one million have been 

designated as increased cancer risk concentrations (ICRC) levels. Overall population risk (in terms of 

number of excess cancers expected in the population) has not been calculated for HW as it was for 

radioactive waste because this calculation would require an estimate of average exposure levels in the 

population, while standardized cancer risk assessment methods address only MEis. Therefore, 

characterizing population cancer risks associated with HW transportation as the number of individuals 

experiencing an increased risk of one in one million was deemed preferable. Cargo-related population 

cancer risks presented in this assessment cannot be directly compared with cancer risks for individuals . 

Inhalation is the primary exposure route of concern for accidental release of HW, TRUW, and LLMW. 

Direct exposure to hazardous materials by other pathways, such as ingestion or dermal absorption, is 

possible, but these routes are expected to result in much lower exposure than the inhalation pathway doses. 

The likelihood of acute effects, such as those evaluated by using PLC and PAEC values, is much lower for 

the ingestion and dermal pathways than for inhalation. For HW, this assessment addresses inhalation of 

organic vapors and gases only: the potential for the public's exposure by inff'alation of particulates is 

considered to be much lower than that for inhalation of vapors or gases because (1) DOE transports limited 

quantities of solids prone to particulate formation (for example, powders), so releases would be relatively . 
small and would result only in small particulate clouds; (2) because particulates settle rapidly, exposure of 

the general population located 30 m (100 ft) farther from the release site would be minor because of low 

particulate concentrations; and (3) acute toxicity of inhaled particulates is lower than for vapors or gases 

in the DOE shipments for the same quantity released. Although some particulates are carcinogens (for 

example, cadmium salts), low exposure dose and duration make risks low compared with risks from vapors 

and gases. For LLMW, two types of exposures from solid wastes are also evaluated to maintain consistency 

with the radiological assessment. These are (1) volatile organic vapor emissions from contaminated spoils 

piles (i.e., solid waste spill on the ground); and (2) respirable aerosol fraction of organic substances from 

a solids spill direct to the atmosphere. Inorganic substances in LLMW were not assessed for the same 

reasons given above for HW. Evaluation of releases from solids was not conducted for TRUW because 

the bounding risk from release of organic liquids was minimal. 
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E.12.5 VEHICLE-RELATED IMPACTS 

For HW, vehicle-related risks (independent of a shipment's chemicals) are assessed for the same 

transportation routes as cargo-related impacts, for routine and accident conditions. Vehicle-related risks 

under routine conditions are the result of exposure to vehicle-exhaust emissions; risks are primarily 

associated with exposure in urban environments. Vehicle-related accident risks are fatalities and injuries 

resulting from direct physical trauma during an accident (not from exposure to released cargo). Fatality and 

injury rates specific to HW transportation are used in this assessment. For TRUW and LLMW, vehicle­

related risks are presented in Part 1 of this appendix. 

E.12.6 TRANSPORTATION MODE 

HW. The transportation risk assessment is based on shipping HW by truck from generators to TSD 

facilities. Shipments by rail, barge, and aircraft, although possible, have not been considered because none 

of these shipment modes were identified in the baseline case data. In addition, waste volumes accumulated 

at a site are generally small (onsite storage at DOE sites is generally limited to 90 days under RCRA, unless 

a Part B permit is obtained); the volume to be transported is not large enough to warrant rail or barge 

transportation. 

TRUW and LLMW. Both truck and rail transport were assessed for TRUW and LLMW. The assessments 

for truck and rail shipments used the same methods and accident statistics as were used for the radiological 

assessment. 

E.12.7 RECEPTORS 

In general, risks from HW, TRUW, and LLMW transportation are calculated for members of the public. 

Risks to the MEI are also presented. Potential risks are estimated for the collective populations of exposed 

people, as well as for MEis. The collective population risk is a measure of the radiological risk posed to 

society by the alternative being considered, and it is the primary means of comparing various alternatives . 
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E.13 Waste Packaging 

Regulations that govern the transportation of hazardous materials are designed to protect the public from 

the potential dispersal of hazardous materials. The specification of standards for packaging hazardous 

materials is the primary regulatory approach for ensuring the public's safety. 

The packaging requirements for a specific hazardous material are determined by the level of hazard the 

material would present as a result of an accidental release. In the "Hazardous Materials Table" (Title 49, 

Part 172.01, of the Code of Federal Regulations [CFR]), which lists more than 4,000 chemicals in 

alphabetical order by proper shipping name, column 8 supplies a reference number to a part of 

49 CFR 173. The part specified describes shipping requirements for a particular chemical. 

Container acceptability is determined by performance-based tests (e.g., drop strength, leak resistance, 

hydrostatic pressure, stacking, and vibration) (49 CFR 173). A wide range of performance levels is required 

because of the broad spectrum of hazard levels presented by different hazardous materials . 

Radioactive waste types generally have more rigorous containment requirements than HW. Most low-level 

waste (LLW) and LLMW can be shipped in Type A containers, typically 0.21-m3 (55-gal) drums . The 

DOT and U.S . Nuclear Regulatory Commission (NRC) performance specifications for Type A radioactive 

waste containers are comparable to the DOT requirements for HW containers. Most other radioactive 

wastes considered in this PEIS (HLW and TRUW) require Type B containers, which are subject to far more 

rigorous requiremehts than Type A containers. Examples of testing include a 9-m (30-ft) drop test 

(regardless of size and weight of container), a 15-m (50-ft) water immersion over an 8-hour period, and 

a 30-minute exposure to a radiation environment at or above 802°C (l,475 °F) and emissivity coefficient 

of at least 0.9. 

The NRC data summarized in Section E.6.5 (Tables E-6 and E-7) and DOT-reported data on release 

probability during an accident (Harwood and Russell, 1990) can be used to compare the containment 

performance differences between Type B containers and typical containers used for HW. The data show 

that the probability of a release from a Type B container resulting from an accident would be less than 9 % 

and that, if a release occurs, less than 1 % of the total shipment quantity would be released. These estimates 

are considered to be extremely conservative (i.e., overestimates of potential release amounts) . The DOT 

data, based on 1985-86 data involving liquid hazardous material spills from truck accidents in the State of 

Missouri, show that the probability of a liquid hazardous material in bulk containment being released as the 
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result of an accident is estimated to be 18.7% and that, if a release occurred, the average percentage of total 

cargo released would exceed 16%. 

E.14 Routing Analysis 

The HIGHWAY 3.1 computer program (described in Section E.4.2.1.1) was used for predicting the most 

likely truck route for each shipment of HW assessed. The HIGHWAY model provides the number of miles 

each route passes through various population density areas and provides estimates of population densities 

along each segment of routes of interest. In generating estimates of risk, the midpoint of the population 

density given by the HIGHWAY code for each route segment was used. 

For the potential life-threatening endpoint under the No Action Alternative, transporters were contacted to 

determine the actual routes for each shipment. For the potential adverse effect and increased carcinogenic 

risk endpoints and for all four alternatives, HIGHWAY was used to determine the most likely route by 

constraining the routing to maximize interstate highway use. The INTERLINE 5.0 model was used for 

determining rail routes for LLMW and TRUW (see Section E.4.2.1 .2 for details) . 

E.15 Methods for Computing Transportation Risk 

This section describes methods for computing risks associated with two types of transportation 

conditions-routine operations and accident conditions-involving the vehicle and its cargo. The routine 

risk estimated is solely the vehicle-related risk from inhalation of vehicle emissions; no cargo-related risk 

would exist because of the assumption that potential seepage would be contained. The accident risks include 

cargo-related risks from inhalation of a hazardous chemical (in the case of a ruptured waste container) and 

vehicle-related risks from the physical trauma of a traffic accident. The risk computation for routine 

operating conditions involves only two parameters: a risk factor for urban vehicle exhaust exposure and the 

distance transported in an urban area. In addition to risks to the general population, risks to the MEI from 

the most hazardous chemical shipment are also assessed for accident conditions. A technical support 

document by ANL (1996d) contains a more detailed discussion of this method. 

The cargo-related health risk to the public (expressed as the number of individuals likely to experience an 

adverse health effect) from transporting a specific HW is computed for each segment of the rural, urban, 

E-112 VOLUME IV 



Transportation Risk Assessment ApPendix E Part II 

or suburban population zone associated with a specific shipment route. The total risk is obtained by 

umming the risks for each shipment over a period of interest. This approach for determining risk from 

transporting HW and HW components of TRUW and LLMW is similar to the procedure for performing 

radiological transportation risk calculations described in Part I of this appendix. The differences in approach 

are principally the applied consequence assessment models and model input assumptions, and the health 

criteria used to compute the hazard zones (population areas at risk). These differences and the principal 

areas of similarity are highlighted in the following sections for the offsite and onsite risk assessment 

methodologies . 

E.15.1 OFFSITE TRANSPORTATION 

The offsite transportation risk assessment approach for routine operations and accident conditions is 

summarized in Figure E-7 and discussed in detail in the following sections. Section E.16.5 describes the 

development of health risk criteria used in this assessment. 

E.15.1.1 Routine Risk Assessment Method (Vehicle-Related Risks) 

The HW assessment calculates only vehicle-related routine risk, because no significant health concerns can 

be identified for cargo-related routine operations . The estimation of routine risks from vehicle exhausts is 

based on an empirical correlation linking latent inhalation mortality risk to vehicle mileage (the methods 

are the same as those described in Section E.5.1.1.3 of the radiological assessment). 

Risks from routine transportation may be calculated by multiplying the number of kilometers traveled in 

urban areas by the appropriate risk factor for each HW shipment. This calculation enables the comparison 

of total risk of routine transport for the baseline case and the various alternatives. Routine risk for HW is 

presented in Section E.17, whereas routine risks for TRUW and LLMW are presented in Part I of this 

appendix. 
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E.15.1.2 Accident Risk Assessment Method 

E.15.1.2.1 Cargo-Related Risks 

HW. The risk assessment for HW transportation accidents considers historical hazardous material truck 

traffic data, including accident probabilities, cargo release likelihoods given an accident, and consequences 

of a range of possible transportation accidents. These accidents include low-probability accidents with high 

consequences and high-probability accidents with low consequences. The need to evaluate the consequences 

from the most severe hypothetically postulated HW transportation accident (instantaneous release of entire 

cargo contents), consistent with the assumptions used for the most severe radioactive accidental release, is 

considered. As discussed in Section E.5.1, the consequence assessment for routine and accident radioactive 

waste transportation conditions are computed with the RADTRAN 4 (collective populations risks) and 

RISKIND (individual or population subgroup risks) models (Neuhauser and Kanipe, 1993; Yuan et al., 

1993). Hazardous waste transportation accident consequence assessment relies on the Areal Locations of 

Hazardous Atmospheres ALOHA TM model (version 5.1) (Reynolds, 1992) for the collective population and 

individuals. The model is a widely applied code EPA often used to help emergency field personnel 

implement emergency response measures. 

The main differences between the ALOHN11 and the RADTRAN 4/RISKIND computer models are in the 

approaches for determining the source-term (chemical or radionuclide release rate or fraction), transport 

and dispersion, and exposure duration. The ALOHA TM model has a built-in source-term algorithm for 

computing the rate, quantity, and type of atmospheric release of a hazardous air pollutant, including pool 

evaporation from a volatile organic liquid spill. The model can handle computations for frequently 

encountered accidental releases from ruptured tanks, drums, and pipes. ALOHA™ incorporates a chemical 

data library of physical and chemical properties (such as vapor pressure, boiling point, and molecular 

weight) for several hundred chemical compounds. These properties, along with container content input, 

such as the container geometry and rupture characteristics (hole size, for example), are used by ALOHA™ 

to compute chemical release rate and duration. Radionuclide release quantities for RADTRAN 4 and 

RISK.IND are not computed by the models but are specified as release fraction input parameters. With these 

models, release fractions (defined as the fraction of material in a package that could be released in an 

accident) are assigned to each accident severity category according to the waste material's physical and 

chemical form. Both models assume instantaneous releases.· 
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All three models assume that plume transport and diffusion approximate Gaussian distribution in the 

atmo phere. The ALOHA TIii model imulate atmo pheric transport and di persion o the released substance 

as either a neutrally buoyant (or passive) plume or a slumping dense gas plume. In the ALOHA TM model, 

the selection of plume type (passive or heavy gas) from a near-surface release depends primarily on the 

relative density of the released toxic vapor (vapor or gas density to atmospheric density) and the ambient 

windspeed. Either continuous or intermittent releases and dispersion in rural or urban atmospheres can be 

simulated. The RADTRAN 4 and RISKIND models are limited to passive plume dispersion from 

instantaneous releases; these models are not designed to simulate transport and dispersion from dense gas 

releases commonly associated with HW chemicals. The ALOHA TM model does not account for the thermal 

buoyancy generated from fire plumes. Because severe accidents routinely involve fires, the RISKIND model 

was designed to take into account physical phenomena from the fire , such as buoyant plume rise . The risks 

associated with HW transportation accidents involving fire and water immersion are now being assessed 

with models or approaches appropriate to these conditions. These assessments will address risk associated 

with fire combustion products and water reaction chemistry. 

Once the release and plume characteristics are computed, ALOHA TM establishes the plume hazard area or 

"footprint" (ground areal plume coverage with chemical concentrations greater than or equal to health 

criteria concentrations). Health criteria values are concentrations in air corresponding to the potential life­

threatening effect, increased cancer risk, and any adverse health effect endpoints. This footprint is used to 

estimate the consequences of population exposure along the transportation route . No consequences are 

assumed within 30 m (98 ft) of the accident because homes are not likely to be located less than 30 m 

(100 ft) from the center of the highway. The ALOHA TM-computed hazard areas, along with the chemical­

specific health criteria concentration values and estimated exposure durations, are used to estimate acute 

and latent health effects from inhalation. In comparison, the consequences estimated by RADTRAN 4 or 

RISKIND, along with health risk conversion factors, are used to compute latent cancer fatalities, cancer 

incidence, and serious genetic effects from inhalation and ingestion by exposed populations. The supporting 

technical report by ANL ( 1996a) provides further description of the ALOHA TM model and modeling 

assumptions. 

TRUW. Since only liquid or gaseous hazardous components of TRUW required evaluation, the methods 

used to calculate cargo-related risks were identical to those used for HW. 

LLMW. The LLMW consequence assessment for HW assumes organic liquid spills and particulate releases 

are instantaneous as liquid and solid (as respirable fraction) aerosols. The methods used to calculate cargo-
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related risks for the liquid or gaseous hazardous components of LLMW were identical to those used for 

HW. For particulates , release fractions are estimated with the approach used for radionuclide releases 

(described in Section E.6.6). One additional source term is estimated for contaminated solids (containing 

volatile organic compounds) spilled on the ground. The emission rate is calculated with a standard 

evaporative gaseous emissions model (EPA, 1988). The emission rates are used in the ALOHA™ code to 

provide hazard zones ("footprints") . Details are provided in the Supplemental Information document for 

LLMW (ANL, 1996e). 

E.15.1.2.2 Vehicle-Related Risks 

The risk assessment also provides an estimate of injury or fatality to truck crew members and the public 

as a result of physical trauma from vehicle collisions. This risk is assessed by combining data on 

U.S. annual deaths and injuries occurring from hazardous materials transportation accidents with total miles 

traveled by hazardous materials transport vehicles (DOC, 1987). The death and injury rates (unit risks) 

derived from these data are 9.56 x 10-9 fatalities/km (1.53 x 10-8/mi) traveled and 6.25 x 10-8 injuries/km 

(l.Ox 10-7/mi) traveled. 

The risk of collision death or injury from transporting HW for each route segment is calculated as the 

product of the number of kilometers traveled and the unit risk factors . Risks are summed over the entire 

route and over all shipments for each alternative. Vehicle-rel~ted risks for TRUW and LLMW are presented 

in Part I of this appendix. 

E.15.2 ONSITE TRANSPORTATION 

The approach used for offsite HW transportation risk calculations was also used to estimate onsite accident 

risks to collective populations and the MEI. The Hanford Site was selected as a large representative DOE 

site for estimating the magnitude of the onsite transportation risk for hazardous and radioactive waste. The 

assessment requires extensive use of site-specific routing and worker population data. Sitewide 

characteristics such as meteorologic data and building-specific worker 1,iopulation densities are variable i.il.put 

parameters. In addition, receptor characteristics such as intav..; rate and location relative to the shipment 

route can be specified. 
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The three groups of receptors considered for the onsite routine risk assessment are as follows: 

• Workers near the transport route (worker population dose) 

• Guards at the gates of individual facilities or at checkpoints along the route 

• General public near a gate (offsite collective population) 

For each shipment, onsite transport HW accident consequences and the attendant health risks were 

calculated. The same accident and release probabilities used for the offsite risk calculations were used for 

the onsite risk estimates at the Hanford Site . 

Based on results of the off-site analysis for TRUW and LLMW, risks from on-site transportation for these 

waste types would likely be very small, and were therefore not quantified. 

E.16 Input Parameters and Assumptions 

E.16.1 WASTE INVENTORY AND CHARACTERIZATION DATA 

HW. The HW risk assessment modeling (Ha WRAM) database was developed to support the WM PEIS 

transportation and technology analysis (Lazaro et al. , 1994). The database was developed primarily as a 

tool to provide the modeling parameters identified below: 

• Chemical name, its United Nations or North American identification number, and classification; that 

is, whether the chemical is a PLC, PAEC, or ICRC chemical 

• Physical-chemical state (liquid, solid, or gas/vapor) of waste container contents 

• Chemical composition and physical-chemical characteristics 

• Container type (metal or fabric drum) 

• Container size (0.21-m3, 0. ll-m3, or 19-L [55-, 30-, or 5-gal] drum) , number of containers in 

shipment, and total quantity of waste in containers shipped 

• Shipment date and EPA and State manifest numbers 

• Generator name, EPA identification number, and location 

• TSD facility name, EPA identification number, and location 
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The HaWRAM database contains waste inventory and characterization data for each DOE site, operations 

data for the facil ities used for TSO of the wastes, and definitions of the various alternatives . The 

development of the HaWRAM database is described by ANL (1 996a,c). 

The HaWRAM database was designed to provide the following : 

• Quantities of offsite HW shipments, key physical-chemical HW characteristics, and treatment 

technologies commercial TSO facilities used 

• Data, such as chemical name, container size, chemical state, and chemical hazard designation, required 

to carry out a transportation risk assessment under current as well as future conditions 

• Data for determining the degree and type of onsite versus offsite treatment at commercial facilities 

• Data on "as-generated" or "operational" HW from industrial-type processes or laboratory research 

versus "remediation" HW from decommissioning or Superfund cleanup 

Hazardous waste is defined under RCRA as waste either exhibiting certain standard characteristics 

(ignitability, corrosivity, reactivity, or toxicity) or listed under RCRA Subpart D (40 CFR 261.31). 

Subpart D lists approximately 800 waste categories and several hundred individual constituents as hazardous 

waste; however, many of these wastes are solids or nonvolatile liquids whose potential to become airborne 

under accident conditions is insufficient for significant exposure of the general public. Therefore, the 

substances evaluated for the WM PEIS transportation risk assessment were limited to those appropriate for 

the health endpoint being assessed, as detailed below. 

For accident conditions, three health endpoints were evaluated: potential for life-threatening effects, 

potential for any adverse effects, and increased cancer risk. For evaluation of the potential life-threatening 

effects endpoint, analyses were conducted for shipments containing substances designated by DOT as PIH 

chemicals (criteria for PIH designation are detailed in Section E.16.5.1). Potential life-threatening 

concentration values were developed for estimating the risks for this endpoint. In the evaluation of potential 

for any adverse effects, both PIH substances and substances that may result in less severe adverse health 

effects on exposure were evaluated. Potential adverse effect concentration values were developed for 

estimating the risks for this endpoint. Increased cancer risks concentration values were developed to assess 

risks from substances for which sufficient evidence of carcinogenicity exists in humans or animals. 

Increased cancer risk concentration values were expressed as the concentrations associated with an increased 

lifetime cancer risk of one in one million for members of the public. 
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For fiscal year (FY) 1992, the HaWRAM database identifies the shipment by DOE of 48 substances to be 

evaluated under the potential life-threatening effects endpoint, 85 substances evaluated under the potential 

for any adverse effects endpoint, and 32 substances evaluated under the increased cancer risk endpoint. This 

constituted cargo-related risk evaluations of approximately 285 of the 1,712 shipments; however, evaluation 
I 

of these shipments for the three stated health endpoints was considered to adequately represent inhalation 

hazards associated with collisions, because releases of less hazardous substances from other shipments are 

unlikely to result in a health risk to the general population. The potentially lethal concentrations (PLC), 

potentially adverse effects concentration (PAEC), and increased cancer incidence effects (ICRC) values 

were developed for the WM PEIS risk assessment (Hartman et al., 1994). These values were derived by 

using toxicologic data and risk evaluation methods for emergency planning available from the EPA and 

other sources (EPA, 1986; EPA et al., 1987; DOT, 1993b; National Research Council, 1993). 

TRUW and LLMW. Reports have been prepared describing the TRUW and LLMW inventories and 

characteristics at each DOE site (ANL, 1996b,c). These reports were used as the primary source of 

information for the transportation assessment. The majority of information on the hazardous-chemical 

compositions is derived from site-specific (process) operational knowledge. All TRUW is assumed to be 

radioactive material mixed with other chemical substances and divided into a number of waste-stream 

categories (e.g., aqueous wastes, organic liquids, contaminated soils). Concentrations of hazardous chemical 

constituents for each of these categories were estimated (ANL, 1996b). For LLMW, classification into 

waste-stream categories was also conducted to facilitate the assessment (e .g., aqueous liquids, organic 

liquids, solid process residues; ANL, 1996b). 

Organic liquid and solid hazardous waste components with significant volatilization potential and inhalation 

toxicity values (i.e., slope factors or reference concentrations) available from the EPA were evaluated. The 

same health risk endpoints as for HW were considered, although for some health endpoints, zero risk was 

calculated (e.g., the potential for life-threatening effects endpoint for both TRUW and LLMW was zero, 

because no substances in the respective inventories were identified as PIH chemicals.) 

E.16.2 POPULATION DENSITY ZONES 

The same three population density zones (rural, suburban, and urban) used in the radiological risk 

assessment (Section E.6.3) were used for the offsite population risk assessments. As for the radiological 
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risk assessment, the onsite analysis used population densities for the Hanford Site and the town of Richland, 

Washington . 

E.16.3 TRUCK ACCIDENT AND RELEASE PROBABILITIES 

A cross-classification study conducted in California (Graf and Archuleta, 1985) and cited in a Midwest 

Research Institute document (Harwood and Russell, 1990) provided the only data available on accident rates 

by highway type (rural freeway, rural nonfreeway, or urban freeway) and truck configuration (single unit, 

single combination, or double combination). Because HWs in the DOE complex are shipped mainly by 

0.21-m3 (55-gal) drum or smaller containers, single-unit trucks will likely be the predominant truck type 

used; therefore, accident rates for single-unit trucks were used in this assessment. Also, because an accident 

rate for suburban freeways was required, the average of the rural and urban freeway rates was used. Rates 

used in the analysis (per million kilometers of truck travel) were as follows : rural freeway , 0.35 ; rural 

nonfreeway, 0.42; suburban freeway, 0.49; and urban freeway, 0.63 (0.56, 0 .68, 0.79, and 1.01, 

respectively, per million miles). Rural nonfreeway rates were used for the small route segments from 

facilities to freeways. 

Some states maintain more comprehensive and better monitored hazardous materials incident data than can 

be found in corresponding national data from DOT sources; for example, the State of Missouri's highway 

patrol accident reports contain data identifying whether each vehicle involved in an accident was carrying 

hazardous materials, what type or types of materials were carried, and whether a toxic substance was 

released. This format permits accurate classification of accidents by hazardous material cargo type. Missouri 

is one of only three states to incorporate all of these items in their reports. Because Missouri was considered 

the most representative (nearest the midpoint of the Nation) , the data from Missouri, as cited in Harwood 

and Russell (1990), were used as the basis for estimating the probability of a toxic substance release after 

an accident. The probabilities used were 0.072 for gases in bulk and 0.187 for liquids in bulk. 

In addition to these accident and release probabilities, an estimate is needed of the likely number of 

containers and the quantity of chemicals to spill from them as the result of a vehicle accident. An algorithm 

was developed to account for multiple chemicals in containers, percentage of containers in a shipment 

expected to be breached in an accident, and average quantity released per container. This algorithm 

provided the estimate of the amount spilled from the total quantity reported on HW manifest sheets (an HW 

tracking form mandated by Federal and, in most cases, State law for all offsite shipments of HW). The 
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quantity of the chemical of interest per container was assumed to be equal to the total quantity in each 

container divided by the number of chemicals in th ntain r ( pe ifi oncentration levels were generally 

unavailable). This quantity was multiplied by the appropriate assumption for percent spilled and by the 

number of containers assumed to be breached. Data on percent spilled and number of containers breached 

were specific to container type (metal, plastic, glass, pressurized, or other) and size and were based on 

statistics from the Hazardous Materials Incident Reporting System (HMIRS) database (DOT, 1993a) . 

E.16.4 ATMOSPHERIC CONDITIONS 

The meteorologic input to the ALOHA TM model assumes neutral stability (Pasquill Stability Class D, 

daytime) with moderate to overcast solar insolation, ambient temperature of 35°C (95 °F), and a windspeed 

of 4 m/s (13.12 ft/s). Because neutral meteorologic conditions are the most frequently occurring 

atmospheric stability conditions in the United States, these conditions are most likely to prevail in the event 

of a transportation spill of a hazardous chemical or radioactive waste shipment (Part I, Section E.6. 7, 

contains assumptions for radioactive waste exposure modeling). On the basis of observations from National 

Weather Service surface meteorologic stations at more than 300 locations in the United States, on an annual 

average, neutral conditions occur about 50% of the time, while stable conditions (represented by Pasquill 

Stability Classes E and F) occur about 33 % of the time, and unstable conditions (represented by Pasquill 

Stability Classes A and B) occur about 17% of the time (NOAA, 1976). Regionally, neutral conditions are 

less prevalent in the arid Southwest and most prevalent in the Midwest and Northeast. The neutral category 

predominates in all seasons, but most frequently in the winter (nearly 60% of the observations). Neutral 

stability is conservative for the daytime, when most accidents occur. In its 1993 Emergency Response 

Guidebook (DOT, 1993b), DOT employs neutral stability and 4.5-m/s (14.76-ft/s) windspeed for the 

meteorology for all transportation accidents. Although most conservative meteorological conditions, such 

as Class F stability and windspeed of 1.5 m/s (4.92 ft/s), should be conservative for both day and night, 

DOT' s position when developing the Initial Isolation and Protective Action Distances was to avoid 

multiplying conservative assumptions . This position was also adopted for modeling chemical exposure in 

this assessment. 

E.16.5 HEALTH RISK CRITERIA 

For predicting inhalation hazards associated with accidental releases, the ALOHA TM model can be applied 

to calculate the health consequence area by predicting the HW plume area resulting from an accident. Plume 
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concentrations corresponding to appropriate health endpoints are required. Human health risk endpoints 

addressed in this assessment include the potential for life-threatening effects (evaluated using PL values), 

potential for reversible or irreversible adverse effects (evaluated using PAEC values), and potential for 

increased cancer incidence effects (evaluated using ICRC values). The calculated risks correspond to the 

endpoint being assessed. 

The goal of identifying PLC, PAEC, and ICRC values is to estimate the minimum concentration that could 

induce an adverse health effect. This minimum level is used in the ALOHA n1 model to estimate the plume 

area with an air concentration at that level or higher. The total population exposed is assumed to be at risk 

for the health effect. Of the population at risk (the population within the plume) , those exposed to the 

highest concentrations will be most likely to experience the health effect. The collective population risk 

calculations identify the number of individuals in the population at risk but do not differentiate the risk for 

individuals within the plume area. The analysis for MEI receptors addresses the highest estimated exposure 

levels . 

E.16.5.1 Potential Life-Threatening Concentration Values 

The potential for life-threatening health effects is assessed for specific HW components designated as PIHs 

by DOT (49 CFR 173.115, 173.132-133). These substances are assigned protective action distances in the 

DOT 1993 Emergency Response Guidebook commonly used by hazardous materials incident response 

personnel (DOT, 1993a). Only liquids and gases are designated as PIH substances. Two criteria must be 

met for designation as a PIH: ( 1) high toxicity, based on the concentration of a chemical gas or vapor at 

which 50% of the test animals die, known as LC50; and (2) for liquids, medium to high volatility. Potential 

life-threatening concentration values were derived for all PIH substances in the HW FY 1992 shipment 

inventory considered the baseline case for the No Action Alternative . These resulted in PLC values for 

approximately 50 chemicals. No PIH chemicals were identified in the TRUW or LLMW inventories . 

Potential life-threatening concentration values are air concentrations of HW above which exposed persons 

are at risk for potential life-threatening health effects when exposed for the associated exposure duration. 

Potential life-threatening concentration values are input to the ALOHA 111 code to estimate "PLC-areas at 

risk" (areas that equal or exceed the PLC air concentration). In deriving PLC values, three main issues must 

be addressed: (1) selection of toxicity values, (2) selection of appropriate uncertainty factors , and 
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(3) exposure duration adjustment. These issues are discussed in detail in the technical support document 

(ANL, 1996a) and are summarized below. 

E.16.5.1.1 Toxicity Value Selection 

Toxicity data were obtained from one of two sources: (1) the Registry of Toxic Effects of Chemical 

Substances (RTECS) database (NIOSH, 1992), or (2) Dangerous Properties of Industrial Materials (Lewis 

and Sax, 1992). Two possible toxicity values for estimating potential human life-threatening health effects 

are the LC50, defined above, and the human LCLo defined as the lowest reported concentration of gas or 

vapor that has caused death in humans. 

In this assessment, the lower of either (a) the lowest available human LCw value divided by an uncertainty 

factor of 3 or (b) the LC50 value for the most sensitive tested mammalian species divided by an uncertainty 

factor of 10 was selected as the primary toxicity value for deriving PLCs. For substances with no available 

LC50 or human LCw value, the lowest mammalian LCw value was substituted for the LC50 value. In the 

absence of either value, a short-term exposure level (STEL) for occupational exposures was multiplied by 

15 to derive the PLC value, based on methods similar to those used to derive "Level of Concern" values 

(EPA et al., 1987). The toxicity value selection was restricted to data with associated experimental exposure 

times between 5 minutes and 6 hours. Experimental data with exposure times less than 5 minutes are 

difficult to reproduce, and data with exposure times greater than 6 hours would be inappropriate for 

evaluating acute health effects. 

E.16.5.1.2 Uncertainty Factor Selection 

The EPA uses uncertainty factors to allow for imprecision in deriving reference doses (RtDs) for hazardous 

chemical substances (EPA, 1989a). For this assessment, an uncertainty factor of 3 (approximate logarithmic 

mean of 1 and 10) was selected on the basis of limited EPA guidance (EPA, 1980; 1989a). To correct for 

variations in susceptibility among individuals in the human population, LCLo values were reduced by an 

uncertainty factor of 3. Values for LC50 or mammalian LCLO were reduced by an uncertainty factor of 10 

(3 to correct for interspecies extrapolation and 3 to account for variations in human susceptibility-rounded 

from 9 to 10 for simplicity). 
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E.16.5.1.3 Exposure Duration Adjustment 

The ALOHA TH code used to estimate the PLC areas at risk for transportation accidents also computes 

estimates of release duration . These estimates range from 1 to 60 minutes . Longer duration releases are 

reported as "greater than 60 minutes." The ALOHA TH model limits the puff release (forcible emission) 

duration to periods of 1 hour or less. 

Reported LCw and LC50 values are associated with experimental exposure times. The estimated duration 

of releases computed with the ALOHA TH code are used to scale LCw or LC50 values in the literature from 

experimental exposure times to the estimated duration of exposures. Either a linear or exponential function 

can be assumed in scaling literature-reported toxicity values to the appropriate exposure duration. The 

scaling assumption resulting in the lowest PLC value was used in this assessment. 

In calculating accident risks for the potential life-threatening endpoint, the assumption is that the entire 

population living within the PLC area at risk could experience life-threatening health effects from the 

exposure. This assumption is conservative because the PLC values have incorporated uncertainty factors 

to account for sensitive human subpopulations. Greater detail on the derivation of PLC values, the PLC 

values for all PIH substances contained in the HW shipping inventory, and comparisons with other available 

emergency planning criteria, are included in the technical support document (ANL, 1996d). Potential life­

threatening concentration values and supporting information for some representative high-risk substances 

are presented in Table E-33. 

E.16.5.2 Potential Adverse Effect Concentration Values 

To estimate the occurrence probability of less severe effects, values were also developed to estimate air 

concentrations of HW components above which exposed persons are at risk of any adverse effect (PAEC 

values). Any-adverse-effect concentration values were derived for all PIH substances shipped by DOE waste 

generators in FY 1992 and for other substances (in either HW, LLMW, or TRUW shipment inventories) 

with inhalation RfDs available from the EPA (approximately 90 substances). As in the derivation of PLC 

values, the derivation of PAEC values requires selection of toxicity values, selection of uncertainty factors, 

and exposure duration adjustment, which are discussed below. 
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Table E-33. Values for PLC, PAEC, and ICRC for Representative Substances 

Health Health Health 
Risk Risk Risk 

Toxicity Inhalation Inhalation Criterion Criterion Criterion 
Value Time/Species/ RID Unit Risk VSD (ppm) (ppm) (ppm) 

Substance (ppm) Effect/Reference• (m!!/lu,/d)b (µefm3>· 1 (metm3> (1S min) (30min) (60 min) 

PLC Values 

Arsinec l.3E+02 30min/rai NA NA NA 1.9E+0I l.3E+0I 6.6E+OO 

Chlorine l.4E+02 I h/mouse NA NA NA 2 .7E+0I l.9E+0I l.4E+0I 

Hydrogen 5.0E+0I 30 min/human/ NA NA NA 2.4E+0I l.7E+0I 8.3E+OO 
fluoridec LCLdLewis & 

Sax 

Hydrogen 6. IE+OO I h/rat/LCLO NA NA NA 1.2E+OO 8.6E- 01 6. IE- 01 
selenide 

Nitrogen 3.0E+0I I h/guinea pig NA NA NA 6 .0E+OO 4.2E+OO 3.0E+OO 
dioxide 

PAEC Values 

Acroleind 8.7E-06 2 wk-7 yr/ 5.71E-06 NA NA l .5E- 03 7.4E- 04 3.7E- 04 
human/RfC/IRIS or 

HEAST 

Hydrogen 4.7E-03 2 wk-7 yr/ 2.00E-03 NA NA 8.0E- 01 4.0E- 01 2.0E- 01 
chlorided hurnan/RfC/IRIS or 

HEAST 

Hydrogen l.2E+02 I min/human NA NA NA 8.2E-01 4. IE- 01 2.0E- 01 
fluoride TCLdcough, 

irritation 

Hydrogen 6. IE+OO I h/rat/LCLo NA NA NA I .2E- 02 9.0E- 03 6.0E- 03 
selenide 

Phosgene 4.4E+02 10 min/mouse/ NA NA NA 3.0E- 01 l.5E- 01 7 .0E- 02 
LCso 

I, I , 1-Trichloroethaned 1.SE- 01 2 wk-7 yr/ NA NA NA 3. IE+0I l.6E+0I 7.8E+OO 
human/RfC/IRIS 

or HEAST 

ICRC Valuese 

Chloroform NA NA NA 2.3E-05 4 .3E- 05 NA NA 5.5E+OO 

Dichloroethylene NA NA NA 5.0E-05 2.0E- 05 NA NA 3. IE+OO 

Dichloromethane NA NA NA 4.7E-07 2. IE- 03 NA NA 3.8E+02 

Notes: NA = not applicable; (µ gim3f 1 = reciprocal micrograms per cubic meter; VSD = virrually safe dose = 10·6 (inhalation unit risk x 1,000 µ g/mg). 
• For PLC derivation, toxicity value is LC50 unless otherwise noted . For PAEC derivation, toxicity value is RfC obtained from EPA's IRIS database 
(EPA, 1993b) or EPA 's HEAST (EPA, 1993a). Other toxicity values were obtained from the RTECS database (NIOSH, 1992), except when Lewis and 
Sax (Lewis and Sax, 1992) are listed . 
b Inhalation RID (in milligrams per kilogram per day) = [(toxicity value x molecular weight) /24.5] x (20 m3/d + 70 kg) . 
c Exponential scaling used for 15-min PAEC; linear scaling used for 60-min PAEC . 
d Indicates that chronic RfC was adopted as subchronic RfC; value may be conservative. 
c ICRC value = VSDx24 hid x 365 d/yr x 70 yrx24.5/molecular weight (per National Research Council , 1986, 1993) . 

E.16.5.2.1 Toxicity Value Selection 

Inhalation RtDs and reference concentrations (RfCs) developed by EPA were selected as the most applicable 

toxicity values for deriving PAEC values . An inhalation RID is an estimate (with uncertainty spanning 

perhaps an order of magnitude) of continuous exposure to the human population (including sensitive 

subgroups) that is likely to be without appreciable risk of deleterious effects (EPA, 1989b). Subchronic RfC 
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values, applicable to exposure durations of 2 weeks to 7 years, are used when available. Otherwise, chronic 

RfC values are used; these values are most likely conservative , tending to overestimate risk. The RID in 

milligrams per kilogram per day is derived from the RfC in milligrams per cubic meter. The EPA 

Integrated Risk Information System (IRIS) database and Health Effects Assessment Summary Tables 

(HEAST) have been used to obtain current RfC values (EPA, 1993a,b). 

Many PIH substances did not have available RfC values. For these substances, toxicity data, such as values 

for the lowest toxic concentration (TCw), were obtained from either NIOSH (1992) or Lewis and Sax 

(1992). Toxicity values were selected in a hierarchical fashion analogous to that used to estimate PLC 

values. In the absence of an RfC , the lowest human TCw value, or the lowest concentration causing any 

adverse effect, was selected as the most appropriate toxicity value for PAEC derivation. When human TCw 

values were unavailable, the following toxicity values from the literature were used (in decreasing order 

of preference): (1) lowest mammalian TCw values, (2) lowest human LCw values , (3) lowest LCso values, 

(4) lowest mammalian LCw values, and (5) the STEL value . As with the PLC data, the toxicity value 

selection for PAEC values was restricted to data with associated experimental exposure times of between 

5 minutes and 6 hours. 

E.16.5.2.2 Uncertainty Factor Selection 

For substances with available RfC values, application of uncertainty factors was unnecessary because the 

appropriate factors are already incorporated into the RfC value (EPA, 1993a,b). Where use of other toxicity 

values was necessary, uncertainty factors were selected following the rationale EPA used in deriving RfC 

values (EPA, 1989a): (1) human TCw divided by 10 (for sensitive subpopulations); (2) mammalian TCw 

divided by 100 (10 for sensitive subpopulations and 10 for extrapolation from animal data to humans); 

(3) human LCw divided by 100 (10 for sensitive human subpopulations and 10 for extrapolation of lethality 

data to estimate sublethal effects); (4) LC50 or mammalian LCw divided by 1,000 (10 for sensitive human 

subpopulations, 10 for extrapolation from animal data to humans, and 10 for extrapolation of lethality data 

to estimate sublethal effects); and (5) the STEL value divided by 3 (for sensitive human subpopulations). 
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E.16.5.2.3 Exposure Duration Adjustments 

For substances for which RfC values are available , the equation used to estimate PAEC values was based 

on EPA methods for estimating inhalation exposures and acceptable air concentrations of noncarcinogenic 

contaminants (EPA, 1989a, 1991). Details about the parameter values chosen are given in supporting 

documentation (ANL, 1996a). 

For substances for which no RfC values are available, the exposure duration adjustment is identical to that 

used in generating PLC values: the exposure duration adjustment (linear or exponential) resulting in the 

lowest PAEC value was used in modifying toxicity values to derive PAECs. 

In calculating accident risks for the endpoint presented as any adverse effect, the assumption is that the 

entire population living within the PAEC area at risk would experience some adverse effect from the 

exposure. Again, this assumption is conservative because the PAEC values have incorporated uncertainty 

factors to account for sensitive human subpopulations. The equation used to estimate PAECs and the 

computed PAEC values, along with comparisons with other available emergency planning criteria, are 

discussed in the technical support document (ANL, 1996d). The PAEC values and supporting information 

for some representative high-risk substances are presented in Table E-33. 

E.16.5.3 Increased Cancer Risk Concentration Values 

Hazardous chemical waste transported from DOE facilities may also be evaluated for possible increased 

cancer risk in exposed individuals. Values were developed to estimate the air concentrations of carcinogenic 

HW components above which exposed persons have an increased carcinogenic risk of one in one million 

or higher. These values were termed ICRC values. The risk level of one in one million was selected to 

represent the level below which increased risk is considered negligible. 

An ICRC value was derived for each HW, TRUW, LLMW substance that met the following criteria: (1) the 

substance is classified as a known, probable, or possible human carcinogen (EPA, 1993a,b); (2) the 

substance has an EPA inhalation unit-risk value; and (3) the substance is volatile enough to present 

significant potential for exposure of the public. Increased cancer risk concentration values were derived for 

approximately 25 carcinogens. Several inorganic and organic substances were not evaluated because they 
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are solids under ambient conditions or because the potential to volatize is minimal (for example, lindane , 

arsenic , beryllium, and cadmium). 

The method used to generate ICRC values is that recommended by the National Research Council (1986, 

1993) . Because the estimation of increased cancer risk for exposure periods of less than 1 hour is highly 

uncertain, ICRC values were generated only for an assumed I-hour exposure. Exposures were averaged 

over a 70-year lifetime. In calculating risks for individual accidents, the assumption was made that the entire 

population living within the ICRC area at risk would experience an increased cancer risk of one in one 

million or higher. The equation used to estimate ICRCs and the computed ICRC values are discussed in the 

technical support documents (ANL, 1996c-e). Table E-33 presents increased cancer risk concentration 

values and supporting information for some representative high-risk substances . 

Population at Risk. The cargo-related population risk is calculated by estimating the minimum 

concentration level that could induce the adverse health effect of interest for each endpoint (potential life­

threatening effects, any adverse effects, or increased cancer risk) . This minimum level is used in the 

ALOHA n1 model to estimate the plume area with an air concentration at that level or higher. The 

HIGHWAY 3.1 and INTERLINE 5.0 models then provides population density estimates for the plume areas 

in rural, suburban, or urban areas . Of the population at risk, those exposed to the highest concentrations 

would be most likely to experience the health effect, but the method does not differentiate the risk for 

individuals within the plume area. The evaluation of MEis is intended to address the question of what 

maximum exposure levels could be and what health effects could be associated with those levels. To 

evaluate the MEI for each health endpoint, the primary factors considered were a combination of chemical 

potency, quantity released, and dispersion, as reflected by the exposed areas output from the ALOHA TH 

model (Section E .17 .1. 3 provides details). The MEI was considered to be located at the point of highest 

chemical concentration accessible to the public . This location was modeled to be 30 m (100 ft) from the 

release point (the assumed closest distance of a residence from the middle of the roadway) . Although for 

each endpoint, many shipments of each chemical may be included in the database , only the shipment 

resulting in the highest chemical concentration is evaluated for the MEI. 
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E.17 Risk Assessment Results 

E.17.1 HAZARDOUS WASTE 

E.17.1.1 Hazardous Waste Alternatives 

Transportation impacts associated with the four HW alternatives are analyzed to provide input for decisions 

about the extent to which DOE should continue to rely on commercial facilities for treating and disposing 

of the nonaqueous part of the hazardous waste stream. The analyzed HW alternatives are (1) No Action; 

(2) Decentralized (optimize commercial facility selection for 11 DOE sites, and use the limited existing and 

approved treatment capacity at three to five sites); (3) Regionalized 1 (five DOE TSD sites, including three 

TSD hubs or host sites); and (4) Regionalized 2 (two DOE TSD hubs or host sites). Hazardous waste from 

11 DOE sites representing approximately 90% of the HW generation in the DOE complex was analyzed. 

The HW inventories and the HW alternatives for these facilities are described further in ANL (1996a). 

Hazardous waste management under the No Action Alternative (current baseline conditions) would continue 

to use existing and approved TSD facilities (for example, primarily wastewater treatment) at the DOE sites, 

while most of the nonaqueous (nonwastewater) waste stream would be shipped offsite to permitted 

commercial facilities. 

Under the Decentralized Alternative (optimal conditions) the no action activities would continue with an 

"optimized" use of DOE facilities and commercial vendors. This optimization would occur through 

eliminating brokering ( consolidating HW with a broker from more than one generator before shipment for 

TSD) and by strategically selecting commercial TSD facilities by waste treatment group capability and 

proximity to the largest generators. These actions would limit the number of commercial facilities storing, 

brokering, treating, and disposing DOE HW and would select commercial TSDs as close to the principal 

generators as practical. Hazardous waste brokering, sometimes at several broker locations, can significantly 

increase the transportation miles of the original HW, depending on when and where consolidation occurs. 

Figure E-8 illustrates shipment routes for the Decentralized Alternative. Except for wastes to be incinerated 

(approximately 15 % of the total generated organic HW) and destroyed through use as a fuel-waste 

(approximately 12 % of the total organic generated HW) at Idaho National Engineering Laboratory (INEL), 
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• ~ Generators 

• • TSO Facilities 

- - • Shipment for Incineration 

Figure E-8. Decentralization Alternative-Of/site HW Shipments From DOE Sites 
to Commercial TSD Facilities and to LANL and ORR/or Limited Incineration. 

Oak Ridge Reservation (ORR), and the Savannah River Site (SRS), most of the HW generated by the other 

eight DOE sites included in this analysis would be sent to commercial TSD facilities. 
I 

The Regionalized I Alternative would continue no action, except that approximately 50% of nonaqueous 

HW generated by the core sites would be treated at five treatment hubs or home facilities-Hanford, INEL, 

LANL, ORR, and SRS. Hazardous waste not treated at these sites and the residual treated waste from these 

sites would be sent to commercially licensed facilities for treatment and disposal. Under this alternative, 
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HW shipments would occur as follows : Pantex and Sandia National Laboratories (SNL) to the LANL hub; 

Lawrence Livermore National Laboratory (LLNL) to the Hanford Site hub; and the Kansas City Plant 

(KCP), Argonne National Laboratory-East (ANL-E) , and Fermi National Accelerator Laboratory (FERMI) 

to the ORR hub . INEL and SRS would serve as home TSDs only for their own generated HW. The 

remaining smaller generators would ship to permitted commercial TSO facilities. Figure E-9 shows the 

transportation routes computed for the Regionalized 1 Alternative . 

• - Generators 

e - TSD Facilities 

* • Handles its own Waste 

Figure E-9. Regi,onalized 1 Alternative-Of/site HW Shipments From DOE Sites to 
Three DOE Treatment Hubs (Hanford, LANL, and ORR) and to Commercial TSD Facilities. 
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The Regionalized 2 Alternative would continue no action, except that approximately 90% of the total 

nonwastewater HW generated by core sites (including all organic HW) would be treated at two treatment 

hubs (INEL and ORR). All remaining HW would be packed and shipped to a limited number of permitted 

commercial TSD facilities. Under this alternative, shipments of HW would be as follows: Hanford, LANL, 

Pantex, SNL, and LLNL to the INEL hub; and KCP, ANL-E, Fermi, and SRS to the ORR hub . 

Figure E-10 illustrates the transportation routes computed for the Regionalized 2 Alternative. 

• - Generators 

e • TSO Facilities 

Figure E-10. Regionalized 2 Alternative-Of/site HW Shipments From DOE Sites 
to Two Treatment Hubs (INEL and ORR) and to Commercial TSD Facilities. 
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For each alternative, vehicle-related and cargo-related risks are calculated for onsite and offsite 

transportation of HW. Cargo-related risks from accident conditions are computed for chemical exposure 

of onsite and offsite populations and for the MEI. Vehicle-related risks are quantified for death and injury 

from collisions and for latent cancer mortality caused by inhalation of vehicle exhausts . The collective risk 

for each alternative is computed and reported below on an annual basis for the respective estimated HW 

shipment inventories. Shipments of HW to commercial and DOE hub TSD facilities are assumed to occur 

over 20 years. The average shipment period duration risk can therefore be calculated by dividing the results 

provided in the following tables by 20. 

E.17.1.2 Cargo-Related Accident Transportation Risks (Chemical Dose 
Through Inhalation) 

The assessment of transportation accident impacts associated with exposures to chemical releases are 

quantified in terms of risks to onsite and offsite populations for the three health endpoints described in 

Section E .16. 5. Inhalation exposure risks from chemical releases in onsite and off site HW transportation 

accidents are quantified for the four HW alternatives. The risks are expressed as the potential number of 

expected adverse health effects (such as fatalities, reversible or irreversible organ or tissue damage, and 

individuals with an increased cancer risk of one in one million or higher) for each alternative and as a 

relative risk as compared with the No Action Alternative. A detailed description of the HW shipment 

inventory for each alternative is in ANL (1996a) . 

The collective annual population risks to the general public and onsite workers for onsite and offsite HW 

transportation, under each alternative, are presented in Table E-34. The approximate shipping routes are 

shown in Figures E-8 through E-10. The technical support document (ANL, 1996a) should be consulted 

for more detailed information (such as risks by generator, by shipment, and by chemical) . Under the current 

system (No Action Alternative), HW is often brokered. Brokering is not assumed to occur under any but 

the No Action Alternative. Data on final destination of brokered HW were generally unavailable for the 

assessment of shipments evaluated for the potential adverse effects and cancer endpoints. Brokering data 

were incorporated only for shipments evaluated for the potential lethality endpoint. 
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Table E-34. Population Impacts Summary for Each HW Alternative for a 20-Year Periotf' 

Shipment Data 
and Population Risks 

Shipment Summary 

Number of shipments 

PIH cargo 

Carcinogenic waste 

Adverse effect waste 
Other wasteb 

All waste categoriesc 

Distance (kmx 106)d 

Other wasteb 

PIH cargo 

Carcinogenic waste 

Adverse effect waste 
All waste categoriesc 

Population Riskse (number of 
individuals potentially affected) 
Cargo-relatedf 

Potential life-threatening health 
effects 
Concerns for potential cancer 
incidents 
Potential adverse health effects 

Vehicle-related 
Physical trauma impacts8 

Accident fatalities 

Accident injuries 
Vehicle exhaust-related fatalitiesh 

No Action 

6,000 

34,000 

34 000 

31.5 

2.3 
6.3 

13.00 

31.5 

0.146 

2.2 

78 

0.302 

1.972 

0.117 

Alternatives 

Decentralized Re ionalized Re ionalized 2 

4,000 
7,000 

41,000 

41 000 

31.3 

1.3 

3.9 
8.9 

31.3 

0.057 

1.2 

49 

0.274 

1.793 

0.102 

2,000 

5,000 

8,000 

50,000 

50 000 

55.7 

0.056 

2.5 

86 

0.533 
3.480 

0 .180 

1,000 

3,000 

6,000 

34,000 

34,000 

30.0 

1.6 

5.6 
11.8 
30.0 

0.076 

2.1 

60 

0.287 

1.874 
0.102 

a Risks, number of shipments, and travel distances are for the total shipment duration (20 years) . To obtain the annual values, 
divide risks, shipments, and distances by 20. 
b Other waste is RCRA waste that did not meet the toxicity criteria for evaluation in this assessment (Section E.16.5) . 
c Total shipments and distances are less than the sum of the shipments and distances by cargo type because several waste types 
are generally shipped together. 
d Distances reflect nonempty truck shipment distance multiplied by 2 to account for return of trucks with empty cargo. As a result, 
distance may be overestimated. 
e Cargo-related and vehicle-related risks cannot be added because of the disparity in calculation methods and meaning of endpoints. 
f Cargo-related risks refer to the number of people affected, computed from the product of the probability of accidental release 
times the number of people exposed to the health criteria concentration. 
g Physical trauma impacts are based on total distance traveled carrying DOE HW. 
h Vehicle exhaust impacts are based on total urban kilometers traveled by trucks carrying DOE HW in all four categories. 
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E.17.1.2.1 Potential Life-Threatening Effects 

The data in Table E- 34 show the relative risk of potential life-threatening effects among alternatives from 

transporting HW involving a PIH chemical spill. This table indicates that, among the alternatives evaluated, 

the No Action Alternative tends to indicate a higher risk of 45 to 50%. Risks under the Decentralized and 

Regionalized Alternatives are lowest, approximately 40% of those under the No Action Alternative. 

The risk of life-threatening effects from offsite HW shipments under the No Action Alternative is generally 

approximately two or more times greater than the risks for other alternatives. The average shipment 

distances for containers with PIH chemicals for each alternative are approximately 2,380 km (1,480 mi) 

for No Action, 1,320 km (820 mi) for Decentralization, 400 km (250 mi) for Regionalized 1, and 1,600 km 

(994 mi) for Regionalized 2. More than 50% of the potential life-threatening effects risk under the No 

Action Alternative is contributed by about 8 % of the HW shipments that contain PIH chemicals (5 of 

63 PIH shipments). This same relationship is also true for the other three alternatives. The reduced risk 

under these alternatives is a direct result of shortening the shipment transportation distances . The specific 

chemicals in the five waste truckloads that contribute to most of the chemical inhalation risk are two 

shipments of arsine (0.03 m3 [8 gal]), two shipments of hydrogen fluoride (0.06 m3 [17 gal]), and one 

shipment of hydrogen selenide (3. 8 L [ 1 gal]). The atmospheric transport and dispersion from the release 

of all five truckloads of these three chemicals was modeled as a negatively buoyant heavy or dense vapor 

plume. As the analysis indicates, these chemicals could present a significant but relatively small risk over 

the 20-year shipment duration. 

E.17.1.2.2 Any Adverse Effects 

For the any-adverse-effects endpoint, risks are highest under the No Action and Regionalized Alternatives; 

these risks are about 60 to 80% greater than risks under the Decentralized and Regionalized 2 Alternatives 

(Table E-34). The average transportation distances for shipments containing compounds with PAEC values 

are approximately 2,166 km (1,346 mi) for No Action, 1,271 km (790 mi) for the Decentralized 

Alternative, 2,062 km (1,282 mi) for Regionalized 1, and 1,967 km (1,222 mi) for Regionalized 2. More 

than 50% of the any-adverse-effects risk under the No Action Alternative is contributed by less than 13 % 

of the shipments involving any-adverse-effect chemicals (36 of 285 shipments). This relationship also holds 

approximately true for the other three alternatives. The specific chemicals in these waste shipments that 

contribute most of the any-adverse-effect risk are 26 shipments of hydrogen chloride (30 containers; 
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3.05 m3 [800 gal]) , 8 shipments of hydrogen fluoride (9 containers; 0.81 m3 [215 gal]), 1 shipment of 

acrolein (1 container; 3.8 L [1 gal]), 1 shipment of hydrogen selenide (1 container; 3.8 L [1 gal]), and 

1 shipment of phosgene (1 container; 3.8 L [1 gal]) . Atmospheric transport and dispersion were modeled 

as a negatively buoyant heavy or dense vapor plume for all but the acrolein shipment. The acrolein spill 

was modeled as a passive neutrally buoyant vapor plume. As the analysis indicates, these chemicals are 

substances that could present a significant risk of adverse effects if an accidental release occurred during 

truck transportation. 

E.17.1.2.3 Increased Carcinogenic Risk 

The average distance of waste container shipments with carcinogenic chemicals (or compounds with an 

ICRC value) for each alternative is approximately 2,100 km (1,305 mi) for No Action, 975 km (606 mi) 

for the Decentralized Alternative, 1,460 km (907 mi) for Regionalized 1, and 1,867 km (1,160 mi) for 

Regionalized 2. More than 50% of the carcinogenic risk under the No Action Alternative is contributed by 

less than 7% of the shipments of HW containing carcinogenic chemicals (7 of the 169 shipments). This 

relationship also holds approximately for the other three alternatives. The reduced cancer risk under the 

Decentralized Alternative is a direct result of lessening the shipment transportation distance. The specific 

chemicals in the seven waste shipments that contribute to most of the total risk are five shipments of 

dichloroethylene (six containers; 363.4 L [96 gal]) and two tanker shipments of chloroform 27.8 m3 

[7,342 gal]) . The atmospheric transport and dispersion of these chemicals were modeled as passive, 

neutrally buoyant vapor plumes. As the analysis indicates, these chemicals could present an increased cancer 

risk of one in one million or higher to the general population if an accidental release occurred during truck 

transportation. 

E.17 .1.2.4 Discussion 

As indicated in Table E-34, with respect to potential life-threatening health effects, the No Action 

Alternative results in the greatest number of kilometers travele~ and, thus, the highest cargo-related 

population risk. For the other health endpoints, the No Action Alternative does not result in the highest 

number of miles traveled or the highest risks; however, the mileage estimates under the No Action 
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Alternative for the increased-cancer-risk and any-adverse-effects endpoints may be underestimated, because 

information on brokering was unavailable for shipments evaluated for those endpoints. 

The Regionalized 2 Alternative results in higher potential life-threatening risks than the Regionalized 1 

Alternative; however, with respect to the increased-cancer-risk and any-adverse-health-effects endpoints, 

the Regionalized 1 Alternative has greater risk. In all cases, the higher risks are associated with a greater 

number of kilometers traveled. The Regionalized 1 Alternative has five DOE treatment sites and nine 

supporting commercial sites (five west and four east of the Mississippi River). The Regionalized 2 

Alternative includes two DOE sites and 21 commercial sites; however, the key factor here is that 

approximately 50% of the HW for the Regionalized 1 Alternative would be treated at commercial sites and 

50% at DOE sites. For the Regionalized 2 Alternative, 90% of the waste is to go to only two sites (the DOE 

locations)~ the remaining 10% of the waste is to be sent, as needed, to the commercial sites. 

The explanation for why risk is greater under the Regionalized 1 Alternative than under the Regionalized 2 

Alternative (for carcinogenic and any-adverse-health-effects endpoints) lies in the distance trucks travel and 

how full they would be with DOE waste. In the analysis, more trucks are needed to ship HW under the 

Regionalized 1 Alternative because the waste typically must be split between commercial and DOE 

treatment. A shipment was considered a DOE shipment even if the truck was only partially loaded with 

DOE waste; however, for the Regionalized 2 Alternative, trucks can be loaded closer to capacity, reducing 

the number of shipments and transportation distance because so much of the waste is going to the same 

place (to either of the two DOE Regionalized 2 treatment hubs). The 90-day maximum on storage at DOE 

sites is the reason that full truckloads of waste are unlikely to leave DOE sites for treatment. Once the 

90-day period is over, the waste must be moved offsite for treatment. Full trucks are more the exception 

than the rule, considering the various treatments possible for that waste. The exception is for the PIH 

chemicals. Although fewer shipments are required under the Regionalized 2 Alternative for PIH chemicals, 

the greater distance to centralized hubs is likely the cause of higher risks. 

Current practice is for a DOE site to be one of a number of loading stops for a commercial transporter. The 

use of fully loaded, dedicated trucks going to a centralized location is an expensive alternative not 

considered realistic. This usage is certainly not common practice for DOE at this time. In addition, the 

requirement that a waste container not be stored for more than 90 days also argues for the current 

commercial pickup procedure, which allows for a larger number of shipments spread out over the year and 

avoids waste accumulation. If DOE-dedicated trucks were used for the Regionalized 1 and Regionalized 2 
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Alternatives, the total truck distance traveled would likely be lower for the Regionalized 1 Alternative 

because travel distance would be less for most shipments . 

E.17 .1.3 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation) for the MEI 

E.17.1.3.1 Potential Life-Threatening Effects 

The ALOHA TM-computed hazard zones for PIH chemicals are given in Table E-35. A hazard zone is the 

distance from the release point within which life-threatening health effects may occur. Hazard zones are 

presented for PIH chemicals shipped by DOE with ALOHA TM-modeled releases that would result in 

potentially lethal plumes. Poison inhalation hazard chemicals shipped in small quantities and for which spills 

would not result in a potentially lethal plume are not listed. 

Table E-35. Haza.rd Zones for Potennal Life-Threatening Risks to an MEI 

Number of Hazard Number of 
Hazard Zone8 Annual Zone8 Annual 

Chemical Name (m) Shi ments Chemical Name (m) Shi ments 

Ammonia 93 5 Nitric acid, fuming 67 2 
Arsine 719 4 Nitric oxide 137 1 
Boron trifluoride 238 Phosgene 39 2 
Bromine 39 2 Phosphine 203 2 
Carbon monoxide 76 4 Sulfur dioxide 122 1 
Chlorine 305 10 Titanium 40 1 
Hydrogen fluoride 626 5 tetrachloride 

H dro en sulfide 207 8 Nickel carbon 1 227 2 

a Hazard zone indicates the distance from the release point within which life-threatening health effects may occur. 
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E.17 .1.3.2 Any Adverse Effects 

Poison inhalation hazard chemicals were not included in the exposure assessment of the MEI for the 

potential adverse effects endpoint because the appropriate endpoint for MEI receptors is potential lethality, 

which was addressed under Section E.17.1.3. ALOHA™ was used to estimate the chemical concentration 

and exposure duration for the MEI for the non-PIH chemicals. A standard risk equation was used (EPA, 

1989b). Consistent with the chemical-specific accident risks for the public for this endpoint, parameters for 

a 6-year-old child were used: body weight of 21 kg (46.3 lb) and moderate activity inhalation rate of 

0.033 m3/min (EPA, 1989a). These values were compared with EPA RID values by generating a hazard 

quotient (HQ) (daily intake/RID) for each chemical. An HQ greater than 1 indicates that an adverse effect 

for the MEI is likely. Note that the level of concern associated with exposure to these compounds does not 

increase linearly as HQ values exceed 1. In other words, HQ values do not represent a probability or a 

percentage. One may conclude that, as the HQ value above 1 increases, greater concern exists about 

potential adverse effects; however, assuming that an HQ value of 10 indicates that adverse health effects 

are 10 times more likely to occur than for an HQ value of 1 is incorrect. 

Results are shown in Table E-36. Only the HQ for trichlorofluoromethane is less than 1. The other HQs 

range from 1.9 (for dichlorodifluoromethane) to about 29,000 (for mercury). Thus, an accidental release 

of any of these substances would potentially result in adverse effects for receptors at the MEI location. 

Because of uncertainties and conservatism associated with using EPA RID values to evaluate single, brief 

exposures, the assumption may be made that the risk of adverse effects is minimal for substances with HQ 

values between 1 and 10. Therefore, the greatest potential for adverse effects to the MEI is associated with 

accidental release of the following substances: 1, 1, 1-trichloroethane, acrylonitrile, carbon disulfide, carbon 

tetrachloride, chloroform, epichlorohydrin, hexane, mercury, methylene chloride, methyl isobutyl ketone, 

propylene oxide, toluene, triethylamine, and vinyl acetate. 

E.17.1.3.3 Increased Carcinogenic Risk 

For the 10 carcinogens of greatest concern, risks to the MEI were calculated on the basis of potency, 

quantity released, and dispersivity, as reflected by exposed areas output from the ALOHA™ model. Of the 

carcinogens DOE shipped under the No Action Alternative, only two (benzene and vinyl chloride) are 
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Table E-36. Any Adverse Effects Risk to an MEI 

Concentration Exposure 
at MEI Location Time Intake RID 

Chemical (ppm) (min) (mg/kg/d) (mg/kg/d) HQ 
Acetonitrile 3.0E+02 25 1.4E+00 l.4E-01 1.0E+0l 

Acrylonitrile 2.6E+02 20 1.3E+OO 5.7E-04 2.3E+03 

Acrylic acid 2.5E+0l 60 5.0E-03 8.6E-04 5.8E+00 

Aniline 9.0E+Ol 60 2.3E-02 2.9E-03 7.9E+00 

Carbon disulfide 2.5E+02 10 8.7E-01 2.9E-03 3.0E+02 

Carbon tetrachloride l.4E+02 20 2.0E+OO l.7E-02 l.2E+02 

Chloroform 7.0E+03 20 7.7E+0l 1. lE-02 7.0E+03 

Chloromethane l.2E+04 2 5.3E+0O 2.6E+00 2.0E+00 

Dichlorodifluoro- l.0E+03 2 l.lE+00 5.7E-01 1.9E+00 
methane 

Epichlorohydrin 8.0E+O0 60 2.0E-01 2.9E-03 6.9E+0l 

Hexane l.8E+02 10 6.9E-01 5.7E-02 l .2E+0l 

Mercury 4.5E+0l 60 2.5E+00 8.6E-05 2.9E+04 

Methylene chloride 2.0E+04 10 7.8E+0l 8.6E-01 9. lE+0l 

Methyl ethyl ketone l.2E+03 25 9.9E+00 2.9E+00 3.4E+0l 

Methyl isobutyl ketone 5.5E+02 60 l.5E+0l 2.3E-01 6.5E+0l 

Nitro benzene l. lE+O0 60 3.6E-02 5.7E-03 6.3E+00 

Propylene oxide 3.1E+02 2 1. 7E-01 8.6E-03 2.0E+0l 

Toluene 6.5E+02 55 l.5E+0l l. lE-01 l.4E+02 

Trichlorofluoromethane l.3E+03 2 l.6E+00 2.0E+00 8.0E+0l 

1, 1, 1-Trichloroethane l.0E+04 20 l.2E+02 2.9E-01 4.1E+02 

Triethylamine l.5E+0l 15 l.0E-01 2.0E-03 5.0E+0l 

Vinyl acetate l.4E+02 20 l. lE+00 5.7E-02 l.9E+0l 

ranked in carcinogen Class A (known human carcinogens). These two chemicals were included in the MEI 

evaluation. 

ALOHA™ was used to estimate the carcinogen concentration and duration of exposure for the MEI. A 

standard risk equation and standard assumptions for inhalation rate (0.014 m3/min and body weight of 70 kg 

[approximately 155 lb]) were used in calculating risks (EPA, 1989b). Risks ranged from 7 x 10-6 to 

2.1 x 10-4 and are presented in Table E-37. All except one are within a risk range generally considered 

acceptable for HW sites. The risk of 2.1 x 10-4 was for hydrazine, a chemical shipped 12 times under the 
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Table E-37. Lifeti.me Increased Carcinogenic Risk to an MEI 

Concentration Exposure Cancer 
at MEI Location Time Intake Slope Factor Incidence 

Chemical (ppm)a (min) (mg/kg/d)b (mg/kg/dr1 Risk to MEI 

1,2-Dibromoethane l.OE+0l 60 3.6E-05 7.7E+0l 2.8E-05 

1,3-Butadiene 4.5E+02 2 l .6E-05 9.8E-01 l.SE-05 

Acrylonitrile 2.5E+02 20 8.5E- 05 2.4E-01 2.0E- 06 

Benzene 6.0E+02 20 3.0E-04 2.9E+02 8.7E-06 

Ethylene oxide 5.55E+02 5 3.9E-05 3.5E-01 l.4E-05 

Formaldehyde 8.15E+03 2 l.6E-04 4.6E-02 7. lE-06 

Hydrazine 2.0E+0l 60 l .2E-05 l.7E+0l 2.lE-04 

Tetrachloroethane 5.0E+0l 60 l.6E-04 2.0E-01 3.3E-05 

Vinyl chloride l.85E+03 2 3.4E-05 2.9E-01 2.2E-05 

Vinylidene chloride l.25E+03 2 7.7E-05 l .8E-01 l.4E-05 

a MEI is assumed to be located 30 m (100 ft) from release point. 
b Adjusted to short-term exposures. 

No Action Alternative; therefore, increased carcinogenic risk for the MEI is insignificant for all carcinogens 

except hydrazine; however, note that several of these carcinogens (specifically, acrylonitrile, ethylene 

oxide, and formaldehyde) are severe irritants and would be expected to result in eye and respiratory 

irritation to the MEI at the modeled dose levels. 

E.17 .1.3.4 Accident and Routi.ne Vehicle-Related Transportati.on Risks 

The risk of fatality and injury under each alternative is directly proportional to the number of miles 

traveled. For this reason, risks of the Decentralized, Regionalized, and Regionalized 2 Alternatives are 

approximately one-half those of the No Action Alternative. These risks may be refined to reflect fatality 

and injury rates specific to urban, suburban, and rural roadways as these data become available . The risks 

of fatalities and injuries from collisions occurring during HW transport are reported in Table E-34 for each 

alternative. 

The routine vehicle-related risks associated with truck emissions are directly proportional to the number 

of miles traveled in urban areas for each alternative: the alternative with the most miles through urban areas 

has the greatest risk. The collective annual population risks (to the public and workers) from onsite and 
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offsite HW transportation under routine nonaccident conditions are reported for each alternative in 

Table E-34. The data clearly show that routine risk estimates are linearly dependent on only one variable, 

total HW transportation distance. Truck shipments of HW through urban areas are 40 to 55% more frequent 

under the Regionalized 1 Alternative than under the other alternatives. 

E.17 .2 TRANSURANIC WASTE 

E.17.2.1 TRUW Alternatives 

See Section E.2.2.3 for a detailed description of the six TRUW alternatives. 

E.17 .2.2 Cargo-Related Accident Transportation Risks (Chemical Dose 
Through Inhalation) 

Organic liquids constituted the TRUW waste stream class which would present the greatest risk to the public 

in terms of hazardous waste impacts if a transportation accident occurred. Therefore, this case was studied 

in detail for both truck and rail transportation modes. For truck mode, the results revealed that the footprint 

area for the work-case shipment was within 30 m (98 ft) of the roadway, where no residents were assumed 

to live. This was true for both the "any adverse effects" and "increased carcinogenic risk health" endpoints. 

Recall that no substance evaluated for the potentially-life threatening endpoint was included in the TRUW 

inventory. Since the most hazardous shipment was assessed, all other shipments would also result in zero 

population risks. Similarly, the plume footprint area for the most hazardous rail mode shipment was also 

within 30 m (98 ft) of the roadway, so the population risk was zero. Therefore, the population risk for both 

transportation modes under all alternatives was zero, primary due to TRUW transportation in TRUPACT-11 

containers. 

E.17 .2.3 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation) for the MEI 

Truck Mode. The impacts to the MEI are the same for all alternatives under the truck transport mode since 

each alternative involves transport of organic liquids via truck or rail, and the MEI for each alternative is 
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assumed to be located 30 m (98 ft) from the roadway. The MEI calculations were performed using 

assumptions and methods consistent with those presented above for hazardous waste . The carcinogenic risks 

and risks for any adverse effect are presented in Tables E- 38 and E- 39. The potential life-threatening 

effects endpoint was not assessed, because no PIH substances were included in the TRUW inventory. The 
' 

risks to the MEI are very small but are nonzero . The risks shown are consistent with the result of zero 

population risks, because only carcinogenic risks of 10-6 or greater or hazard quotients of 1 or greater 

would result in a population risk that is reported in this assessment. 

Rail Mode. The railcar accident release rates are twice the truck accident rates, because the railcars have 

a TRUPACT-11 capacity of six (versus a truck capacity of 3). Therefore, the carcinogenic risks and risks 

for any adverse effects presented in Tables E- 40 and E- 41 are twice the risks presented for truck mode. 

The hazard quotient to the MEI from carbon tetrachloride is 1.06. This hazard quotient indicates a very 

borderline potential for any adverse effects (potential for effects is considered unlikely for hazard quotients 

Table E-38. Lifetime MEI Carcinogenic Risks for Mixed TRUW-Truck Mode 

Concentration 
at MEI Exposure Inhalation Carcino-

Location Time Air Intake Slope Factor genie 
Chemical Name (ppm) (min/d) (mg/kg/d) (mg/kgtdr1 MEI Risk 

Carbon tetrachloride 2.15E-01 60 6.34E-07 5.25E-02 3.3E-08 

Table E-39. MEI Hazard Quotients for Adverse Effect Endpoint for 
Mixed TRUW-Truck Mode 

Concentration 
at MEI Exposure Inhalation Inhalation Hazard 

Chemical Molecular Location Time Air Intake RID Quotient 
Name Weight (ppm) (min/d) (mg/kg/d) (mg/kgtdr1 Risk 

1, 1, 1-trichloroethane 133.42 5.86E-0l 60 2.lE-02 2.9E-0l 7.52E-02 

Carbon tetrachloride 153.82 2.15E-0l 60 9.lE-03 l.7E-02 5.30E-01 

Freon 113 187.38 l.85E-01 60 9.5E-03 8.6E+OO l.llE-03 

E-144 VOLUME IV 



Transportation Risk Assessment ____________________ A_.P_.'P_e_n_d_ix_E_P_a_rt_ll 

Table E-40. Lifetime MEI Carcinogenic Risks for Mixed TRUW-Rail Mode 

Chemical Name 

Concentration 
at MEI 

Location (ppm) 11-----------
Carbon tetrachloride 4.3E-01 ========== 

Exposure 
Time 

(min/d) 

60 

Inhalation 
Air Intake 
(mg/kg/d) 

6.34E-07 

Slope Factor 
(mg/kg/d)"1 

5.25E-02 

Carcino­
genic MEI 

Risk 

6.6E-08 

Table E-41. MEI Hazard Quotients/or Adverse Effect Endpoint/or Mixed TRUW-Rail Mode 

Concentration at Inhalation Air 
MEI Location Exposure Time Intake Inhalation RtD Hazard 

Chemical (ppm) (min/d) (mg/kg/d) (mg/kg/d) Quotient 

1, 1, I -trichloroethane 1.17E+OO 60 2.IE-02 2.9E-0I 1.S0E-01 

Carbon tetrachloride 4.30E-0l 60 9.IE-03 l.7E-02 1.06E+OO 

Freon 113 3.70E-01 60 9.SE-03 8.6E+OO 2.22E-03 

less than 1). As a general guideline, the assumption may be made that the risk of adverse effects in minimal 

for substances with HQ values between 1 and 10, due to the uncertainties and conservatism associated with 

the use of EPA RID values to evaluate single, brief exposures. Therefore, adverse effects due to carbon 

tetrachloride exposure would be unlikely unless the MEI receptor was extremely sensitive with respect to 

chemical exposures. 

Accident and routine vehicle-related risks from transportation of TRUW are presented in Part I. 

E.17.3 LOW-LEVEL MIXED WASTE 

E.17 .3.1 LLMW Alternatives 

See Section E.2.2.4 for a detailed description of the six LLMW alternatives. In summary , the alternatives 

assessed for the HW component of LLMW consist of the following: 

• Decentralized (49 sites treat contact-handled waste [CH]; 16 sites dispose) 

• Regionalized 1 (11 sites treat CH; 12 sites dispose) 
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• Regionalized 2 (7 sites treat CH; 6 sites dispose) 

• Regionalized 3 (7 ite treat CH; 1 ite di p e ) 

• Regionalized 4 (4 sites treat CH; 6 sites dispose) 

• Centralized (1 site treats and 1 site disposes of CH 

Under all alternatives, remote-handled waste would be treated and disposed of at four sites. The No Action 

Alternative does not involve HW transportation risks, and thus is not discussed here. 

E.17.3.2 Cargo-Related Accident Transportation Risks (Chemical Dose 
Through Inhalation) 

The collective cargo-related population risks to the general public for 10 years of off-site WM transportation 

are summarized in Table E-42 for truck transport mode and in Table E-43 for rail transport mode. The 

potential life-threatening effects endpoint was not assessed, because no PIH substances were included in the 

LLMW inventory. 

The potential population risks involving liquid waste shipments by trucks and railcars are attributed to the 

direct release of aerosolized liquid droplets. Truck-accident increased cancer risk and any adverse effect 

risk from aerosolized liquid droplets are highest for highway shipments under the Centralized Alternative, 

Severity Category IV. Railcar-accident risks from aerosolized liquid droplets are also highest for rail 

shipments under the centralized alternative and the same severity category. 

The potential population risks involving solid waste shipments by trucks and railcars are attributed to 

evaporative organic vapor emissions from a waste spoils-pile ground spill and to the direct release of 

respirable particulates from an overturned vehicle or a ruptured container (or both). Both truck and railcar 

accident risks from evaporative and from respirable particulate releases are found to be zero for all of the 

cases. 

E-146 VOLUME IV 



Transportation Risk Assessment Appendix E Part II 

Table E-42. Summary of Cargo-Related Population Risks0 for WM (10-Year Period/ 
UMW Shipments by Highway 

LLMW Treatment Options 

Decen• Region- Region- Region- Region• 
Population Risks tralized alized 1 allzed 2 allzed 3 allzed 4 Centralized 

Shipment summary 
S.i3E+03 Number of shipments 5.00E+Ol 6.30E+02 l.23E+03 1.18E+03 2.49E+03 

Distance (km) 4.73E+04 3.23E+05 5.00E+05 4.44E+05 8.27E+05 2.33E+06 

Liquid wastes 
Potential for increased 

cancer incidence 
Severity Categories I 0 0 0 0 0 0 
Severity Categories II 0 0 0 0 0 0 
Severity Categories 111 0 5.98-07 2.54E-04 2.54E-04 2.61E-04 3.0SE-04 
Severity Category Ne 2.49E-07 3.90E-06 3.42E-04 3.42E-04 3.53E-04 4.J0E-04 
Severity Category V 3.42E-08 4.89E-07 4.39E--05 4.39E-05 4.54E-05 5.55E-05 
Severity Category YI 9.76E--09 1.168--07 1.lOE-05 1.108--05 1.14E--05 1.41E--05 
Severity Category VII 4.99E-10 7.0SE--09 6.44E-07 6.44E--07 6.67E--07 8.218--07 
Severity Category VIII 6.308-11 7.30E-10 7.09E-08 7.09E-08 7.38E--08 9.208--08 

Potential adverse health effects 
Severity Categories I 0 0 0 0 0 0 
Severity Categories II 0 1.39E-06 8.0lE-04 8.0lE-04 8.09E-04 9.28E-04 
Severity Categories III 0 8.288-06 9.21E-04 9.21E-04 9,508-04 1.22E--03 
Severity Category Ne J.53E-06 1.98E-05 J.33E-05 J.32E-03 J.37E-03 J.67E-03 
Severity Category V 2.lOE-07 2.51E-06 1.70E-04 1.70E-04 1.76E-04 2.lSE-04 
Severity Category YI 6.0IE--08 6.07E--07 4.26E--05 4.25E-05 4.42E--05 5.45E--05 
Severity Category VII 3.078--09 3.65E-08 2.SOE-06 2.49E-06 2.59E-06 3.18E-06 
Severity Category VIII 3.88 - 0 3,..86E--09 2 75E 2,1!! .8 -07 3.5 E-07 

Solid wastes (volatile-organic-
contaminated soil/debris 
evaporative releases) 
Potential for increased cancer 0 0 0 0 0 0 

incidence 
Potential adverse health effects 0 0 0 0 0 0 

Solid wastes (respirabie 
contaminated aerosol releases) 
Potential for increased cancer 0 0 0 0 0 0 

incidence 
Potential adverse health effects 0 0 0 0 0 0 

• Cargo-related risks refer to the number of people affected and were computed from the product of the probability of 
accidental release times the number of people exposed to the health criteria concentration. 
b Risks and travel distances are for the total shipping duration (10 years) . To obtain the annual values, the risks and 
distances must be divided by 10. 
c Values in italics present the highest risk for a specific risk category. 
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Table E-43. Summary of Cargo-Related Population Risks0 for WM (JO-Year Period/ 
LLMW Shipments by Railway 

LLMW Treatment Options 

Population Risks Decentralized Regionalized 1 Regionalized 2 Regionalized 3 Regionalized 4 Centralized 

Shipment summary 
Number of shipments 5.00E+0l 5.30E+02 8.10E+02 7.60E+02 l.32E+03 
Distance (km) 3.88E+04 3.65E+05 5.76E+05 5.17E+05 9.15E+05 

Liquid wastes 
Potential for increased cancer 

incidence 
Severity Categories l 0 0 0 0 0 
Severity Categories II 0 2.42E-05 2.42E-05 2.42E-05 2.42E-05 
Seyeri!Y.b'.ate&.ories l .84E-07 9.05E~5 .05E-d>5 9.24E-05 1,L2E-04 
Severity Category IV l ,03E-Q6 7.42E-06 7.41E-05 7.60E-05 9.19E-05 
Severity Category V 7.51E-08 5.36E-08 5.35E-06 5.50E-06 6.70E-06 
Severity Category VI 3.41E-09 2.38E-07 2.38E-07 2.46E-07 3.04E-07 
Severity Category VII 8.66E- 10 7.22E-08 7.21E-08 7.42E-08 8.90E-08 
Severity Category vm l.26E-10 9.62E-09 9.60E-09 9.98E-09 1.24E-08 

Potential adverse health effects 
Severity Categories I 6 0 0 0 0 0 
Severity Categories II 0 l.41E-07 1.38E-04 1.38E-04 1.38E-04 l.55E-04 
Severity, Categories m 0 3.13E-06 4.08E-M 4.08E-M 4.17E-04 4.92E-M 
Severity Category IV 4.41E-07 4.71£-06 2.92E-04 2.9JE-04 2.99E-04 3.64E-04 
Severity Category V 3.39E-08 3.44E-07 2.IIE-05 2.llE-05 2.17E-OS 2.6SE-05 
Severity Category VI 1.17E-09 l.57E-08 9.38E-07 9.37E-07 9.69E-07 l.20E-06 
Severity Category VII 3.82E-10 3.9.sE--09 2.84E-07 2.84E-07 2.92E-07 3.S2E-07 
Severity Category vm 7.0lE-11 5.88E-10 ~.79E-08 3.78E-08 3.93E-08 4.91E-08 

Solid wastes (volatile-organic-
contaminated aerosol releases) 

Potential for increased cancer 0 0 0 0 0 0 
incidence 

Potential adverse health effects 0 0 0 0 0 0 

Solid wastes (respirable 
contaminants aerosol releases) 

Potential for increased cancer 0 0 0 0 0 0 
incidence 

Potential adverse health effects 0 0 0 0 0 0 

• Cargo-related risks refer to the number of people affected and were computed from the product of the probability of accidental release times the 
number of people exposed to the health criteria concentration. 
b Risks and travel distances are for the total shipping duration (10 years) . To obtain the annual values, the risks and distances must be divided by 10. 
c Values in italics present the highest risk for a specific risk category. 

E.17.3.3 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation) for the :MEI 

With regard to MEI risk evaluation, the increased cancer risk and any adverse effects endpoints are 

summarized in Tables E-44 and E-45. The methods used to estimate risks to the MEI were the same as 

those used for HW outlined in Sections E.17.1.3.2 and E.17.1.3.3 above. The risk calculations are based 

on the maximum ambient concentrations at 30 m (98 ft) from the release point for all shipments for a single 
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Table E-44. Lifetime Increased Cancer Risk to an MEI for UMW Transportation 

Concentration Exposure Inhalation• Cancer 
Transportation Release at MEI Location Time Air Intake Slope Factor Incidence Risk 

Mode Mode Chemical Name (ppm) (mln/d) (mg/kg/d) (mg/kg/d)"1 to MEI 

Highway Liquid Dichloromethane l.22E+OO 60 l.99E-06 l.65E-03 3.3E-09 
aerosol Dichloroethane 7.21E-01 60 l.37E-06 9.l0E-0'2 1.2E-07 
(direct) Tetrachloroethene 1.158+01 60 3.66E-05 5.958-03 2.2E-07 

Benzene l.28E+03 60 1.928-03 2.91E-0'2 S.6E-OS 

Vapor Dichloromethane 2.51E-03 60 4.098-09 1.6SE-03 6.7E-12 
spoils pile Dichloroethane l.69E-03 60 3.21E-09 9.l0E-0'2 2.9E-10 
(Superfund) Tetrachloroethene 6.59E-04 60 2.l0E-09 5.958-03 1.2E-11 

Benzene 8.0SE-03 60 l.21E~ 2.91E-0'2 3.SE-10 

Paniculate Dichloromethane 5.288-03 60 8.60E-09 1.658-03 1.4E-11 
(severity Dichloroethane 2.318-03 60 4.38E-09 9.l0E-0'2 4.0E-10 
Category II) Tetrachloroethene 2.478-0'2 60 7.86E-08 5.95E-03 4.7E-10 

Benzene 8.09E-0'2 60 1.218-07 2.91E-0'2 3.SE-09 

Paniculate Dichloromethane 5.28E-0'2 60 8.60E~ l.6SE-03 1.4E-10 
(severity Dichloroethane 2.31E-0'2 60 4.28E-08 9.108-0'2 4.0B-09 
Category III) Tetrachloroethene 2.47E-01 60 7.86E-07 S.95E-03 4.7E-09 

Benzene 8.09E-Ol 60 l.21E-06 2.91E-0'2 3.58~ 

Paniculate Dichloromethane 5.28E-Ol 60 8.60E-07 1.65E-03 1.48-09 
(severity Dichloroethane 2.31E-01 60 4.38E-07 9.l0E-0'2 4.0E~ 
Categories Tetrachloroethene 2.47E+OO 60 7.868-06 5.958-03 4.7E-08 
IV-VIII) Benzene 8.09E+OO 60 1.21E-05 2.918-0'2 3.5E-07 

Railroad Liquid Dichloromethane l.57E+0l 60 2.S6E-05 l.6SE-03 4.2E~ 
aerosol Dichloroethane 7.27E+OO 60 l.38E-05 9.l0E-0'2 l.3E-06 
(direct) Tetrachloroethene 2.33E+0l 60 7.41E-05 5.95E-03 4.4E-07 

Benzene 3.22E+03 60 4.82E-03 2.91E-0'2 l.4E-04 

Vapor Dichloromethane 2.51E-03 60 4.09E-09 1.658-03 6.7E-12 
spoils pile Dichloroethane 1.69E-03 60 3.21E-09 9.l0E-0'2 2.9E-10 
(Superfund) Tetrachloroethene 6.59E-04 60 2.l0E-09 5.95E-03 1.2E-11 

Benzene 8.0SE-03 60 l.21E~ 2.91E-0'2 3.SE-10 

Particulate Dichloromethane 5.28E-03 60 8.60E-09 l.6SE-03 1.4E-11 
(severity Dichloroethane 2.31E-03 60 4.38E-09 9. l0E-0'2 4.0E-10 
Category II) Tetrachloroethene 60 

I 
7.86E-08 S.9SB-03 4.7E-10 

Benzene 60 l.21E-07 2.91E-0'2 3.SE-09 

Paniculate Dichloromethane S.28E-0'2 60 8.60E~ 1.6SE-03 
(severity Dichloroethane 2.31E-0'2 60 4.38E~ 9.l0E-0'2 
Category III) Tetrachloroethene 2.47E-01 60 7.86E-07 5.958-03 4.7E-09 

Benzene 8.09E-01 60 1.21E-06 2.91E-0'2 3.SE~ 

Paniculate Dichloromethane 5.28E-01 60 8.60E-07 1.6SE-03 l.4E-09 
(severity Dichloroethane 2.31E-01 60 4.38E-07 9. l0E-0'2 4.0E~ 
Categories Tetrachloroethene 2.47E+OO 60 7.86E-06 5.958-03 4.7E~ 
IV-VIII) Benzene 8.09E+OO 60 l.21E-05 2.91E-0'2 3.5E-07 

• Adjusted to shon-term exposures. 
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Table E-45. Any Adverse Effects Risk to an MEI for LLMW Transportation 

Concentration 
at MEI Exposure Inhalation 

Transportatio Release Location Time Air Intake RID 
nMode Mode Chemical Name (ppm) (min/d) (mg/kg/d) (mg/kg/d) HQ 

Highway Liquid spill Dichloromethane l.22E+OO 60 2 .9E- 02 8.6E-01 3.33E-02 

1, 1, 1-Trichloroethane 7.21E-0l 60 2.6E-02 2.9E- 01 9 .25E-02 
Freon 113 l.15E+ 0l 60 5.9E-Ol 8.6E+OO 6.90E-02 
Toluene l.28E+03 60 3.2E+0l 1.lE-01 2.84E+02 

Spoils pile Dichloromethane 2.51E-03 60 5 .9E-05 8.6E- 01 6.84E-05 
vapor 1, 1, 1-Trichloroethane 1.69E-03 60 6.2E-05 2.9E- 01 2.17E-04 
(Superfund) Freon 113 6.59E-04 60 3.4E-0S 8.6E+OO 3.95E-06 

Toluene 8.0SE-03 60 2 .0E-04 l . lE-01 1.78E-03 

Particulate Dichloromethane 5.28E- 03 60 l .2E- 04 8.6E-Ol l.44E-04 
(severity 1, 1, 1-Trichloroethane 2.31E-03 60 8.SE-05 2.9E-01 2.96E-04 
Category II) Freon 113 2.47E- 02 60 1.3E- 03 8.6E + OO 1.48E-04 

Toluene 8.09E-02 60 2 .0E-03 1.lE-01 l.79E-02 

Particulate Dichloromethane S.28E-02 60 l .ZE-03 8.6E-0l l .44E-03 
(severity 1, 1, 1-Trichloroethane 2.31E-02 60 8.5E-04 2 .9E-01 2.96E-03 
Category III) Freon 113 2.47E-01 60 l.3E-02 8.6E+OO 1.48E-03 

Toluene 8.09E-0l 60 2 .0E- 02 1.lE-01 1.79E-Ol 

Particulate Dichloromethane 5.28E- 01 60 l .ZE-02 8.6E-0l 1.44E-02 
(severity l , l , 1-Trichloroethane 2.31E- 01 60 8 .SE- 03 2.9E-Ol 2.96E-02 
Categories Freon 113 2.47E+OO 60 1.3E-Ol 8.6E+OO 1.48E-02 
IV-VIII) Toluene 8.098+00 60 2.0E- 01 l.lE-01 1.79E+OO 

Railroad Liquid spill Dichloromethane l.S7E+0l 60 3.7E-0l 8 .6E-01 4.28E- 0l 
1, 1, 1-Trichloroethane l.29E+02 60 4.7E+OO 2.9E-0l l.66E+0l 
Freon 113 7.65E-02 60 3.9E-03 8.6E+OO 4.S9E-04 

Toluene 2.68E+03 60 6 .SE+0l l.lE- 01 S.94E+02 

Spoils pile Dichloromethane 2.SlE-03 60 S.9E-OS 8.6E-01 6.84E- OS 
vapor 1, 1, 1-Trichloroethane 2.87E-03 60 1.IE- 04 2.9E- Ol 3.68E-04 
(Superfund) Freon 113 2.98E-0S 60 1.SE-06 8.6E+OO l.79E-07 

Toluene 2.04E- 03 60 S.2E-0S l.lE-01 4.528-04 

Particulate Dichloromethane S.28E- 03 60 l .2E-04 8.6E-Ol l.44E-04 
(severity 1, 1, 1-Trichloroethane 3.858-02 60 1.4E-03 2.9E-01 4.94E-03 
Category II) Freon 113 9.64E- 04 60 S.0E-05 8.6E+OO 5.78E-06 

Toluene 7.34E- 02 60 l.9E- 03 l.lE-01 1.63E-02 

Particulate Dichloromethane 5.28E-02 60 l.2E-03 8.6E-0I 1.44£-03 
(severity 1, 1, 1-Trichloroethane 3.85E-0l 60 l.4E- 02 2.9E-01 4.94£-02 
Category III) Freon 113 9.64E-03 60 S.0E-04 8.6E+OO S.78E- 0S 

Toluene 7.34E-0l 60 1.9E-02 l.lE-01 l.63E-Ol 

Particulate Dichloromethane 5.28E- 0l 60 l.2E-02 8.6E-Ol 1.44£-02 
(severity 1, 1, 1-Trichloroethane 3.SSE+OO 60 1.4E- 01 2.9E-Ol 4.94E-01 
Categories Freon 113 9.64E-02 60 S.0E-03 8.6E+OO S.78E-04 
IV-VIII) Toluene 7.348+00 60 1.9E- 0l l.lE-01 l.63E+OO 

Note: RID = inhalation reference dose . 
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truck or railcar accident predicted by the ALOHA™ model on a chemical-specific basis . As indicated in 

Table E-44, carcinogenic risks for all chemicals are between 1.2 x 10-11 and l.4X 10-4. 

All except one for the liquid shipment assessed (both by truck and rail) are lower than or within a risk range 

generally considered acceptable for HW sites (i.e., 10-6 to 10-4) . The carcinogenic risks of 5.6 x 10-5 for 

truck shipment and 1.4 x 10-4 for railcar shipment were for LLMW classified as soluble hydrocarbon. As 

a conservative assumption and to facilitate calculations, soluble hydrocarbon waste was assumed to be the 

carcinogenic substance benzene. The risks presented for this waste category are probably overestimated, 

because it is highly unlikely that the soluble hydrocarbons are actually composed of pure benzene. 

However, more data on the composition of the material would be required to refine the risk estimate. 

Adverse effects are considered possible for substances with associated hazard quotient values greater than 

1. As shown in Table E-45, HQs are greater than 1 for the liquid shipment assessed (both by truck and 

rail), and for solid-waste truck and rail shipments of toluene under accident severity categories IV through 
' 

VIII . Thus, accidental release involving any of these shipments would have a potential to result in adverse 

effects for receptors at the MEI location. 

Increased cancer risks and any adverse effects risks are also presented in the technical support document 

by alternative (ANL, 1996e). 

E.18 Uncertainty 

The consecution of analysis leading to estimates of transportation risk for HW and HW components of 

TRUW and LLMW has the following major components: (1) computation of transportation routes; 

(2) development of health effects criteria; (3) selection of appropriate truck accident, toxic chemical release, 

and ruptured container probabilities; (4) quantitative estimation of source terms and atmospheric transport 

and dispersion; (5) calculation of exposure areas exceeding health endpoint specific chemical concentration 

levels; and (6) estimation of worker, general population, and MEI risks. Various levels of uncertainty are 

associated with each of these components. Uncertainties exist in the way the physical systems being 

analyzed are represented by the computational models, in the data required to exercise the models (due to 

measurement errors, sampling errors, natural variability, or unknowns simply due to the future nature of 

the actions being analyzed), and in the calculations themselves (for example, empirical data inherent in the 

model structure and the theoretical assumptions incorporated in the model). The errors in data used as input 
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to the model or models applied to compute risk can be referred to as parameter uncertainty . Errors in the 

model algorithm or empirical data incorporated in the model can be referred to as model uncertainty. 

In principle, one can estimate the uncertainty associated with each model input data parameter, each model 

empirical parameter, and each model theoretical assumption , and predict the resultant uncertainty in each 

set of calculations. Thus, one can propagate the uncertainties from one set of calculations to the next and 

estimate the uncertainty in the final result (that is, human heal~ risk); however, conducting such a full-scale 

quantitative uncertainty analysis is often impractical because of the lack of actual data (for example, field 

measurements) , which does not permit development of the necessary probability distributions needed to 

quantify uncertainty in every parameter. This is especially true for actions to be taken in the future; 

however, one can typically assume that the accuracy of Gaussian model predictions of maximum ground 

level concentrations , such as those from ALOHA™, are within a factor of 3 of corresponding field 

observations (Turner, 1994). The remainder of the error inherent in the risk calculations is in parameter 

uncertainty . Three main types of parameter uncertainty exist: random error resulting from data entry or 

reporting , systematic error induced from biases in data collection and analysis procedures, and errors 

resulting from variability over time and space (that is, meteorology or waste volumes). Certain key model 

input parameters can be identified for analysis that should capture the most significant contributors 

associated with parameter uncertainty and, when combined with model uncertainty, to the overall 

uncertainty in the risk assessment. These parameters come from the following six areas: 

• Meteorologic conditions (for example, windspeed and direction, atmospheric stability, relative 

humidity, and ambient temperature) at the time of the accident 

• Number of shipments of hazardous chemicals, which depends on the accuracy of the total annual 

shipment inventory and its variation from year to year 

• Release amounts from any given accident caused by impact physics (the vehicle 's speed, collision type, 

and number of vehicles involved), the location of the container rupture, and the number and contents 

of ruptured containers 

• Hazardous material truck accident rates and the release probability, given an accident 

• Population density in the vicinity of the accident 

• Health criteria and extrapolation to humans, including the adjustment of each health criterion to the 

actual exposure time of the human to the vapor plume 

Estimates of the potential range of uncertainty or variability in the absolute HW risk can be made by 

varying these parameters independently within probable parameter error bands or known variability bands. 

Although not a quantitative uncertainty analysis, this type of sensitivity analysis is useful in providing some 
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semiquantitative estimate of potential absolute uncertainty . in the risk estimates associated with each 

parameter. To do this , the data used to estimate the risk of potential life-threatening effects discussed in 

Section E.17.1.2.1 of this appendix were used to carry out a sensitivity analysis to estimate potential 

parameter error bands. Because the risk estimate results from these data show that more than 50% of the 

risk for potential life-threatening effects under the No Action Alternative is contributed by a small fraction 

of the total shipments (5 of 63 PIH shipments), a sensitivity analysis using these data should provide a 

reasonable estimate of the magnitude of parameter error bands. The specific chemicals in the five waste 

truckloads that contribute to most of the chemical-inhalation potential life-threatening risk are two shipments 

of arsine (0.03 m3 [8 gal]), two shipments of hydrogen fluoride (0 .06 m3 [17 gal]), and one shipment of 

hydrogen selenide (3.8 L [1 gal]). The atmospheric transport and dispersion from the release of all five 

truckloads of these three chemicals were modeled as a negatively buoyant heavy or dense vapor plume. 

The first parameter examined was meteorologic conditions. Although random error (error of data collection 

and reporting) and systematic error (error of instrument calibration) are associated with this parameter, 

uncertainty associated with meteorologic variability should produce variability bands that overlap the 

smaller error bands associated with random and systematic error. Windspeed, atmospheric stability, and 

ambient temperature were varied to estimate the risk associated with meteorologic variability for the top 

six HW shipments contributing more than 50% of the risk. Windspeeds were varied from 1 to 20 m/s (2.2 

to 45 mi/h) for conditions of daytime neutral stability (stability Class D) with 35 °C (95 °F) and l0°C (50°F) 

ambient temperatures and were varied from 2 to 5 mis (4 .5 to 11 mi/h) for nighttime stable (stability 

Classes E and F) conditions with 20°C (70°F) and -9°C (15 °F) ambient temperatures . The PEIS risk 

assessment assumed 4-m/s (9-mi/h) winds, neutral stability, and an ambient temperature of 35°C (95 °F) . 

This parameter variability produces a risk uncertainty varying from approximately a factor of 3 smaller to 

approximately a factor of 11 larger. Risk standard deviations range from 4.3 x 104 (for the arsine shipment) 

to 2 .0 x 10-2 (for the hydrogen selenide shipment). 

The uncertainty in the number of shipments per year depends on the accuracy of reported manifested waste 

volume inventory of PIH, ICRC, and PAEC chemicals and the year-to-year variability in shipping these 

chemicals. Although risk is linear with transportation miles, the number of shipments is not linear with 

manifested waste volumes. With the assumption that a fully implemented waste minimization program 

would offset any positive bias in the waste inventory , a 20 % reduction in volume could lead to 5 % fewer 

shipment miles . 
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The release amount depends on many factors , such as the vehicle's speed at impact, the position and 

quantity of drums in the truck, and the truck type . Preliminary sensitivity analysis indicated that variations 

in these factors can lead up to a factor of 10 difference in risks for a single route . 

Release probabilities have an approximately linear relationship to risk. The same six routes and chemicals 

mentioned previously were analyzed for transportation risk by using 20% more or less than the probabilities 

used in actual risk analysis. Risk results appeared to be linearly related because 20% higher probabilities 

led to an approximately 20% higher risk. 

Changing the health criteria (for lethality) to 0.1 to 10 times the value used in the risk assessment led to 

dramatic changes in the risk. Typically, changes in the risk between 1 and 2 orders of magnitude resulted 

along any one route of the six tested. Errors of 0.1 to 10 are possible for the health criteria for different 

chemicals, but that range likely covers any reasonable error in estimation of that health criterion. Some 

cancellation of errors is likely as the risk from many routes and chemicals is summed to provide the total 

risk for a specific alternative; however, the risk from the top 10 % of the routes with the greatest risk likely 

dominates this summation process. 

Looking at the individual contributors to risk uncertainty is useful from a modeler's perspective for gaining 

insight on the weaknesses and strengths of a particular modeling analysis. However, it would be more 

useful from a decision maker's perspective to have some estimate of the overall uncertainty in the computed 

risk estimate. To do this, a risk estimate model that provides both deterministic and probabilistic estimates 

was employed (Policastro et al., 1995). The results from this exercise show an approximately 98. 6 % 

probability that after 20 years of hazardous waste shipments, no people would suffer potentially life­

threatening health effects. The deterministic prediction of risk for the 20-year period, 3.48 x 10-3 people 

suffering potentially life-threatening health effects, was found to be at the 99.5th percentile of the 

probability distribution. 

The transportation risk assessment is designed to ensure-through uniform and judicious selection of 

scenarios, models, and input parameters-that relative comparisons of risk among the various alternatives 

are meaningful because the errors in each alternative evaluation repeat themselves in the same way. Because 

the uncertainty is in the absolute risk estimates; for example, the potential number of fatalities , relying on 

the relative risk comparisons among alternatives normalizes this uncertainty and therefore reduces the level 

of uncertainty in the comparative results. In the transportation risk assessment, input parameters and 

assumptions are uniformly applied to all HW alternatives . Therefore, although considerable uncertainty is 
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inherent in the absolute magnitude of the transportation risk for each alternative , much less uncertainty is 

associated with the relative differences among the alternatives in a given measure of risk. 

E.18.1 COUNTERPOSING OR REINFORCEMENT OF ERRORS (ABSOLUTE UNCERTAINTY) 

The previous discussion describes the major sources of parameter and model uncertainty in the HW risk 

analysis calculations and the ranges of likely uncertainty in those parameters and models used. For some 

parameters, an estimate of the possible risk value range for a 1.6-km (1-mi) segment due to the parameter 

range was given as well; however, the total risk calculated for a specific alternative (and health endpoint) 

is actually the sum of the risk values computed for each of the many 1.6-km (1-mi) segments encompassing 

the many routes traveled by the many HW shipments for that alternative (No Action, Decentralized, 

Regionalized 1 or 2). The computed risk is the summation of the predicted risk for each mile in the routing. 

There is some error in the risk prediction for each mile. There would be some degree of cancellation of 

errors during this risk summation process (risk for some miles being overestimated and for others being 

underestimated) , unless there is a systematic overprediction or underprediction of the risk at each mile. That 

possibility is not expected because the most accurate value was chosen for component of risk in the risk 

calculation for each single mile. The interplay of uncertainties by parameter and assumption could be 

estimated only by using a detailed probabilistic risk assessment approach, which was not taken in this 

appendix. Recognizing that some error cancellation and actually some error reinforcement do occur is key 

to understanding the uncertainty in the final or total risk numbers computed. The effect of the combined 

set of parameter and model errors is estimated to be within plus or minus one order of magnitude for the 

total risk numbers presented for a specific alternative and endpoint. 

E.18.2 RELATIVE UNCERTAINTY 

Although the absolute uncertainty may seem large from the previous discussion, the relative uncertainty is 

most important, and that uncertainty is believed to be sufficiently small to allow reliance on the management 

conclusions that result from comparing differences in the risk predictions among the alternatives. Relative 

uncertainty is the uncertainty in the difference between pairs of alternatives. Because a risk value is 

computed for each of the four alternatives (and same endpoint) by using exactly the same methods, models, 

and parameter values, differences in the results should be caused by meaningful differences in the structure 

of the alternatives; for example, with one alternative, more miles may be covered by HW shipments than 
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another. This relative risk is believed to be smaller than the actual differences in risk values from the 

various alternatives; for example, if the risk from the Regionalized 2 Alternative is greater than the risk 

from the No Action Alternative, the behavior-of Regionalized 2 being larger than No Action-is believed 

to be accurate, although the actual risk numbers computed may each contain significant error. The accuracy 

of these statements about relative risk are critical to the meaning of the risk analyses in this PEIS. 

E.19 Mitigative Measures 

When transporting HW and LLMW, DOE follows all applicable regulations of DOT and EPA, such as 

using absorbent overpacking to prevent liquid releases, using placards, preparing manifests, and employing 

licensed transporters. For each named chemical, the CFR identifies permissible containers for transporting 

that chemical. The containers are ranked based on their sturdiness and the hazard class of the chemical to 

be transported. These regulations are designed to minimize the risks of transporting HW and to allow for 

rapid mitigative action in the event of an accidental release. 

The DOE may consider additional measures to further minimize risks associated with HW and LLMW 

transportation. Examples include rerouting shipments through low-population density areas, pretreating the 

more dangerous chemicals at DOE sites, or substituting for the chemicals that lead to the greatest risk. 

Where possible, the potential decrease in risk that could be achieved through using rail transport may also 

be investigated. 
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APPENDIXF 
Treatment and Storage Facility Accidents 

F .1 Introduction and Overview 

F.1.1 SUMMARY 

This appendix documents the methodology, computational framework and results for facility accident 

analyses performed for the U.S. Department of Energy (DOE) Waste Management Programmatic 

Environmental Impact Statement (WM PEIS). The methodology is in compliance with the most recent DOE 

EIS guidance (DOE, 1993a) in that it considers the spectrum of accident sequences that could occur in 

activities covered by the WM PEIS and uses a graded approach emphasizing the risk-dominant scenarios 

to facilitate discrimination among the various WM PEIS alternatives. The main goal of the accident analysis 

is to provide results that allow reliable estimates of the relative risks among the alternatives rather than 

reliable values of absolute impact. The relative risk provides a sufficient basis for discriminating among 

alternatives. In the analysis of accident sequences, the accident models have been systematically applied to 

approximate the key source term parameters as functions of ( 1) the phenomenology and severity of the 

accident, (2) the process parameters, (3) the characteristics of the facility, and (4) the properties of the waste 

types. Uncertainties in data have been treated in a consistent manner to enhance the value of the relative 

risk comparisons. 

The output of the facility accident analyses is consists of identification of the accidents potentially important 

to hum.an health risk for each waste type, an assessment of the frequencies of these accidents, and an 

evaluation of the radiological and chemical source terms resulting from these accidents. A radiological 

source term is defined by specifying the amount (in curies) of each radionuclide released during an accident. 

Release is conservatively assumed to be instantaneous. 

A chemical source term is defined by specifying the rate and duration of release for each toxic chemical 

released during an accident. The frequencies of the accidents and tlie results of the source term evaluation 

are provided as input to the WM PEIS for calculations of the human health and risk impacts . 
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Numerous DOE waste management sites were analyzed in this study. However, generic DOE facility 

characteri tic were a urned in developing the accident equence or all ites . acility waste inventories 

assumed for each DOE site were derived from the storage inventories, generation rates, and treatment 

throughputs developed in the WM PEIS. Site safety documentation was used to help identify the frequencies 

and potential risk importance of extreme events such as seismic or tornadic events or aircraft crash events. 

Existing facility documentation and accident data were used only for general guidance in source term 

development; thus, the accident analyses herein may not necessarily duplicate the results produced in 

individual site environmental impact statements (EISs) or safety analysis reports (SARs) in which specific 

facilities are assessed. 

The accident sequences analyzed were selected for their potential importance relative to human health 

effects . In light of the lack of specific process and facility design information, the analyses focused on 

accidents with the potential for airborne releases to the atmosphere. Although disposal alternatives are 

included in the WM PEIS waste management options, the details of ultimate disposal are not addressed. 

Consequently , accidents were not developed for this phase of waste management. 

F .1.2 SCOPE AND OBJECTIVES 

The WM PEIS addresses strategic alternatives for management of five different types of waste in the DOE 

complex: high-level waste (HLW), transuranic waste (TRUW), low-level waste (LLW), low-level mixed 

waste (LLMW), and hazardous waste (HW). For each waste type, four alternatives or strategies have been 

analyzed for treatment, storage, and disposal (TSD): (1) no action, where existing sites will generally store 

and treat their own wastes consistent with currently approved plans; (2) centralization, where from one to 

a few DOE sites will be used to treat, store, and dispose of a given waste type from the entire DOE 

complex; (3) regionalization, where several sites distributed throughout the country will be used to treat, 

store, and dispose of that waste type for their geographic regions; and (4) decentralization, where 

regionalization is extended to include more sites. Alternatives for consolidation of waste involve both 

existing and conceptual-design facilities at the DOE sites. Moreover, a number of waste treatment 

technologies and storage options are assessed for each type of waste. 

The most recent guidance (DOE, 1993a) from the Office of National Environmental Policy Act (NEPA) 

Oversight within the DOE calls for consideration of the spectrum of accident scenarios that could occur in 

activities being evaluated. This guidance also calls for a grad,ed approach in which risk-dominant scenarios 
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are emphasized. Determination of risk dominance requires assessment of both the likelihood and the 

severity of plausible accident scenarios that could present a significant health hazard to either the workforce 

or the public . The spectrum of accident scenarios includes all accidents important to risk, from low­

frequency events with potentially high consequences (as typified by accident sequences associated with 

severe natural phenomena, such as earthquakes) to relatively high-frequency events with very low 

consequences (as typified by routine industrial accidents) . 

The broad scope of the WM PEIS and the recent NEPA guidance result in a very large number of 

combinations of possible TSO options, existing or new facilities , and related possible accident scenarios to 

be evaluated for assessing management alternatives for each waste type. Accordingly, one obvious objective 

of the methodology for accident analysis was the development of a screening methodology that would 

enable focus on the risk-dominant sites and facilities for the storage and treatment operations and for waste 

consolidation. 

A second objective was to develop a methodology for accident analysis that would allow sufficient 

discrimination of risk impacts among the various options and alternatives to support the WM PEIS decision­

making process. Although the method must provide reasonable estimates of the risk impacts associated with 

each alternative, providing reliable estimates of the relative risks among the alternatives is more important. 

To accomplish these goals, the accident models must be adequate to approximate the key source term 

parameters as a function of the phenomenology and severity of the accident, the process parameters, the 

characteristics of the facility, and the properties of the waste types. Although developing all accidents in 

detail is not necessary, systematically applying the underlying approximate models is necessary. Many of 

the uncertainties in the data that are reflected in estimates of absolute risk tend to be canceled in estimates 

of relative risk. Thus, systematic application of the models is required to provide a sufficient and scrutable 

basis for estimating relative risk and discriminating among alternatives. 

A consistent database must also be applied. Current safety analyses, environmental assessments, and EISs 

provide much site-specific information, but they have been developed over many years as the underlying 

technology base and the related regulatory guidance have improved. The scope and supporting levels of 

detail in site safety reports vary widely. Thus, a third objective was to support the data requirements for 

the implementation of the computational framework by appropriately combining existing data and 

documentation on the safety of facilities with the most recent guidance on accident modeling. 

VOLUME IV F-3 



Aependix F Treatment and Storage Facility Accidents 

The last objective was to provide an automated capability to facilitate the overwhelming number of 

calculation in the accident analysis that are req ired to provide relative risk for the many combinations of 

process technology, facility selection, and site consolidation strategies for each waste type. The purpose is 

not only to provide baseline accident frequency and source term estimates, but also to provide a capability 

for sensitivity analysis that can be used in the review process. Accident frequencies, radiological and 

chemical release source terms, and health effects on various populations are all sensitive to waste 

throughput. Accordingly, the computational packages for the accident analysis and the databases (storing 

the data on the waste inventories) have been be integrated among themselves and with the computer codes 

for health effects to allow accident risk to be characterized as a function of the throughput for a given waste 

type and facility. 

F.1.3 ANALYTIC APPROACH 

To meet these objectives, an integrated approach was developed, which included the following interrelated 

elements: (1) selection of operations and related facility configurations across the DOE complex that have 

potentially hazardous inventories of radioactive or chemically toxic wastes when considering facilities' 

vulnerabilities and demographics; (2) development and evaluation of a uniform set of the risk-dominant 

accident sequences; and (3) determination of the compositions of radiologically or chemically hazardous 

source terms predicted to be released during the sequences. A personal-computer-based computational 

framework and database (WASTE ACC) have been developed to automate these elements and to provide 

source term input for the analyses of health effects to the general public and to the workforces (ANL, 

1996d). This assessment is discussed elsewhere (see WM PEIS Appendix D). 

The other important elements in assessing risk include (1) development or integration of existing site­

specific demographics and meteorologic data into calculation of site-specific unit risk factors and 

(2) assessment of the radiological or toxicological consequences of accident releases to the general public 

and to the occupational workforces by (combining the source term and unit risk information). 

Figure F. 1-1 illustrates the integration of these elements into a systematic approach for performing risk 

impact analysis. The WM PEIS waste management alternatives encompass siting options for storing and 

treating each waste type before disposal. The volume and radionuclide composition of each waste stream 

is tracked in a relational database as the waste is processed and finally disposed of. Details of the method 
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Definition of Waste Mana ement Alternafve 

Specification of Waste Consolidation Strategies and Siting Options 

Specification of Treatment, Storage, and Disposal Options 
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Prescreening for Risk-Dominant Sites' 
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Risk Impacts of Treatment, Storage, and Disposal Options 

Comparative Competing Risk Evaluations 

CMA8601 

Fi,gure F.1-1. Overview of Facility Accident Analysis Interactions 
for the WM PEIS. 

ApPendix F 

and computational framework developed to link these elements for the accident analysis are described in 

Section F.2, with the remainder of this appendix discussing the accident analyses, leading to source term 

generation, for each waste type. The source terms for all accidents analyzed are provided in the technical 

support document (ANL, 1996a). 
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F.1.4 ORGANIZATION OF APPENDIX 

Section F .2 describes the overall method and computational framework utilized in the WM PEIS accident 

analysis. The section also describes the use and integration of generic and site-specific accident analysis 

data, waste stream inventory data, storage and treatment process characterizations, and site and facility 

demographic information. 

Calculations with currently projected waste generation rates, storage inventories, and treatment process 

throughputs have been performed. Specific source term results are presented in this report for each of the 

waste streams in the WM PEIS in Sections F. 3 through F. 7. Frequencies and source term parameters are 

presented for each of the major DOE sites for various analysis cases for each waste stream. Key 

assumptions in the development of the source terms are identified. The compilations of the chemical and 

radiological source terms for all of the accidents are providt: d in the report by ANL ( 1996a). 

The listed references include DOE orders and standards, U.S. Nuclear Regulatory Commission (NRC) 

regulations, and NEPA documentation, as well as technical reports developed in support of this regulatory 

guidance . The reference section also includes site-specific safety analysis and environmental impact 

documentation and related supporting technical reports that were used in support of the WM PEIS accident 

analysis. 

F .2 Methodology and Computational Framework for Accident Analysis 

F.2.1 OVERVIEW 

This section describes the methodology and computational framework for the facility accident analysis for 

the WM PEIS. Figure F.2-1 illustrates the major components and related input and output of data from the 

facility accident analysis and presents an overview of the interactions of the analysis with other elements 

of the WM PEIS. Implementation of this analysis framework included selection and development of the 

accident sequences and associated source terms. Unit risk factors developed as part of the WM PEIS effort 

were used to screen accident sequences for risk dominance. A unit risk factor is the consequence associated 

with a unit release of a radionuclide to the environment from a facility at a given site for a given receptor . 
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Figure F.2-1. Major Components and Related Input and Output of Data 
for Facility Accident Analysis. 
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Section F.2 is organized to reflect the integrated approach depicted in Figure F.2-1. Section F.2.2 sets forth 

the underlying ass11mptions of the analysis. Sections F.2.3 through F.2.5 explain how the elements are 

applied to the WM PEIS accident analysis. The general discussion in the sections is applicable to the overall 

WM PEIS accident analyses for all waste types. Sections F.2.6 and F.2.7 discuss the general modeling 

assumptions and the data used to evaluate the frequencies for the various accidents and to determine the 

appropriate source terms for specific accidents, facilities, and waste types. Sections F.2.8 and F.2.9 discuss 

the calculation of source term estimates and the uncertainties inherent in the analysis, respectively. 

F.2.2 GENERAL ASSUMPTIONS APPLIED IN THE ANALYSIS 

A limited set of general assumptions were applied in the analysis. These assumptions and the bases for using 

them are discussed below. 

In the analysis, it was assumed that all facilities will be considered per local building codes, including 

earthquake/seismic codes. Treatment facilities were assumed to be designed to Hazard Category 2 
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requirements (generally to Performance Category [PC] 3 for seismic criteria) . Figure F .2-2 summarizes 

the relation hip of the Hazard Categories and the Performance Categories. In some cases, it is possible that 

treatment facilities would be designed to the less stringent Hazard Category 3 requirements (and accordingly 

to Performance Category 2 for severe natural phenomena). While such facilities would be designed to less 

stringent design requirements, it is also true that in the Safety Analysis Report process, it would be 

necessary to demonstrate that accidents at such facilities have no impact on offsite personnel and only 

limited to minor impact to onsite workers. Hence, it was concluded that the more conservative approach 

was to assume that the facilities were designed to Hazard Category 2 requirements where there would be 

a greater impact to the onsite workers in the event of accidents, were they to occur. 

Generally in this Appendix for the analysis associated with storage of existing waste material, specific 

accident analyses were not performed. That decision was based on the underlying assumption in the PEIS 

analysis that all the sites will continue to accumulate, or at least not reduce, waste inventories for roughly 

the next 10 years, at which time complexwide treatment will begin. Thus all sites will be at their maximum 

inventory in about 10 years , at which time the potential for release will be maximum. This assumption is 

independent of the existing inventory. Thus, detailed analysis would not assist in discriminating among the 

alternatives . 

F.2.3 SELECTION OF RISK-DOMINANT OPERATIONS, FACILITIES, 

AND RELATED TYPES OF ACCIDENTS 

A review and screening were performed to focus the analysis of the large number of processes and facility 

configurations possible within the WM alternatives such that only those configurations with accidental 

radiological or chemical releases potentially important to overall risk were treated in detail. This approach 

assisted in illuminating the factors that provide reasonable discrimination among the alternatives. This 

section describes the process of screening and then describes the three classes of accidents selected for 

analysis: (1) general handling accidents, (2) accidents at storage facilities , and (3) accidents involving 

treatment processes and facilities. 

F .2.3.1 Categorization and Screening 

Waste management activities fall within three operational regimes : (1) current or pretreatment storage, 

which includes placement in and retrieval from storage and transfer to facilities for pretreatment or 
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treatment; (2) processing, which includes pretreatment (which applies only to HLW) and treatment; and 

(3) int rim or pr di p al torage . Becau e of them re table nature of wastes in their final forms before 

disposal , the last operational regime was judged to pose a much smaller risk than current storage and 

processing . As a result , among the waste types, accidents affecting storage before final disposal were 

analyzed only for HL W. 

The inventories in storage, the throughputs for treatment, and the sizing of the facility are all functions of 

the alternatives being investigated by the WM PEIS. Criteria were developed to help identify and classify 

potentially risk-dominant facilities and operations for each waste stream by their characteristics with respect 

to accidental radiological or chemical releases. These criteria included the amount and composition of the 

material at risk (MAR); the vulnerability of this material to airborne releases; the containment 

characteristics of the facility; and the demographics of the site/facility and the general population. 

Review of the operations and facilities led to the establishment of three broad classes of accidents as 

determined by their release characteristics and the facilities and populations affected. These classes are 

(1) general handling accidents involving a breach of the waste packaging, (2) accidents at storage facilities, 

and (3) accidents involving treatment (or pretreatment) processes and facilities. Within these classes, 

individual operations or facilities were then reviewed to better define potentially risk-dominant operations 

or facility configurations . 

Only airborne releases were considered based on evidence in existing DOE safety analyses that airborne 

pathways dominate the accident consequences and drive the facility risks. Releases to surface runoff or to 

groundwater cause longer term effects and are not a strong indicator or discriminator of the risk associated 

with the WM PEIS alternatives. The only reasonable threats that could cause immediate and appreciable 

effects via nonairbome pathways are criticalities involving the various waste types . However, facilities 

handling materials with high fissile content will have rigorous procedures and checks to prevent inadvertent 

criticalities. Regulations require that facilities and processes used to handle fissile materials be designed so 

that at least two separate events must occur before a condition exists that could result in a criticality, which 

would be a highly improbable event. As such, releases via nonairborne pathways are not considered. 

The following factors were included in the screening process to arrive at risk dominant accident sequences 

for derived analysis. 
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Amount and Composition of MAR. Each alternative for waste consolidation discussed in the WM PEIS 

implicitly defines pretreatment and posttreatment inventories and throughputs for treatment of each waste 

type at each DOE site . Specification of the storage inventories and treatment throughputs by volume, by 

physical and chemical form, and by radionuclide or chemical composition of the wastes was obtained from 

the WM database (ANL, 1996b). Accordingly, for each alternative and each waste type, the DOE sites were 

ranked by relative radiological hazard to determine those sites and waste types presenting the greatest risk. 

A similar ranking was performed to determine sites with the greatest chemical inventories for each waste 

type (chemical accidents during treatment that could not be correlated with waste inventories or throughputs 

were not analyzed). These rankings led to the reduction in the number of analyses for any given waste type 

so they were focused on sites with sufficient inventories to justify development of distinct source terms . 

Vulnerability of MAR. Another focus of the screening was the vulnerability of the MAR to potential fire 

or explosion accident sequences. The physical and chemical stability of the waste was reviewed to preclude 

unnecessary analysis of storage or process operations involvi; 1g highly stable wastes that would require 

extremely severe and improbable conditions to attain significant airborne releases . The packaging of the 

wastes and the overall configuration of the containment facility were also reviewed. 

Characteristics of Facility Containment. Facilities considered in the WM PEIS range from outdoor 

storage pads which provide no containment to facilities that have the structural capability to withstand the 

forces from significant natural phenomena. The containment characteristics of the existing or proposed 

facilities were judged by their hazard category or natural phenomena hazards (NPH) PC and the 

corresponding structural capabilities. Hazard category and NPH PC are discussed and defined in 

Section F.2.6.1. 

Demographics. The hazard to the workforce is directly related to the radiological or chemical inventory 

involved in the accident, the number of workers affected, and the proximity of these workers to the point 

of release. Consideration of work force populations and their locations helped provide initial identification 

of those processes and facilities that would potentially dominate the risk to the worker population. The 

demographics for the general public were included as an input to the development of the health effects and 

risk impact analysis but were not specifically used to select accidents. 
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F.2.3.2 General Handling Accidents 

General handling accidents were selected as a distinct class because hands-on operational accidents are 

expected to dominate the radiological and chemical risks to workers due to the relatively high frequency 

of such accidents and the proximity of the workers to any release . Such operations include handling in 

storage and staging areas , packaging and unpackaging , movement of waste within treatment facilities , and 

some treatment operations. These operations are prone to mechanical stresses in industrial accidents such 

as drops and spills of a container or punctures by a forklift . The resulting breaches in a container can be 

shown to lead to insignificant airborne releases relative to those releases involving fires or explosions. As 

a result, these handling accidents usually constitute little hazard to the general public . 

F .2.3.3 Storage Facility Accidents 

Accidents at storage facilities were selected as a separate class because they potentially involve large 

quantities of MAR. Moreover, many storage facilities provide little or no formal containment or 

containment that would likely be breached in the event of severe thermal or structural challenges; severe 

accidents (such as fires) in a storage area may result in a significant risk to onsite personnel and the general 

population for many DOE sites. 

In addition to potential importance to risk, two other criteria were used to determine which storage facilities 

and related accidents should be analyzed or reviewed: (1) their potential for discriminating among PEIS 

alternatives and (2) quantity and quality of information available for input to analysis. As a result, storage 

prior to treatment of LLMW, LLW, and TRUW was not analyzed because the results will not help to 

discriminate among alternatives. This is a result of the underlying assumption used in the PEIS analyses that 
I 

all sites will accumulate or at least not reduce their waste inventories for roughly 10 years, at which time 

complexwide treatment will begin. Thus, all sites will achieve their maximum inventories (leading to 

maximum potential releases), independent of alternative in about ten years . Nevertheless, because recent 

DOE safety or NEPA information on storage facility accidents provides guidance on the potential risk 

impacts applicable to LLW, LLMW, and TRUW storage, the information will be discussed in the 

appropriate sections for these waste steams. 

Calculations of the cost and risk impacts for current storage of HL W are not within the scope of the PEIS, 

and as a result, no analyses have been performed. However, the storage of vitrified HLW was analyzed 
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because it could be a factor in discriminating among alternatives for HL W management. For the other waste 

streams, accidents were not analyzed for storage facilities housing solidified, vitrified, or otherwise highly 

stable wastes prior to disposal because of their low potential for risk-significant releases . 

Finally, the characteristics of current or pretreatment storage for hazardous wastes do vary by alternative. 

Thus, HW storage accidents have been generically analyzed and will be discussed . 

F .2.3.4 Treatment Facility Accidents 

Accidents involving treatment processes and facilities were identified as a separate class of accidents. Unlike 

storage accidents, where the overriding concern relates to the large amount of MAR, treatment introduces 

different safety considerations such as the joint presence of high temperatures and pressures, combustible 

materials, and feed lines for natural gas or fuel. Moreover, the MAR may not only involve substantial 

inventories but the MAR may be highly concentrated toxicological or radiological materials that pose a 

threat to both the immediate workforce of the facility and the populations surrounding the facility . The 

facilities for treatment typically have containment structural design and filtration capabilities commensurate 

with these hazards. 

Treatment operations were reviewed, and many were excluded from detailed investigation on the basis of 

the absence of sufficient radiological and hazardous material concentrations or lack of sufficient mechanistic 

stresses and energies capable of creating significant airborne releases . These operations included evaporative 

processes and solidifying operations such as grouting and cementation (EG&G, 1992a,b). In general, benign 

operations, such as packaging and nonthermal size-reduction activities (including shredding, compaction, 

and supercompaction) , were excluded from large-scale accident consideration. Technologies for mercury 

(Hg) separation were excluded because of their relatively low-energy operating characteristics. Thermal 

desorption of residues, sludges, and resins or of debris wastes involves combustible material; however, the 

process was excluded because it operates at lower temperatures and pressures than incineration, and the 

output product is much less dispersible than the ash from incineration. 

Other high temperature or pressure processes were more closely reviewed in light of the potential energy 

source for dispersing airborne radioactive or toxic material and for challenging a facility ' s integrity and 

capability for filtration . Similarly, operations involving or being performed in the presence of combustible 

materials or involving feed lines of natural gas or fuel were reviewed in light of the potential for ignition 
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and subsequent fire or explosions . Thus, thermal or heat-accumulating processes (such as fractionation by 

using ion-exchange columns, metal melting , incineration, wet-air oxidation , and vitrification) were 

identified for their potential for major airborne release . 

These processes are discussed below. 

Ion Exchange. Ion exchange is a standard technology for removing dissolved ionic material, radionuclides, 

and toxic pollutants from solution. Ions in an aqueous phase displace complementary ions from ion­

exchange sites on the surface of an insoluble support material. Depleted resins are removed, replaced, or 

regenerated. Regeneration involves displacing contaminant ions with fresh complementary ions by washing 

with acid or base solution. The dominant accident considered in the literature is an explosion of the 

ion-exchange column, where self-heating of the ion-exchange resin results in fire or explosion, with 

attendant discharge of the radionuclide-loaded resin to the surroundings as a radioactive and chemically 

toxic aerosol. Some of the conditions causing self-heating of the resin include introduction of a solution with 

a high concentration of nitric acid (which would result in a highly exothermic reaction) , column 

overloading, drying out of the resin in the column, resulting in high column temperatures (leading to 

ignition) (Ayer et al. , 1988) . Analysis shows that these accidents have no impact on the operation of the 

ventilation system of the facility (Mishima et al., 1986). 

Metal Melting. Metal melting is used to prepare, melt, and cast incoming scrap ferrous and nonferrous 

bulk metals . The incoming metal is shredded and transported to a furnace where it is melted and cast as 

ingots. Any combustible material in the incoming feed is thermally destroyed in a secondary combustion 

chamber. Highly radioactive materials tend to collect in the slag, which is skimmed from the top of the melt 

and cast into crucible molds . The cast slag is stored before final disposal, and the cast metal is sent to a 

fabrication plant for reuse into overpack containers and shielded caskets. The accident of concern is 

overpressurization and rupture of the combustion chamber with dispersal of the contents, particularly the 

radioactive slag. 

Incineration. Incineration is a means of reducing the volume of combustible solid waste and destroying 

organic waste. Key characteristics of the incineration process with implications for potential airborne release 

include high temperature, the presence of combustible materials, the potential for rupture of the vessel, 

elevated concentrations of radioactivity in the ash byproduct, and the high dispersibility of the ash . Because 

incineration often results in a volume reduction factor of roughly 100, the ash byproduct could have a 

concentration of radionuclides roughly 2 orders of magnitude greater than the input feed waste. Accidents 
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of concern for an incineration facility include explosions of the incinerator or fires involving the feedstock, 

ash residue, or residues in the filtration system. Feedstock fires may pose a toxicological risk for mixed 

wastes because of the relatively high concentrations of organic materials. 

Wet-Air Oxidation. Wet-air oxidation is the aqueous-phase oxidation of suspended organic substances 

using elevated temperatures and pressures. Water (H2O) catalyzes oxidation so that reactions proceed at 

much lower temperatures (175-340 °C than are required for oxidation in open-flame combustion such as 

incineration. Although the pressures (2-20 MPa) are higher than those in other thermal treatment processes, 
' 

the MAR is more dilute and is in an aqueous noncombustible liquid form. Rupture of the oxidation vessel 

followed by a pressurized release is considered plausible but was judged to be relatively insignificant in 

terms of radiological risk to the public or to occupational workforces. Potential accident impacts are 

enveloped by incineration, a competing technology . 

Vitrification. In vitrification, prepared wastes are mixed with glass-forming materials and transferred to 

the melter that melts the material at a nominal temperature of 1, 150 ° C. The final product of vitrification 

is a molten borosilicate glass. The key accident in vitrification processes identified in the WIPP SEIS-11 

(DOE, in preparation) is rupture of a vessel from a steam explosion due to the interaction of molten glass 

with water. This accident could affect the integrity of the cell in which the equipment is located. There is 

also the potential for shrapnel formation, and damage to the off-gas filtration units and to adjacent areas of 

the facility. The serious nature of this accident indicates it is the risk-dominant vitrification accident for the 

involved workforce . Other vitrification-related accidents considered in the WIPP SEIS-11 include failure of 

a drum containing vitrified treated waste and a beyond-design-basis earthquake with resultant collapse of 

the waste treatment facility. 

A comparison of the characteristics of the identified treatment processes led to the selection of incineration 

as the technology most likely to dominate risk to site workers and to the surrounding general populations 

for LLW, LLMW, TRUW, and HW. As discussed previously, the characteristics of radioactive release 

from wet-air oxidation are clearly enveloped by those for incineration, a competing technology. 

Nevertheless, because some of the treatment trains for LLMW sites have greater volumes of waste to be 

treated by wet-air oxidation than by incineration, source terms were developed for tank ruptures with 

pressurized releases from wet oxidation processes. 

Although accidents with fractionation and with vitrification may be important in assessing pretreatment or 

treatment operations for HL W, these accidents do not affect WM PEIS decisions with respect to HL W 
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alternatives. Vitrification of LLW incineration ash, of sludges and resins, or of wastes resulting from HLW 

partitioning is a process comparable to incineration in terms of temperature, potential for pressurization, 

and the combustible-material hazards . Dispersibility of the feedstock would be equivalent to dispersal of 

the feedstock for incineration, and the forms of the vitrification material (molten and solidified borosilicate 

glass) would be less dispersible by several orders of magnitude than ash from a kiln or from a secondary 

combustion chamber (SCC). Similarly , the dispersibility of the contents of the radioactive slag in metal 

melting is also very low relative to the ashes in the incineration process. 

In summary, source term analyses for treatment operations were generally focused on incineration 

accidents . Accidents associated with other types of treatment were generally not considered because of the 

low vulnerability and dispersibility of MAR as discussed above . Further, the throughputs for the other 

treatment processes are generally low compared with incineration. 

F .2.4 DEVELOPMENT OF RISK-DOMINANT ACCIDENT SEQUENCES 

This part of the analysis involved the development of a framework that would accommodate the spectrum 

of accidents possible over the range of DOE facilities managing the different waste types . Orders, standards, 

and other regulatory guidance from the DOE, the NRC, and the U.S. Environmental Protection Agency 

(EPA) , as well as key supporting documents , were reviewed to identify the spectrum of accidents, accident 

initiators, and potential releases routinely evaluated in safety analyses . The DOE Defense Programs Safety 

Survey Report (Pinkston, 1993) and other internal DOE reports related to the Idaho National Engineering 

Laboratory (INEL) and spent fuel EIS were also reviewed to provide guidance for the selection and 

evaluation of accidents. Finally, recent SARs and other facility-specific analyses were reviewed for 

applicability to both specific facilities and related generic facilities. 

Probabilistic risk assessment techniques were used to structure the computational framework for operational 

events and to track the progression of accidents for external events. Potential accident initiators were first 

reviewed and grouped into categories for analysis of subsequent accident progression (see Section F.2.4.1). 

A generic set of accident sequences was then developed to follow the progression of accidents into various 

source term categories organized by release characteristics and severity levels (see Section F.2.4.2) . Nuclear 

criticality events were considered independently (see Section F.2.4.3) . 
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F.2.4.1 Selection and Categorization of Accident Initiators 

The selection of accident initiators was based primarily on the expected importance to human health risk 

of the potential radiological or chemical releases. Populations at risk include the workforce in the facility 

where the accident occurs, the population onsite, and the general population surrounding the site. In 

general, operational safeguards and equipment are in place to ensure that the impacts on the public health 

of all events are extremely limited, except in the most severe (and unlikely) accident situations. Higher 

frequency operational events, such as spills or drops, are expected to dominate the risks to workers, but 

the limited amount of material generally ensures that such events contribute little risk to public health. The 

less-frequent severe accidents have large inventories at risk, and the potential exists for breaching multiple 

containment barriers and filtering systems and disrupting standard emergency procedures. As a result, the 

low frequency of such accidents is offset by their larger consequences; typically, severe accidents are 

predicted to dominate overall risks to public health. With different populations at risk, a spectrum of 

accidents covering a wide range of frequencies and expected consequences must be considered. The 

accidents considered meet the "reasonably foreseeable" criteria recommended by DOE (DOE 1993a). 

To facilitate subsequent analyses, all generic accident initiators were first categorized on the basis of the 

nature of the initiator and the potential magnitude of releases. These categories included (1) operational 

events initiated from within the facility (internal events) and (2) external challenges to the facility. Internal 

events were subdivided to account for mechanically induced breaches of waste containers, fires, and 

explosions-all resulting from human errors, equipment failures, or industrial accidents internal to the 

facility. The external events were subdivided to consider accidents from (1) generally man-made events, 

such as aircraft crashes and fires and explosions onsite or at adjacent facilities, and (2) potentially 

catastrophic natural phenomena (for example, earthquakes, extreme winds or tornadoes, floods, and 

volcanoes) with likely implications for other facilities at the site. 

These accident initiator categories were then mapped into the risk-dominant WM operations or facility 

configurations identified in Section F. 2. 3. The screening process used to compare the process and facility 

characteristics with generic accident consideration is illustrated in Figure F .2-3. Table F .2-1 shows the 

matrix of accident categories analyzed. 
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Criteria 

Amount of 
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Fire and 
Explosion 
Potential 

Impact on 
Confinement 
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Mechanical 
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Contact-Handled 
Waste Containers 

Facility Fires 

Risk-Dominant 
External Events 

Aircraft Crashes 

Natural Phenomena 
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Figure F.2-3. Screening of Risk-Dominant Accident Sequences. 

Table F.2-1. Risk-Dominant Accident Initiator Categories 
for WM Operations and Facilities 

Internal O~rational Accidents External Challenges 
Containment 

Function or Characteristics 
Operation of Facility 

General waste- Not relevant 
handling operations 

Large-scale storage Less than Hazard 
Category 2c 

Treatment or Hazard 
pretreatment Category 2 

a X = risk-dominant accident initiator. 
b - = not applicable . 

Operational 
Breaches of 

Waste Packalrin2 
xa 

Included above 

Included above 

c See Figure F.2-2 for definitions of hazard categories. 

Operating to Facility 
Fires or Natural 

Explosions Man-Made Phenomena 

X -b 

X X X 

X X X 

Finally, the accident sequences emerging from the initiators were classified by the frequency categories 

traditionally considered in safety documentation (Table F.2-2). Although the descriptive terminologies 

of these categories have changed through the years in safety documentation, the frequency ranges remain 

the same. Risk-dominant accident sequences from each of the frequency ranges shown were assessed 

in a manner consistent with the recent NEPA (DOE, 1993a) guidance, in light of their potential for 

affecting different populations; however, accident initiators leading to sequences with nominal 

frequencies less than l.0E-06/year (yr) were generally ignored unless (1) the predicted consequences 

were so high that the risk (product of frequency and consequence) was likely to be dominant or (2) the 

uncertainty in the estimated frequency of the sequence was so large that a significant chance existed that 
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Table F.2-2. Frequency Categories Traditionally Considered 
in Safety Documentation 

Frequency Category' Frequency (yr-1) 

Likely >1.0E- 02 

Unlikely 1.0E- 02 to 1.0E- 04 

Extremely unlikely 1.0E-04 to l.OE- 06 

Not credible < l.OE- 06 

Definition 

May be expected to occur once or more 
during the lifetime of the facility . 

Not expected but may occur during the 
lifetime of the facility . 

Will probably not occur during the lifetime 
of the facility . 

Has extremely low probability of occurring . 

a Although the descriptive terminologies of these categories have changed through the years in safety 
documentation, the frequency ranges remain the same. 

the true frequency was greater than 1.0E-06/yr. The final risk-dominant accident sequences selected were 

at or near the maximum reasonably foreseeable accidents. 

Qualitative descriptions of the types of events comprising the accident initiator categories are found in 

Table F.2-3. Surrogate accident initiators were defined for the aforementioned subcategories of internal 

accidents on the basis of their expected frequency, dominant accident stress mechanisms, and potential 

consequences. Accident initiators were assigned frequencies appropriate to the process and facility 

configuration being evaluated, as reflected in the most recent safety documentation for DOE facilities 

managing nuclear waste and HW. 

External event initiators for man-made challenges include impacts of aircraft and fires or explosions in 

adjoining or nearby facilities that would challenge the primary facility. Although the expected frequency 

of an aircraft impact is intuitively very low for most DOE facilities, certain facilities are located relatively 

close to airports or are in or near flight patterns for commercial, regional, or military airports. For these 

sites, aircraft crashes with attendant fires or explosions involving aviation fuel could dominate public risk. 

Impacts from small and large aircraft will have different frequencies and consequences and are considered 

independently. Frequencies for air crashes were derived (Appendix F of ANL [1996a]) for each site from 

either site-specific documentation or generic guidance, depending on the proximity to airports and the 

exposure to flight patterns. In general, derived frequencies of aircraft crashes were well below l.0E-06/yr. 

Frequencies for fires and explosions were generally derived from generic data. Appendix C of ANL (1996a) 

summarizes fire and explosion information used for guidance. Natural phenomena considered as external 

accident initiators included earthquakes, floods, extreme winds or tornadoes, and volcanic activity; 
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Table F.2-3. Descriptions of Accident Initiators 

Internal Operational Events (Generally with No Public Health Consequences) 

Representative Industrial Accidents 
Breach of primary containment of waste by an operational event, such as a handling accident, vehicular impact, improper system 
operation, system malfunction, or component failure, or resulting from failure of a support system such as a loss of power. Breach of 
containment by a small fire or process explosions originating inside the facility are included. Large-scale fires from industrial 
accidents are also considered, independent of large-scale fires and explosions that challenge the facility from outside and which are 
treated separately . To the extent possible, initiation frequencies are taken or derived from infonnation in the SARs or supporting 
documentation. Frequencies of fires and explosions accompanying or subsequent to the breach are based on the combustibility of 
involved materials or the presence of combustible materials within the facility and are conditioned on the frequencies of events 
precipitating the accident sequence. 

Severe External Challenges to the Facility (Other Than Catastrophic Natural Phenomena) 

Fire or Explosion 
A fire or explosion originating outside the facility challenges the facility . Examples of initiators include explosions of fuel or volatile 
chemical tanks or trucks and fires impacting nearby facilities, tires in adjoining facilities, explosions of natural gas or process chemical 
lines or tanks, and naturally caused fires , such as prairie fires. If the facility is breached, concurrent (common cause) or subsequent 
accident events challenge the primary waste-containment barriers within the facility. 

Impact of Aircraft 
An aircraft or major aircraft component (engine) impacts the facility. If the facility is breached, concurrent (common cause) or 
subsequent accident events challenge the primary waste-containment barriers within the facility . The initiating frequency of impact 
reflects missiles posing a credible threat to secondary confinement and primary containment. Impacts from small and large aircraft will 
have different frequencies and consequences and are considered independently. 

Catastrophic Challenges to the Site and Facility from Natural Phenomena 

Earthquake 
An earthquake exceeding the design basis for the facility occurs. Concurrent (common cause) or subsequent accident events challenge 
the primary waste-containment barriers within the facility . 

Flood 
A flood exceeding the design basis for the facility occurs . Concurrent (common cause) or subsequent accident events challenge the 
primary waste-containment barriers within the facility. Because subsequent significant airborne releases are both implausible and 
enveloped in magnitude by airborne releases resulting from other natural phenomena in the same frequency range, airborne source 
terms for flooding are not developed in this report . Dominance by airborne releases is especially true since liquid HLW storage is not 
included in the analysis . 

Extreme Winds or Tornado 
Extreme winds or tornadoes exceeding the design basis for the facility occur. Concurrent (common cause) or subsequent accident 
events challenge the waste-containment barriers within the facility . 

Volcanic Activity 
A volcanic eruption occurs, with ashfall or lava flow (or both) . Breach of primary containment may be caused by an operational 
accident or malfunction due to loss of power or by impacts of structural failure due to heavy ashfall or lava flow. Concurrent 
(common cause) or subsequent accident events challenge the primary waste-containment barriers within the facility . Because volcanic 
activity is of concern at very few sites and because potential subsequent source term releases are enveloped either by analogous 
releases following other natural phenomena in the same frequency range or by the effects of the eruption itself, source terms from 
volcanic activity are not developed in this report. 

Criticality 

Nuclear Criticality 
A nuclear criticality occurs within a storage facility or process vessel. Concurrent (common cause) or subsequent accident events 
challen~e the primary waste-containment barriers within the facility . 
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however, source terms were not developed for catastrophic flooding accidents because subsequent 

significant airborne releases are both implausible and enveloped in magnitude by airborne releases resulting 

from other catastrophic natural phenomena in the same frequency range . This is especially true since liquid 

HL W storage is not included in the analysis. 

Source terms were also not developed for volcanic activity because such activity is believed to pose a 

credible threat to WM facilities at only three major sites, the Hanford Site (Hanford), Los Alamos National 

Laboratory (LANL), and INEL. Eruption of the active volcanoes near Hanford or LANL would only result 

in ashfall, the potential effects of which are overwhelmed by analogous effects for earthquakes in the same 

frequency category. Although INEL is considered vulnerable to lava flow, the airborne releases of 

radiological waste are expected to be comparable to those from large-scale facility fires . Thus, for the 

analyses herein, seismic events are analyzed as an enveloping scenario for floods and most volcanic 

activities, and large-scale facility fires envelop the lava flow accidents at INEL. 

Seismic events are also used as the surrogate initiator for extreme winds or tornadoes, with the overriding 

reason being that standard atmospheric dispersion modeling would predict much greater dispersion (and 

hence, greatly reduced airborne concentrations) for high wind conditions than for the stable wind conditions 

assumed to be present during earthquakes. Existing analyses in U.S. Department of Energy (DOE) SARs 

and in the DOE Defense Programs Safety Survey Report (Pinkston, 1993) show that seismic events generally 

bound the risks of winds or tornadoes, including the risks from wind-driven projectiles . With respect to 

such projectiles, unpublished preliminary analyses for TRUW drums stored on outdoor pads at the 

Savannah River Site (SRS) suggest that damage from projectiles could exceed damage caused by seismic 

events, primarily because of the stability of the drum-stacking arrangement and the lack of protection 

against projectiles. To appropriately bound potential damage 1by projectiles to unprotected outdoor storage 

areas, the damage for seismic events in the WM PEIS analysis is conservatively defined to have higher 

damage ratios than those used in the aforementioned SRS report in order to envelop the damage caused by 

high winds or wind-driven projectiles . 

Frequencies of occurrence for natural phenomena were generally taken from DOE design and evaluation 

guidance regarding natural phenomena (see Appendix E of ANL [1996a]) ; however, the frequencies of loss 

of integrity of a facility from the challenges of natural phenomena were determined in accordance with DOE 

facility NPH design performance goals, as discussed in Section F.2.6.1. 
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F .2.4.2 Specification and Evaluation of Accident Sequences 

For the internal accident initiators defined in Table F .2- 3, the plausible accident scenarios and the 

associated frequencies were based on existing accident analyses in SARs and EISs for DOE facilities . These 

existing analyses for DOE facilities with WM activities constitute a significant resource of information on 

accident assessment, and many of the analyses have been reviewed by peers and approved by the DOE. 

These analyses included scenarios that are very similar to those needed for the WM PEIS. They are a 

plausible source for estimating accident frequencies. In many cases, the existing analyses included 

probabilities for failure that were based on experience or on data on plant failures. The use of existing 

scenario frequencies precluded the need to estimate numerous event tree conditional probabilities for 

equipment failures and human errors that constitute the accident sequences. 

High and low frequency estimates were taken from existing accident analyses with accident initiators, 

facility types, hazardous material types, and circumstances similar to accidents considered in the WM PEIS 

evaluation. The frequency selected for the WM PEIS evaluation was based on the overall similarity of the 

existing analysis to the analysis in question. In some cases, adjustments were made to include or remove 

frequency contributions from preventive and mitigative features that may or may not be included in the 

WM PEIS alternative. In most cases, the frequencies used iq the WM PEIS were on the conservative side 

of the frequencies reported in existing analyses , as discussed in Section F . 2. 7. 

For the external initiators, the analyses from existing SARs and EISs were sparse and often outdated. 

Because external events are rare, the facilities have no experience with direct impact of external forces or 

experience such as that of the Nuclear Utility Seismic Qualification User's Group (SQUG); therefore, 

analysis on the basis of experimental data could not be achieved. Event trees were developed to project the 

progression of the accidents associated with external initiators through plausible generic sequences. The 

extent of any release is a function of (1) the accident-related stresses affecting and rendering airborne the 

material involved in the accident and (2) the response of the containment barriers and filtration systems (if 

any). Accident stress mechanisms can be categorized as mechanical, fire-driven, or explosion-driven 

mechanisms. Branches of event trees were specifically defined to delineate fire and explosion categories for 

which experimental information is available to support the associated estimates of the release fraction. 

The containment response is a function of the structural strength and operational status and efficiency of 

the buildings, equipment, and materials providing containment or filtering (or both), as well as the 

emergency response capabilities of the mitigative systems and relevant personnel. Accordingly, event tree 
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branches were similarly defined to incorporate the key containment responses affecting the amount of 

airborne activity released to the atmosphere. This structuring of the event trees to incorporate stresses and 

responses of containment allowed a step-by-step characterization of the likelihood of the sequence and the 

magnitude of the release as the accident sequence progressed. 

The accident sequences were developed and analyzed for accident categories applicable to facilities . They 

(1) provide a uniform treatment of accident analysis to a wide range of facilities with similar design 

characteristics across the DOE complex and (2) reduce the number of actual analyses performed to a 

manageable level. To implement this approach, existing facilities were generally mapped into a 

DOE-STD-1027-92 Hazard Category (DOE, 1992b) (see Section F.2.6.1) and into DOE-STD-1021-93 

facility NPH PCs (DOE, 1993b). In general, conceptual treatment process facilities were assumed to be 

Hazard Category 2. A no-confinement category was assigned·to concrete pads used for packaged storage, 

weather protection sheds, Butler buildings, and facilities providing no real barriers to release, up to and 

including general-use buildings. This treatment is appropriate for catastrophic releases and conservative for 

more benign sequences. 

A generic matrix of release characteristics was then developed as a function of the event tree branches to 

facilitate the tracking of potential source terms through the accident sequences. This approach enabled the 

determination of the fractional release of each radionuclide or toxic chemical in the original inventory (the 

airborne release fraction [ARF]) at each point in the progression of the accident. Each accident sequence 

is then terminated in a generic release category. This approach adapts the source term treatment used in the 

DOE Defense Programs Safety Survey Report (DOE, 1993e) to accident progression analysis (see 

Section F.2.4). The approach also allows the evaluation of contributions from both the accident initiation 

and the subsequent accident sequence steps in determining the overall ARF. 

The final step in evaluation involved the integration of the radionuclide or chemical compositions of the 

waste process inventories of MARs in the accidents with the accident data to derive the source terms. 

Preliminary estimates of the effects on health were obtained by combining the information on source term 

with the unit risk factors for each site. With this information, a reduced set of risk-dominant source terms 
' 

covering the plausible frequency spectrum was developed for final calculations on health effects and risk. 
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F .2.4.3 Nuclear Criticality 

On the basis of existing safety analyses, criticalities are judged to be incredible for LLW and LLMW 

storage, treatment, and post-treatment storage. The safety analysis of the consolidated incineration facility 

(CIF) at the SRS (Du Pont, 1987) considered nuclear criticality as implausible on the basis of design basis 

feedstocks and as incredible on the basis of the large number of independent operator errors and other 
I 

failures necessary to introduce an unsafe quantity of fissile material into the incinerator and processes. The 

numerous combinations of failures in the waste packaging, classification, and handling processes required 

to both introduce sufficient fissile material into an LL W or LLMW storage or process facility and create 

a critical geometry or arrangement of the waste storage arrays simply rule out a credible criticality before 

or after treatment for these waste types. Because the WM PEIS addresses only the shipping and interim 

storage options related to canisters of vitrified HL W, for which no plausible mechanisms exist to achieve 

criticality, source term analysis for HL W criticality is not warranted. 

A nuclear criticality in a TRUW solid-waste storage-and-handling facility (for example, Waste Receiving 

and Processing Facility [WRAP] Module 2 and the Radioactive Waste Management Complex [RWMC] 

[EG&G, 1993b]) is also judged to be incredible because of the low density and inventory of fissile material 

in the solid wastes, coupled with -the dispersed geometry. Nuclear criticality can be conceived in some 

aqueous processing alternatives, depending on the dissolution of fissile material in the throughput of the 

process, the design of the vessel, and the flowsheet parameters (see Appendix C of ANL [1996a]); however, 

this criticality would require numerous breakdowns of administrative and accountability controls or 

unforeseen design deficiencies in the processing system (or both). 

The DOE requires specific analyses to estimate the frequency of criticality for such processes. If the analysis 

indicates credibility ( > 1.0E- 06/yr), the DOE then requires specific design provisions to preclude or 

mitigate the effects. With these safeguards in place, accidents of nuclear criticality have been ruled out as 

not being sufficiently important to risk to justify source term analysis for TRUW and are not discussed 

further in this chapter. 
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F.2.5 DEVELOPMENT OF SOURCE TERMS FOR ACCIDENT SEQUENCES 

F.2.5.1 Radiological Source Terms 

The method used to estimate radiological source terms is similar to that used in the DOE Defense Programs 

Safety Survey Report (Pinkston, 1993). The source term associated with each accident is the product of four 

factors that vary for each radionuclide within the inventory affected by the accident: 

source term = MAR X DF x RARF X LPF , 

where 

MAR = material at risk, 

DF = damage fraction, 

RARF = respirable airborne release fraction, and 

LPF = leak path factor. 

(F.2-1) 

Figure F .2-4 illustrates the evolution and development of the source term components from accident 

initiation through delivery to the atmosphere. While the disaggregation of the source term into these 

components broadly follows the treatment used in the DOE Defense Programs Safety Survey Report 

(Pinkston, 1993), the treatment of the components has been extended as discussed in Section F.2.4.2 to 

allow the tracking of these parameters at each point in the accident sequence. 

All accident sequences culminated in fractional release categories defined to accommodate the various 

combinations of generic sets of OF, RARF, and LPF. The source term total release fraction (TRF) is 

defined as 

TRF = DF x RARF x LPF (F.2-2) 

and provides the fraction of each radionuclide or toxic material in the MAR that escapes the confinement 

and is available for atmospheric transport. This term, multiplied by the MAR, provides the source term 

used in the calculations of health effects and risk (see Section F.2.4) . 
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Figure F.2-4. Conceptual Flow Diagram for Source Term Development. 

F.2.5.1.1 Material at Risk and Damage Fraction 

The MAR is the total inventory of waste in a facility or particular operation with the potential of being 

impacted. The MAR is a function not only of the configurations of the process and facility but also of the 

severity of the accidents challenging the process or facility; for example, catastrophic accident initiators 

such as earthquakes clearly have the potential to affect greater inventories of waste than do industrial 

accidents and thus have greater MARs. 

The DF refers to the fraction of MAR involved in the accident sequence and actually susceptible to airborne 

release. The DF is a function of the severity of the initiator and is generally small for operational events 

and larger for more severe events, such as external challenges to a facility from natural phenomena. The 

DF is also a function of the process and facility characteristics and of the subsequent phenomena 

encountered in the accident sequence, such as fires or explosions that have the capability of challenging 

or propagating to additional inventories of the MAR. More benign sequences without such mechanisms 
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have sequence DFs that are zero or very small. Damage fractions were assigned as a function of the severity 

of the accident sequence, the physical and chemical forms of the MAR, and the vulnerability of the 

containment of the MAR. 

F.2.5.1.2 Respirable Airborne Release Fraction 

The ARF is the fraction of the potentially available inventory of the radionuclides rendered airborne at the 

point of the accident. The ARF is a joint function of the original physical form of the waste and the accident 

mechanisms and concomitant stresses acting to create airborne materials. The airborne release of radioactive 

materials depends on the ability of an accident sequence to overcome the barriers between the radioactive 

material and the ambient environment and to subdivide and suspend the radioactive material. Liquids or 

solids must be either fragmented or deagglomerated and suspended. All materials in the gaseous state 

(noncondensable gases and vapors under ambient conditions) were assumed to be transportable and 

respirable. The ARF is also a function of the physical or chemical properties of the individual radionuclides 

or chemical species. The respirable fraction (RF) for particulates is conservatively defined as the fraction 

of particulates with aerodynamic equivalent diameters below 10 µm. The aerodynamic equivalent diameter 

is that of a sphere of a material, with a density of 1 g/cm3, that will have the same terminal velocity as the 

particle . 

Many experiments and analyses have been conducted to provide both bounding ranges and best estimates 

of the release fractions of various radionuclides as a function of their chemical and physical form under a 

variety of accident stresses. The RARFs used in the accident sequences herein were derived by multiplying 

the ARF and RF for the applicable stress provided in DOE-HDBK-3010-94 (DOE, 1994b), which examines 

experimental data for the airborne release of materials under five types of stress: (1) explosions (shock and 

blast effects), (2) fires, (3) venting of pressurized liquids and powders (or venting of pressurized volume 

above solids), (4) crush-impact (either fragmentation by the impact of a falling hard unyielding object or 

the impact of a falling material on a hard unyielding surface), and (5) aerodynamic entrainment or 

resuspension. Where ARFs and RFs were unavailable for the type of material or the level of stress, values 

were derived by assessing the effect of some characteristic of the initiator or materials involved (for 

example, the effect of viscosity on the fragmentation and suspension of liquids in free-fall spill or 

pressurized release). 
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Matrices were developed for each waste type to account for the physical and chemical characteristics of the 

MAR by mapping the treatability at gori into the physical forms for which airborne release data were 

developed . These matrices and results for the RARFs developed for the various physical forms of waste 

encountered in DOE waste management as a function of the stresses encountered in the potential accident 

sequences are shown in ANL (1996a). This treatment allows the analyses of the stresses encountered in the 

initiating events and the accident sequences to be evaluated independently, which, in turn, allows the 

step-by-step generation buildup of the source term to be tracked and integrated with the response of the 

protection systems to facilitate calculations of health effects for both the occupational workforce and the 

public. 

F.2.5.1.3 Leak Path Factor 

The LPF is the fraction of the airborne inventory that passes through the containment barriers and filters 

to the atmosphere. The LPF is a function of the physical form of the nuclide being released, the 

susceptibility of the nuclide to removal or reduction phenomena (such as precipitation or agglomeration) 

and to subsequent capture within the containment walls or filtering systems, and the effectiveness of the 

filtration systems in place. In-containment transport and filter effectiveness can be heavily dependent on the 

accident sequence, as well as on the structural characteristics and physical design of the facility . The LPFs 

were assigned on the basis of the integrity of the containment (if any) and the functionality of filtration 

systems in the facilities for the accident sequences. The more severe accident sequences generally involved 

breach of confinement, for which a conservative LPF of unity was assigned. Appendix D of ANL (1996a) 

provides LPFs as a function of the effectiveness of the filters used in DOE facilities and the 

intracontainment transport properties of gases and particulates. 

F .2.5.2 Chemically Hazardous Source Terms 

Chemical source terms were specifically developed for two waste types: HW and LLMW. All accidents 

were divided into three general categories, each having subcategories and including sublethal and lethal 

exposure concentrations: 

• Spills resulting in partial vaporization of the waste ("spill only") 

• Spills followed by ignition of the waste ("spill plus fire") 
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• "Other event combinations" 

Spills followed by ignition of the waste and an induced explosion in a waste container ("spill plu 
fire plus explosion") 

Facility fires resulting in a waste container breach ("fire only") 

Mechanical failure of a compressed gas container resulting in an explosion ("spill and explosion") 

Explosion from exposure of reactive material to air followed by fire ("fire and explosion") 

The MAR and DF for the various chemical accident sequences were based on the same considerations as 

discussed for the radiological accidents. 

In general, these accidents involve chemical or physical change in materials affected by the initial incident. 

The chemical and physical properties of the MAR were reviewed, and toxic gaseous products were 

identified for the accident sequences. The masses of these products were estimated from the mass of the 

reactants and the stoichiometry of the reactions . Rates of releases were generally estimated by assuming 

exponential decay with time. Obviously, the exact course of an accident is shaped by a multitude of factors, 

including (but not limited to) temperature, humidity, pooling versus spreading of spills, the exact 

composition or concentration of reactive materials ( often unknown), and the proximity and nature of nearby 

reactive materials (including packaging, shelving, and flooring) . The details on the selection of the accident 

scenarios, on the chemistry involved in their progress, and on the estimation of the rates of release of the 

toxic gases are provided in the sections for HW and LLMW (Sections F.6 and F.7). 

F .2.6 GENERAL FACILITY MODELING AND INVENTORY ASSUMYfIONS 

As discussed in Section F.2.3.1, the accidents considered in the WM PEIS accident analysis include general 

handling accidents, storage facility accidents, and accidents involving treatment processes or facilities. To 

appropriately evaluate these accidents, descriptions and assumptions concerning the design and 

configuration of facilities must be established. This section discusses the generic DOE design and 

performance criteria and the design aspects and associated mopeling assumptions that are the basis for the 

accident evaluation. 
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F .2.6.1 DOE Design and Performance Criteria 

To understand how the facilities for TSO operations are affected by the various accident initiators discussed 

in Section F. 2. 4 .1, an understanding of how DOE facilities are designed and evaluated is necessary. The 

DOE has established general design criteria (GDCs) for all types of facilities in DOE Order 6430. lA (DOE, 

1989). The GDCs in DOE Order 6430. lA provide the minimum requirements for the design, construction, 

and maintenance of facilities, and these GDCs must be followed for all new construction, including 

modifications of facilities. For facilities constructed before 1989 (the year when the order was approved), 

similar predecessor GDCs were used, but compliance was less strictly enforced and the GDC were 

somewhat less stringent and specific. However, in the last few years, great emphasis has been placed on 

achieving compliance through facility upgrades or demonstrating that noncompliance with a particular GDC 

does not cause undue risk. An implied assumption exists throughout the WM PEIS accident analysis that 

WM facilities involved in all of the alternatives conform to an acceptable design pedigree (such as control 

system redundancy or natural phenomena resistant design) for structures, systems, and components that 

perform a safety function. An acceptable design pedigree is established using the "graded approach" 

concept for design. 

The "graded approach" for facility design, as applied by DOE Order 6430. lA and other DOE orders and 

standards, is a particularly important design concept that affects the results and assumptions in the 

WM PEIS accident analysis. The graded approach is a common sense concept that the design pedigree, as 

well as the operational maintenance and surveillance, for structures, systems, and components should be 

commensurate with the importance that the structures, systems and components have with respect to the 

protection of the onsite workers, the public, and the environment. To achieve the appropriate design 

pedigree and to select appropriately stringent criteria from DOE Order 6430. lA, the DOE classifies 

facilities by using criteria in DOE Standard DOE-STD-1027-92 (DOE, 1992b). This standard categorizes 

nuclear facilities into hazard categories 1, 2, or 3 on the basis of the effects of unmitigated releases of 

hazardous materials. Category 1 facilities are the most hazardous and are considered to have the potential 

to cause significant offsite effects. Category 3 facilities are the least hazardous and do not have the potential 

to cause offsite effects or more than minor onsite effects. Analogous categories for nonnuclear facilities (no 

radiological hazards) are also established and are referred to as high-, moderate-, or low-hazard facilities. 

It is reasonable to assume that the safety significant aspects of the facility design (i.e., those that may affect 

the PEIS analysis) comply with the GDC since compliance must be demonstrated as part of the authorization 

basis for facility operations. As such, noncompliant features that may threaten the safety envelope 
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documented in the authorization basis are reviewed for their safety impact and modifications and retrofits 

are made as necessary. The GDC are also considered in the safety review of design changes to ensure that 

compliance is achieved, and the authorization basis is maintained. Facility compliance to the GDC ensures 

the facility safety envelope is maintained and assuming GDC compliance for the PEIS accident analysis is 

reasonable and justified. 

An assumption or assertion that a facility is in a particular hazard category implies that the facility has a 

design pedigree commensurate with the level of risk posed by the facility. However, the assumption of a 

higher design pedigree does not in itself ensure that risks to the public and workers are appropriately 

controlled. The assumption of a design pedigree simply implies that structures, systems, and components 

are designed to prevent accidents or to mitigate the consequences of accidents . The assessment that risks 

are adequately controlled is documented in safety analysis documentation that uses risk-based methods to 

demonstrate that appropriate programmatic functions and controls are used in concert with the facility 

design to achieve acceptable risk performance . 

To achieve a performance goal of not exceeding a certain annual probability of loss of function in a facility, 
I 

the facility (and related structures , systems, and components) must be designed to withstand a certain 

magnitude of hazard (the design basis natural phenomena event). Report UCRL-15910 (Kennedy et al., 

1990) provides guidelines for selecting the natural phenomena design basis and the maximum acceptable 

annual probability of exceedance of the hazard to achieve a predetermined performance goal for a facility . 

In the WM PEIS, a facility of a particular hazard category is assigned a performance goal as defined in 

DOE-STD-1021-93 (DOE, 1993b). The design basis hazard magnitude for earthquakes and winds 

corresponding to the hazard annual probability of exceedance (listed in UCRL-15910) is obtained from site­

specific hazard curves reported in the Natural Phenomena Hazards Modeling Project (Coats and Murray 

1984). For example, for a Hazard Category 2 facility , the performance goal is 1.0E-04 (for loss of 

function), and based on UCRL-15910, the recommended maximum annual probability of exceedance of 

a seismic hazard to meet such a performance goal is 1.0E-03. Thus, for a given site such as Argonne 

National Laboratory-East (ANL-E), the peak ground acceleration corresponding to an annual probability 

of exceedance of 1.0E-03 is 0.12 g (Coats and Murray, 1984), where g is the gravity acceleration. 

Therefore, a Hazard Category 2 facility at ANL-E with a 0.12 g seismic design basis has an annual 

probability of exceedance (beyond seismic design basis) of l .0E-03 and an annual probability of loss of 

function of l .0E-04 (beyond performance goal). 
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Figure F .2-2, abstracted from DOE-STD-1021-93 (DOE, 1993b), depicts the performance goals of 

l.0E 05, l.0E 04, and 5.0E- 04 a sumed herein to repre ent frequencie of faci lity containment failure 

under challenge from natural phenomena for Hazard Category 1, 2, and 3 buildings, respectively . This 

figure also shows the relationship between the criteria of resistance to natural phenomena and the PCS and 

performance goals. The DOE orders and standards to implement the use of these criteria, including DOE 

Orders 5480.23 (DOE, 1993d), 5481.lB (DOE, 1987), 6430.lA (DOE, 1989) and 5480.28 (DOE, 1993c; 

formerly 5480.NPH), are also shown. The primary DOE standards for performing structural design and 

evaluation with respect to natural phenomena resistance are DOE-STD-1021-93 (DOE, 1993b) and 

DOE-STD-1020-94 (DOE, 1994a), formerly UCRL-15910 (Kennedy et al., 1990) . 

I 

In general, the facility categories referenced in the WM PEIS analysis refer to the hazard category that is 

established by using criteria from DOE-STD-1027-92 (DOE, 1992b). Most of the facilities considered in 

the WM PEIS alternatives are Hazard Category 2 or 3 or general-use facilities. Treatment facilities were 

assumed to be Hazard Category 2 for accident analyses. Storage facilities were conservatively assumed to 

have no containment. 

F .2.6.2 Storage Facility Accidents 

LLW, LLMW, and TRUW. The underlying assumption used in the PEIS is that all sites will accumulate 

or at least not reduce these waste inventories for roughly ten years at which time complexwide treatment 

will begin. Thus all sites will achieve their maximum inventories (leading to maximum potential releases), 

independent of alternative in about 10 years . This condition applies to all analysis of storage facility 

accidents and offers no discrimination. Hence accidents during current storage of LLMW, LLW, and 

TRUW were not analyzed. However, to provide guidance on the likely impacts of storage facility accidents, 

a review of recent DOE NEPA guidance or safety documentation is provided in the individual sections for 

LLMW, LLW, and TRUW. Although not relevant in the discrimination of PEIS alternatives, this guidance 

facilitates qualitative comparisons of the relative impacts of storing wastes in their current form versus 

treating these wastes prior to disposal. 

Current storage for these waste streams is accomplished in a variety of ways. Low-level waste is generally 

packaged in drums or containers and stored on outdoor concrete or asphalt pads or in weather-protective 

sheds pending treatment or shallow land disposal. Low-level mixed waste is generally packaged in drums 

or containers and stored in Resource Conservation and Recovery Act (RCRA)-compliant weather-protective 
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sheds pending treatment. Transuranic waste is generally packaged in drums or containers and stored in 

concrete structures , in weather-protective sheds, in earthen berms, or in below-grade caissons 

(remote-handled [RH] TRUW). Most contact-handled (CH) TRUW, which dominates the total TRUW 

inventories, is stored in facilities with minimal containment, although DOE sites are moving toward 

qualified TRUW storage. 

High-Level Waste. Most DOE HLW is stored in large underground tanks at Hanford and Savannah River 

with much smaller amounts stored at INEL and West Valley. Because calculation of the cost and risk 

impacts of current storage of HL W is not within the scope of the PEIS, no analyses of these storage 

facilities were performed. However, the storage of vitrified HLW was analyzed because it could be a factor 

in discriminating among alternatives for HLW management. These analyses are described in the section on 

HLW. 

Hazardous Waste. Hazardous waste is generally packaged in 55-gal drums and stored in RCRA-compliant 

staging areas or weather protection sheds before offsite shipment for commercial treatment and disposal. 

A HW storage facility (HWSF) typically has over 100 different chemicals, which may include chlorinated 

solvents, acids, bases, photographic chemicals, ignitable solids and liquids, compressed gases, metallic salts, 

lab-packed wastes, polychlorinated biphenyls, asbestos, and other regulated wastes. With explosives 

generally prohibited, the potential hazardous characteristics include volatility, flammability , dispersibility, 

and toxicity; and the HW is characterized and segregated on the basis of toxicity, corrosivity , reactivity , 

and ignitability . Most HWSFs have containment berm areas and individual storage cells that permit waste 

segregation according to RCRA and EPA criteria; some HWSFs have the capability of fire detection and 

suppression, and some have forced ventilation. 

Because of the great diversity of storage facility designs among the DOE sites, a generic facility 

configuration with design characteristics such as storage arrays and segregation (as illustrated in 

Figure F .2-5) was assumed in the analyses. No credit was taken for containment or filtration. 

F .2.6.3 Treatment Facility Accidents 

The configuration of the generic treatment facility for the WM PEIS accident analysis consists of a series 

of linked process modules, each providing a specific treatment process. Modules providing common service 

VOLUME IV F-33 



Appendix F Treatment and Storage Facility Accidents 

Packaging 
Class IA and D 

Flammable Acids Cell Caustics Cell 
Sampling 

Liquids • • Cell 

• Packaging 
Material/ 
Handling 

Equipment ( 
Loading 

Dock 

Class 1B 
Flammable Combustibles Oxidizers 

Liquids Cell Cell 
Cell 

Figure F.2-5. Typical Design for Hazardous Waste Storage Facility. 

to the process modules consist of (1) front-end support, providing waste receipt and lag storage; 

(2) treatment receiving and inspection; (3) container opening, dumping, and sorting; (4) certification and 

shipping; and (5) back-end interim storage before disposal. Process modules consist of specific treatment 

operations and process support services . The treatment facility is assumed to consist of process trains for 

both RH and CH operations, with similar unit operations, differing only in the degree of shielding and the 

degree of contact operations and maintenance. The RCRA contaminant removal technologies entail modules 

for (1) sorting and segregation (for example, before incineration); (2) removal or destruction of aqueous 

organics before evaporation; (3) metal removal; (4) metal recovery; (5) Hg removal and recovery; and 

(6) stabilization of various waste constituents by immobilization, conversion to stable forms, or removal. 

As discussed in Section F . 2. 3 .4, a generic incineration facility was selected for the evaluation of LL W, 

LLMW, and TRUW accidents. The RH and CH incineration portions of the facility shown in Figure F.2-6 

have the following general functional areas : a receiving, storage, and feed area; the incinerator area, 

housing the rotary kiln and an off-gas secondary combustion chamber; an incinerator off-gas treatment area; 

a liquid treatment area; a solidification area (when cement solidification is applied to the ash); and facility 

and process exhaust air treatment, including the high-efficiency particulate air (HEPA) filtration systems . 
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The receiving and storage area contains waste in various (but mostly solid) physical forms. Waste is fed 

to the incinerator after preparation (sorting or shredding, or both, as required). All combustible materials 

are destroyed, leaving a solid (ash) residue . The ash is generally solidified or packaged (or both) before 

transportation and disposal . 

Incineration off-gas treatment includes a condenser and fume scrubber and generates a liquid waste stream 

of condensate and spent gaseous scrubber solution. In the liquid treatment area, dissolved and suspended 

solids are removed, liquid residue is prepared for immobilization, and treated wastewater is recycled to the 

system. In the solidification system, the sludge from the liquid residue and the ash resulting from the 

incineration are mixed with concrete and immobilized. Waste in the other areas is in the form of ash. In 

the CIF at the SRS, wet ash is found in all ash areas except the two combustion chambers (Du Pont, 1987). 

Dry ash is generated in other DOE incinerators and, because of its greater dispersibility , is assumed here 

for source term development. 

The incineration facility also produces a residual gaseous waste stream. The incinerator off-gas treatment 

unit is designed to remove particulates, sulfur dioxide (SO2), hydrogen chloride (HCl), and nitrogen oxides 

(NOx) · Acid gases are typically removed by scrubbing. Radioactivity and some toxic metals are released 

directly in off-gas as volatilized compounds and radionuclides (iodine, ruthenium, and cesium) or 

radioactive gases (carbon dioxide [COiJ, H2O, and SO2 formed with carbon-14, tritium [3H], and sulfur-35, 

respectively) . Some fission products are also released indirectly in combination with particulates that are 

removed by off-gas scrubbing and filtering . 

Detailed modeling of facilities was beyond the scope of the WM PEIS . Accordingly, a treatment facility 

with generic confinement characteristics defined previously was used to assess accidents to envelop the 

releases from accidents in the treatment process. A DOE Hazard Category of 2 and the associated 

performance requirements on its systems were assumed. Double-HEPA-filtration structures, systems, and 

components were assumed to be in place. The waste inventory at the time of the accident was based on the 

facility throughput at each site and included unique volumetric inventories and physical, chemical, and 

radiological compositions for each site for each alternative . 
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F.2.7 EVALUATION OF SOURCE TERM PARAMETERS AND FREQUENCIES 

This section discusses the development of the frequency and source term data generally used across the 

waste types. The evaluation of the frequencies and source term parameters required not only generic data 

applicable to broad classes of accidents but also data specific to the various waste types to account for 

differences in the physical and chemical forms, the packaging used as primary containment, and the 

facilities used to store or treat that waste type. The final selection of data used for facility accidents for each 

waste type is discussed in further detail in the chapters describing the analyses for that waste type 

(Sections F.3 through F.7). 

After the generation of these data, a number of new or previously unavailable accident analyses addressing 

facility accidents were obtained. These accident analyses were performed in support of recently published 

DOE SARs and EISs. Another new document of particular relevance that has recently been published is 

the new DOE Standard DOE-HDBK-3010-94 (DOE, 1994b) on RARFs, which provides the latest RARF 

values published by DOE for use in accident analysis. These latest values supersede some of the RARF 

values used herein. These reports have been reviewed to determine whether they would significantly affect 

the source term calculations or frequency assignments developed herein. It was concluded that the Draft 

WM PEIS accident calculations lead to somewhat more conservative releases than would be calculated using 

the most recent DOE guidance; consequently, values in this Appendix have generally not been revised for 

the Final WM PEIS. 

F .2. 7 .1 General Handling Accidents 

The dominant contributor to worker risk from radiological or chemically hazardous releases for general 

handling accidents is expected to result from mechanical breaches of waste containers. This expectation 

stems from the relatively high frequency of such occurrences and the proximity of the worker to the point 

of release in such operational incidents. Handling accidents include container breaches caused by package 

drops, by forklift or other vehicular impacts, by crane drops or crushing, and by overpressurization. The 

use of heavy equipment poses a potential for damage to waste packages either because of package handling 

or inadvertent collisions. For many facilities, such as WRAP (DOE, 1991b) at Hanford and the RWMC 

(EG&G, 1993b) at INEL, cranes are used to move drums and boxes, with the height of movement generally 

exceeding the nominal 1.2-m height design specification for drum integrity in the event of a drum drop 

(Type A package; Code of Federal Regulations [49 CFR Part 173]). In all facilities, crushing of drums or 
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boxes caused by impact with trucks, forklifts, and other equipment is possible . Although one waste 

container would generally be breached in an accident, rupture of multiple containers could occur in 

instances when several containers are handled at a time. 

Handling accidents during treatment processes entail minor hazards to the operating staff. Hazards include 

puncture wounds during waste sorting, minor contamination from glove failures, and minor spreads of 

contamination from treatment equipment pressurization failure events and from off-gas treatment 

confinement failures (corrosion, gasket failures, etc.). The risk from exposure to radiation from these 

operational incidents is judged to be enveloped by the analysis for general handling accidents. 

The frequencies for chemical spills involving HW or LLMW are derived by using site-specific inventories 

of individual representative chemicals, along with the assumptions identified previously on the frequencies 

of breach per operation. Conditional probabilities of fire or explosion of chemically reactive or combustible 

chemicals are also developed. These discussions are included in the sections on HW and LLMW accident 

analyses (Sections F. 6 and F. 7) . 

Evaluation of Source Term Parameters. For fall or crush damage scenarios in operations with stacked 

arrays, the MAR will generally vary from one to four packages, depending on the method of stacking and 

the arrangement of the array. Storage packages are typically (1) Type A (49 CPR Part 173) plastic-lined, 

carbon steel 55-gal drums; (2) plastic-lined wooden boxes (120 cm x 120 cm x 210 cm or 

60 cm x 120 cm x 210 cm); (3) TRUPACT-11 standard waste boxes (metal boxes measuring 

120 cm x 120 cm x 210 cm; or (4) ST-5 metal boxes (120 cm x 120 cm x 180 cm). The Waste Isolation 

Pilot Plant (WIPP) final SAR (DOE, 1990b) and the WIPP SEIS-11 (DOE, 1996) assume that 25% of the 

package contents are spilled (that is, a DF of 2.SE-01) for events dislodging the drum lid and that 10% of 

the waste package contents are spread by events where there is an inadvertent puncture by forklift tines. 

In the majority of handling accidents or hands-on processing incidents, the MAR would be limited to a 

single package. For more severe sequences involving an array of several containers being dropped or 

impacted in a single accident, the MAR would depend on the configuration but would be limited to the 

maximum number of packages in the array. Because the accident releases of greatest overall risk to the 

workforce involve single-drum handling operations where the worker is in contact with or very near to a 

breached package, a MAR of one drum is specified to calculate source terms for general handling accidents 

for all waste types. 
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The DF of the MAR subjected to spill, crush-impact, or overpressurization would depend on the location 

of the br a h, the physical form of the MAR, and the everity of the accident tre . iquid and volatiles 

would be free to flow out of a breached container, whereas most solid material would remain inside. 

Breached containers of LLW, LLMW, and TRUW are assumed to hold solid wastes, with a single-container 

DF of 2.SE- 01. Breached containers of HW are assumed to hold liquid, with a single-container DF of 

l .0E+OO for the representative handling accidents analyzed herein. The physical composition of the MAR 

in storage was defined by volume weighting the treatability category inventories at each site. 

Evaluation of Frequencies. Numerous frequency estimates for waste package breaches in a facility are 

reported, although facility inventories are generally not reported in existing safety analyses. The SAR for 

the RWMC (EG&G, 1993b) estimates an annual frequency' of external drum breach of l.4E+00/yr per 

facility . The EIS for new production reactor capacity (DOE, 1991a) estimates a total annual frequency of 

externally induced drum breaches of 2.0E- 02/yr and a rate of vehicular crashes of l.8E- 02/yr. Published 

joint probabilities for a drop from a crane and for the drum or container to breach range from l.2E- 01 to 

8.0E-02/yr per facility. The various WRAP studies (DOE, 199lb,c; WHC, 1991a,b) assume that 10% of 

dropped containers are breached. A low value (8.0E-02/yr) has been estimated for damaging packages 

during loading drums into TRUPACT containers, which is similar to an estimate for breaching drums 

during ATMX railcar loading (l. lE- 01/yr) and the value of lE-02/yr applied in the WIPP SEIS-11 (DOE, 

1996). A higher value of l.2E- 01/yr was estimated for damage during the retrieval and restorage of buried 

TRUW drums and boxes at INEL (DOE, 1992a). This value is assumed to be more applicable to TRUW 

because of the large number of package movements required in the operations of the storage facilities . A 

frequency of 7 .SE- 02/yr has been estimated for puncturing up to two packages with forklift tines or, in 

some fashion, damaging one or more waste packages during heavy equipment operation (for example, 

dislodging the top tiers of a four-package-high array). 

The approach used herein was to develop an estimate of the frequency of mechanical breaches for general 

handling operations on a per-operation basis, with an operation defined as picking up, moving, and setting 

down a container . The SAR for the HWSF (EG&G, 1990) uses an estimated frequency of one drum 

breached per 10,000 operations, on the basis of analyses at the Rocky Flats Environmental Technology Site 

(RFETS). A fault tree analysis of container rupture at the HWSF resulted in a probability of 3.0E- 03 of 

an operation error, with a conditional probability between 2.0E- 03 and l.0E- 02 for drum breach after an 

impact, depending on the type of container, or 1.0E-01 for drum piercing. Although several handling 

errors are considered, this analysis leads to a frequency of rupture between 6.0E- 01 and 3.0E+00 for 

every 10,000 operations . The WIPP fire hazards analysis (Westinghouse Electric Corp. , 1991) used a 
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frequency of 5.0E-05 failures per forklift operation when a crew of two is performing the handling 

operations. A value of l.5E- 04 accidents per forklift operation, with a conditional probability of 2.5 - 01 

for drum rupture, leading to a breach frequency of 0.4E-04, was used in a probabilistic safety analysis of 

a Los Alamos National Laboratory (LANL) facility (Sasser, 1992). The LLMW systems analysis (EG&G, 

1992c, 1993a) used a value of l.0E-03 drum breaches per operation but included very minor breaches and 
I 

spills. Finally, analysis of actual event data at the Savannah River Site (SRS) resulted in a forklift drum 

drop probability of 5.0E-05 per operation and a drum piercing probability of 3.0E-05 per operation 

(WSRC, 1994). 

On the basis of all of these studies, a probability of 1.0E-04 per operation for significant drum breaches 

consistent with the aforementioned estimates of source term parameters was used in the analysis herein. To 

apply this operational failure probability to storage area facilities, residency times in the interim storage 

area, which vary greatly, must be considered. Most areas are simply staging areas for treatment or disposal 

operations. Generally, for such staging areas, two handling operations would occur, one for receiving and 

one for removal. Thus, the expected annual frequency if mb) of a container breach for waste product x 

caused by a handling accident is 

f mb = 0.0002 X nx , (F.2-3) 

where nx is the number of waste containers of waste product x received annually . To convert this value to 

a throughput number, a conservative assumption was made that the complete inventory turns over each 

year. Then the expected annual frequency of significant mechanical breaches is given by 

fmb = 0.0002 X N , (F.2- 4) 

where N is the capacity of the facility in number of drums. 

The previous frequency estimate should envelop frequencies for breach of postprocessing storage containers 

that contain immobilized residues from treatment. With the exception of potential gas generation and 

pressure buildup, no significant breach mechanisms are present. For miscellaneous TRUW solids, the SAR 

for the RWMC (EG&G, 1993b) includes a facility frequency estimate of 2. lE-02 events per year for severe 

internal stresses, such as a hydrogen pressure buildup from radiolysis of cellulose material or other 

gas-generating mechanisms. Thus, the operational estimate of Equation F .2-4 envelops this facility estimate. 
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The frequencies for container damage internal to a treatment facility would also be expected to be lower 

than those for lag storage because of the significantly lower inventory o drum and reduced drum 

vulnerability during handling. The estimate for metal-box drop and breach was l.0E- 02/yr for WRAP 

Module 2 (DOE, 1991c). A value of 3.8E- 02/yr is estimated for the crane-drop scenario for the WRAP 

Module 1 facility (WHC, 1991a). For processing facilities , fewer drums and other packages are handled 

per year than would be the case for the range of potential operations of the lag storage areas (for example, 

consolidation of the contents of a number of waste pads onto a new pad). Furthermore, the operating 

conditions internal to a processing facility are superior to those for outside pads in terms of equipment 

reliability and working environment. 

An approach similar to that discussed previously is used for estimating container breaches from operational 

events involving canisters of vitrified HLW. The glass product is noncombustible, and the stainless steel 

canister used as a container for the glass offers a high degree of protection from external incidents (for 

example, the HLW canisters are designed to be dropped from a height of 9 m without loss of integrity). 

Beyond 9 m, the integrity of the canisters is uncertain (for example, the maximum height that a Hanford 

canister can drop in a storage facility is 13 m). Canisters are probably most vulnerable to damage during 

transfer from the onsite canister transporter into the vault tube (Braun et al., 1993). On the basis of this 

observation, the only accident analyzed for the glass storage facility is an operational event involving the 

crush-impact of a glass canister. Given that a simple drop of a canister (from a height less than 9 m) would 

not result in a breach, canister rupture would require the drop of a heavy structure (for example, a crane 

or concrete cover) on top of a canister during handling. 

The estimated frequency for a canister breach for the Hanford glass storage facility, which would handle 

approximately 370 canisters, is 4.0E-03/yr (Braun et al., 1993). By assuming that the annual frequency 

of a canister breach depends on the number of canisters , which is taken to be equal to the annual rate of 

canister production, the frequency for an HLW breach if HLw) is 

f HLW = 0.004/370 = 0.00001/canister. (F.2-5) 

Thus, the frequency for canister break at SRS is approximately 4E- 03/yr on the basis of an annual 

production rate of 410 canisters per year. The West Valley Demonstration Project (WVDP) will handle 

approximately 100 canisters per year, and the annual frequency for canister break is therefore l.0E- 03/yr. 

The preliminary design at Hanford assumes a production rate of 890 canisters per year, leading to a 

frequency of 9.0E- 03/yr. 
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The frequencies for chemical spills involving HW or LLMW are derived by using site-specific inventories 

of individual representative chemicals , along with the previously identified assumptions on frequencies of 

breach per operation. Conditional probabilities of fire or explosion of chemically reactive or combustible 

chemicals are also developed. These discussions are included in the sections on HW and LLMW accident 

analyses . 

F .2. 7 .2 Storage or Staging Area Accidents 

The major concern with storage and some staging facilities is the large inventory of waste in a centralized 

area and releases during accidents involving fires or explosions. The sections that follow summarize the 

accident types considered that would affect either dedicated storage areas or areas for staging waste prior 

to treatment. The discussion is generic in that it is not tied to a specific treatment process or waste type. The 

final determination of source term parameters for HW storage accidents is discussed in the section 

addressing that waste type. Both internally initiated accident sequences and external events were taken into 

account. 

F .2. 7 .2.1 Internally Initiated Fires 

Internally generated facility fires generally occur because of ignition of fuel sources, combustion of rubbish, 

or spontaneous combustion of the contents of a waste package. Combustible or flammable fuel sources 

include diesel fuel or gasoline for tractors, trucks, or other vehicles and natural gas or fuel supplies. 

Combustible rubbish fires generally result from poor housekeeping and are probably the principal cause 

of minor facility fires. Spontaneous combustion of the contents of a waste package has been reported (DOE, 

1990a) but is considered unlikely . 

Design and operational safeguards are in place to prevent propagation from a localized source (such as a 

single package or drum or a rubbish pile) to a much larger inventory. Packages for combustible materials 

are either steel drums, fire-resistant boxes, or fire-protected shipping containers. Moreover, sites are 

generally bound by the RCRA to segregate storage by waste form compatibility and RCRA category; 

therefore, combustibles are segregated. Finally, most facilities have fire detection and suppression 

capabilities from fire-watch or operator surveillance, automatic sprinkler systems, fire barriers, or onsite 

fire department response (or some combination of these types of protection). As a result, fires can be 
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categorized as either local fires involving very limited inventories of wastes or, at the other end of the 

spectrum, as major facility fires induced by forces that provide a source of fuel (such as gasoline) and that 

also disable or overwhelm any available safeguards. Accidents affecting staging-area waste packages can 

generally be enveloped by those affecting storage areas because of the similarity of the primary containment 

(packaging) and are included herein. 

Evaluation of Source Tenn Parameters. The MAR in all fire scenarios is limited to the waste exposed 

to the fire, which depends on the facility configuration and the detection of and response to the fires. The 

DF is a strong function of the packaging and the physical form (and combustibility) of the MAR. Two 

categories of fires were considered: waste-container fires and facility fires. The former category was 

assumed to have a MAR equivalent to the contents of a single 55-gal drum and to have a DF of l .0E+OO. 

This DF is conservative relative to the value of 0.1 applied in the WIPP SEIS-11 (DOE, 1996). The 

representative fire in a storage facility was assumed to encompass the spectrum of undetected or 

unsuppressed fires, and the entire facility ' s inventory of waste was assumed to constitute the MAR. A DF 

of l.0E-01 was assumed as a generic value to account for segregation and separation of waste packages 

in the facility and for the nature of the waste packaging as described previously. 

Evaluation of Frequencies. Reported fire-initiator frequencies for drum storage (DOE, 1990b; Salazar and 

Lane, 1992; EG&G, 1993b) for operationally related events range from l.0E- 03/yr to 2.0E- 04/yr. The 

higher value is estimated for general miscellaneous combustibles . The lower value is also fairly typical of 

estimates for scenarios involving ignition of leaking fuel or natural gas. Because some references distinguish 

between operationally generated waste and the packaged waste being stored, the upper value is probably 

associated with poor housekeeping. For fire initiating in a waste package, frequencies on the order of 

9.2E- 04/yr have been reported for the RWMC (EG&G, 1993b}, with a value of lE-04/yr reported in the 

WIPP SEIS-11 (DOE, 1996). This range of values is inferred to apply to storage situations involving 

minimal intervention by operators. Fire frequencies associated with fuel from transport vehicles, cranes, 

and forklifts range from 3.3E-03/yr to 8.3E-04/yr for initiation (Davis and Satterwhite, 1989; EG&G, 

1993b). Fires resulting from subsequent ignition upon violent breach of TRUW drums can be envisioned 

because of hydrogen buildup from alpha activity in contact with cellulose material (DOE, 1990a). Although 

frequencies for waste-package damage scenarios have been estimated, conditional probabilities for ignition 

and fire following package breach have not been reported, but would be higher for TRUW than for LLW 

and LLMW, for which hydrogen buildup is much less likely . 
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Because of the relative infrequency of a single-container fire and the much greater consequences of fully 

developed facility fires , only the latter were analyzed for source term development for the WM PEIS. The 

estimated annual frequency is 1.0E- 04/yr for a fully developed facility fire in the absence of treatment 

process operations. (See also section on treatment facility fires .) This frequency is the product of a generic 

facility fire frequency of 1.0E- 02/yr and a fire suppression system failure probability of 1.0E-02 (DOE, 

1982) . This value is consistent with existing documentation and is judged to be reasonable in light of the 

existing preventive and mitigative safeguards discussed previously. 

F .2. 7 .2.2 Internally Initiated Explosions 

Explosion scenarios for packaged wastes can be postulated for LLMW, TRUW, and HW. Most LLMW 

accident analyses focus on storage of miscellaneous organic liquid waste (for example, benzene at the SRS 

[WSRC, 1994]), where blankets of inert gas serve to preclude ignition and detonation . Most TRUW 

analyses focus on the accumulation of hydrogen or methane from radiolysis of organics, with subsequent 

ignition and detonation. Inadvertent chemical reactions are considered for HW but should be unlikely 

because waste sorting and segregation at the point of generation act to preclude combining reactive materials 

and oxidants. Storage activities are generally not climate controlled, but heating gas is a candidate source 

for explosion where some control is maintained. Postprocessing storage is less of a problem than 

pretreatment storage because of the greater stability of the final forms (for example, grout) . 

Damage to packages from an explosion is governed by projectile behavior and the location and 

configuration of the package . One type of array is a four-tier-high stack of two pallets, each holding a 

two-drum-high, tightly packed array of four drums (Salazar and Lane, 1992). Here, the number of drums 

that could be directly affected by projectile impact would be five, although the array could be toppled, or 

other ancillary damage (for example, to adjacent arrays) could be envisioned. A similar rationale applied 

to waste boxes would indicate two affected adjacent boxes. 

Evaluation of Source Tenn Parameters. The MAR for an explosion would generally be limited to a single 

package because very little explosive energy is typically associated with currently generated wastes, and 

extrapolation of scenarios to include high-energy projectiles is difficult. The DF for explosions internal to 

a container would be l .0E+OO (that is, the entire contents of the package are assumed to be affected). This 

damage is judged to conservatively envelop any projectile damage to nearby packages. For external 
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explosions, projectile damage to a waste package is similar to puncture of a package, and a damage ratio 

of 2.5E- 01 or 1.0E+00 would be expected, depending on whether the contents are solid or liquid . 

Evaluation of Frequencies. The WRAP Module 1 at Hanford (WHC, 1991b) considered various potential 

explosions for CH TRUW and LLW operations and assigned a frequency range of 1.0E-06/yr to 

l .0E- 04/yr for a drum exploding because of hydrogen buildup during storage in the shipping and receiving 

area (after receipt). Presumably, the hydrogen resulted from radiolytic decomposition of H20 or 

hydrocarbons, which is plausible for TRUW but unlikely for LLMW. A glove box sorting area explosion 

frequency of 6.3E- 05/yr was estimated for opening a RH TRUW drum containing a hydrogen-air mixture 

with failure to vent, failure to detect, and ignition. 

Because of the relative infrequency of single-container explosions, and the lack of any known large-scale 

explosions, radiological source terms for explosions in storage and staging areas for other than hazardous 

waste were not judged sufficiently important to risk to justify source term development. Process explosions, 

however, were analyzed as discussed in the section on treatment facility accidents (Section F.2.7.3). 

F.2.7.2.3 External Event Accident Sequences 

External event challenges are important to the human health risk insofar as these challenges have the 

potential to create fires or explosions that can disperse and render airborne radioactive waste materials . As 

discussed in Section F .2 .4.1, plausible external accident initiators leading to direct fire and explosion 

scenarios include impacts from military, general aviation, or commercial aircraft; impacts from large trucks 

carrying fuel or chemicals; and fuel or process chemical fires and explosions in nearby facilities or storage 

tanks. Natural phenomena such as earthquakes can cause natural gas, fuel, or process chemical fires and 

explosions in nearby facilities. The severity of such phenomena makes mitigation by onsite fire brigades 

very unlikely . 

Event trees described by ANL (1996a) are used to model the accidents caused by external events and to 

project the progression of the accidents through plausible generic sequences. The event tree methods are 

based on accepted probabilistic risk assessment methods and are consistent wi~h methods prescribed by the 

NRC, the American Institute of Chemical Engineers (1989), and the DOE. Accident sequences are 

developed for aircraft impacts (small aircraft and large aircraft are considered separately) and seismic 

events. As discussed in Section F.2.4.1, the safety impacts of aircraft accidents envelop impacts for other 
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man-made severe external challenges, and the damage and safety impacts from seismic events generally 

envelop effects from other natural phenomena. These accident initiators and the associated accident 

sequences are developed for the designs for the generic facilities described in Section F.2.6. The results are 

covered in the following sections on specific waste types. 

F .2. 7 .3 Treatment Facility Accidents 

The major concern with treatment facilities involves fire- or explosion-driven releases of process inventories 

that are often much more concentrated than the inventories of waste in current storage or in staging areas. 

This section primarily summarizes internal event-initiated treatment process accident types and discusses 

the associated source term and frequency data used for the analyses. However, external event sequences 

were also analyzed using event trees in ANL (1996a) to structure and facilitate the evaluation. Results for 

both internal and external events are shown in the individual sections for each waste type (Sections F .3 

through F. 7). 

F.2.7.3.1 Treatment Process Incidents 

In general, the processes of the generic treatment facility described in Section F.2 .6.3 entail minor hazards 

to the operating staff, including puncture wounds during waste sorting, minor contamination from glove 
I 

failures, and minor spread of contamination from the events involving treatment equipment pressurization, 

spills, and off-gas treatment confinement failures (corrosion, gasket failures, etc.) . Such minor operational 

incidents in treatment have been folded into general handling accidents analysis and, as a result, are not 

discussed further . 

F.2.7.3.2 Off-Gas System Failures 

Potential onsite and offsite effects may result from failure of the off-gas treatment system to perform as 

designed or from introduction, into the off-gas treatment, of species for which the treatment steps are 

ineffective (for example, noble gases, volatile radionuclides such as 3H, or high-temperature conversion 

of dichlorodifluoromethane [HALON] to phosgene); but off-gas events tend to be minor because of dilution 

due to a high gas sweep rate and the inertness of the off-gas constituents relative to the chemically reactive 
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or hazardous materials given off during facility fires and explosions . The onsite and offsite risks from such 

accidents are enveloped by potential facility fires or explosions that involve releases of chemically reactive 

materials or radionuclides that have extended residence times in the body. Thus, these events are not 

considered further . 

F.2.7.3.3 Treatment Process Vessel Releases 

Aqueous processes to remove RCRA contaminants entail short-term storage in tanks, transfer pumps, 

vessels, pipelines, and reaction vessels . Because most sites have some capability to reduce volume and to 

immobilize or to dispose of low-activity liquid wastes, long-term storage of these liquid wastes is limited 

to specific situations, such as the LLMW stored in tanks at Hanford. Nevertheless, rupture or failure of 

these tanks could arise from corrosion, internal stress, or external impact. More severe events can also be 

conceived, such as hoop stress failure from severe overpressurization (for example, vapor-space gas 

detonation from ignition of radiolytically generated hydrogen, or benzene vapor), with subsequent fires or 

explosions; however, both frequencies and consequences for such severe events should be extremely low 

for all radioactive waste types except possibly HLW. Because tank storage of HLW is not included in the 

evaluation of the WM PEIS alternatives, such accidents are not addressed here. 

On the basis of inventories of the various waste types and identified treatment technologies, wet-air 

oxidation of LLMW was selected as a potentially risk-dominant process with vessel breach the accident of 

concern. However, details of the process and related system descriptions were inadequately specified in the 

WM PEIS to allow detailed accident analyses. As a result, source terms for wet-air oxidation were analyzed 

by using MAR and facility containment parameters consistent with those used to analyze accidents involving 

incineration facilities (discussed subsequently). This approach allows an order of magnitude scoping of the 

risks of wet-air oxidation process accidents and provides a reasonable relative risk comparison with 

incineration accidents. The MAR was assumed to be the entire contents of the vessel (DF = 1.0E+00), 

which was assumed to hold 1 % of the annual wet-air oxidation throughput at the site. The radiological 

composition at each site for each alternative was obtained from the WM database (Avci et al., 1994). An 

earthquake was the only plausible accident capable of rupturing the process vessel and at the same time 

defeating the facility containment integrity and filtration systems. For conservatism, the airborne release 

was assumed to be pressurized, with RARFs chosen accordingly. 

F-48 VOLUME IV 



Treatment and Storage Facility Accidents ApPendix F 

F.2.7.3.4 Treatment Facility Fires 

Two categories of fires at treatment facilities have been considered: (1) operation-specific fires developed 

from consideration of the characteristics of a particular treatment technology or the related process and 

facility characteristics, and (2) generic fires . Existing onsite safety documentation has been reviewed to 

develop the source terms and frequencies associated with plausible accident sequences for the first category, 

which includes fires in incinerator facilities . The CIF analysis (Du Pont, 1989) treats the fire initiator 

potential of the incinerator system as governed by the nature of the feedstocks and attributes the initiation 

of fire to (1) spontaneous combustion of solid waste in lag storage or (2) ignition of contaminated organic 

liquids in storage. The Waste Experimental Reduction Facility ('WERF) (EG&G, 1993b) analysis considered 

a fire in the baghouse of the filtration system. Both analyses were used to define a reference scenario, as 

discussed subsequently. 

Facility or facility operations characteristics other than those associated with the treatment process can 

clearly be correlated with the occurrence of fire . These characteristics include the presence of highly 

combustible materials (or materials that can undergo spontaneous combustion, such as dried 

tetraphenylborate salts) , the existence of activities involving these materials (such as machining of 

pyrophorics), maintenance activities (such as welding) that involve fuel and ignition sources, and building 

support systems such as the heating and electrical distribution systems (especially switchgear). The 

assumption is that these characteristics are reflected in the generic database used to establish the generic data 

on fire frequency. Site-specific analyses include ignition of the contents of a breached drum and general 

room fires (Salazar and Lane, 1992). In general, existing LLW and TRUW safety analyses seem to focus 

less on facility fires than on other accidents; for example, analyses for the various Hanford WRAP modules 

mention but do not analyze fires . The WIPP SEIS-11 (DOE, 1996) analysis considered a scenario in which 

a single TRUW drum was postulated to erupt into flames as it was opened but before it was emptied onto 

a conveyor belt for sorting. Engineering judgment, which is based, in part, on the information developed 

herein and largely presented in Appendix C of ANL (1996a), has been used to assign reasonable source 

term and frequency parameters to generic facility fires . 

Evaluation of Source Term Parameters. The representative incineration facility fire used to envelop 

radioactive releases is based largely on information for the Waste Experimental Reduction Facility (WERF) 

(EG&G, 1993b). The assumption that a fire starts in the baghouse of the filtration system and propagates 

to the HEPA filters is plausible because of the high temperatures of the material entering the baghouse. The 

fire causes the housing seals to fail on the baghouse and the filters, yielding a direct release of fly ash to 
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the atmosphere. The total ash inventory accumulated in the baghouse and the HEPA filters is assumed to 

constitute the MAR. It has been assumed that the ash fed to the baghouse during the fire, if the facility has 

not shutdown, is a small fraction of the ash accumulated in the baghouse, and it is therefore neglected in 

the calculations. The MAR was estimated by averaging the fractions of the total facility ash inventories in 

the CIF and the ?rocess Experimental Pilot Plant (PREPP) ~ctually present in the baghouse and HEPA 

filters, a value of roughly 3.0E- 02 (Du Pont, 1989). All of the baghouse and HEPA filter ash was assumed 

to be affected by the fire, resulting in a DF of 1.0E+OO. Any subsequent explosions of accumulated waste 

ready to be incinerated were judged to be enveloped by the dispersion of ash. A more detailed description 

of the external events analyses can be found in the report by ANL (1996a). 

The representative incineration facility fire for HW used to envelop hazardous releases assumes that the fire 

engulfs the feedstock. For further information, refer to the HW analysis. 

Evaluation of Frequencies. Fire frequencies for production operations are based on occurrences in the SRS 

data bank for the operations in the SRS 200 Area and on other industrial experience. The frequency of 

spontaneous ignition of accumulated combustibles (poor housekeeping) is 5.0E- 01/yr if (1) pyrophorics 

or (2) nitric acid and cellulose are available. The CIF analysis (Du Pont, 1989) assigned a value of 

2.6E- 02/yr for fire initiation in the lag storage area for cardboard boxes, on the basis of general experience 

with spontaneous combustion for F and H Canyon operations. The SAR for the CIF also addressed the 

possibility of a fire involving waste organic feedstock (5 .0E- 03 per tank per year, with three tanks) . 

Maintenance activities, depending on the circumstances (confined space welding, use of greenhouses, etc .), 

initiate fires with a frequency of 3.0E- 01/yr to 2.0E- 01/yr. Fires from electrical shorts have similar 

frequencies. The expected frequency for a process-related fire in a canyon facility has been estimated to be 

1.SE-02/yr on the basis of experience in the SRS's F and H Canyons (WSRC, 1994). 

Analysis of actual event data at the SRS indicates a failure probability for manual fire suppression of lE- 01 

to SE- 01 per demand, assuming the fire is detected (Benhardt and Held, 1994). Most SARs use a 

reasonably conservative value of lE-02 per demand for failure of automatic fire suppression systems on 

the basis of the DOE study (DOE, 1982). More recent analyses of Hazard Category 2 facilities indicate a 

greater reliability for wet pipe sprinkler systems. Typical site-specific values range from 5.0E-02 to 

1.0E- 03 per demand for a fire department to fail to respond. Also, the SRS data indicate a probability 

range of 3.0E- 02 to 3.0E- 01 for the fire department to successfully put out the fire . Because this analysis 

presumes either automatic or manual fire detection and notification, either or both are required for any 

credit to be taken. 
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The EIS for the WIPP (DOE, 1990a) applies a frequency of lE-03/yr for a fully developed fire in an 

operating area, as derived from the RWMC documentation. The more recent WIPP SEIS-11 (DOE, 1996) 

estimates an annual occurrence frequency of about l.0E- 04. A study by the Electric Power Research 

Institute (EPRI, 1979) estimates l.0E- 02/yr for a fully developed fire (on the basis of a generalized fire 

initiator of l.OE- 01/yr) , and general estimates of fire initiator frequencies (for TRUW processing and 

handling activities) for the RFETS range from 5.0E-02/yr to 5.0E- 01/yr on the basis of facility-specific 

experience (for example, Building 910 [EG&G, 1992a]) . The RWMC analyses (EG&G, 1993b) are 

predominantly focused on fires initiated by helicopter crashes (in various locations) , typically with a 

frequency of l.2E- 05/yr to 5.4E- 05/yr. Other sites are more concerned with external challenges from 

aircraft crashes and earthquakes. Aircraft fuel , ruptures of natural gas pipelines, and spilled organic liquids 

in storage facilities constitute the combustible or ignitable source for these challenges. 

The estimated frequency for a fully developed facility fire used herein is l.0E- 03 , consistent with the 

earlier WIPP estimates. This estimate includes a generic fire frequency of l.0E- 01/yr and a fire suppression 

system failure probability of l.0E-02. In light of safeguards associated with hazard category 2 facilities, 

this estimate is judged to be conservative. For the HW feedstock fire , refer to the HW analysis section. 

F .2. 7 .3.5 Treatment Facility Incinerator Explosions 

Except for incineration and wet-air oxidation (of mainly aqueous wastes, with less severe consequences), 

no significant explosion initiators were identified for processing. Failure of a wet-oxidation unit would 

result in a pressurized spray release. Nitrated organic reactions at high temperatures in evaporators and 

driers were discounted in the SARs for RFETS Building 910 and Building 374 (EG&G, 1992a,b) because 

(1) alkaline solutions do not react significantly , (2) heavy metals are absent, and (3) processes are at low 

pressure. In general, the accident literature for evaporation focuses primarily on accidents involving loss 

of filtration; however, unlike many processing activities, incineration has a potential for accumulations and 

leaks of combustible gas, with a possibility for explosions . 

Evaluation of Source Term Parameters. The assumption is that the explosion (which could potentially 

occur because of the existence of fuel , oxygen, and high temperatures) takes place inside the rotary kiln 

incinerator . The MAR was derived by averaging the ash inventory at the CIF and PREPP in the kiln 

incinerator and was determined to be 12 % of the total ash inventory existing in the facility . All of the waste 
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present in the rotary kiln incinerator was conservatively assumed to be affected by the explosion, for a DF 

of 1.0E+OO. 

Evaluation of Frequencies. The safety analysis for the CIF, which is designed to accommodate LL W but 

includes various RCRA wastes as candidate feedstocks, estimates an annual frequency of 1.5E-02/yr for 

explosions in the rotary kiln assembly and in the secondary combustion chamber. Because it envelops the 

other estimates, the CIF estimated frequency of l.SE-02/yr is used herein. A frequency of 2.9E- 04/yr for 

an explosion during RWMC processing activities was estimated (no unit operation is specified), with a 

frequency for a facility room fuel-air explosion estimated at 2.0E-04/yr (previously reported values were 

as low as 5. 0E-07 /yr). A more refined and detailed analysis estimated that conditions conducive to an 

explosive event exceeding the 100-kPa capability of the vessels could occur at a frequency approaching 

3.0E-02/yr. Such overpressures could potentially rupture the vessels and release the contents. Various 

INEL studies cite an explosion frequency of l.0E-04/yr derived primarily from earlier analyses to support 

operations of the RWMC/Solid Waste Experimental Pilot Plant (SWEPP) with TRUW solid feedstock 

(EG&G, 1993b). 

The posttreatment stored waste may be presumed to be more stable (depending on the method of 

immobilization) and more robustly packaged. The only qualitatively defined scenario entails a propane gas 

leak with ignition. The SAR for RFETS Building 910 assigned a conservative value of 4.4E- 02/yr for a 

heating gas line rupture and ignition to impact postprocessing material stored in the processing facility. 

Because the source term for this accident is much smaller than that for the rotary kiln explosion, this 

sequence was not developed further. 

F .2. 7 .4 Summary of Data Used 

A summary of the key generic source term and frequency parameters discussed in the preceding sections 

is presented in Table F.2-4. Although the values actually applied for the accidents for the individual waste 

types are summarized in the chapters on specific-waste-type accident analysis, these values are largely based 

on this table. The MAR units of number of packages in the facility inventory were converted to curies for 

each waste type and DOE site, with the information provided in the PEIS waste characterization database. 

The activity was then distributed into the corresponding radionuclides in the source term files used for 

consequence calculations. 

F-52 VOLUME IV 



Treatment and Storage Facility Accidents ApPendix F 

Table F.2-4. Frequency and Source Term Parameters 
for General Handling and Internal Facility Accidents 

Reported Annual 
WMPEIS 

Reported or Representative 
Frequencies Source Term Parameters 

Frequency 
Estimate MAR 

Event Low High oer Year MAR Units DF 

General Handling Accidents 

Packaged Wastes 

Crane drop with impact and breach 8.OE-02 1.2E-O1 l.OE+OO Package• 2.5E- O1 or 
l.OE+OOb 

Forklift puncture with impact, breach, and 7.5E-02 2.OE+OO Package l.OE-O1 or 
spill l.OE+OOb 

Internal overpressurization and breach 2. lE-02 l.OE+OO Package 

Toppled stacked array 7.5E-02 4.OE+OO Drum 2.5E- O1 or 
l.OE+OOb 

Representative breach and rupture 2 .5E-04c l.OE+OO Drum 2.5E-Ol or 
l .OE+OOb 

Fires in Storage or Staging Areas 

Spontaneous-combustion fire 2 .6E- 02 5.OE- O1 --d l.OE+OO Drum l.OE+OO 

Small fuel or chemical fire 8.3E-04 3.3E- O3 --d 2.OE+OO Drum l.OE+OO 

Facility fire 2.OE-04 l.OE-O3 --d e Drum l.OE+OO 

Local manual-suppression failure l.OE- O1/df 5.OE-O1 

Automatic-suppression failure l.OE-02/d 

Fire brigade response failure 3.OE- 02/d 3.OE-O1/d 

Representative facility fire 
without mitigation l.OE-04 e Drum l.OE-O1 

Explosions in Storage or Staging Areas 

Packaged Waste (LLMW and TRUW Only) 

Spontaneous combustion or explosion l.OE-06 l.OE-04 l.OE+OO Drum l.OE+OO 

Representative explosion --d 

Fires in Treatment Facilities 

Facility fire 

Local manual-suppression failure ( l.0E-01/d 5.OE-O1/d 

Automatic-suppression failure 1.OE-02/d 

Fire brigade response failure 3.OE- 02/d 3.OE-O1/d 

Representative facility fire 

without mitigation l.OE- O3 , l.OE+OO Baghouse and l.OE+OO 
HEPA ash 
inventory 
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Table F.2-4. Frequency and Source Tenn Parameters 
for General Handling and Internal Facility Accidents- Continued 

Reported Annual 
WMPEIS 

Reported or Representative 
Frequencies Source Term Parameters 

Frequency 
Estimate MAR 

Event Low High per Year MAR Units DF 

Explosions in Treatment Facilities 

Spontaneous combustion or explosion 1.0E- 04 l.5E-02 1.0E+OO Incinerator kiln l.0E+OO 
ash inventory 

Representative explosion l.5E-02 1.0E+OO Incinerator kiln 1.0E+OO 
ash inventory 

Note: -- = covered by representative breach or ruprure. 
• A Type A 208-L (55-gal) plastic-lined carbon-steel drum was chosen as the representative waste package for MAR calculations in 
determining source terms for all packaged waste breach or ruprure events . 
b Waste packages containing liquids were assigned a DF of 1.0E+OO. 
c Per operation. 
d Because of the combined relative infrequency and low health impact of individual container fires and explosions, only facility fires were 
analyzed in the WM PEIS. 
• Total number of waste drums in facility. 
r Per demand. 

F.2.8 SELECTION AND CALCULATION OF FINAL SOURCE TERMS 

Preliminary combination of the source term information discussed previously with selected so called unit 

risk factors (actually unit dose conversion factor) was performed to develop preliminary screening estimates 

of the impacts of the accident sequences to determine the risk-dominant scenarios. Unit risk factors were 

developed to estimate the health effects on the exposed populations from releases of unit amounts of 

radionuclides or hazardous chemicals (see WM PEIS Appendix D). This involved (1) the development of 

or integration of existing information on the site-, facility-, and treatment-specific demographics to 

characterize the workforce and general population potentially exposed to hazardous material and (2) the 

development of the meteorologic and release dynamics and characterization data necessary for calculating 

the transport of radioactive or toxicological plumes to the exposed population. Final source terms for the 

scenarios most important to public risk were then developed on the basis of the importance to risk to the 

maximally exposed individual (MEI) at the site boundary. The final risk-dominant scenarios selected were 

at or near the maximum reasonably foreseeable accidents. 

The calculation of risk merged the frequencies and source term parameters for the accident sequences with 

the inventory characterization for the MAR. The computational framework and interaction of the code 

packages are illustrated in Figure F.2-7. Preliminary results of the operational and external event accident 

sequences described previously were screened for each waste type for the sites defined in the various 
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Argonne Argonne Argonne 
WASTE_ACC WASTE_ACC WASTE_MGMT 

Computational Model Computational Model Computational Model 
and Database and Database and Database 

Catalogs of Event Trees Source Terms by Site and Inventories-at-Risk by 
Site, Consolidation 

=> 
Facility, Consolidation 

¢ 
Alternative, and Waste Calculation of Accident Alternative, Waste Stream Stream and Treatability Sequence Frequencies and Treatability Category, 

and Accident Sequence Category 

Mapping of Sequences Includes Current into Release Fraction Source Terms Normalized Storage and Projected Categories by Throughput Generation Rates 

Source Term and Risk Site Volumetric and Rollups as Required Radionuclide 
Composition 

Characterization 
CMA8603 

Figure F.2-7. Computational Framework for Facility Accident Analysis Source Terms. 

alternatives for WM. Ranking of the accident sequences for risk dominance at each site was performed by 

using the frequency-weighted dose to the MEI as the screening criterion. Source terms were also selected 

from risk-dominant sequences in the following annual frequency categories: greater than 1.0E-02, between 

1.0E-02 and 1.0E-04, between 1.0E-04 and 1.0E- 06, and less than 1.0E-06. The selected source terms 

were then used to perform the health effects calculations for radiological and chemical releases from facility 

accidents . 

The complete set of sequences, with classification of their frequency categories, is shown in the chapters 

describing the results for each waste type. A representative list of sequences is presented in Table F.2-5. 

The final calculation of the health effects for both general and occupational workforce populations by using 

the source terms described herein is reported in WM PEIS Appendix D. 

F.2.9 UNCERTAINTY IN FACILITY ACCIDENT ANALYSIS 

Considerable uncertainties exist in various aspects of the facility accident analysis . The uncertainties range 

from issues pertaining to completeness of the analysis to numerical uncertainties in the parameters used in 

estimating the accident sequence frequency and the airborne release source terms. 

Uncertainties in the representativeness and completeness of the accident analysis arise from inherent 

limitations of the accident sequence modeling and the incomplete knowledge of the facilities and operations 
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Table F.2-5. Representative Accidents Analyzed for Source Tenn Development 

Type of Facility 
and Accident 

Operational Handling 

Drum breach 

Storage or Staging Are~ 

Facility fire 

External Events 

Small- or large­
aircraft impact 

Earthquakeb or 
tornado 

Treatment Facilityd 

Operational Events 

Facility fire 

Facility explosion 

External Events 

Small- or large­
aircraft impact 

Earthquake 

Fre<1uencv MAR x DF 

2.0E-04/drum/yr 25 % of drum (100% for liquid waste) 

l.0E-04/yr 10% of combustible drums in facility 

Site, aircraft, and Aircraft and accident sequence specific 
accident sequence 
specific 

Sitec and accident Accident sequence specific 
sequence specific 

- -

Notes 

Not applied to drums with 
vitrified, solidified, or 
otherwise highly stable 
waste or to noncombustible 
liquid waste 

Event tree sequences for 
both small and large aircraft 
screened on risk to identify 
single sequence 

Event tree sequences 
screened on risk to identify 
single sequence 

1.0E-03/yr Ash in bagbousc and HEPA filters (3% Not for HW stream 
of facility waste inventory or 0. 03 % of 
throughput) 

l .5E-02/yr Ash in kiln (12 % of facility waste inventory Not for HW stream 
or 0.12% of throughput) 

....... 

Site, aircraft, and Aircraft and accident sequence specific 
accident sequence 
specific 

Accident sequence Accident sequence specific 
specific 

Event tree sequences for 
both small and large aircraft 
screened on risk to identify 
single sequence 

Event tree sequences 
screened on risk to identify 
sinide sequence 

• Used for screening only . 
b Earthquake used to upper-bound consequences of tornado. 
c Frequency was assigned as the larger of those for a 0 .15-g eanhquake or a 113-kilometer per hour (km/h) (70-miles [mi]/h) 
wind. 
d Applied only to incinerators at each DOE site. Vitrification accidents were screened out for LLW, and wet-air oxidation 
accidents were screened out for LLMW. 

involved. Representativeness was addressed by reviewing existing safety analysis documentation and 

selecting accidents that were similar to or which bounded those found in the literature for the relevant 

operations, processes, and facilities. The issue of completeness was addressed by selecting surrogate 

accidents representative of classes of accidents and bounding the product of the frequency and the severity 

of the surrogates so that the risk from each class of accidents was enveloped. 
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The numerical estimates of the frequency of the different accident sequences analyzed are also uncertain. 

There exist uncertainties in both the frequency of the initiating events and in the conditional probabilities 

of the accident progression path. The numerical estimates were generally conservatively obtained using 

accepted DOE or NRC safety guidance or site-specific safety documentation. Event trees were used to help 

organize the information, structure the sequences, and automate the calculations. Uncertainties in the 

frequencies of the sequences are expected to range from factors of from 3 to 10 for anticipated accident 

sequences (i.e., those with annual frequencies greater than l.0E-02 per year) to from 2 to 3 orders of 

magnitude for accident sequences with frequencies near or less than l .0E-05 such as those initiated by 

beyond design basis earthquakes. 

The uncertainties in the source term calculations apply for both the radiological and the chemical releases. 

The radiological source terms were calculated as the product of four contributing factors, namely MAR, 

DF, RARF, and LPF, all of which have uncertainties. Uncertainties in the MAR and DF arise from lack 

of precise knowledge of waste stream inventory amounts, physical characteristics, radiological profiles, and 

operational and containment configurations of the treatment and storage of waste streams under potential 

accident environments . Estimates of the current inventory radioactivity contents (i.e., reflecting both 

amount and composition) are probably uncertain by factors of from 2 to 100, depending on the type of 

waste, where it was generated, and its current disposition. Minimally conservative assumptions were used 

in developing the MAR. Damage fractions were chosen using generally conservative assumptions based on 

existing safety guidance and general knowledge of the physical characteristics of the MAR and the likely 

configurations and containment properties of the relevant storage and treatment facilities. 

The RARF was conservatively adapted to the waste streams subjected to the dominant accident stresses 

encountered during the postulated sequences by assigning high or bounding values from the RARFs 

compiled in DOE-HDBK-3010-94 (DOE, 1994b). The uncertainties caused by imprecise knowledge of 

accident stresses and imprecise extrapolation of experimental values, which themselves are 1,.mcertain, 

suggest uncertainty ranges from factors of 3 to 10 for high RARF values, of greater than l .0E-02, to orders 

of magnitude for RARF values of less than l.0E-04. Uncertainties in the physical compositions and 

containment configurations of the MAR suggest an additional order of magnitude in the RARF uncertainty. 

Generally conservative RARF values were selected for analysis. 

The LPF uncertainties for sequences with full or partial filtration exist due to incomplete knowledge of leak 

paths and filtration efficiency during accident conditions. For sequences in which the containment structure 

is damaged, a LPF of unity is conservatively assumed. 
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The chemical release source term uncertainties in the MAR and DF parallel those for the radiological 

release source terms. Uncertainties due to the completeness of the HW database, which was developed from 

actual shipping manifests, are expected to be small, roughly a factor of two. For the hazardous component 

of mixed waste the chemical breakdown was more generic and was not available on a drum by drum basis 

as it was for HW, suggesting an order of magnitude uncertainty . Also , only a small number of accident 

release types were identified due to the generic nature of the chemical profile available for those mixed 

waste types. This uncertainty is expected to add another order of magnitude. Uncertainties in the estimated 

chemical source terms are expected to have a variability of about one order of magnitude because chemical 

reactions can take place in different ways depending upon temperatures, the presence of catalysts, and the 

precise chemical concentrations of constituents, parameters for which there is very limited information only. 

Recognizing that the uncertainties in the various source term factors are often interdependent, the 

uncertainty in source term estimates covers several orders of magnitude. Reasonable predictions of the 

distribution of source terms cannot be quantitatively established without a much greater level of knowledge 

of the waste stream inventories, the future generation of wastes within each category, and the actual 

characterization of the operations, processes, facility configurations, operating and safety procedures 

invoked. Developing this level of knowledge is beyond the scope of the WM PEIS . 

Although the absolute values of the source term estimates range in uncertainty to several orders of 

magnitude, the comparisons among the source terms are much less uncertain. Considerable effort was 

expended to assure that the accident analysis approach and underlying assumptions were consistently applied 

for all waste streams, types of accidents considered, and operations, processes and facilities evaluated. Thus 

the relative health and risk impacts, to the extent that they depend on source terms that are ultimately 

derived from and calculated for different facility accident sequences , are judged to provide useful, 

comparative information for discriminating among strategic alternatives . 

F.3 High-Level Waste 

F.3.1 ALTERNATIVES AND SITES ANALYZED 

Management of HLW can involve up to six phases : current storage, retrieval, pretreatment, treatment, 

interim storage, and geologic repository disposal. Current storage, retrieval, pretreatment, treatment, and 
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geologic repository disposal are outside the scope of the WM PEIS so that accidents during these phases 

are not considered. Thus only accidents which occur during imerim storage are considered in the EIS for 

various alternatives at Hanford, SRS, and WVDP. 

Canisters of vitrified HLW from Hanford, SRS, and WVDP are to be placed in an interim storage facility 

awaiting transport to a geologic repository. Table F. 3-1 is a comparison of the interim storage facilities at 

the three sites . Canisters produced at WVDP will be placed in storage racks that hold four canisters each 

and then will be transported in these racks to the onsite Waste Canister Storage Facility (WCSF). The 

immobilized HL W will be temporarily stored in a previously decontaminated and refurnished process cell 

known as the Chemical Process Cell (CPC), which has been modified for HLW interim storage. The 

storage area has a capacity for 344 canisters and will be equipped with two coolers to remove the decay 

heat. 

The interim canister storage facility at SRS is designed to hold canisters in vertically sealed cavities within 

a concrete structure forming the storage vault (that is, a concrete modular vault) . The Glass Waste Storage 

Building (GWSB) at SRS will be an air-cooled dry storage vault. It consists of rows of tubes or vaults 

placed below grade into which the canisters are lowered. No stacking of canisters occurs within the storage 

tubes. Concrete plugs provide a cover for the tubes . Storage capacity is currently provided for 

2,286 canisters, the output from approximately five years of vitrification operations at the Defense Waste 

Table F.3-1. Interim Storage Facilities for HL W Canisters 

Variable WVDP SRS Hanford 

Facility name WCSF GWSB TBDa 

Storage capacity 344 2,565b 15,000 

(HLW canisters) 

Storage method Process cell Modular concrete Modular concrete 

vault vault 

Footprint (m2) 190 4,343 12,200 

Vault volume (m3) 2,490 63,404 141,000 

Cooling method Air cooler Exhaust fans · Natural convection 

3 Conceptual facility under design. 

b Storage capacity for an additional 2,286 canisters will also be required. 
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Processing Facility (DWPF). The storage capacity of the existing facility was predicated on the assumption 

that a geologic repository would be available by the time 1992 fre h wa t would b processed. Additional 

storage capacity for 2,286 HL W canisters is required to handle interim storage of the fresh waste for a total 

required capacity of 4,572 canisters at SRS . 

The previous design for the Hanford Waste Vitrification Plant (HWVP), was estimated to produce about 

2,000 canisters of glass from high-activity waste from the Hanford double-shell tanks (DSTs). The number 

of glass canisters from single-shell tank wastes depends on the pretreatment process to be selected, with a 

maximum of 60,000 canisters having been projected for minimal pretreatment (U.S. General Accounting 

Office, 1993). This analysis assumes that a total estimated 15,000 canisters will be produced from all the 

HLW at Hanford. The vitrified waste canisters are to be placed in interim storage on site. This storage is 

similar to storage at SRS, except that three canisters are stacked per storage tube and a thermosiphon 

ventilation system would be used to remove decay heat in the Hanford design. As currently designed, the 

conceptual facility at Hanford would be able to store 15,000 canisters containing vitrified HL W. Detailed 

descriptions of HL W treatment processes and facilities can be found in the report by ANL ( 1996c). 

The HLW alternatives in the WM PEIS are shown in Table F.3-2. The decentralized alternative would 

provide onsite interim storage for all treated, stabilized HL W awaiting shipment to a geologic repository 

for permanent disposal. The regional consolidation alternatives call for the vitrified-HLW canisters 

produced at one site (or sites) to be transported for interim storage at another site. Centralization at one site 

(Hanford) is also considered. 

F.3.2 RISK-DOMINANT ACCIDENTS AND MODELING ASSUMPTIONS 

F.3.2.1 Selection of Accidents 

Accidents with the potential to produce significant offsite consequences were identified using available 

safety documentation. Although HLW contains various hazardous components, the primary risk is from 

radiological hazards . Because of the stable nature of vitrified waste, chemical releases do not occur in 

interim storage being considered in the WM PEIS. 
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Table F.3-2. Programmatic Alternatives for HL W 

No Action Alternative 

• Store HLW canisters at Hanford, SRS, INEL, and WVDP in existing and 
approved storage facilities 

• Continue current treatment approaches at each site 

• Continue interim storage of liquid and calcine HL W at INEL 

• Continue activities necessary for ultimate disposal of HLW in a geologic 
repository 

Decentralized Alternative 

• Continue storage of HLW at Hanford, SRS, INEL, and WVDP 

• Continue current treatment approaches at each site 

• Continue interim storage of stabilized (vitrified or glass-ceramic) HLW at each 
site 

• Continue activities necessary for ultimate disposal of HL W in a geologic 
repository 

Regionalized 1 Alternative 

• Same as Decentralized Alternative, except provide interim storage 
facilities at SRS for WVDP vitrified HL W canisters 

Regionalized 2 Alternative 

• Same as Decentralized Alternative, except provide interim storage facilities at 
Hanford for WVDP vitrified HL W canisters 

Centralized Alternative 

• Same as Regionalized 1, except provide interim storage facilities at Hanford 
for WVDP, INEL, and SRS HLW canisters 

ApPendix F 

Nuclear criticality was discounted due to the low concentration of fissionable material in the canister and 

due to the absence of a mechanism of accumulating a critical mass . This assumption was supported by safety 

documentation. 10 CFR 60.131(b)(7) (1993) requires that the effective multiplication factor for criticality 

in an interim storage facility be at least 5 % below unity. Reported values for SRS canisters show a large 

margin of subcriticality (McDonell and Jantzen, 1986). Because the.inventories of fissionable radionuclides 

at Hanford and WVDP are lower than at SRS, an even greater margin would be expected. 
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Radiological releases from severe fires and explosions were considered first. DOE Order 5480. 7 A 

(DOE, 1993e) establishes requirement for an impro ed lev 1 of ri for fir prot ction for all facilities for 

which either loss of value or risk to health and safety would be of concern . The SARs for the various HL W 

interim storage facilities (Herborn and Smith, 1990; WSRC, 1990; West Valley Nuclear Services Co., Inc ., 

1994) do not consider the risk of fire within an interim storage facility , generally because no significant 

accumulation of combustibles occurs in the vicinity to support significant fire propagation. Thus, a major 

destructive fire was judged to be unimportant to risk. Similarly, because a large source of combustible 

material would not be available for ignition or chemical reaction (or both), the possibility of a catastrophic 

operational explosion was discounted. An aircraft crash with a resulting aviation fuel fire was also 

discounted because it would have a frequency of less than 1.0E- 06/yr and limited radiological 

consequences , given the containment of the encapsulated radioactive materials (Mishima et al. , 1986). 

Natural phenomena were also considered, with the limiting accident being an earthquake . Braun et al. 

(1 993) estimated an annual frequency of 3.37E- 08/yr for an earthquake-induced canister drop with 

subsequent airborne release for interim storage at Hanford (this scenario assumed full filtration; loss of 

filtration would result in an even lower frequency estimate) . In general , natural phenomena-induced events , 

such as tornadoes and earthquakes, were discounted as important contributors to the overall risk of HLW 

interim storage operations (Braun et al., 1993) due to the high integrity of the HLW canisters, as well as 

the low probability of occurrence. 

Review of the available safety documentation (DOE, 1982; Idaho Operations Office, 1982; Machida et al., 

1989; Mishima et al. , 1986; WSRC, 1990) suggests that the risk-dominant accident during interim glass 

canister storage is the breaching of an immobilized canister during handling operations, including a canister 

drop from the shielded canister transporter (SCT) into the vault tube during transfer, and canister damage 

during transfer because of movement of the SCT cask relative to the vault tube opening (Braun et al., 

1993). A rupture could also occur from a cell cover dropping on an encapsulated canister. (Because a cell 

cover weighs approximately 27,216 kg, canister rupture is expected following a direct hit.) The initiating 

event is attributable to operator error in handling or to handling equipment failure (NRC, 1988). 

Particulates would then be generated that are small enough to be suspended and hence could be exhausted 

to the atmosphere. The energetics of the accident would not be expected to severely degrade the facility 

filtration . At the time of rupture , each canister is assumed to be full. 

The estimated frequency for a HL W canister drop with subsequent release at the Hanford glass storage 
I 

facility, which would handle approximately 370 canisters per year, is 4.0E- 03/yr (Braun et al., 1993). The 
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frequency of a canister breach depends on the number of handling operations, which is taken to be equal 

to the annual canister production rate: 

frequency (yr1) = (0.004/yr) x canister production rate/370 (F.3-1) 

This analysis assumes a canister loading rate of 790 canisters per year for Hanford; therefore, the initiating 

frequency for a canister drop at Hanford is estimated to be about 8.0E-03/yr. Given the previous 

information, the initiating frequency for a canister drop accident at SRS is estimated to be 4.0E- 03/yr, on 

the basis of an annual production rate of 410 canisters per year. (The frequency of a canister rupture at SRS 

is estimated [WSRC, 1990] to be 2.0E-03/yr; the value used in this analysis can therefore be considered 

to be conservative.) The WVDP facility will only handle approximately 100 canisters per year, and the 

annual frequency is therefore reduced to l.0E-03/yr. 

F.3.2.2 Source Term Modeling Assumptions 

Site-specific compositions were assumed for the MAR (taken to be the contents of one canister). A full 

canister of glass generally contains between 1,650 and 1,900 kg of glass (see Table F.3-3). This analysis 

Table F.3-3. Dimensions, Weights, and Radioactivity of HL W Canisters 

Variable WVDP SRS Hanford 

Outer diameter (cm) 61 61 61 

Overall height (cm) 300 300 300 

Material of construction SS; 304 La SS; 304 L SS; 304 L 

Nominal wall thickness (cm) 0.34 0.95 0.95 

Weight (kg) 
Canister 252 500 500 
Glass or ceramic 1,900 1,682 1,650 
Total 2,152 2,182 2,150 

Radioactivity per canister (Ci)b 104,300 234,400 137,000 
(January 1990) 

Decay heat per canister (W/ 311 709 389 
(January 1990) 

Notes: SS = single shell; Ci = curie(s) ; W = watt(s). 
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also assumes that the mechanical impact from the canister drop accident results in fracturing the vitrified 

HLW and breaking the cani ter. Th gla particl s are released from the damaged canister (DF of unity) 

and are dispersed into the vault. The majority of the glass fragments are too heavy to remain airborne . 

1. SE- 04 is taken as the fraction of glass being within the respirable range ( < 10 µm) . The RARF for 

vitrified glass that has been subjected to a crush/impact accident stress is shown in Table F .3-4. Source 

term retention by filtration is also shown. 

Because stack locations and heights cannot be defined until a conceptual design has been completed, ground­

level releases were assumed with both full filtration and loss of filtration . Both of these conditions were used 

in estimating risk to the public . Worker risk was only calculated for unfiltered releases. 

F.3.3 RESULTS 

Results for the accident sequences described above were categorized based on importance to risk to the 

public by using the frequency-weighted dose approach (to the MEI). They were grouped into the four 

annual frequency categories shown in Table F.2-2. The source term parameters and frequency groups for 

HLW accidents for all WM PEIS alternatives are shown in Table F.3-5. Detailed releases by radionuclide 

are provided in the report by ANL (1996a). 

F .4 Transuranic Waste 

F.4.1 ALTERNATIVES AND SITES ANALYZED 

The TRUW WM alternatives in the WM PEIS are summarized in Table F .4-1. Calculated source terms 

results are discussed herein for the identified sites . 

F .4.2 RISK-DOMINANT ACCIDENTS AND MODELING CONSIDERATIONS 

Selection of accidents for modeling has been based on importance to risk with the general modeling 

assumptions and related source term parameters described in ANL (1996a,d,e) . A hazard unique to TRUW 

among the WM PEIS waste types is the potential for nuclear criticality due to separation and/or 
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Table F.3-4. RARF as a Function of Filtration 
for HL W Storage Facility Accidents0 

Variable 

RARF 

Loss of 
Filtration 

l.5E-04 

Partial 
Filtration 

l.5E-07 

Full 
Filtration 

3E-10 

a Double banks of HEPA filtration are assumed; for full 
filtration, efficiency of first bank is 99. 9 % ; efficiency of 
second bank is 99. 8 % . 

Table F.3-5. Frequencies and Source Term Parameters 
for WM HL W Accidents Analyzed 

Appendix F 

Freguenc2: Bin (i!!;r 2:ear) Source Term Parameters 

Total 
WMPEIS 1.0E-4 to l.0E-6 to VMAR MAR Release 

Alternative Site Accident >l.0E-2 l.0E-2 l.0E-4 <1.0E-6 (m3) (Cl) DF (Cl) 

All Hanford Glass canister X 6.2E- 01 l.4E+05 1.0E+OO 4. IE- 05 
crush, fully 
filtered release 

All Hanford Glass canister I X 6.2E- 01 l.4E+05 l.0E+OO 2. IE+0l 
crush, unfiltered 
release 

All SRS Glass canister X 6.2E- 01 2.3E+05 l.0E+OO 7.0E- 05 
crush, fully 
filtered release 

All SRS Glass canister X 6.2E- 01 2.3E+05 l .0E +OO 3.51E + 0l 
crush, unfiltered 
release 

All WVDP Glass canister X 6.2E- 01 l.lE+0S l .0E+OO 3.3E- 05 
crush, fully 
filtered release 

All WVDP Glass canister X 6.2E-01 l.1E+05 l.0E+OO l.7E + 0l 
crush, unfiltered 
release 

Notes: VMAR • volume of MAR; •· • not applicable. 

accumulation of fissile materials. However, as discussed in Section F.2.4.3, nuclear criticality is not an 

important contributor to risk and is not further analyzed . 

F .4.2.1 Handling Accidents 

Handling accidents during the staging and storage of CH waste are expected to dominate the risk of 

exposure for workers because of the high frequency of such accidents and the proximity of the workers 
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Table F.4-1. Transuranic Waste Alternatives 

rrnmoer 01 

Sites 

CH RH Treatment 
Alternative Treat Treat Standard ANL-E ETEC Hanford INEL LANL LBL LLNL Mound NTS ORR PGDP RFETS SNL-NM SRS UofMO WIPP WVDP 

No Action II 5 WIPP- TS s TS TS TS TS TS TS s TS s TS s TS TS 
WAC 

Decentralized 16 5 WIPP- TS T TS TS TS T TS TS TS TS T TS T TS T 
WAC 

Regionalized I 5 2 Reduced T• T T Tb T T 
Gas 

Regionalized 2 5 2 LDR T• T T Tb T T 

Regionalized 3 3 2 LDR T• T Tb T 

Centralized WIPP 2 LDR T" Tb T 

Notes: T = treatment to one of three standards: process to current waste acceptance criteria at WIPP (WIPP-WAC); shred and grout to reduce potential fo r gas generation at the repository 
(Reduced Gas); and treat to meet land disposal restrictions using thermal organic destruction and complete treatment train; S = storage after treatment under No Action and Decentralized 
Alternatives or store current inventory under No Action Alternative. Blanks indicate that no storage or treatment of TRUW takes place at a site under the specified alternatives . 
• The Hanford Site treats both contact-handled (CH) and remote-handled waste (RH). 
b ORR treats RH waste only. 
c The Hanford Site treats RH waste only . 
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during hands-on operations. The frequencies of accidents at a given site would be a strong function of waste 

throughput at that site . The assumption used (see Section F.2 .7 .1) is that two severe breaches of 

containment occur per year for each inventory of 10,000 drums handled. It is assumed for the results herein 

that handling breaches fall in the > 0. 01/yr frequency category . 

Representative radiological accident scenarios assume that a single drum is affected, such that 25 % of its 

contents are rendered airborne (DF = 2.SE-01) . The composition of the representative drum is taken as 

a volume-weighted average of the treatability category compositions (excluding aqueous streams) at each 

site . 

F.4.2.2 Storage Facility Accidents 

Accidents and source terms for current storage were not analyzed explicitly . Unlike treatment, which will 

predominantly use new facilities that will have common characteristics, current (pretreatment) storage will 

use a variety of predominantly preexisting facilities that vary greatly in the amounts and types of waste 

inventories stored, the configurations in which they are stored, and the containment or confinement 

characteristics of the storage buildings or enclosures. 

However, current SARs and DOE site EISs predict consequences for a range of selected waste storage 

accidents of varying frequency . A brief summary of some of these accidents , assumptions used by the sites 

in preparing the analyses, and release or health effects-related results are shown in Table F.4-2 and 

discussed below for information. 

Table F.4-2 includes accident results from recent analyses such as the LANL Preliminary Safety Analysis 

Report for the Retrieval of Transuranic Waste (PSAR) (Benchmark, 1994) and the INEL SAR for the Waste 

Storage Facility (EG&G, 1994b). The LANL PSAR analyzed three credible accidents , including drum spill 

due to failure during handling, puncture of a crate by a forklift , and breaching of multiple drums in storage 

due to earthquake-caused toppling from storage arrays. In addition, LANL analyzed one beyond-design­

basis accident defined as a single drum fire in the retrieval dome. LANL estimates that only about 0.4 % 

of the drums contain a potential source of hydrogen that could lead to a fire or explosion. LANL neither 

analyzed a fire in the storage dome nor provided a rationale for not doing so . The source terms for 

accidents involving multiple containers are evaluated, assuming that the contents of the containers are 

distributed the same as those of the entire population of containers (average drums). The toppling accident 

due to an earthquake is assumed to only involve drums stacked on the third level. Furthermore, to 
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Table F.4-2. Representanve Accidents and Source Term Parameters From Recent 
DOE Safety Analysis Documents Relevant to TRUW Storage 

Safety Document Scenario DF ARForRARF Release Consequence 

LANL PSAR for I. Drum spill at retrieval 5.0E-01 l.0E-03 to 8.7E-04 1.7E-02 rem 
Retrieval ofTRUW dome 5.0E-05 PE-Ci (MEI) 
(Benchmark, 1994) 

2 . Forklift puncture 5.0E-02 l.0E-03 to 2 .9E-04 6 .SE-03 rem 
of crate in storage dome 5.0E-05 PE-Ci (MEI) 
(4 drums) 

3. Design-basis earthquake in 5.0E-01 1.0E-03 to 1.2E-02 2.9E-02 rem 
the storage dome with 5.0E-05 PE-Ci (MEI) 
multiple drum spill (3 % of 
16,655 drums in the 
facility spilled) 

4 . Drum fire in the retrieval 1.0 5.0E-04 I.SE-01 1.4 rem (MEI) 
dome (beyond-design- PE-Ci 
basis accident) 

INEL SAR for Waste I. Drum fire/explosion 1.0 l.0E-03 l.2E-03 5.0E-02 rem 
Storage Facility (maximum credible Ci (MEI) 
(EG&G, 1994b) design basis accident) 

2. Box spill l.OE-01 l.0E-04 l.SE-03 4.2 rem 
(I box = 15 drums) Ci (worker) 

3. Beyond design basis 1.0E-01 (drums) l.0E- 04 1.2 Ci 9.7E-02 rem 
tornado with breach 1.0 (boxes) (MEI) 
of 1,440 drums and 
576 boxes 

SRS Draft EIS I. Drum rupture Not available Not available Not 7.2E-04 rem 
(DOE, 1995) and fire available (MEI) 

2 . Drum fire in culvert Not available Not available Not 2.4E-Ol rem 
available (MEI) 

3. Fire caused by Not available Not available Not 4.4E-02 rem 
vehicle crash available (MEI) 
(28 drums) 

4 . Drum deflagration in Not available Not available Not 5.7E-02 rem 
culvert during drum available (MEI) 
retrieval 

ORNL SAR for I. Earthquake with spill of 25% (10% of inner 8.BE-07 to Not 5.0E-01 rem 
Waste Storage drums (67% of 1,200 packages, if doubly l.OE-03 available (MEI) 
Facility, Bldg. 7574 drums breached) packaged) 
(ORNL, 1994) 

2. Fire (12 drums) 1.0 (liquid) !·. IE-01 (liquid) Not l .0E-01 rem 
0.5 (solid) to 5.3E-04 (solid) available (MEI) 
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Table F.4-2. Representative Accidents and Source Tenn Parameters From Recent 
DOE Safety Analysis Documents Relevant to TRUW Storage-Continued 

Safety Document Scenario DF8 ARForRARFb Release Conse<1uence 

Hazard Classification Seismic impacts with fire in 1.0 5.3E- 04 2 . IE-01 3.0E-01 rem 
and Preliminary incoming storage area PE-Ci (MEI) 
Safety Evaluation (size reduction) 
(PSE) for WRAP 
Module 2 (WHC, 
1991a) 

WRAPPSE I. Seismic impacts with fire l.9E-01 5.3E-04 5.9E-0l Not available 
(WHC, 1991b) in shipping and receiving PE-Ci 

area (19% of 100 drums 
and 4 boxes) 0.5 (1st drum) l.0E-04 3.7E-06 6.0E-03 rem 

0.25 (2nd drum) ( l.0E-07 if filtered) PE-Ci (MEI) 
2. Drum/package spill 

(2 drums) 

INEL EIS I. Lava flow in TSA 0.25 to 0 .75 l.0E-04 to 2.7 Ci Not available 
(EG&G, 1994a) (52,000 stored drums and 

5.5E+04 m3 soil covered) 
l.0E-07 

2 . Aircraft crash into 
HFEF WIPP waste 5.0E-01 2 .5E-04 1.4E-02Ci Not available 
(46 drums) 

RWMC SAR I. Earthquake-initiated l.0E-02 l.0E-03 7.4E-0l 1.8E+OO rem 
(EG&G, 1993b) breach at TSA (65 ,443 Ci (MEI) 

drums) 

2 . Fuel air explosion and fire 2.0IE-01 (explosion) l.0E-03 (explosion) 3.2E+0l rem 
atTSA 5.0E- 02 (fire) 5.0E-04 l.3E+0l (MEI) 

(combustibles) Ci 
l.0E-05 
(noncombustibles) 

3 . Medium fire at ASB II l.0E-02 5.0E-04 4 .SE-02 rem 
caused by propane pipe (combustibles) 2 .0E-02 (MEI) 
leak (9,455 drums) l.0E-05 Ci 

(noncombustibles) 

4 . Helicopter crash causing a 5.0E-02 5.0E-04 2 .3E-0l rem 
large fire at ASB II (9,455 (combustibles) (MEI) 
drums) l.0E-05 9.7E-02 

(noncombustibles) Ci 

-
WIPP SEIS-11 I. Container puncture, drop, 0.1 (2 drums) 1.0E-07 3.6E-06 From 4.0E-06 
(DOE, 1996) and lid failure 0.25 (3rd drum) (based on LPF of PE-Ci rem (MEI) at 

1.0E-03) SRS to 5.lE-04 
2. Single 55-gallon drum fire rem{MEI)at 

ORNL 

3. Beyond-design-basis 0.5 3.IE-07 1.2E-05 From 1.SE-05 
earthquake with facility (based on LPF of PE-Ci rem (MEI) at 
collapse l.0E-03) SRS to 2.3E-03 

rem(MEI) at 
ORNL 

0.25 of total facility 5.0E-05 Site- From3.2 rem 
inventory dependent (MEI) at SRS to 

150 rem (MEI) 
atRFETS 

Notes: OF = damage fraction; ARF = airborne release fraction; RARF = respirable airborne release fraction; PE-Ci = Pu-239-equivalent curies; MEI = 
Maximally exposed individual off site ; TSA = TRUW Storage Area ; HFEF = Hot Fuel Examination Facility at ANL-W ; ASB II = Air Support Building II ; 
LPF = leak path factor. Please refer to Section 5.4.1 of Volume I for guidance in interpreting MEI risks . 
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determine the number of drums at risk, the number of containers stacked at the third level is reduced by 

almo t 90% due to int rD r n sin th storage dome. Throughout the PSAR, inventorie are expres ed in 

terms of Pu-239-equivalent curies (PE-Ci) . Consequences to the MEI at the site boundary were as follows : 

1.7E-02, 6.8E-03, 2.9E-02, and 1.4 rem for drum spill, forklift puncture in crate, multiple drum spill 

caused by earthquake, and drum fire , respectively . The drum spill and forklift puncture in the crate were 

considered to be anticipated accidents with frequencies greater than 1.0E-02/yr. The earthquake accident 

was considered to be unlikely, with a frequency range between 1.0E-02 and l.0E-04/yr. The beyond­

design-basis drum fire was not considered credible, with a frequency of less than 1..0E-06/yr. 

The INEL SAR for the Waste Storage Facility identifies three bounding accidents, including a drum fire 

and explosion, a box spill, and a tornado causing the breach of a large number of waste containers. An 

earthquake accident is identified but judged to be bounded by the tornado accident. The average 

concentration of the drums was 0.16 Ci/ft3 (total drum activity of 1.176 Ci) . However, for the box spill 

accident, the content is taken to be 10 times higher. It is estimated that 99 % of the boxes at INEL are below 

this value (a box is equivalent to 15 drums in volume). A box spill accident is estimated to have a frequency 

of 1.2E-01/yr. The drum fire and explosion accident is considered to be the maximum bounding accident 

within design basis and is estimated to have a frequency of 2.0E-06/yr. The tornado accident is considered 

to be a beyond-design-basis accident with a frequency of 1.0E-07 /yr. The consequence to the MEI at the 

site boundary for a tornado accident is estimated to be 9 . 7E-02 rem . 

The accidents considered in the DOE Programmatic Spent Nuclear Fuel and INEL Environmental 

Restoration and Waste Management EIS (EG&G 1994a) involving TRUW were a lava flow over the entire 

RWMC and an aircraft crash. The molten lava flow caused by a volcanic eruption was determined to be 

a reasonable foreseeable bounding accident with an estimated frequency of 2.0E-05/yr. Although the 

RWMC includes waste management operations involving LLMW, LLW, and TRUW, the results shown 

in Table F.4-2 are for CH-TRUW stored in the Transuranic Storage Area (TSA) inside the inflated Air 

Support Weather Shield buildings. TRUW at TSA consists of approximately 10,400 m3 stored in drums 

(52,000 drums) and 55,000 m3 of soil-covered waste . The waste is assumed to come into direct contact with 

the lava. A two-phased release is assumed to take place. In the first phase, the combustible fraction of the 

waste is assumed to burn with a release fraction similar to a sustained fire . In the second phase, the 

remaining waste (noncombustible) is assumed to be mixed with the molten lava resulting in a release similar 

to off-gassing from a vitrification process. The aircraft accident in the INEL EIS assumes that a large 

commercial jet crashes into the Hot Fuel Examination Facility (HFEF) at ANL-W. This accident is 

considered to be the bounding externally initiated event because it could cause a major breach of barriers , 
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involve large MAR, and have a high-energy impact followed by fire. The frequency of this accident is 

estimated to be in the range of l.0E-06 to l.0E-08 per year. The waste present in the HFEF includes 

20 fresh fuel assemblies, 50 stored subassemblies, and 46 drums of WIPP TRUW. However , the results 

presented in Table F.4-2 are pertinent to WIPP TRUW only. The number of drums affected by the crash 

is assumed to be 23 with an ARF of 5.0E-04 and RF of 5.0E-01. 

The SRS EIS (DOE, 1995) identifies four representative bounding accidents associated with management 

of TRUW. These accidents include an internally induced drum rupture and fire, a drum fire in the culvert, 

a vehicle crash causing a drum fire, and a deflagration event in the culvert during TRUW retrieval activities 

involving a single drum. The SRS EIS reports consequence results for these accidents but does not include 

releases and source term parameters such as DFs, ARF, and RARF. All these accidents except the vehicle 

crash involve a single drum on the basis of the assumption that the other drums are sealed with a gasket and 

the lids are secured with metal ring clamps, and, therefore, the fire would not propagate to these drums . 

The internally induced drum rupture and fire is assumed to occur because of overpressurization due to gas 

buildup from radiolytic decomposition of cellulosic waste and the ignition of the generated hydrogen . The 

frequency of such an accident is estimated to be 2. lE-02/yr. The drum fire in the culvert is also assumed 

to be caused by hydrogen gas generated through radiolytic decomposition of organic waste and is estimated 

to have a frequency of 8. lE-04/yr. The vehicle crash with resulting fire at the TRUW storage pads is 

assumed to involve 28 drums with an estimated frequency of 6.5E-05/yr. The drum deflagration in the 

culvert is assumed to be caused by a flammable gas mixture of hydrogen and air that could exist inside a 

drum as the result of radiolysis of polyethylene wrappings. This accident is estimated to have a frequency 

of 1. 0E-02/yr. 

The ORNL SAR for the Waste Storage Facility , Building 7574 (ORNL, 1994) identifies two events as the 

worst-case bounding accidents: spill of drums caused by earthquake and fire inside the building affecting 

a stack of drums. Building 7574 at ORNL is used to store TRUW and solid LLW. The waste may contain 

liquids and powders . Some of the waste may be placed in plastic liners inside the drums . The maximum 

number of drums that can be stored in the building is 1,200. These drums are stored in an array of four 

drums per pallet and stacked three pallets high . In the earthquake accident, only 67 % of the total number 

of drums is assumed to be breached (the second and third lev~ls) . Twenty-five percent of the drum content 

is assumed to be spilled. If the waste is placed in a plastic liner, then only 10 % is assumed to be spilled. 

The frequency of an earthquake causing waste containers to fall is considered to be in the range of 1.0E-02 

to 1.0E-04 per year. The consequence to an individual at the boundary of the site is estimated to be less than 

0.5 rem for this accident. The fire accident inside the building is assumed to affect up to one stack of 
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12 drums. Liquid waste is considered to be flammable and to bum completely . The remainder of the waste 

is assumed to b 50% combu tible . The frequency of a fire accident is considered to be in the range of 

1.0E-02 to l .0E-04/yr. The consequence from such an accident to the individual at the boundary of the site 

is estimated to be less than 0.1 rem. Release in terms of curies is not reported in this SAR. 

The WRAP facilities, as originally configured, were designed to be constructed as a series of modules 

including units to process contact handled (Module 1) and remote handled (Module 2) TRUW waste . A 

subsequent project reconfiguration resulted in redefinition of the module missions such that module 2 would 

have been intended to handle and treat radioactive mixed waste (as discussed below). A Hazard 

Classification and Preliminary Safety Evaluation (WHC , 1991a) identified and analyzed a set of accident 

scenarios to characterize the range of potential hazards for WRAP Module 1 operation. Consistent with 

DOE guidance on hazard class determination, the range of accidents analyzed included worst case scenarios 

resulting in completely unmitigated releases . The accident scenarios addressed both waste treatment and 

packaged waste lag storage and included drum spill , metal box drop and breach, liquid spill from waste 

pump, drop of a failed HWVP melter, and the most applicable one to the WM PEIS , a design basis 

earthquake (DBE). The applicable portion of the WRAP 2 scenario is the earthquake-initiated fire in the 

size reduction area (the Incoming Storage area) . A release fraction of 5.3E-04 is assumed for the fire 

affecting 30 drums in the lag storage area. A maximally exposed offsite individual is estimated to receive 

a dose of 0.3 rem with an accident frequency of l.0E-03/yr. No credit is taken in for HEPA filtration. 

In a precursor report (WHC, 1991b), the prototype concept of a WRAP facility was analyzed for the effects 

of a DBE. In the preconceptual design phase, the WRAP I module was scoped to handle and process 

contact-handled TRUW. The Shipping and Receiving area was scoped to provide lag storage for 100 drums 

and 4 boxes. The waste packages are damaged by falling girders and portions of the roof. Based on 
I 

estimates of debris and geometry of the storage array , 19 % of the waste packages are estimated to be 

breached. The resulting fire is assumed to result in a release fraction of 5.3E-04 . Aggregate dose 

consequences were estimated for the total facility release, but no estimates were provided for the 

contribution from Lag Storage. 

The WIPP SEIS-11 (DOE, 1996) calculates accidents based on generic radiological airborne source terms 

that are a function of the accident type only. Site-specific meteorology and population data are applied for 

six TRUW sites (Hanford, INEL, LANL, RFETS , ORNL, and SRS). Three representative bounding 

accidents associated with storage of TRUW are identified. These accidents include a drum spill , internally 

induced drum rupture and fire , and a beyond-design-basis earthquake that results in collapse of the storage 
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facility. The drum spill is assumed to occur due to operator error and would result in puncture of two drums 

and lid failure for a third drum, each containing 80 plutonium equivalent curie (P - i) . It i a urned that 

10 percent of the TRUW spills out of the two punctured drums and 25 percent of the waste spills out of the 

third lidless container. An airborne release fraction of l .0E-03 is applied in the analyses , with a respirable 

fraction of 0.1, and credit is taken for HEPA filtration (LPF of l .0E-03). The frequency of this accident 

is stated to be l .0E-02_ per year, and negligible offsite impacts are estimated. 

The internally induced drum rupture and fire event affects a single drum containing 80 PE-Ci, 50 percent 

of which is postulated to be consumed by the fire. It is assumed that 5E-04 of the radioactive materials are 

suspended as respirable particles, and that 60 percent are deposited within the facility prior to release 

through HEPA filtration (LPF of l.0E-03). The frequency of this accident is stated to be l.0E-04 per year, 

and negligible offsite impacts are estimated. 

The earthquake scenario assumes a beyond-design-basis seismic event that results in collapse of the structure 

onto the waste containers, which breaches 25 percent of the drum inventory. An average of 25 percent of 

the drum contents are assumed to spill from the breached drums, with a respirable airborne release fraction 

of l .0E-04 and 50 percent deposition within the facility prior to release. The amount of material that would 

be affected by this scenario is site dependent and not reported in this EIS. The estimated maximum annual 
' 

frequency is stated to be 1. 0E-07, with the consequence to the MEI at the site boundary ranging from 

3.2 rem at SRS to 150 rem at RFETS . The number of latent cancer fatalities in the offsite population ranged 

from 6 at ORNL to 200 at Hanford and 300 at RFETS . The high number of fatalities predicted for this 

accident scenario at RFETS and Hanford may be attributable to very conservative underlying assumptions 

used in developing the source term. 

In reviewing the cited analyses, it was observed that there is considerable variation in the assumptions used 

by the various DOE sites to develop accidents and associated source term parameters. However, it appears 

from the analyses that overall, the risks to the public health resulting from storage facility accidents would 

be small, although the predicted releases are greater than those from LLMW accidents (see Section F .6) . 

It should be noted that explicitly analyzing risks from storage would not help to discriminate among 

alternatives because of the assumption used in the WM PEIS for estimating the treatment throughputs that 

dictate the inventories to be stored before treatment. This assumption is that all sites will accumulate or at 

least not reduce these inventories for roughly 10 years, at which time complexwide treatment will begin . 
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Thus , all sites will achieve their maximum inventories (leading to maximum potential releases during a 

storage facility accident) independent of alternative . 

F .4.2.3 Treatment Facility Accidents 

Assessments have shown that incineration is the treatment technology most likely to dominate risk to facility 

and site staff, as well as to the surrounding general populations . Severe radiological accidents investigated 

herein focus on sequences involving fire and explosions capable of producing large airborne releases of the 

highly dispersible ash present in storage or in the filtration systems of incinerators. 

A generic treatment facility, consisting of a series of linked process modules, each providing a specific 

treatment process, was defined to assess releases from treatment accidents (see Section F .2.6 .3). A DOE 

Hazard Category of 2 and concomitant structural performance requirements on its systems were assumed. 

Double HEPA filtration systems were assumed to be in place (see Section F .2.6.3). The inventory was 

based on the facility throughput at each site. Volumetric inventories and physical and radiological 

compositions for each waste treatability category were considered at each site for each alternative. 

Accidents investigated included operation-induced facility fires and external-event-induced fires and 

explosions . Treatment facility accident sequences analyzed include : 

• A fire in the baghouse area of an incineration facility causing a complete failure of the filtration systems 

(LPF = 1) with a damage fraction of 3.0E-02 of the total amount of ash existing in the facility 

available for release (DF = 3.0E-02) ; 

• A rotary kiln explosion caused by combustible gas buildup that affects the ash existing in the rotary kiln 

(a damage fraction of l.2E-01 of the total in the facility available for release; DF = 1.2E-01) and 

partially degrades the filtration system of the facility (LPF = 1.0E-03); and 

• External events leading to a fire. External-event source term parameters vary according to the particular 

sequence. 

All accidents are assumed to be ground level releases without filtration with the exception of the rotary kiln 

explosion accident where a stack emission and partial HEPA filtration is assumed with a remaining 

efficiency of 99 .9 % (LPF = 1.0E-03). 
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F .4.3 RESULTS 

Preliminary results for the accident sequences described above were reviewed to determine risk for risk­

dominant sequences using the frequency-weighted dose to the MEI. The results were then grouped into four 

annual frequency categories: likely ( > 1.0E-02), unlikely (between 1.0E-02 and 1.0E-04), extremely 

unlikely (between 1.0E- 04 and 1.0E-06), and not credible ( < 1.0E-06). Representative source terms for 

the important sequences were then selected as the bases fo~ health effects calculations. Of the treatment 

technologies, ~nly source terms for incineration facility accidents are provided because incineration facility 

accidents were found to bound other treatment accidents, including wet-air oxidation . 

Table F.4-3 gives the WM TRUW facility accidents that were considered for analysis. The cases analyzed 

are described as follows: 

• Case 6 (Regionalized 2). Five sites (Hanford, INEL, LANL, RFETS, and SRS) treat CH-TRUW to 

LDR levels. Disposal of treated TRUW is at WIPP. 

• Case 8 (Regionalized 3). Three sites (Hanford, INEL, and SRS) treat CH-TRUW to LDR levels. 

Disposal of treated TRUW is at WIPP. 

• Case 9 (Centralized). One site (WIPP) treats CH-TRUW to LDR levels . Disposal of treated TRUW is 

at WIPP. 

• Case 15 (Remote-handled). Two sites (Hanford and ORR) treat RH-TRUW to LDR levels . Disposal 

of treated TRUW is at WIPP. 

Table F .4-4 summarizes the radiological source terms and frequencies for drum handling accidents at 

TRUW facilities. Table F .4-5 summarizes the radiological source terms and frequencies for incineration 

facility accidents. Detailed radionuclide releases are provided in ANL ( 1996c). 

F.5 Low-Level Waste 

F.5.1 ALTERNATIVES AND SITES ANALYZED 

The LLW WM alternatives in the WM PEIS are summarized in Table F.5-1. Source term results for the 

alternatives are discussed in the following sections. 
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Table F.4-3. Summary of WM TRUW Accidents Analyzecf' 

Operational Events External Events 

WMPEIS Handling Facility Facility Large Small 
Function Alternative Site Breaches Fire Explosion Seismic Aircraft Aircraft 

Drum handling All ANL-W X 

All Hanford X 

All INEL X 

All LANL X 

All LLNL X 

All Mound X 

All ORNL X 

All RFETS X 

All SRS X 

a -Incinerationb 6 Hanford X X X 

6 INEL X X X 

6 LANL X X X 

6 RFETS X X X 

6 SRS X X X 

8 Hanford X X X 

8 INEL X X X 

8 SRS X X X 

9 WIPP X X X 

r-Incinerationc 15 Hanford X X X 

15 ORNL X X X 

Notes : -- = not applicable. 
• Only one source term, generally corresponding to the risk-dominant sequence for each accident initiator, was considered. 

• Case 6 (Regiona/ized 2). Five sites (Hanford, INEL, LANL, RFETS, and SRS) treat CH-TRUW to LOR levels . Disposal of 
treated TRUW is at WIPP. 

• Case 8 (Regionalized 3). Three sites (Hanford, INEL, and SRS) treat CH-TRUW to LOR levels . Disposal of treated TRUW is at 
WIPP. 

• Case 9 (Centralized) . One site (WIPP) treats CH-TRUW to LOR levels . Disposal of treated TRUW is at WIPP. 
• Case 15 (Remote-handled) . Two sites (Hanford and ORR) treat RH-TRUW to LOR levels . Disposal of treated TRUW is at WIPP. 

b ex-incineration refers to incineration of waste categorized as alpha-emitting. 
c r-incineration refers to incineration of RH waste. 

Greater than Class C (GTCC) wastes are a special case as discussed below in this section. The DOE 

program for GTCC LLW consists of three phases: (1) continuation of limited interim storage of (primarily) 

sealed sources, (2) provision of an interim centralized dedicated storage facility until an NRC-licensed 

facility is available, and (3) final disposal in either a HL W repository or a separate NRC-licensed facility. 

The dedicated and interim storage phases could be merged, depending on commercial reactor 

decommissioning decisions. Nuclear utility volumes of GTCC will be needed to define phase 2 centralized 

storage requirements, potential packaging and treatment requirements, and fee specifications. Because the 

DOE has not yet initiated efforts on an NRC-licensed interim facility, the current program assumes disposal 

in the HL W repository. 
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Table F.4-4. Frequencies and Source Term Parameters for WM TRUW Drum Handling Accidents 

Frequency Bin (/yr) I I Source Term Parameters 

WMPEIS 1.0E-0.4to 1.0E-0.6 to VMAR MAR 
Alternative Site >1.0E-0.2 1.0E-0.2 1.0E-0.4 <1.0E-0.6 (m3) (Ci) DF 

All ANL-W X -- -- -- 2.0E-01 I l.2E+OO ' 0.25 

All Hanford X -- -- -- 2.0E- 01 3.0E+OO 0.25 

All LANL X -- -- -- 2.0E-01 3.6E+OO 0.25 

All LLNL X -- -- -- 2.0E-01 4.0E+OO 0.25 

All RFETS X -- -- -- 2.0E-01 6.lE+OO 0.25 

All SRS X -- -- -- 2.0E-01 2.2E+0l 0.25 

Notes: -- = not applicable 

I 
Total 

Release 
(Ci) 

2.0E-04 

4.2E-04 

7.9E-04 

1.0E-03 

1.4E-03 

2.7E-03 
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Site 

Table F.4-5. Frequencies and Source Term Parameters for WM TRUW Incineration 
Facility Accidents 

lOtW 

VMAR Release Frequency 
Accident (m3> MAR(CI) TRF (Cl) (/yr) 

Case 6 (Reglonallzcd 2) 

Hanford Explosion in the rotary kiln l.9E-OI 7.4E+OI 8.4E-06 6.2E-04 I.SE-02 

Hanford Fire in the baghouse area l.9E-Ol 7.4E+Ol 1.SE-06 I.3E-04 l .OE-03 

Hanford Earthquake with fireball blasting HEPA filters l.9E-01 7.4E+Ol 4.6E-04 3.4E-02 1.2E-05 

INEL Explosion in the rotary kiln l .OE +OO 2. IE +02 8.4E-06 l.8E-03 l.5E-02 

INEL Fire in the baghouse area l.OE + OO 2.IE+02 1.8E-06 3.8E-04 l.OE-03 

INEL Earthquake with fireball blasting HEPA tilters l.OE +OO 2. IE+02 4.6E-04 9.7E-02 l.2E-05 

LANL Explosion in the rotary kiln 6.2E- 01 2.IE+02 8.4E-06 l.7E-03 l.5E-02 

LANL Fire in the baghouse area 6.2E-01 2.IE+02 l.8E-06 3.7E-04 1.0E-03 

LANL Earthquake with fireball blasting HEPA tilters 6.2E-01 2.IE+02 4.6E-04 9.SE-02 1.2E-05 

RFETS Explosion in the rotary kiln 8.8E-02 5.3+01 8.4E- 06 4 .4E-04 l.5E-02 

RFETS Fire in the baghouse area 8.8E-02 5.3+01 l.8E-06 9 .5E-05 1.0E-03 

RFETS Earthquake with fireball blasting HEPA tilters 8.8E-02 5.3+01 4.6E-04 2.4E-02 l.2E-05 

SRS Explosion in the rotary kiln l.6E-02 l.lE+OO 8.4E-06 9 .2E-06 l.5E- 02 

SRS Fire in the baghouse area l.6E-02 l.lE+OO l .8E- 06 2.0E-06 l.OE-03 

SRS Earthquake with fireball blasting HEPA tilters l .6E-02 1. IE+OO 4.6E-04 5 .0E-04 1.2E-05 

Frequency 
Class 

11 

III 

II 

III 

II 

III 

I 

II 

III 

II 

III 
·················-·······································································-··········· .. ···························-··················-········································-···················· 
Case 8 (Regionalized 3) 

Hanford Explosion in the rotary kiln l.9E-01 7.4E+Ol 8.4E-06 6 .2E-04 l.5E-02 

Hanford Fire in the baghouse area l .9E-01 7.4E +OI l.8E-06 l.3E-04 1.0E-03 III 

Hanford Earthquake with fireball blasting HEPA tilters l.9E-01 7.4E +OI 4.6E-04 3.4E-02 1.2E-05 II 

INEL Explosion in the rotary kiln 1.7E +OO 4.7E+02 8.4E-06 4.0E-03 l.5E-02 I 

INEL Fire in the baghouse area 1.7E +OO 4.7E +02 1.8E-06 8.5E-04 l.OE-03 III 

INEL Earthquake with fireball blasting HEPA tilters 1.7E + OO 4.7E+02 4.6E-04 2 .2E-01 1.2E-05 II 

SRS Explosion in the rotary kiln l.6E-02 l.lE +OO 8.4E-06 9.2E-06 l.5E- 02 

SRS Fire in the baghouse area l.6E-02 l.lE +OO l.SE-06 2.0E-06 1.0E-03 III 

SRS Earthquake with fireball blasting HEPA tilters l.6E-02 1. IE+OO 4.6E-04 5.0E-04 1.2E-05 II 
·················-·······································································-········································-··················-······························--······---········--·········· 
Case 9 (Centralized) 

WIPP Explosion in the rotary kiln l.9E +OO 5.5E +02 8.4E-06 4.6E-03 1.5E-02 

WIPP Fire in the baghouse area l.9E+OO 5.5E + 02 1.SE-06 9.9E-04 l.OE-03 II 

WIPP Earthquake with fireball blasting HEPA tilters 1.9E +OO 5.5E+02 4.6E-04 2.5E-01 l .2E-05 III 
·················-·······································································-········································-··················-··················--····················-···················· 

Case 15 (Remote-handled) 

Hanford Explosion in the rotary kiln 4.6E-03 1.7E+OO 8.4E-06 l.5E-05 l.5E-02 

Hanford Fire in the baghouse area 4.6E-03 1.7E+OO l.SE- 06 3. lE- 06 l.OE-03 II 

Hanford Earthquake with fireball blasting HEPA filters 4.6E-03 1.7E+OO 4.6E-04 8.0E-04 1.2E-05 III 

ORNL Explosion in the rotary kiln 4.2E-02 3.4E+Ol 8.4E- 06 2.SE-04 l.5E-02 I 

ORNL Fire in the baghouse area 4.2E-02 3.4E+Ol 1.SE-06 6.0E-05 l.OE-03 II 

ORNL Earthquake with fireball blasting HEPA tilters 4.2E- 02 3.4E+Ol 4.6E- 04 l.5E-02 l.2E-05 111 

a Frequency categories are defined in Table F.2-2. 1 = likely , 11 = unlikely, lll = extremely unlikely , and IV= not credible. 
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Table F.5-1. Low-Level Waste Alternatives 

Number of 
Sites 

Alternative Treat Dispose ANL-E BNL FEMP Hanford INEL LANL LLNL NTS ORR PGDP Pantex PORTS RFETS SNL-NM 

No Action 10* 6 TD TD D T D TD T T 

Decentralized 16 D D D D D D D D D D D D D 

Regionalized 1 12 D D D D D D D D D D D 

Regionalized 2 11 12 TD TD TD TD TD D TD TD TD TD TD 

Regionalized 3 6 D D D D D 

Regionalized 4 7 6 TD TD TD D TD T T 

Regionalized 5 4 6 TD TD D D TD 

Regionalized 6 2 D 

Regionalized 7 2 D 

Centralized 1 1 D 

Centralized 2 1 D 

Centralized 3 7 1 TD T T T T T 

Centralized 4 7 1 T T T D T T T 

Centralized 5 1 1 TD 

Notes : T = treat. "Treat" in the context of LLW means volume reduction using thermal organic destruction, size reduction, and compaction followed by solidification. 
All sites would do "minimum treatment," in all alternatives which consists of solidification of liquids and "fines" (powdered material) , packaging, and shipment. 

D 

SRS WVDP 

TD 

D D 

D 

TD 

D 

TD 

TD 

D 

D 

T 

T 

D = dispose. Each of the 6-site disposal alternatives uses the 6 same sites; each of the 12-site disposal alternatives uses the same 12 sites. Blanks indicate that a site does not treat or dispose 
LLW under the specified alternative. 
• Ten sites use existing facilities for Volume Reduction. Three sites (LBL, RMI, and Mound) not listed as major sites above include volume reduction facilities . 
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The WM PEIS considers the following alternatives for continued interim storage of sealed sources: 

• No Action. Continue to store limited quantities of commercial GTCC at Hanford, Fernald 

Environmental Management Project (FEMP) , INEL, LANL, Oak Ridge Reservation (ORR), and SRS 

in existing and approved storage facilities. 

• Decentralization. Continue the No Action alternative, and either expand existing or establish new 

interim storage facilities at DOE sites as may be required for additional limited commercial quantities 

(for example, in response to an emergency request by the NRC). 

• Regionalization. Same as decentralization, except ship and store at a limited number of DOE sites 

(probably between two and five) until an appropriate disposal facility is available. 

• Centralization . Same as decentralization, except ship and store at one DOE site until an appropriate 

disposal facility is available. 

Current projected volumes of sealed sources are on the order of a few cubic meters and constitute a small 

fraction of the overall volume of low-level waste. The mix of source compositions that will be received 

from utilities is uncertain. Independent of the composition mix of sealed sources , the facility accident 

potential will be small because the source material form is physically and chemically stable, most sources 

are doubly encapsulated in stainless steel, quantities are relatively small, and the sources will probably be 

stored in their shipping packages. Because these packages will meet U.S. Department of Transportation 

(DOT) and NRC requirements, the packages will already be designed to withstand severe accidents . 

Because of (1) the overall programmatic uncertainties, (2) the fact that utility waste inventories will 

undoubtedly dictate future facility accident impacts, and (3) the relatively small contribution of sealed source 

storage accidents to risk, accident source terms for the continued DOE interim storage of sealed sources 

were not developed. 

F.5.2 RISK-DOMINANT ACCIDENTS AND MODELING CONSIDERATIONS 

Accident selection has been based on importance to risk, with the general modeling assumptions and related 

source term parameters described in Section F.2.2. LLW is generally rags, papers, filters , discharged 

protective clothing, and other materials contaminated with small amounts of radioactivity that are 

susceptible to fire-initiated events. The general modeling assumptions and related parameters for 

radiological source terms are detailed in Section F.2.5.1. • 
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The results are based on the underlying assumption that all sites will accumulate, or at least not reduce, 

waste inventories for at least 10 years, at which time complexwide treatment will begin. Thus, all sites 

attain their maximum inventory of LLW in about 10 years. 

F.5.2.1 Handling Accidents 

Storage or staging operations and related handling accidents were investigated because they are expected 

to dominate the exposure risk to workers due to their frequency and to the proximity of the workers to 

waste in hands-on operations. Representative handling accidents involve a single drum and assume that 25% 

of the drum inventory is affected and subject to stresses capable of rendering the contents airborne. 

The inventories, physical forms, and radiological compositions of waste stored at each site were 

characterized in the WM PEIS and stored in a database . However, compilation of detailed information for 

individual operations and facilities on each site was beyond the scope of the WM PEIS. Accordingly, 

handling accidents assume a single site-dependent radiological and physical composition derived by 

volume-weighting the inventories of the treatability categories within each waste type. The composition is 

based on waste generation and inventory data at each site. Since each site is assumed to store only its own 

waste, the source terms associated with these handling accidents will not change from one alternative to 

another. 

F.5.2.2 Storage Facility Accidents 

Accidents and source terms for current storage were not analyzed explicitly. Unlike treatment, which will 

predominantly use new facilities that will have common characteristics, current (pretreatment) storage will 

use a variety of predominantly preexisting facilities that vary greatly in the amounts and types of waste 

inventories stored, the configurations in which they are stored, and the containment or confinement 

characteristics of the storage buildings or enclosures. Recent DOE safety reports and NEPA information 

are cited in Section F.6 to provide guidance on the potential risk impacts applicable to LLMW storage 

facility accidents. This same information can be used to evaluate the anticipated risks of LLW storage 

facility accidents. Based on the available information, this risk for LL W storage accidents should be very 

low. 
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It should be noted that explicitly analyzing risks from storage would not help to discriminate among 

alternatives because of the assumption used in the WM PEIS for estimating the treatment throughputs that 

dictate the inventories to be stored before treatment . This assumption is that all sites will accumulate or at 

least not reduce these inventories for roughly 10 years, at which time complexwide treatment will begin'. 

Thus, all sites will achieve their maximum inventories (leading to maximum potential releases during a 

storage facility accident) independent of alternative. 

F.5.2.3 Treatment Facility Accidents 

Evaluations have shown that incineration is the thermal treatment technology most likely to dominate risk 

to facility and site staff, as well as to the surrounding general populations. Radiological accidents 

investigated here in are focused on sequences involving fire and explosions capable of producing large 

airborne releases of the highly dispersible ash present in storage or in the filtration systems of incinerators. 

A generic treatment facility, consisting of a series of linked process modules, each providing a specific 

treatment process, was defined to assess releases from treatment accidents (see Section F.2.6.3). A DOE 

Hazard Category of 2 and concomitant structural performance requirements on its systems were assumed. 

Double HEPA filtration systems were assumed to be in place. The inventory was based on the facility 

throughput at each site. Volumetric inventories and physical and radiological compositions for each waste 

treatability category were considered at each site for each alternative. 

Accidents investigated included operation-induced facility fires and external-event-induced fires and 

explosions. Treatment facility accident sequences analyzed include: 

• A fire in the baghouse area of the incineration facility causing a complete failure of the filtration 

systems (LPF = 1) with a damage fraction of 3.0E-02 of the total amount of ash existing in the facility 

at that time (DF = 3.0E- 02) 

• A rotary kiln explosion caused by combustible gas buildup that affects the ash existing in the rotary kiln 

(a damage fraction of 1.2E- 01 of the total in the facility at the time; DF = 1.2E-01) and partially 

degrades the filtration system of the facility (LPF = 1.0E- 03) 

• External events leading to a fire. External-event source term parameters vary according to the sequence 

All accidents are assumed to be ground releases without filtration with the exception of the rotary kiln 

explosion accident where a stack emission and partial HEPA filtration is assumed with a remaining 

efficiency of 99.9% (LPF = l.0E- 03). This sequence is used to estimate impacts for facility workers. 
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F.5.2.4 Disposal Facility Accidents 

Disposal accidents were not evaluated because of the lack of details of ultimate disposal . However, except 

for dedicated centralized repositories such as Yucca Mountain or WIPP, disposal sites would generally lack 

a concentrated volume of material at risk being stored in a configuration susceptible to phenomena such as 

fires and explosions capable of causing significant releases. These repositories have accident analyses 

performed as part of their site-specific EISs. Although seismic events could breach in-ground containers, 

leading to airborne releases, such events would be bounded by accidents breaching the concentrated 

volumes .of waste being held in a treatment or storage facility . The available safety literature does not 

indicate any credible accident sequence in which the risk from airborne releases in a low-level waste 

disposal facility would be sufficiently significant to rule out a site from consideration and thereby serve as 

a discriminator among disposal alternatives. 

F.5.3 RESULTS 

Preliminary results of the accident sequences described above for various site consolidation cases within 

each WM PEIS alternative were reviewed for risk dominance using the frequency-weighted dose to the 

MEI. The results were then grouped into four annual frequency categories: likely ( > 1.0E- 02), unlikely 

(between 1.0E-02 and 1.0E- 04), extremely unlikely (between 1.0E- 04 and 1.0E-06), and not credible 

( < 1.0E-06). Representative source terms for the important sequences were then selected as the bases for 

health effects calculations. Of the thermal treatment technologies, only source terms for incineration facility 

accidents are provided because they were found to bound other treatment accidents, including potential 

vitrification facilities. Accident sequences for vitrification facilities result in atmospheric releases much 

lower than analogous incineration accidents in incineration facilities. 

The WM LLW accidents analyzed here are listed in Table F.5-2. Fourteen cases are considered for 

analysis. Cases 12 (Regionalized 5), 14 (Centralized 3), and 14a (Centralized 4) involve treatment at seven 

sites with various disposal sites. These cases are equivalent with respect to the risk-dominant treatment 

technologies and amount of waste throughput at each site; therefore, only Case 12 was analyzed. 

The WM PEIS cases analyzed are described as follows: 

• Case I (No Action). All sites treat LLW by using existing, planned, and approved treatment facilities 

and dispose of LLW at the 6 current disposal sites in accordance with current arrangements. Two sites 

(INEL and SRS) incinerate. 
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Table F.5-2. Summary of WM LL W Accidents Analyzed" 

Function 

Drum Handlingc 

Incineration 

a-Incinerationd 
Incineration 

a-Incinerationd 
Incineration 

a-Incinerationd 
Incineration 
a -Incinerationd 

WM PE!Sb 
Alternative 

Case 

All 
All 
All 
All 
All 
All 
All 
All 
All 
All 
I 
I 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
12 
12 
12 
12 
12 
12 
12 
12 
19 
19 
19 
19 
19 
21 
21 

Notes: -- = not applicable. 

Site 

Hanford 
INEL 
LANL 
LLNL 
ORR 
PGDP 
Pancex 
PORTS 
RFETS 
SRS 
INEL 
SRS 
FEMP 
Hanford 
INEL 
LANL 
LLNL 
ORR 
Pancex 
PORTS 
PGDP 
SRS 
RFETS 
Hanford 
INEL 
LANL 
ORR 
PORTS 
RFETS 
SRS 
RFETS 
Hanford 
INEL 
ORR 
SRS 
INEL 
Hanford 
Hanford 

Operational Events 

Handling Facility 
Breaches Fire 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Facility 
Exolosion 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Seismic 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

• Only one source term, generally corresponding to the risk-dominant sequence for each accident initiator, was considered. 
b The WM PEIS cases analyzed are described as follows: 

External Events 

Large 
Aircraft 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 
X 
X 

Small Aircraft 

X 

X 

X 
X 

X 

Case l (No Action) . All sites treat LLW by using existing, planned, and approved treatment facilities and dispose of LLW at the 6 current disposal sites 
in accordance with current arrangements. Two sices (INEL and SRS) incinerate . 
Case 9 (Regionaliud 2). Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex , and RFETS) incinerace, 
supercompact, reduce the size of, and grout volume-reducible waste; all sites minimally treat other waste; disposal is at 12 sites (Hanford, INEL, NTS, 
LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS). 
Case 12 (Regionaliud 4). Seven sites (Hanford, INEL, LANL, ORR, PORTS, RFETS, and SRS) incinerace , supercompact, reduce the size of, and grout 
volume-reducible wasce; all sices minimally treat other waste; disposal is at 6 sites (Hanford, INEL, NTS, LANL, ORR, and SRS). 
Case 19 (Regionaliud 5). Four sites (Hanford, INEL, ORR, and SRS) incinerate , supercompact, reduce the size of, and grout volume-reducible waste ; 
all sites minimally treat other wasce ; disposal is at 6 sices (Hanford, INEL, NTS, LANL, ORR, and SRS) . 
Case 21 (Centralized 5) . One sice (Hanford) incinerates, supercompacts, reduces the size of, and grouts volume-reducible waste ; all sites minimally treat 
other waste; disposal is at I site (Hanford). 

c The 10 major storage sites were selecced for handling accidents ; FEMP is not included here because it is an ER site . 
d a-Incineration refers 10 incineration of waste categorized as alpha-emiuing. 

• Case 9 (Regionalized 2) . Eleven sites (Hanford, INEL, LANL, Oak Ridge Reservation [ORR], SRS, 

Portsmouth Gaseous Diffusion Plant (PORTS), Paducah Gaseous Diffusion Plant [PGDP], FEMP, 

Lawrence Livermore National Laboratory [LLNL], Pantex Plant [Pantex], and RFETS) incinerate, 

supercompact, reduce the size of, and grout volume-reducible waste; all sites minimally treat other waste; 

disposal is at 12 sites (Hanford, INEL, Nevada Test Site [NTS], LANL, ORR, SRS, PORTS, PGDP, 

FEMP, LLNL, Pantex, and RFETS). 
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• Case 12 (Regionalized 4). Seven sites (Hanford, INEL, LANL, ORR, PORTS, RFETS, and SRS) 

incinerate, supercompact, reduce the size of, and grout volume-reducible waste; all sites minimally treat 

other waste; disposal is at 6 sites (Hanford, INEL, NTS, LANL, ORR, and SRS). 
I 

• Case 19 (Regionalized 5). Four sites (Hanford, INEL, ORR, and SRS) incinerate, supercompact, reduce 

the size of, and grout volume-reducible waste; all sites minimally treat other waste; disposal is at 6 sites 

(Hanford, INEL, NTS, LANL, ORR, and SRS). 

• Case 21 (Centralized 5). One site (Hanford) incinerates, supercompacts, reduces the size of, and grouts 

volume-reducible waste; all sites minimally treat other waste; disposal is at 1 site (Hanford). 

Tables F.5-3 and F.5-4 summarize the radiological source term parameters and frequency bins assigned 

for each of the accidents. Separate incineration facilities were assumed for treating alpha- and nonalpha­

contaminated waste . Detailed radionuclide releases are provided in ANL (1996a) . 

F.6 Low-Level Mixed Waste 

F.6.1 ALTERNATIVES AND SITES ANALYZED 

The LLMW WM alternatives in the WM PEIS are summarized in Table F.6-1. Calculational source term 

results are discussed herein for the identified sites. 

One of the assumptions underlying the analysis is that the site will continue to accumulate or at least not 

reduce inventories of LLMW for about 10 years, at which time complexwide treatment will begin. Thus, 

all sites will achieve their maximum inventory in about 10 years. 

F.6.2 RISK-DOMINANT ACCIDENTS AND MODELING CONSIDERATIONS 

The selection of accidents considers the importance to risk of both r~diological and chemical hazards . The 

general modeling assumptions and related parameters for radiological source terms are detailed in 

Section F. 2. 5 .1. Review of the hazardous contents of the wastes and their concentrations suggests that spills 

of organic liquids (WM PEIS treatment codes [TCs] 3 through 6), followed by evaporation or combustion 

reactions (or both), are the events most likely to lead to the airborne release of chemically hazardous 

VOLUME IV F-85 



"T1 
I 

00 
0\ 

Table F.5-3. Frequencies and Source Term Parameters for WM U W Drum Handling Accidents 

Freguenc~ Bin (/~r) 

WMPEIS l.0E-04 to l.0E-06 to 
Alternative Site > l.0E-02 l.0E-02 l.0E-04 

All Hanford X 
All INEL X 
All LANL X 
All LLNL X 
All ORR X 
All PGDP X 
All Pantex X 
All PORTS X 
All RFETS X 
All SRS X 

Notes: -- = not applicable; * = mainly H-3 released. 

< l.0E-6 

Source Term Parameters 

2.0E-01 
2.0E-01 
2.0E-01 
2.0E-01 
2.0E-01 
2.0E-01 
2.0E-01 
2.0E-01 
2.0E-01 
2.0E-01 

MAR 
(Ci) DF 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

Total 
Release 

(Ci) 

4.3E-04 
5.3E-05 
2.IE+OO* 
5.2E+OO* 

4.SE-02* 



Table F.5-4. Frequencies and Source Tenn Parameters for WM U W Incineration Facility Accidents 

< ~ 0 11) 

r' Frequency Bin (/yr) Source Tenn Paramcicn ti 
c::: Tocal ~ 
3:: 11) 

WM PEIS I.OE- 04- I.OE- 06- VMAR MAR Release ;:s 
trl AllCrnative" Site Accidoot > I.OE- 02 I.OE- 02 I.OE- 04 < I.OE- 06 (ml) (Ci) DF RARP' LPP' (Ci) .... .... ti 

< ;:s 
INEL Explosion in the rotary kiln X 4.JE- OJ I.SE-01 1.2E- 0I I.OE-0 1 I.OE- 03 I.BE- 06 t:i. 
INEL Fire in the baghousc area X 4.3E-OJ I.SE- OJ 3.0E-02 I.OE- 02 I.OE- 00 4.6E- OS 

~ INEL Earthquake followed by fire X 4.JE- OJ I.SE-01 2.0E- 01 I.OE- 01 I.OE- 00 3. IE- 03 
and explosion s:l INEL Large aircraft impact with fire X 4.3E-0I I.SE-01 3.0E-01 I.OE-01 I.OE- 00 4.6E- 03 
and explosion 

SRS Explosion in the rotary k.iln X 3.6E- 01 l.lE+OO 1.2E- 0 I I.OE- OJ I.OE- 03 l.3E- OS 
SRS Fire in the baghousc area X 3.6E- 01 l.lE+OO 3.0E- 02 I.OE- 02 I.OE-00 3.3E- 04 
SRS Earthquake followed by fi re X 3.6E- 0I l.lE+OO 2.0E- 01 I.OE- 0 1 I.OE- 00 2.2E- 02 

and explosion 
SRS Large aircraft impact with fire X 3.6E- 0 I l.lE+OO 3.0E- 01 I.OE- 01 I.OE- 00 3.3E- 02 

and explosion ::i:.. 9 FEMP Explosion in the rotary kiln X 1.9E- 01 2.8E- OS l.2E-0I I.OE- 0 1 I.OE- 03 3.3E- 10 (°') 
9 FEMP Fire in the baghousc area X l.9E- 01 2.8E- OS 3.0E- 02 I.OE- 02 I.OE- 00 8.3E- 09 (°') 

9 FEMP Earthquake fo llowed by fi re X l.9E- 0I 2.8E- OS 2.0E-01 I.OE- 01 I.OE- 00 5.6E- 07 -. 
and explosion ~ 

9 Hanford Explosion in the rotary kiln X 9.7E-04 5.3E- 02 l.2E-01 I.OE-0 1 I.OE- 03 6.3E- 07 ;:s 
9 Hanford Fire in the baghousc area X 9.7E- 04 5.3E- 02 3.0E-02 I.OE- 02 I.OE- 00 1.6E- OS ~ 
9 Hanford Eanhquak.c followed by fire X 9.7E- 04 5.3E- 02 2.0E- 01 1.0E-01 I.OE- 00 l.lE- 03 

and explosion 
9 Hanford Large ai rcraft impact with fi re X 9.7E- 04 5.3E- 02 3.0E- 01 I.OE- 0 1 I.OE- 00 1.6E- 03 

and explosion 
9 INEL Explosion in the rotary kiln X 4.3E- 0I I.SE- 01 l.2E- OJ I.OE- 01 1.0E- 03 I.SE- 06 
9 INEL Fire in the baghouse area X 4.3E- 0 I I.SE- 01 3.0E- 02 I.OE- 02 1.OE- 00 4.6E- OS 
9 INEL Earthquake followed by fire X 4.3E- 01 1.SE- 01 2.0E- 01 I.OE- OJ I.OE- 00 3. IE- 03 

and explosion 
9 INEL Large aircraft impact with fire X 4.3E- 01 I.SE- 01 3.0E- 01 1.0E- 01 I.OE- 00 4.6E- OS 

and explosion 
9 LANL Explosion in the rotary kiln X l.4E+OO 9.6E+OO l.2E- 01 1.0E- 01 I.OE-03 1.2E- 04 
9 LANL Fire in the baghouse area X 1.4E+OO 9.6E+OO 3.0E-02 I.OE- 02 I.OE- 00 2.9E- 03 
9 LANL Earthquake fo llowed by fi re X l.4E+OO 9.6E+OO 2.0E- 01 I.OE- 0 1 I.OE- 00 1.9E- 01 

and explosion 
9 LLNL Explosion in the rotary kiln X 6.9E-03 9.SE-01 l.2E-01 I.OE- 0 1 I.OE- 03 1.2E- OS 
9 LLNL Fire in the baghouse area X 6.9E- 03 9.SE- 01 3.0E- 02 I.OE- 02 I.OE- 00 2.9E- 04 
9 LLNL Earthquake followed by fire X 6.9E- 03 9.SE- 0 1 2.0E- 01 1.0E- 01 I.OE- 00 2.0E- 02 

and explosion 
9 ORR Explosion in the rotary kiln X l.2E- OJ I.OE- 03 .4£:-07 
9 ORR Fire in the baghouse area X 3.0E-02 I.OE- 00 2.Dll--07 
9 ORR Earthquake followed by ti re X 2.0E- 01 I.OE- 00 l.6E-03 

and explosion 
9 PORTS Explosion in the rotary kiln X 3.SE- 01 I.SE- 04 l.2E- 01 I.OE- OJ I.OE- 03 2. IE- 09 
9 PORTS Fire in the baghousc area X 3.SE- 01 I.SE- 04 3.0E- 02 I.OE- 02 I.OE- 00 5.3E- 08 
9 PORTS Earthquake followed by ti re X 3.SE- OJ I.SE- 04 2.0E- 01 I.OE- 01 I.OE- 00 3.SE- 06 

and explosion 

9 PGDP Explosion in the rotary kiln X l.3E- 01 I.SE- 03 1.2E- 0I 1.0E- 01 I.OE- 03 I.SE-08 
9 PGDP Fire in the baghouse area X l.3E- 01 1.SE- 03 3.0E- 02 I.OE- 02 I.OE- 00 4.6E-07 
9 PGDP Earthquake followed by fire X l.3E- OJ I.SE- 03 2.0E- 01 1.0E- 01 1.0E- 00 3.0E- OS 

and explosion ::i:.. 
9 PGDP Small aircraft impact with fire X l.3E- 01 I.SE- 03 5.0E- 02 I.OE- 01 I.OE- 00 7.6E-06 

and explosion 
11) 
;:s 

'Tl 9ac RFETS Explosion in the rotary kiln X 7.0E- 01 I.SE- 01 1.2E- 01 I.OE- 01 I.OE- 03 1.8E- 06 t:i. 
I 9a RFETS Fire in the baghouse area X 7.0E- 01 I.SE- 01 3.0E- 02 1.0E- 02 I.OE- 00 4.6E- OS ~-00 
-i 9a RFETS Earthquake followed by fi re X 7.0E- 01 I.SE- 01 2.0E- 01 I.OE- 01 I.OE- 00 3. IE- 03 "l1 

and explosion 
9a RFETS Small airc raft impact with fire X 7.0E- 01 I.SE- 01 5.0E- 02 I.OE- 01 1.0E- 00 7.7E- 04 

and explosion 



"r1 Table F.5-4. Frequencies and Source Term Parameters for WM LL W Incineration Facility Accidents-Continued ::ta.. 
I 

00 
00 ~ 

Frequency Bin (/yr) Soun:e Tenn Paramerer1 ~ 

I I 
Tocal ><" 

WM PEIS l.OE- 04 - l.OE- 06 - VMAR MAR Rdcue "'t1 
Alternative• Sire Aa:IN > l.OE- 02 I.OE- 02 l.OE- 04 < I.OE- 06 (m3) (Ci) DF RARF'° LPF" (Ci) 

9 SRS Explosion in lhe ro<ary kiln X J .6E- OI I.IE+OO l.2E- 01 I.OE- 0 1 I.OE- 03 I.JE- OS 

9 SRS Fire in lhe baghouse area X J .6E- 0I I.IE+OO J .OE- 02 l.OE- 02 I.OE- 00 J.JE-04 
9 SRS Eanhquake followed by fire X J .6E- 0I I.IE+OO 2.0E- 01 I.OE- 01 I.OE- 00 2.2E- 02 

and explosion 
9 SRS Large aircraft impact with fire X J .6E- 0I I.IE+OO J .OE- 01 l.OE- 01 l.OE- 00 J .J E- 02 

and explosion 
12 Hanford Explosion in lhe ro<ary kiln X 7.8E- OJ l.OE+OO l.2E- OI 1.0E- 01 I.OE-03 l.2E- OS 

12 Hanford Fire in lhe baghouse area X 7.BE- 03 1.0E+OO J.OE-02 l.OE- 02 l.OE+OO J . IE- 04 
12 Hanford Eanhquake followed by fire X 7.BE- 03 I.OE+OO 2.0E- 01 I.OE- 01 1.0E+ OO 2. IE- 02 

and explosion 
12 Hanford Large aircraft impact with fire X 7.8E- OJ l.OE+OO J .OE- 01 l.OE- 01 l.OE+OO J . IE- 02 

and explosion 
12 INEL Explosion in lhe ro<ary kiln X 4.3E- 01 I.SE- 01 1.2E- 0I I.OE- 01 l.OE- 03 I.BE-

12 INEL Fire in lhe baghouse area X 4.3E- 01 I.SE- 01 J .OE- 02 I.OE- 02 1.0E+OO 4.6E- OS 
12 INEL Eanhquake followed by fire X 4.3E- 01 I.SE- 01 2.0E- 01 I.OE- 01 I.OE+OO J . IE- OJ 

and explosion 
12 INEL Large aircraft impact with fire X 4.JE- 01 I.SE- 01 J .OE- 01 I.OE- 01 I.OE+OO 4.6E- OJ 

and explosion 
12 LANL Explosion in lhe ro<ary kiln X 1.4E+OO 9.6E+OO l.2E- 0I 1.0E- 01 l.OE- 03 l.2E- 04 

12 LANL Fire in lhe baghouse area X 1.4E+OO 9.6E+OO J .OE- 02 1.0E- 02 1.0E+OO 2.9E- OJ 

12 LANL Earthquake followed by fire X l.4E+OO 9.6E+OO 2.0E- 01 l.OE- 01 l.OE+OO l.9E- 0 I 
and explosion 

9.41!·07-12 ORR Explosion in the rocary kiln X 

J 

UE+oo l.lE=Ol 

i 
1.2E- 0I ,~r-02 I.OE- OJ 

12 ORR Fire in the baghouse area X I.SE+oo l.lE-01 J.OE- 02 OE-OS 1.0E+ OO 2.0E-07 
12 ORR Earthquake followed by fire X l.SE+OO pE--01 2.0E- 01 OE-02 l.OE+OO 1.61'.·03 

and explosion -12 PORTS Explosion in the rotary kiln X 2.JE- 01 J .2E· OS 1.2E- 01 l.OE- OI I.OE- OJ J .9 E· I 
12 PORTS Fire in the baghouse area X 2.JE- OI J .2E- OS J.OE- 02 I.OE- 02 1.0E+ OO 9.6E· 09 
12 PORTS Earthquake followed by fire X 2.JE- 01 J.2E- OS 2.0E· Ol I.OE- 01 1.0E+OO 6.4E· 07 

and explosion ~ 
12 PORTS Small aircraft impact with fire X 2.JE· OI J .2E- OS 5 .0E- 02 I.OE· OI I.OE+OO l.6E- 07 

~ and explosion 
12 RFETS Explosion in thc rocary kiln X l.OE- 03 2 .2E· 04 1.2E- 0I I.OE- OI I.OE- OJ 2.6E· 09 ~ 
12 RFETS Fire in the baghouse area X I.OE- OJ 2.2E· 04 J .OE- 02 1.0 E- 02 I.OE+ OO 6.6E- 08 ~ 
12 RFETS Earthquake followed by fire X I.OE- OJ 2.2E· 04 2.0E· OI l.OE- 01 I.OE+ OO 4.4E- ;:s .... 

and explosion s:) 
12 RFETS Small aircraft impact with fire X I.OE- OJ 2.2E- 04 5.0E- 02 I.OE- OI 1.0E+ OO I.I E- ;:s 

and explosion ~ 

12 SRS Explosion in the rotary kiln X J .6E- OI I.IE+OO l.2E- 01 I.OE- OJ I.OE- OJ I.JE- OS 
Vl 
0 

12 SRS Fire in the baghouse area X J .6E- 01 I.IE+ OO J .OE- 02 I.OE- 02 I.OE+OO J .J E- 04 i:! 12 SRS Earthquake followed by fire X J .6E- 01 I.IE+OO 2.0E- 01 I.OE- 01 l.OE+ OO 2.2E- 02 
and explosion 

12 SRS Large aircraft impact with fire X J .6E- 0I I.IE+ OO J .OE- OI I.OE- 01 l.OE+OO J .J E- 02 
and explosion 

< 12a RFETS Explosion in lhe ro<ary kiln X 7.0E- 01 I.S E- 01 l.2E- 0I I.OE- OI I.OE- 03 I.BE- 06 
12a RFETS Fi re in the baghouse area X 7.0E- 01 I.SE- 01 J .OE- 02 I.OE- 02 I.OE- 00 4.6E- OS 

0 12a RFETS Earthquake followed by fire X 7.0E- 01 I.SE- 01 2.0E- 01 I.OE- OJ I.OE- 00 J . IE- 03 
r-' and explosion ::t,.. c::: 12a RFETS Small aircrafl impacl with fire X 7.0E- 01 I.SE- OJ 5.0E- 02 1.0E- 01 I.OE+OO 7 .7E- 04 C"') 

~ and explosion C"') 

tTl 
19 Hanford Explosion in the rotary kiln ~ .... X 7.BE- 03 I.0E+ OO 1.2E- 01 I.OE- OI I.OE- OJ 1.2E- OS ;:s 

< 19 Hanford Fire in the baghouse area X 7.BE- 03 1.0E+ OO 3.0E- 02 I.OE- 02 I.OE- 00 J . IE- 04 ~ 
19 Hanford Earthquake followed by fire X 7.SE- 03 I.OE+OO 2.0E- 01 I.OE- 01 I.OE- 00 2. IE- 02 

and explosion 
19 Hanford Large aircraft impact with fire X 7.8E- OJ I.OE+OO J .OE- 01 I.OE- OJ I.OE- 00 J . IE- 02 

and explosion 
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Table F.5-4. Frequencies and Source Term Parameters for WM U W Incineration Facility Accidents-Continued 

WM PEIS 
Alternative' 

19 
19 
19 

19 

l!la 

19 
19 
19 

19 
19 
19 

19 

21 
21 

21 

21a 
21a 
21a 

21a 

Site 

JNEL 
JNEL 
INEL 

INEL 

INEL 
INEL 
INEL 

INEL 

ORR 
ORR 
ORR 

SRS 
SRS 
SRS 

SRS 

Hanford 
Hanford 

Hanford 

Hanford 
Hanford 
Hanford 

Hanford 

Notes: - = 1101 applicable. 

Accident 

Explosion in the rotary kiln 
Fire in the baghouse area 
Eanhquake followed by fire 
and explosion 
Large aircraft impact with fire 
and explosion 
Explosion in the rotary kiln 
Fire in the baghouse area 
Eanhquake followed by fire 
and explosion 
Large aircraft impact with fire 
and explosion 
Explosion in the rotary kiln 
Fire in lhc baghousc area 
Eanhquakc followed by fire 
and explosion 
Explosion in the rotary kiln 
Fire in the baghouse area 
Earthquake followed by fire 
and explosion 
Large aircrafl impact with fire 
and explosion 
fire in the baghousc area 
Eanhquake followed by fire 
and explosion 
Large aircrafl impact with fire 
and explosion 
Explosion in the rotary kiln 
Fire in the baghouse area 
Eanhquake followed by fire 
and explosion 
Large aircraft impact with fire 
and explosion 

• The WM PEJS cases analyzed are described u follows: 

>I.OE-02 

X 

X 

X 

X 

X 

Frequency Bin (/yr) 

I.OE- 04 -
I.OE- 02 

X 

X 

X 

X 

X 

X 

I.OE- 06 -
1.0E- 04 

X 

X 

X 

X 

X 

X 

< I.OE- 06 

X 

X 

X 

X 

X 

VMAR 
(m3) 

l.8E+OO 
l.8E+OO 
l.8E+OO 

l.8E+OO 

7.0E- 01 
7.0E- 01 
7.0E- 01 

7.0E- 01 

.71!+ 
l.7E+OO 
1.7E+oo 

3.6E- 01 
3.6E- 0I 
3.6E- 01 

3.6E- 01 

2.9E+OO 
2.9E+OO 

2.9E+OO 

7.0E- 01 
7.0E- 01 
7.0E- 01 

7.0E- 01 

Source Term P;nmeters 

MAR 
(Ci) 

9.8E+OO 
9.8E+OO 
9.8E+OO 

9.8E+OO 

I.SE- 01 
J.SE- 01 
I.SE- 01 

I.SE- 01 

I.IE+OO 
J. IE+OO 
I.IE+OO 

I.IE+OO 

l.2E+OI 
l.2E+OI 

l.2E+OI 

I.SE- OJ 
I.SE- OJ 
I.SE- OJ 

I.SE- 01 

DF 

J.2E- 01 
3.0E- 02 
2.0E- 01 

3.0E- 01 

l.2E- 01 
3.0E- 02 
2.0E- 01 

3.0E- 01 

l.2E- 01 
3.0E- 02 
2.0E- 01 

l.2E- 01 
3.0E- 02 
2.0E- 01 

3.0E- 01 

3.0E- 02 
2.0E- 01 

3.0E- 01 

l.2E- 01 
3.0E- 02 
2.0E- 01 

3.0E- 01 

I.OE- 01 
I.OE- 02 
I.OE- 01 

1.0E- 01 

I.OE- 01 
I.OE- 02 
I.OE- OJ 

I.OE- OJ 

I.OE- OJ 
1.0E- 02 
I.OE- 01 

I.OE- OJ 

I.OE- 02 
I.OE- OJ 

I.OE- 01 

I.OE- 01 
I.OE- 02 
I.OE- 01 

I.OE- OJ 

I.OE- 03 
1.0E- 00 
1.0E- 00 

1.0E- 00 

1.0E- 03 
I.OE- 00 
1.0E- 00 

I.OE- 00 

I.OE- 03 
I.OE- 00 
I.OE- 00 

I.OE- 03 
I.OE- 00 
l.OE- 00 

l.OE- 00 

I.OE- 00 
1.0E- 00 

I.OE- 00 

I.OE- 03 
l.OE- 00 
l.OE- 00 

I.OE- 00 

Cast l (No Action). All sites treat LLW by using existing, planned, and approved treatment facilities and dispose of LLW at the 6 current disposal sites in accordance with current arrangements. Two sites (INEL and SRS) incinerate. 

Tow 
Rclcue 

(Ci) 

l.2E- 04 
2.9E- 01 
2.0E- 01 

2.9E- 01 

l.BE- 06 
4.6E- OS 
3. IE- 03 

4.6E- OS 

l.3E- OS 
3.J E- 04 
2.2E- 02 

3.JE- 02 

3.6E- 03 
2.4E- 01 

3.6E- 01 

l.BE- 06 
4.6E- OS 
3. JE- 03 

4.6E- 03 

Cast 9 (Rtgiono/iud 2) . Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS) incinerate, supercompact, reduce the size of, and grout volume-reducible waste; all sites minimally treat other 
wute; disposal is at 12 sites (Hanford, INEL, NTS, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS). 
Cast 12 (Rtgionaliud 4) . Seven sites (Hanford, INEL, LANL, ORR, PORTS, RFETS, and SRS) incinerate, supen:ompact, reduce the size of, and grout volume- reducible WUte; all sites minimally treat other WUte; disposal is at 6 sites 
(Hanford, INEL, NTS, LANL, ORR, and SRS). 
Cast 19 (Rtgiono/iud 5) . Four sites (Hanford, INEL, ORR, and SRS) incinerate, supercompact, reduce the size of, and grout volume-reducible waste; all sites minimally treat other waste; disposal is at 6 sites (Hanford, INEL, NTS, LANL, 
ORR, and SRS). 
Cast 21 (Qntra/iud 5). One site (Hanford) incinerates, supen:ompacts, reduces the size of, and grouts volume-reducible waste; all sites minimally treat other WUte; disposal is at I site (Hanford). 

b Values shown are for particulate (nonvolatile) solids such as U-235 or Pu-238; sec Appendix D. 
c a refers to trcaunent of waste categorized as alpha-emitting. 
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Table F.6-1. Low-Level Mixed Waste Alternatives 

Number of Sites 

CH Non-Alpha 
Alternative Treat Dispose ANL-E BNL FEMP Hanford INEL LANL LLNL NTS ORR PGDP Pantex PORTS RFETS SNL-NM SRS WVDP 

No Action 3 0 s s s s TS s s s TS s s s s s TS s 

Decentralized 37 16 TD TD TD TD TDa TDa TDa Da TD TD TD TD TDa TD TDa TD 

Regionalized 1 11 12 TD TD TDa TDa TDa Da TD TD TD TD TDa TDa 

Regionalized 2 7 6 TD TDa TDa Da TD T Ta TDa 

Regionalized 3 7 1 T Ta Da T T Ta Ta 

Regionalized 4 4 6 TD TDa Da Da TD TDa 

Central ized I I TDa 

Notes: T = treatment to meet land disposal restrictions; D = disposal; S = indefinite storage . Blanks indicate that no treatment, storage, or disposal takes place at a site under the specified al ternative. 
All sites have wastewater treatment capability as needed. Blanks indicate that a site does not treat, store, or dispose of LLMW under the specified alternative. 
• The actions shown are for contact-handled wastes. Remote-handled (RH) wastes would be treated and disposed onsite at the Hanfo rd Site, INEL, ORR, and SRS in all alternatives except No ction. 
RH waste would be stored under No Action. 
b Facilities with the a symbol treat or dispose of both contact-handled alpha and non-alpha waste. 
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Treatment and Storage Facility Accidents Appendix F 

substances. The possibility of fires is strongest in the waste streams containing a large fraction of 

combustible organic substances. Table F.6-2 summarizes the chemical release characteristics developed for 

the accidents (ANL, 1996a) . 

F.6.2.1 Handling Accidents 

Handling accidents during the staging and storage of CH waste are expected to dominate the risk of 

exposure for workers because of the high frequency of such accidents and the proximity of the workers 

during hands-on operations. The frequencies of accidents at a given site would be a strong function of waste 

Table F.6-2. Chemical Releases Analyzed for LLMW 

Scenario 

Spill of aqueous nonhalogenated organic 
liquids (TC 4) 

Spill of aqueous halogenated organic liquid 
(TC 3) 

Spill of "pure" halogenated organic liquids 
(TC 5) 

Spill of "pure" nonhalogenated organic 
liquids (TC 6) 

Spill of "pure" nonhalogenated organic 
liquids (TC 6) followed by fire 

Incinerator staging area fire involvement of 
TC 12 (organic sludges), 19 (combustible 
debris), organic liquid (intermediate), and 
organic particulates (intermediate) 

Toxic Gases Released 

Acetone; butanone; methanol 

Trichloroethanes; other 
chlorohydrocarbons 

Trichloroethanes 
Tetrachloroethanes 

Acetone; butanone; methanol 
BTX 

BTX 
co 
Cd fumes 
Cr compounds 
Soot 

co 
HCI 

BTX fumes 
Soot 
Cd fumes (condensing 
to very small particles) 
Cr com ounds 

Notes: BTX = benzene, toluene, and xylene; Cd = cadmium; Cr = chromium. 
• An approximation to this release rate can be estimated from Salazar and Lane (I 992): 

Mass of Waste 

160 lb/drum 

6 lb/drum 

50 lb/drum 
10 lb/drum 

60 lb/drum 
200 lb/drum 

10 lb/drum 
200 lb/drum 
0.5 lb/drum 
0.5-1.0 lb/drum 
80 lb/drum 

40- 50% of mass of drum 
60% of mass of Cl-containing 
compounds in the stream 

5 % of mass of BTX present 
40% of mass of BTX plus 
10% of total mass 
100 % of mass of Cd present 
250% of mass of Cr resent 

QR = 0.106 .,o.78 (MW)0 .661 (A) VP ' 
R (t + 273) 

where 
QR release rate lb/min, 

MW molecular weight (g/mol), 
A surface area (ft2), 

VP effective vapor pressure (mm Hg), 
R 82.05 atm cm3/mol K, 
t temperature (°C), and 

µ. wind speed (mis). 

Release Rate 

2-3 lb/mina 

0 .1 lb/min 

0.5 lb/min 
0 .1 lb/min 

1 lb/mina 
2 lb/mina 

0.3 lb/min 
7 lb/min 
0.02 lb/min 
0.02 lb/min 
2.7 lb/min 

7 lb/min/drum 
2 lb/min/drum 

0.3 lb/min/drum 
3 lb/min/drum 
O.Q2 11>/min/drum 

0.02 lb/min/drum 

The assumed options are that t = 30 •c, A = 220 ft2, and wind speed = 2 mis . For acetone TC 4, MW= 58 g/mol , and VP= 0.36 x 285 mm Hg. For 
acetone in TC 6, VP = 0. 14 x 285 mm Hg. For benzene in TC 6, MW= 78 g/mol, and VP = 0.44 x 120 mm Hg. 
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throughput at that site . The assumption used (see Section F.2.7 .1) _is that two severe breaches of 

containment occur per year for each 1 , drum handled. It i a u ed for the r ults herein that 

handling breaches fall in the > 0.01/yr frequency category . 

In determining radiological source terms for representative radiological accident scenarios, it is assumed 

that a single drum is affected, such that 25% of its contents are released (OF = 2.SE- 01). The composition 

of the representative drum is taken as a volume-weighted average of the treatability category compositions 

(excluding aqueous streams) at each site. 

Representative chemical releases assume a single drum with 100% (OF = l.OE+OO) of its contents spilled. 

The release characteristics for spills are described in the report by ANL (1996a). 

F .6.2.2 Storage Facility Accidents 

Accidents and source terms for current storage were not analyzed explicitly . Unlike treatment, which will 

predominantly use new facilities that will have common characteristics, current (pretreatment) storage will 

use a variety of predominantly preexisting facilities that vary greatly in the amounts and types of waste 

inventories stored, the configurations in which they are stored, and the containment or confinement 

characteristics of the storage buildings or enclosures. However, because recent DOE safety or NEPA 

information on storage facility accidents provides guidance on the potential risk impacts applicable to 

storage, this information is discussed herewith. 

Current SARs predict consequences for a range of selected waste storage accidents of varying frequency. 

Sometimes these accidents involve facilities which store primarily LLMW. A brief summary of some of 

these accidents involving LLMW, assumptions used by the sites in preparing the analyses, and release or 

health effect results are shown in Table F.6-3 . 

The INEL SAR for the RWMC identifies three bounding accidents involving LLMW. All of these accidents 

occur at or involve in some manner the Air Support Building II (ASB-11), the facility which stores most of 

the LLMW at INEL. An accident with fire was identified as occurring at ASB-11. It is caused by a propane 

leak in the fuel line supplying the heat and inflation unit within the facility. This accident would involve 

only the waste stored at ASB-11 and results in an exposure of 2.0E-02 rem (MEI). A second accident 

analyzed was initiated by an earthquake, sufficiently severe to damage all of the buildings (ASB-11 included) 
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at the RWMC. The radiological release and consequences listed in Table F.6-3 for this accident (i.e., 

0 .041 Ci and 0. 75 rem) are due primarily to wastes stored in buildings other than ASB-11. The third 

accident, a fuel-air explosion originating in ASB-11 , has the potential to release hazardous materials due 

primarily to the explosion and subsequent fire. However, a similar fuel-air explosion originating in the 

Certified and Segregated (C&S) Facility with the subsequent fire impacting all TSA facilities at the RWMC 

will bound the consequences of the fuel-air explosion originating at ASB-11. Because of this bounding 

condition the consequence analysis for the ASB-11 accident was not performed. Table F .6-3 lists the 

parameters and results for the similar C&S bounding accident. 

I 

The RFETS SAR for the Central Waste Storage Facility (Building 906) identifies three accidents associated 

with LLMW. Each of these accidents assumes 8,300 drums of waste as the material at risk with each drum 

filled with waste to 50% of total volume. The void space is assumed to contain dust (at 100 mg/m3) which 

is vented to the air upon breaching of the drum. Other variables of each accident type are given in 

Table F .6-3. 

The PSE conducted for WRAP (Module 2) at Hanford identifies ~ bounding accident scenario which is an 

earthquake, including waste spills and fire. This event leads to a release of 0.041 Ci with a consequence 

of 3.9E-05 rem (MEI) with an accident frequency of l.0E-03/yr (see Table F.6-3) . 

The International Technology Corporation (IT) has calculated the risks associated with the treatment, 

storage, and disposal of many types of LLMW. They have looked at many kinds of accidents related to the 

treatment, storage, and handling of these wastes. An example of a storage accident scenario is a fire within 

a container in the storage facility that might cause waste particulates to resuspend and be inhaled by 

workers. Members of the public might also be exposed to airborne effluents if building ventilation fails. 

IT Corporation has used a system analysis methodology to accumulate risk across different management 

options rather than breaking out the consequences and contaminant releases associated with a particular 

accident as the SARs usually do. This different approach to the problem has made comparison difficult with 

the more conventional approach of calculating the consequences of each separate accident. In general, IT 

has tended to look at sets of accidents of relatively high frequency with low consequences rather than the 

more standard approach of surveying accidents of lower frequency but with higher consequences (EG&G, 

1993a). 
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Table F. 6-3. Representanve Accidents and Source Term Parameters From Recent 
DOE Safety Analysis Documents Relevant to LLMW 

Consequence 
Safety Document Scenario DF ARForRARF Release (Cl) (MEI-rem) 

RWMCSAR 1. Propane line leak at ASB II l.0E-02 S.0E-04 2.0E-02 2.0E-02 
(EG&G, 1993b) Medium fire (combustible) 

1.0E-02 
(noncombustible) 

2. Earthquake initiating breach 1.0E-03 1.0E-03 4.lE-02 7.SE-01 
in CH LL W pit and involving 
ASB II 

3. Fuel air explosion in 2.0E-01 1.0E-03 1.3E+0l 3.2 
ASB II, bounded by same (numbers for 
type event in C&S Facility a C&S event) 

Building 906 SAR 
Central Waste 
Storage Facility 

(RFETS, 1994) 1. Earthquake and spill 1.0 1.0 3.37E-0:5 g 2E-06 
( collapsed building) Pu-239 
Void space volume of 
8,300 drums (MAR) (assume 
drum 1/2 full) 

2. Spill from impacts 1.0 1.0 100 mg/m3 NA" 
100% void space vented particulate 
(8,300 drums) loading in void 

space 

3. Fire 100% bum of S.0E-04 particulate Varies with NAe 
ruptures all exposed combustibles 1.0E-05 metals assumptions 
containers 18% ablation of 1.0 liquids about fire 

noncombustibles 

Hazard 1. Earthquake and spill of dry 1.0 S.3E-04 4.IE-02 3.9E-0S 
Classification and waste and fire 
Preliminary Safety 
Evaluation (PSE) 
for WRAP 
Module 2 (WHC, 
1991a) 

Notes: DF = damage fraction; ARF = airborne release fraction; RARF = respirable airborne release fraction; MEI = maximally 
exposed individual offsite; C&S = Certified and Segregated Facility; NA = not available. Please refer to Section S .4.1 of Volume I for 
guidance in interpreting MEI risks. 

In reviewing the cited analyses, it was observed that there is considerable variation in the assumptions used 

by the various DOE sites to develop accidents and estimate associated source term parameters . However, 

it appears from the analyses that overall, the risks to the public health resulting from LLMW storage facility 

accidents would be small. 
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It should be noted that explicitly analyzing risks from storage would not help to discriminate among 

alternatives because of the assumption used in the WM PEIS for estimating the treatment throughputs that 

dictate the inventories to be stored before treatment. This assumption is that all sites will accumulate or at 

least not reduce these inventories for roughly 10 years, at which time complexwide treatment will begin. 

Thus, all sites will achieve their maximum inventories (leading to maximum potential releases during a 

storage facility accident) independent of alternative. 

F.6.2.3 Treatment Facility Accidents 

Evaluations have shown that incineration is the thermal treatment technology most likely to be important 

to risk for facility workers and the public. Radiological accident sequences involve severe fires and 

explosions that produce large airborne releases of the ash present in the incinerator area or in the filtration 

systems. A generic treatment facility, consisting of a series of linked treatment process modules, is 

described in Section F.2.6.3. A DOE Hazard Category of 2, concomitant system performance requirements, 

and double HEPA filtration systems were assumed. For each alternative, each waste treatability category 

at each site has a unique volumetric inventory and physical, chemical and radiological composition. Each 

incineration facility was assumed to have 1 % of its annual incinerable LLMW throughput at the time of the 

accident. 

Accidents investigated included operation-induced facility fires and explosions, and external-event-induced 

fires and explosions. Treatment facility accident sequences analyzed include : 

• A fire in the baghouse area of the incineration facility dispersing the dry ash in the filters with a damage 

of 3 % of the facility inventory (DF = 3. 0E-02) and failing the filtration systems completely 

(LPF = 1), 

• An incinerator explosion resulting from combustible gas buildup that disperses the ash in the rotary kiln 

with a damage of 12 % of facility inventory (DF = 1.2E-01) and partially degrades the filtration system 

(LPF = 1.0E-03), and 

• External events leading to a fire . External-event source term parameters vary according to the particular 

sequence. 

All accidents are assumed to be ground releases without filtration, with the exception of the incinerator 

explosion where partial HEPA filtration and a stack emission are assumed. The LPF of 1.0E-03 results in 

the source term that produces the greater worker risk . 
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Wet-air oxidation was also analyzed because of the high treatment volumes at some of the sites. A rupture 

ith ub u nt violent pressurized and unfilter d relea e to the atmo phere of the entire vessel contents 

was postulated as the only plausible sequence capable of producing any measurable consequences to site 

staff or the public. An earthquake that simultaneously breached the containment building was defined as 

the most likely initiator. Calculations were specifically performed for a limited set of alternatives and the 

resulting risk was found to be significantly lower than that for the incineration accidents . As a result, source 

terms for wet-air oxidation accidents were not used for health effects calculations . 

Frequencies of accidents are consistent with those for the LL W analysis. The frequency of 1. SE- 02/yr for 

explosions in the rotary kiln assembly and the secondary combustion chamber, respectively, provide the 

basis for the internal fire frequencies. The frequencies of aircraft-initiated accidents depend on the site. The 

annual frequency of a seismic event exceeding the design basis for a Hazard Category 2 facility is 

l.0E-03/yr with the conditional probability of rupturing containment and initiating a fire estimated to equal 

5.0E-02. Screening calculations of airplane accidents for the LLMW treatment facilities were performed 

and the risks were found to be much lower than the risk of an earthquake, or negligible. As a result, source 

terms for airplane accidents were not provided for health effects calculations. 

The limiting chemical accident is assumed to be an operational fire in the feedstock staging area, which 

includes waste in processing and lag storage. The MAR was assumed to be 1 % of annual throughput of the 

incineration facility as established by the WM PEIS alternative. A DF of l.0E- 01 was assumed to account 

for the presence of noncombustible material and the distribution of the combustible materials in areas other 

than the feedstock area. Because of the high frequency of internal fires compared with those caused by 

external events, only the internal, operational fire was analyzed. 

F .6.2.4 Disposal Facility Accidents 

Disposal accidents were not evaluated because of the lack of details of ultimate disposal. However, except 

for dedicated centralized repositories such as Yucca Mountain or WIPP, disposal sites would generally lack 

a concentrated volume of material at risk being stored in a configuration susceptible to phenomena such as 

fires and explosions capable of causing significant releases . These repositories have accident analyses 

performed as part of their site-specific EISs. Although seismic events could breach in-ground containers, 

leading to airborne releases , such events would be bounded by accidents breaching the concentrated 

volumes of waste being held in a treatment or storage facility . The available safety literature does not 
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indicate any credible accident sequence in which the risk from airborne releases in a low-level mixed waste 

disposal facility would be sufficiently significant to rule out a site from consideration and thereby serve 

as a discriminator among disposal alternatives. 

F.6.3 RESULTS 

Preliminary results of the radiological accident sequences described above for various site consolidation 

cases within each WM PEIS alternative were reviewed for risk dominance using the frequency-weighted 

dose to the MEI, and then grouped into four annual frequency categories: likely ( > l.0E-02), unlikely 

(between l.0E-02 and l.0E- 04), extremely unlikely (between l.0E-04 and l.0E-06), and not credible 

( < 1. OE- 06). Representative source terms for the risk-dominant sequences were then selected as the bases 

for health effects calculations. Of the treatment technologies, only source terms for incineration facility 

accidents are provided because they were found to bound other treatment accidents, including wet-air 

oxidation, which resulted in atmospheric releases much lower than analogous incineration accidents . 

Chemical accident releases were also calculated. 

No radiological source terms were estimated for the representative treatment facility chemical accident 

because they were determined to be unimportant to overall risk compared with radiological source terms 

for the reference radiological accident. Specifically, the radionuclide concentrations and dispersibility of 

the ash in the filter fire are much greater than for the feedstock fire and precludes the need for radiological 

source term calculations for the latter. 

Similarly, no chemical source terms have been produced for the reference radiological accident because of 

their insignificance compared with the reference chemical accidents. Specifically, the concentrations of toxic 

chemical released in the incinerator feedstock fire are much higher than they are in the ash dispersed in the 

reference radiological accidents, precluding the need to calculate chemical source terms for the latter 

accident. 

The waste management LLMW facility accidents analyzed here are summarized in Table F.6-4. Eight cases 

are considered for WM LLMW alternatives, including Cases 1, 2, 4, 7, 10, 15, 17 and 26. Case 7 

(Regionalized 2: 7 sites treat, 6 sites dispose) and 10 (Regionalized 3: 7 sites treat, 1 site disposes) are 

equivalent with respect to the risk-dominant treatment technologies and the amount of waste at each site; 

therefore, only Case 7 was analyzed. 
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Table F. 6-4. Summary of WM UMW Radiologi,cal Accidents Analyzecf' 

0.e!:,ratlonal Events External Events 

WMPEIS Handling FacUlty Facility Large Small 

Function Alternatlveb Site Breaches Fire Explosion Seismic Aircraft Aircraft 
I I 

DromHandling . ~ All Ames 
I. 

= •--' X I"_ 

All ANL-W X 

All Bettis X 

All BCL X 

All BNL X 

All Charleston X 

All Colonie X 

All ETEC X 

All FEMP X 

All GA X 

All GJPO X 

All Hanford X 

All INEL X 

All ITRI X 

All KAPL-S X 

All KCP X 

All KAPL-K X 

All KAPL-W X 

All LANL X 

All LBL X 

All LEHR X 

All LLNL X 

All Mare Is X 

All Mound X 

All Norfolk X 

All NTS X 

All ORR X 

All PGDP X 

All Pantex X 

All Pearl H X 

All Pons Nav X 

All PORTS X 

All PPPL X 

All Puget So X 

All RFETS X 

All RMI X 

All SNL-NM X 

All SNL-CA X 

All SRS X 

All UofMO X 

All WVDP X 

Incineration _, I INEL -- X X X 

I ORR -- X X X 

I SRS -- X X X 

2 Ames -- X X X 

2 ANL-E -- X X X 

2 Bettis -- X X X 

2 BCL -- X X X 

2 BNL -- X X X 

2 Charleston -- X X X 

2 Colonie -- X X X 

2 ETEC -- X X X 

2 FEMP - - X X X 

2 GA -- X X X 

2 GJPO -- X X X 

2 Hanford -- X X X 

2 INEL - - X X X 

2 ITRI -- X X X 

2 KAPL-S - - X X X 

2 KCP -- X X X 

2 KAPL-K - - X X X 
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Table F.6-4. Summary of WM UMW Radiologi,cal Accidents Analyzecf'-Continued 

Operational Events External Events 

WMPEIS Handling Faclllty Faclllty Large Small 

Function Alternatlveb Site Breaches Fire Explosion Seismic Aircraft Aircraft 

2 KAPL-W -- X X X -- --
2 LANL -- X X X -- --
2 LBL -- X X X -- --
2 LEHR -- X X X -- --
2 LLNL -- X X X -- --
2 Mare Is -- X X X - --
2 Norfolk -- X X X -- --

~ II '"''""'l"'. -·r~,- ~- - - x X X - t: --
2 ORR -- X X X -- --
2 PGDP -- X X X -- --
2 Pamex -- X X X -- --
2 Pearl H -- X X X -- --
2 Pons Nav - X X X -- --
2 PORTS -- X X X -- --
2 PPPL -- X X X -- --
2 Puget So -- X X X -- --
2 RMI -- X X X -- --
2 SNL-NM -- X X X -- --
2 SRS -- X X X -- --
4 ETEC -- X X X -- -
4 FEMP -- X X X -- --
4 Hanford -- X X X -- --
4 INEL -- X X X -- --
4 LANL -- X X X -- --
4 LLNL -- X X X -- --
4 ORNL -- X X X -- --
4 PGDP -- X X X -- --
4 Pantex -- X X X -- --
4 PORTS -- X X X -- --
4 RFETS -- X X X -- --
4 SRS -- X X X -- --
7 Hanford - X X X -- --
7 INEL -- X X X -- --
7 LANL - X X X -- --
7 ORNL -- X X X -- --
7 PORTS -- X X X -- --
7 RFETS -- X X X -- --
7 SRS -- X X X -- --
15 Hanford -- X X X -- -
15 INEL -- X X X -- --
15 ORR -- X X X -- --
15 SRS -- X X X -- --
17 Hanford -- X X X -- --
26 Hanford -- X X X -- --
26 INEL -- X X X -- --
26 ORR -- X X X -- --
26 SRS -- X X X -- --

tt-lncinerationc 2 INEL -- X X X -- --
2 LANL -- X X X -- --
2 LLNL -- X X X -- --
2 RFETS -- X X X -- --
2 SRS -- X X X -- --
4 INEL -- X X X -- --
4 LANL -- X X X -- --
4 LLNL -- X X X -- --
4 RFETS -- X X X -- --
4 SRS -- X X X -- --
7 INEL -- X X X -- --
7 LANL -- X X X -- --
7 RFETS -- X X X -- --
7 SRS -- X X X -- --
15 INEL -- X X X -- --
15 SRS -- X X X -- --
17 Hanford -- X X X -- --
26 INEL - X X X -- --

Footnotes on next page 
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Appendix F Treatment and Storage Facility Accidents 

Table F.6-4. Summary of WM LLMW Radiologi,cal Accidents Analyzecf'-Continued 

Notes : -- = not applicable ; Ames = Ames Laboratory; Bettis = Bettis Atomic Power Plant; BCL = Battelle Columbus Laboratories; 

BNL = Brookhaven National Laboratory ; Charleston = Charleston Naval Shipyard; GA = General Atomics; GJPO = Grand Junctions Project 

Office ; ITRI = Inhalations Toxicology Research Institute ; KAPL-K = Knolls Atomic Power Laboratory (Kesselring); KAPL-S = Knolls Atomic 

Power Laboratory (Schenectady); KAPL-W = Knolls Atomic Power Laboratory (Windsor); KCP = Kansas City Plant; LBL = Lawrence Berkeley 

National Laboratory; LEHR = Laboratory for Energy-Related Health Research; Mare Is = Mare Island Naval Shipyard; Mound = Mound Plant; 

Norfolk = Norfolk Naval Shipyard; Pearl H = Pearl Harbor Naval Shipyard; Ports Nav = Portsmouth Naval Shipyard; PPPL = Princeton Plasma 

Physics Laboratory ; Puget So = Puget Sound Naval Shipyard; RMI 2 Reactive Metals, Inc.; SNL-NM = Sandia National Laboratories (New 

Mexico); SNL-CA = Sandia National Laboratories (California); and UofMO = University of Missouri. 

• Only one source term, generally corresponding to the risk-dominant sequence for each accident initiator, was selected for transminal to ORR. 

h The WM PEIS cases analyzed are described as follows: 

• Case I (No Action). Three sites (INEL, ORR, and SRS) treat and store, all remaining sites store. 

Case 2 (Decentralized) . Forty-nine sites treat, and 16 sites dispose. 

• Case 4 (Regiona/ized I) . Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS) treat, and 12 sites 

dispose. 

• Case 7 (Regiona/ized 2). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) treat, and 6 sites dispose. 

• Case I 5 ( Regiona/ized 4 ). Four sites (Hanford, INEL, ORR, and SRS) treat, and 6 sites dispose. 

• Case 17 (Centralized). One site treats (Hanford), and I site disposes. 

• Case 26 (Remote-handled). Four sites (Hanford, INEL, ORR, and SRS) treat and°dispose (RH). 

c ex-incineration refers 10 incineration of waste categorized as alpha-emitting . 

The WM PEIS cases analyzed are described as follows: 

• Case 1 (No Action). Three sites (INEL, ORR, and SRS) treat and store, all remaining sites store. 

• Case 2 (Decentralized) . Forty-nine sites treat, and 16 sites dispose. 

• Case 4 (Regionalized 1). Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, 

LLNL, Pantex, and RFETS) treat, and 12 sites dispose. 

• Case 7 (Regionalized 2). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) treat, 

and 6 sites dispose. 

• Case 15 (Regionalized 4). Four sites (Hanford, INEL, ORR, and SRS) treat, and 6 sites dispose. 

• Case 17 (Centralized). One site treats (Hanford), and 1 site disposes. 

• Case 26 (Remote-handled). Four sites (Hanford, INEL, ORR, and SRS) treat and dispose (RH). 

Tables F.6-5 through F.6-7 summarize the radiological source term parameters and frequency groups for 

the accidents. Separate incineration facilities were assumed for treating alpha and nonalpha contaminated 

waste. Detailed radionuclide releases and chemical source terms for accidents are provided in ANL (1996a). 
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Table F.6-5. Fnqruncks and Radiolo,u:al So"rce Term Parameursfor WM LLMW Drunt Handling A.ccukna 

F~uenci Bin (/2:r) Source Term Parameters 
Total 

WMPEIS l.0E-04to l.0E--06 to VMAR MAR Release 
Alternative Site8 >l.OE-02 l.OE-02 l.OE-04 <l.OE--06 (m3) (Ci) DF (Ci) 

All Ames X -- -- -- 2.0E-01 l.IE- 03 0.25 2.4E-07 
All ANL-W X -- -- -- 2.0E-01 7.3E+OO 0.25 1.6E-01 
All Bettis X -- -- -- 2.0E-01 6.lE-01 0.25 3.5E-03 
All BCL X - -- -- 2.0E-01 l.IE-03 0.25 5.4E-08 
All BNL X -- -- -- 2.0E-01 1.5E-01 0.25 2.8E-04 
All Charleston X -- -- -- 2.0E-01 7.3E+OO 0.25 1.5E-0l 
All Colonie X -- -- -- 2.0E-01 1.IE-03 0.25 5.0E-08 
All ETEC X -- -- -- 2.0E-01 1.5E-01 0.25 3.7E-04 
All FEMP X -- -- -- 2.0E-01 1.lE-03 0.25 4.5E-07 
All GA X -- -- -- 2.0E-01 1.IE-03 0.25 2.6E-07 
All GJPO X -- -- -- 2.0E-01 l.IE-03 0.25 1.8E-06 
All Hanford X -- -- -- 2.0E-01 6.lE-01 0.25 3. lE-03 
All INEL X -- -- -- 2.0E- 01 3.5E+OO 0.25 2.9E-02 
All ITRI X -- -- -- 2.0E-01 5.5E-01 0.25 l.3E-01 
All KAPL-S X -- -- -- 2.0E-01 7.0E+OO 0.25 8.2E-02 
All KCP X -- -- -- 2.0E-01 7.3E+OO 0.25 1.6E-0l 
All KAPL-K X -- -- -- 2.0E-01 7.0E+OO 0.25 7.3E-02 
All KAPL-W X -- - - 2.0E-01 7.1-E+OO 0.25 l.IE-01 
All LANL X -- -- -- 2.0E- 01 5.4E-Ol 0.25 l.3E-Ol 
All LBL X -- -- - 2.0E-01 l.3E+0l 0.25 3.lE+OO 
All LEHR X -- -- -- 2.0E- 01 1.5E-01 0.25 3.2E-04 
All LLNL X -- -- -- 2.0E-01 1.2E+0l 0.25 3.lE+OO 
All Mare Is. X -- -- -- 2.0E- 01 7.lE+OO 0.25 9.4E-02 
All Mound X -- -- -- 2.0E-01 l.3E+Ol 0.25 3.lE+OO 
All Norfolk X - -- -- 2.0E-01 7.3E+OO 0.25 l.6E-01 
All NTS X -- -- -- 2.0E-01 I,. 11<lU\I • , 0.25 L "1. OE:--04 ui 
All ORR X -- -- -- 2.0E-01 1.5E-0l 0.25 3.0E-04 
All PGDP X -- -- -- 2.0E-01 3.8E-01 0.25 2.5E-05 
All Pantex X -- -- -- 2.0E-01 5.3E-0l 0.25 l.3E-0l 
All Pearl H X -- -- -- 2.0E-01 7.3E+OO 0.25 1.6E-0l 
All Ports Nev X -- -- -- 2.0E-01 7.3E+OO 0.25 1.6E- 0l 
All PORTS X - -- -- 2.0E-01 2.8E-04 0.25 6. lE-08 
All PPPL X -- - -- 2.0E-01 l .3E+0l 0.25 3.lE+OO 
All Puget So X -- -- -- 2.0E-01 7.3E+OO 0.25 1.6E-01 
All RFETS X -- -- -- 2.0E-01 5.2E-03 0.25 l.8E-06 
All RMI X -- - -- 2.0E-01 l.lE-03 0.25 3.0E-07 
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Table F.6-5. Frequencies and Radiological Sollrce Term Parameters for WM LLMW Drum Handllng 
Accidents-Continued 

WMPEIS 
Alternative Sitea 

All SNL-NM 
All SNL-CA 
All SRS 
All UofMO 
All WVDP 

Note: -- = not applicable. 

>l.OE-02 

X 
X 
X 
X 
X 

Frequency Bin (/yr) 

l.OE-04to 
1.0E-02 

l.OE-06to 
l.OE-04 

a See Table F.6-4 footnote for spelled out versions of acronyms. 

Source Tenn Parameters 

VMAR MAR 
<l.OE-06 (m3> (Ci) DF 

2.0E-01 9.6E-0l 0.25 
2.0E-01 l .3E+0l 0.25 
2.0E-01 9.2E- 0l 0.25 
2.0E-01 5.2E-03 0.25 
2.0E-01 6.lE- 01 0.25 

Total 
Release 

(Ci) 

l.IE-01 
3. lE+OO 
l.0E-01 
l.3E-06 
3.7E-03 
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Table F. 6-6. Frequencies and Radiological Source Term Parameters for WM UMW Non-Alpha Ind neration 
Facility Accidents 

Frequency Bin (/yr) Source Term Paramtten 

1.0E-04 to 1.0E--06 to VMAlt MAil 
Siteb Accident >1.0E-e2 I.OE-el 1.0E-04 < 1.0E--06 (m3) (Ci) DF 1lARF' LPF' 

I 
2.IE+OO I INEL Explosion in the rotary kiln X - - - 6.0£.-02 l.2E--OI I.OE--01 I.OE--03 

INEL Fire in the baghousc area -- X - -- 6.0E--02 2.IE+OO 3.OE--02 I.OE--02 I.OE+OO 
INEL Earthquake followed by fire and explosion - - X - 6.0E--02 2.IE+OO 2.OE--0 1 I.OE-OJ I.OE+OO 

ORR Explosion in the rotary kiln X - - - l.lE+OO 2.2E+OO 1.2E--OI I.OE-O J I.OE-O3 
ORR Fire in the baghousc area - X - - 1.lll+OO 2.2E+OO 3.OE--02 I.OE--02 I.OE+OO 
ORR Earthquake followed by fire and explosion - - X - J.JE+oo 2.2E+OO 2.OE--01 I.OE-OJ I.OE+OO 

SRS Explosion in the rotary kiln X - - - J.3E--OJ 3.0E+OO l.2E--OI I.OE-OJ I.OE--03 
SRS Fire in the baghousc area - X - - J.3E--OI 3.0E+OO 3.OE--02 I.OE-02 I.OE+OO 
SRS Eanhquake followed by fire and explosion - - X - 1.3FAl1 1.0E+OO 2.OE--01 I.OE-01 I.OE+OO 

Ames Explosion in the rotary kiln X - - - 3.3E--05 3.5E--07 l.2E--OI I.OE-OJ I.OE--03 
Ames Fire in the baghousc area - X - - 3.3E-05 3.5E-07 3.OE-02 I.OE-02 I.OE+OO 
Ames Earthquake followed by fire and explosion - - X - 3.JE-05 3.5E--07 2.OE--01 I.OE-OJ I.OE+OO -
ANL-E Explosion in the rotary kiln X - - - J.IE--02 J.4E--02 l.2E--OI 7.OE--02 I.OE--03 
ANL-E Fire in the baghouse area - X - - J.IE--02 J.4E--02 3.OE-02 6.0E-05 I.OE+OO 
ANL-E Earthquake followed by fire and explosion - - X - I 11,,..ro l_.~-fil.- 2.OE--01 ..Z,OE--02 I.OE+OO 

Bettis Explosion in the rotary kiln X - - - 2.5E--04 7.5E-03 l.2E--O I I.OE-OJ I.OE-03 
Bellis Fire in the baghouse area - X - - 2.5E--04 7.5E--03 3.OE--02 I.OE-02 I.OE+OO 
Bettis Earthquake followed by fire and explosion - - X - 2.SE--04 7 .5E-03 2.OE--01 I.OE-01 I.OE+OO 

BCL Explosion in the roiary kiln X - - - 6.JE-06 6.4E--08 l.2E--OI I.OE-OJ I.OE--03 
BCL Fire in the baghousc area - X - - 6.3E-06 6.4E--08 3.OE--02 I.OE--02 I.OE+OO 
BCL Earthquake followed by fire and explosion - - X - 6.JE-06 6.4E--08 2.OE--01 I.OE-OJ I.OE+OO 

BNL Explosion in the rotary kiln X - - - 1.7E--02 3.3E--02 l.2E--01 I.OE-OJ I.OE--03 
BNL Fire in the baghousc area - X - - l.7E--02 3.3E--02 3.OE-02 I.OE-02 1.OE+OO 
BNL Earthquake followed by fire and explosion - - X - l.7E-02 3.3E-02 2.OE--01 I.OE--01 I.OE+OO 

Charleston Explosion in the rotary kiln X - - - 2. IE--04 6.SE--02 l.2E--0 I I.OE-OJ I.OE--03 
Charleston Fire in the baghousc area - X - - 2. IE--04 6.SE--02 3.OE--02 1.OE--02 1.OE+OO 
Charleston Earthquake followed by fire and explosion - - X - 2. IE--04 6.SE--02 2.OE--01 I.OE--01 I.OE+OO 

Colonie Explosion in the rotary kiln X - - - 2.4E--04 l.5E-05 l.2E--01 I.OE--01 I.OE--03 
Colonie Fire in the baghousc area - X - - 2.4E--04 I.SE--05 3.OE--02 I.OE--02 I.OE+OO 
Colonie Earthquake followed by fire and explosion - - X - 2.4E--04 I.SE--05 2.OE-01 I.OE--01 I.OE+OO 

ETEC Explosion in the rotary kiln X - - - l.6E-0 1 l.2E--01 l.2E-01 I.OE--01 I.OE-03 
ETEC Fire in the baghousc area - X - - l.6E--OI l.2E--OI 3.OE--02 I.OE--02 I.OE+OO 
ETEC Earthquake followed by fire and explosion - - X - l.6E-01 l.2E-OI 2.OE--01 I.OE-0 1 I.OE+OO 

FEMP Explosion in the rotary kiln X - - - 1.6E-O I 8.5E--04 1.2E--OI I.OE-01 I.OE-03 
FEMP Fire in the baghousc area - X - - l.6E-01 8.5E--04 3.OE-02 I.OE--02 I.OE+OO 
FEMP Earthquake followed by fire and explosion - - X - l.6E--OI 8.5E--04 2.OE--01 I.OE--01 I.OE+OO 

GA Explosion in the: rotary kiln X - - - 1.OE-03 5.7E-06 l.2E-O I I.OE--01 1.OE-03 
GA Fire in the baghousc area - X - - I.OE-03 5.7E-06 3.OE--02 I.OE--02 1.OE+OO 
GA Earthquake followed by fire and explosion - - X - 1.OE-03 5.7E-06 2.OE--01 I.OE--01 1.OE+OO 

Total Release 
(Ci) 

2.6E-05 
6.5£-04 
4.3E--02 

2.6E-05 
6.5E-04 
4.3E--02 

3.6E--05 
9.OE-04 

_ 6.OE--02 

4.2E- 12 
I.OE- JO 
7.OE-09 ---
I.IE--07 
2.4E-08 ... J.9E--4i-

8.9E--08 
2.2E-06 
I.SE--04 

7.7E- l3 
l.9E- 11 
l.3E-09 

3.9E-07 
9.7E-06 
6.5E--04 

8.2E--07 
2.OE--05 
1.4E--03 

l.7E- 1O 
4.4E-09 
2.9E--07 

l.5E-06 
3.6E--05 
2.4E--03 

I.OE-08 
2.6E-07 
l.7E--05 

6.SE- 11 
1.7E-09 
I.IE-07 



'"r1 Table F. 6-6. Frequencies and Radi<ilogical Source Tenn Parameters for WM UMW Non-Alpha Incineration ::i.. 
I - FaciliJy Accidents-Continued 0 

~ -,:,.. 
1::1.. ><. 

Frequency Bin (/yr) Source Term Panu.ten "!j 

WMfflS 
Alln1t- l.OE-04 to 1.0E-06to VMAR MAR Toalllelease 
atiYeA Site~ Acddeat >l.OE-02 l.OE-e2 1.0E-04 <l.OE-06 (m3) (Cl) DF RAJtF' ~ (Cl) 

2 GJPO Explosion in the rotary kiln X 6.SE--05 3.3E--07 l.2E--01 I.OE--01 I.OE--03 4.0 - 12 
2 GJPO Fire in the bagbousc area X 6.SE--05 3.3E--07 3.0E--02 I.OE--02 I.OE+OO 1.0 - 10 
2 GJPO Eartbquakc followed by fire and explosion X 6.SE--05 3.3E--07 2.0E--01 I.OE--01 I.OE+OO 6.7 --09 

2 Hanford Explosion in the rotary kiln X l.6E+OO 4.3E+OO l.2E--OI I.OE--01 I.OE--03 5.2 --OS 
2 Hanford Fire in the bagbouse area X 1.6E+OO 4.3E+OO 3.0E--02 I.OE--02 I.OE+OO 1.3 --03 
2 Hanford Eanhquake followed by fire and explosion X l.6E+OO 4.3E+OO 2.0E--01 I.OE--01 I.OE+OO 8.6 --02 

2 INEL Explosion in the rotary kiln X l.3E--O I 4.3E+OO l.2E--01 I.OE--01 I.OE--03 S. IE--05 
2 INEL Fire in the bagbousc area X l.3E--OI 4.3E+OO 3.0E--02 I.OE--02 I.OE+OO 1.3E--03 
2 INEL Eanhquake followed by fire and explosion X l.3E--O I 4.3E+OO 2.0E--01 I.OE--01 I.OE+OO 8.6E--02 

2 ITRI Explosion in the rotary kiln X 8.SE--05 6.SE--05 l.2E--01 1.0E--01 I.OE--03 7.9E- IO 
2 ITRI Fire in the bagbouse area X 8.SE--05 6.SE--05 3.0E--02 I.OE--02 I.OE+OO 2.0E--08 
2 ITRI Eanhquake followed by fire and explosion X 8.SE--05 6.SE--05 2.0E--01 I.OE--01 I.OE+OO l.3E--06 

2 KAPL-S Explosion in the rotary kiln X 2.3E--03 3. IE--01 l.2E--01 1.0E--01 1.0E--03 3.7E--06 
2 KAPL-S Fire in the bagbousc area X 2.3E--03 3. IE--01 3.0E--02 1.0E--02 I.OE+OO 9.2E--OS 
2 KAPL-S Eanhquake followed by fire and explosion X 2.3E--03 3. IE--01 2.0E--01 I.OE--01 I.OE+OO 6. IE--03 

2 KCP Explosion in the rotary kiln X 9.0E--05 l.2E--02 l.2E--OI I.OE--01 I.OE--03 l.4E--07 
2 KCP Fire in the bagbousc area X 9.0E--05 l.2E--02 3.0E--02 I.OE--02 I.OE+OO 3.6E--06 
2 KCP Eanhquake followed by fire and explosion X 9.0E--05 l.2E--02 2.0E--01 I.OE--01 I.OE+OO 2.4E--04 

~ 
2 KAPL-K Explosion in the rotary kiln X 6.6E--03 2.0E--01 l.2E--OI I.OE--01 I.OE--03 2.4E--06 ~ 2 KAPL-K Fire in the bagbouse area X 6.6E--03 2.0E--01 3.0E--02 I.OE--02 I.OE+OO 6.0E--05 li 2 KAPL-K Eanhquake followed by fire and explosion X 6.6E--03 2.0E--01 2.0E--01 I.OE--01 I.OE + OO 4.0E--03 

~ 

2 KAPL-W Explosion in the rotary kiln X I.OE--03 l.3E--OI l.2E--OI I.OE--01 I.OE--03 
::s 

l.6E--06 ... 
2 KAPL-W Fire in the bagbouse area X I.OE--03 1.3E--01 3.0E--02 I.OE--02 I.OE+OO 4.0E--05 I::) 

2 KAPL-W Eanhquake followed by fire and explosion X I.OE--03 1.3E--01 2.0E--01 1.0E--01 I.OE+OO 2.7E--03 ::s 
~ 

Explosion in the rotary kiln X 5.9E--03 4.SE--03 l.2E--01 1.0E--01 I.OE--03 5.4E--08 Vl 
~ Fire in the bagbouse area X S.9E--03 4.SE--03 3.0E--02 I.OE--02 I.OE + OO l.4E--06 
~ uake followed b fire and explosion X 4.SE--03 4.6E--02 2.0E--01 I.OE--01 I.OE+ OO 9. IE--04 

Eq,loeiqninlbcrowykiba X l.4E+OO' 1.IE+OO 7.0&-02 I.OE--03 9. IE--06 
FR in 1bc !>aglloillc area X l.4E+OO l.lE+OO 6.0£.-05 t.OE+OO 1.9£-06 

< oUo-i I!>: fis.,lllllc ~ 4E+ 7 I. 

0 4 LLNL Explosion in the rotary kiln X 4. IE--03 4.7E--01 l.2E--OI I.OE--01 I.OE--03 S.7E--06 t""' 4 LLNL Fire in the bagbouse area X 4. IE--03 4.7E--01 3.0E--02 I.OE--02 I.OE+OO l.4E--04 ::i.. C 4 LLNL Eanhquake followed by fire and explosion X 4. IE--03 4.7E--OI 2.0E--01 1.0E--01 I.OE+OO 9.SE--03 (") s:: (") 

tI1 4 ORR Explosion in the rotary kiln X 2.2E+OO 4.3E+OO l.2E--OI I.OE--01 I.OE--03 5. IE--05 ~ - 4 ORR Fire in the bagbouse area X 2.2E+OO 4.3E+OO 3.0E--02 I.OE--02 I.OE+OO 1.3E--03 ::s < 4 ORR Eanhquake followed by fire and explosion X 2.2E+OO 4.3E+OO 2.0E--01 I.OE--01 I.OE+OO 8.6E--02 ~ 



Table F. 6-6. Frequencies and Radiological Source Term Parameters for WM LLMW Non-Alpha Incineration 

< Facility Accidents-Continued ~ 0 ~ r 
C Frequency Bin (/yr ) Source Term Parameters 

§ 
a: (1:) 

;:s 
tr1 .... - WMPEIS $::) 

< Altem- 1.0E--04to 1.0E--06 to VMAR MAR Total Release 
;:s 
$::). 

athe• Siteb Accident > 1.0E--02 1.0E--02 1.0E--04 < 1.0E--06 (ml) (Ci) DF RARF" LPF' (Ci) V) 

0 
4 PGDP Explosion in the rotary kiln X l.3E-02 2.3E-O I l.2E-O I I.OE- DI l.0E-03 2 .?E-06 ~ 
4 PGDP Fire in the baghousc area X 1.3E-02 2.3E-O I 3.0E-02 l.0E-02 l.0E+OO 6.9E-05 
4 PGDP Earthquake followed by fire and explosion X l.3E-02 2.3E-0 1 2.0E-0 1 1.0E-01 1.0E+OO 4.6E-03 

4 Panu:x Explosion in the rotary kiln X 8.3E-02 3.4E-02 l.2E-0 1 l.0E-0 1 l.0E-03 4. IE-07 
4 Panlt:x Fire in the baghousc area X 8.3E-02 3.4E-02 3.0E-02 l.0E-02 l.0E+OO l.0E-05 
4 Panu:x Earthquake followed by fire and explosion X 8.3E-02 3.4E-02 2.0E-0 1 l.0E-01 l.0E+OO 6.9E-04 

4 PORTS Explosion in the rotary kiln X 7.3E-02 4 .9E-O I l.2E- 0 1 l.0E-0 1 l.0E-03 5.SE-06 ~ ,.., 
4 PORTS Fire in the baghousc area X 7.3E-02 4.9E-O I 3.0E-02 I.0E-02 l.0E+OO l. 5E-04 ,.., 
4 PORTS Earthquake followed by fire and explosion X 7.3E-02 4.9E-Ol 2.0E-0 1 l.0E-0 1 l.0E+ OO 9.?E-03 ~ ;:s 
4 RFETS Explosion in the rotary kiln X 6.SE-05 3.3E-07 l.2E-O I l.0E-01 1.0E-03 4.0E- 12 ;:;; 
4 RFETS Fire in the baghousc area X 6.8E-05 3.JE-07 3.0E-02 l.0E-02 l.0E+OO 1.0E- 10 
4 RFETS Earthquake followed by fire and explosion X 6.SE-05 3.3E-07 2.0E-01 l.0E-01 l.0E+OO 6.?E-09 

4 SRS Explosion in the rotary kiln X 2.5E-0 1 6.0E+OO l.2E-0l l.0E-0 1 l.0E-03 7.2E-05 
4 SRS Fire in the baghousc area X 2.5E-O I 6.0E+OO 3.0E-02 l.0E-02 l.0E+OO I.SE-03 
4 SRS Earthquake followed by fire and explosion X 2.5E-O l 6.0E+OO 2.0E-0 1 l.0E-0 1 I.0E+OO 1.2E-01 

7 Hanford Explosion in the rotary kiln X l.6E+OO 4.3E+OO l.2E-OI l.0E-0 1 I.0E-03 5.2E-05 
7 Hanford Fire in the baghousc area X l.6E+OO 4.3E+OO 3.0E-02 I.0E-02 l.0E+OO l. 3E-03 
7 Hanford Earthquake followed by fire and explosion X l.6E+OO 4.3E+OO 2.0E-01 l.0E-01 l.0E+OO 8.6E-02 

7 INEL Explosion in the rotary kiln X l.3E-01 4.3E+OO l.2E-0 1 l.0E-0 1 l.0E-03 5. lE-05 
7 INEL Fire in the baghouse area X l.3E-0 1 4.3E+OO 3.0E-02 l.0E-02 l.0E+OO l.3E-03 
7 INEL Earthquake followed by fire and explosion X l.3E-O I 4.3E+OO 2.0E-0 1 l.0E-0 1 I.0E+OO 8.6E-02 

7 LANL Explosion in the rotary kiln X 8.?E-02 8.0E-02 l.2E-0 1 l.0E-0 1 l.0E-03 9.6E-07 
7 LANL Fire in the baghousc area X 8.?E-02 8.0E-02 3.0E-02 l.0E-02 1.0E+OO 2.4E-05 
7 LANL Earthquake followed by fire and explosion X 8.7E-02 8.0E-02 2.0E-0 1 l.0E-01 l.0E+OO l.6E-03 

7 ORR Explosion in the roiary kiln X 3.4E-OI 2.5E+OO l.2E-O I l.0E-01 l.0E-03 3.0E-05 
7 ORR Fire in the baghousc area X 3.4E-OI 2.5E+OO 3.0E-02 l.0E-02 l.0E + OO 7.4E-04 
7 ORR Earthquake followed by fire and explosion X 3.4E-Ol 2.5E+OO 2.0E-0 1 l.0E-0 1 l.0E+OO 4.9E-02 

7 PORTS Explosion in the rotary kiln X 8.2E-O I 8.6E-0 1 l.2E-0 1 l.0E-0 1 1.0E-03 l.0E-05 
7 PORTS Fire in the baghousc area X 8.2E-OI 8.6E-01 3.0E-02 1.0E-02 l.0E+OO 2.6E-04 
7 PORTS Earthquake followed by fire and explosion X 8.2E-Ol 8.6E-OI 2.0E-01 l.0E-01 l.0E+OO l.7E-02 

7 RFETS Explosion in the rotary kiln X 9.0E-05 l.2E-02 l.2E-0 l l.0E-0 1 l.0E- 03 l.4E-07 
7 RFETS Fire in the baghousc area X 9.0E-05 l.2E-02 3.0E-02 I.0E-02 l.0E+ OO 3.6E-06 
7 RFETS Earthquake followed by fire and explosion X 9.0E-05 l.2E-02 2.0E-01 l.0E-01 l.0E+OO 2.4E-04 ~ 

7 SRS Explosion in the rotary ki ln X 2.5E-01 6.0E+OO l.2E-Ol l.0E-01 l.0E-03 7.2E-05 (1:) 

'TJ 7 SRS Fire in the baghousc area X 2.5E-01 6.0E+OO 3.0E-02 l.0E- 02 l.0E+OO l.8E-03 ;:s 
I 7 SRS Earthquake followed by fire and explosion X 2.5E-01 6.0E+OO 2.0E-01 l.0E-01 l.0E+OO l.2E-O l 

$::). ,_. ~-0 
VI "l1 



'Tl Table F. 6-6. Frequencies and Radiological Source Term Parameters for WM LLMW Non-Alpha Incineration ::i:... 
I - Facility Accidents-Continued 0 ~ 0\ ;::s 

I:).. 

Frequency Bin (/yr) Source Term Parameters ><" 
'?:I 

WMPEIS 
Altero- 1.0E-0410 1.0E--06to VMAR MAR Total 11.elease 
ative8 Siteb Accident > 1.0E--02 1.0E--02 1.0E-04 < 1.0E--06 (ml) (Ci) DF II.Alu< LPF" ( i) 

15 Hanford Explosion in the rotary kiln X l.6E+OO 4.3E+OO l.2E-OI I.OE-0 1 I.OE-03 5.2E-05 
15 Hanford Fire in the baghouse area X l.6E+OO 4.3E+OO 3.0E-02 I.OE-02 I.OE+OO l.3E-03 
15 Hanford Earthquake followed by fire and explosion X l.6E +OO 4.3E+OO 2.0E-01 I.OE-01 I .OE+OO 8.6E-02 

15 INEL Explosion in the rotary kiln X l.4E-OI 4.3E+OO l.2E-OI I.OE-01 I.OE-03 5 . IE-05 
15 INEL Fire in the baghouse area X 1.4E-OI 4.3E+OO 3.0E-02 I.OE-02 I.OE+OO l.2E- 03 
15 INEL Earthquake followed by fire and explosion X l.4E-OI 4.3E+OO 2.0E-01 I.OE-0 1 I.OE+OO 8.6E-02 

15 ORR Explosion in the rotary kiln X 2.7E+OO 4.7E+OO l.2E-01 I.OE-01 1.0E-03 5.7E-05 
15 ORR Fire in the baghouse area X 2.7E+OO 4.7E+OO 3.0E-02 I.OE-02 I.OE+OO l.4E-03 
15 ORR Earthquake followed by fire and explosion X 2.7E+OO 4.7E+OO 2.0E-01 I.OE-01 I.OE+OO 9.5E-02 

15 SRS Explosion in the rotary kiln X 2.5E-OI 6.0E+OO l.2E-0I I.OE-OJ I.OE-03 7.2E-05 
15 SRS Fire in the baghouse area X 2.5E-0I 6.0E+OO 3.0E-02 I.OE-02 I.OE+OO l.8E-03 
15 SRS Earthquake followed by fire and explosion X 2.5E-0I 6 .0E+OO 2.0E-01 I.OE-OJ I.OE+OO l.2E-OI 

17 Hanford Explosion in the rotary kiln X 3.5E+OO I.OE+OI l.2E-0I I.OE-OJ I.OE-03 l.2E-04 
17 Hanford Fire in the baghouse area X 3.5E+OO 1.0E+OI 3.0E-02 I.OE-02 I.OE+OO 3. IE-03 
17 Hanford Earthquake followed by fire and explosion X 3.5E+OO I.OE+0I 2.0E-01 I.OE-OJ I.0E+OO 2. IE-0 1 

26 Hanford Explosion in the rotary kiln X 6.5E-05 9.9E-03 l.2E-OI I.OE-01 I.OE-03 l .2E-07 
26 Hanford Fire in the baghouse area X 6.SE-05 9.9E-03 3.0E-02 I.OE-02 I.OE+OO 3.0E-06 
26 Hanford Earthquake followed by fire and explosion X 6.5E-05 9.9E-03 2.0E-01 I.OE-OJ I.OE+OO 2.0E-04 

26 INEL Explosion in the rotary kiln X l.9E-OI 1.8E+OI 1.2E-OI I.OE-01 I.OE-03 2.2E--04 ~ 
~ 

26 INEL Fire in the baghouse area X l.9E-0I l.8E+OI 3.0E-02 I.OE-02 I.OE+OO 5.5E--03 i::i 
26 INEL Earthquake followed by fire and explosion X l.9E-0I l.8E+OI 2.0E-01 I.OE-01 1.0E+OO 3.7E--0 1 ~ 

~ 
26 ORR Explosion in the rotary kiln X I.IE-02 3.0E+OO l.2E-OI I.OE-01 I.OE-03 3.6E-05 ;::s ... 
26 ORR Fire in the baghouse area X I.IE-02 3.0E+OO 3.0E-02 I.OE-02 1.0E+OO 9.IE i::i 
26 ORR Earthquake followed by fire and explosion X I.IE-02 3.0E+OO 2.0E-01 1.0E-01 I.OE+OO 6. IE--02 ;::s 

I:).. 

26 SRS Explosion in the rotary kiln X 7.8E-04 8.3E-02 l.2E-0I I.OE-01 3.0E-03 I.OE-06 Vl 
26 SRS Fire in the baghouse area X 7.SE--04 8.JE-02 3.0E-02 I.OE-02 I.OE+OO 2.5E-05 0 
26 SRS Earthquake followed by fire and explosion X 7.8E--04 8.3E-02 2.0E-01 I.OE-01 I.OE+OO l.7E-03 i::l 

Note : -- = not applicable . . 1be WM PEIS cases analyzed arc described as follows: 

< Case I (No Action). Three sites (INEL, ORR, and SRS) treat and store, all remaining sites store. 

0 Case 2 (Decentralized). Fony-nine sites treat, and 16 sites dispose . 

r Case 4 (Regionalized I). Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS) treat, and 12 sites dispose. 

c::: Case 7 (Regionalized 2) . Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) treat, and 6 sites dispose. ::i:... 

~ 
Case 15 (Regionalized 4). Four sites (Hanford, INEL, ORR, and SRS) treat, and 6 sites dispose . (") 

(") 
Case I 7 (Centralized) . One site treats (Hanford), and I site disposes . ~· m Case 26 (Remote-handled). Four sites (Hanford, INEL, ORR, and SRS) treat and dispose (RH) and dispose. ~ - b Values shown are for (nonvolatile) solids such as U-235 or Pu-238; sec Appendix D. ;::s 

< C Sec Table F.6-4 for facility acronyms. ;:;;-



Table F.6-7. Frequencies and Radiological Source Term Parameters for WM LLMW Alpha Incineration 

< Facility Accidents ~ 0 ~ r 
C Frequency Bin (/yr) Source Term Parameters ~ 
3:: ~ 
tTl .... .... Total f::) 

< WMPEIS 1.0E-04to 1.0E--06 to VMAR MAR Release 
;:s 
I:). 

Alternative• Siteb Accident > 1.0E--02 1.0E--02 1.0E-04 < 1.0E--06 (ml) (Ci) DF R~ LPF" (Ci) Cl) 

s 
2 INEL Explosion in the rotary kiln X l.5E-OI 9.3E+OO l.2E-OI I.OE-01 I.OE-03 I.IE-04 ~ 
2 INEL Fire in the baghouse area X l.5E-OI 9.3E+OO 3.0E-02 I.OE-02 I.OE+OO 2.8E-03 
2 INEL Eanhquake followed by fire X l.5E- OI 9.3E+OO 2.0E-01 I.OE-01 I.OE+OO l.9E-OI (1:) 

and explosion ~ 2 LANL Explosion in the rotary kiln X 2.9E-02 4.0E-02 l.2E-OI I.OE-01 I.OE-03 4.8E-07 r') 
2 LANL Fire in the baghouse area X 2.9E-02 4.0E-02 3.0E-02 I.OE-02 1.0E+OO l.2E-05 ~· -2 LANL Earthquake followed by fi re X 2.9E-02 4.0E-02 2.0E-01 I.OE-0 1 I.OE+OO 8. IE-04 ~· 

and explosion 
:::i... 2 LLNL Explosion in the rotary kiln X 2.0E-02 l.7E-02 l.2E-OI I.OE-0 1 I.OE-03 2.0E-07 r') 

2 LLNL Fire in the baghouse area X 2 .0E-02 1.7E-02 3.0E-02 I.OE-02 I.OE+OO 5.0E-06 r') 

~· 2 LLNL Eanhquake followed by fire X 2.0E-02 1.7E-02 2.0E-01 I.OE-01 1.0E+OO 3.4E-04 ~ and explosion ;:s 
2 RFETS Explosion in the rotary kiln X l.6E-0 1 1.4E-02 l.2E-OI I.OE-01 1.0E-03 1.7E-07 ~ 2 RFETS Fire in the baghouse area X l.6E-0 1 l.4E-02 3.0E- 02 I.OE- 02 1.0E+OO 4.2E- 06 
2 RFETS Eanhquakc followed by fire X l.6E-01 1.4E-02 2.0E-01 I.OE-01 I.OE+OO 2.8E- 04 

and explosion 
2 SRS Explosion in the rotary kiln X 2. IE-0 1 4.8E-O I l.2E-OI I.OE-0 1 I.OE-03 5.7E-06 
2 SRS Fire in the baghouse area X 2.IE-0 1 4.8E-OI 3.0E-02 I.OE-02 I.OE+OO l.4E-04 
2 SRS Earthquake followed by fire X 2.IE-0 1 4.8E-OI 2.0E-0 1 I.OE-01 I.OE+OO 9.5E- 03 

and explosion 
4 IN EL Explosion in the rotary kiln X l.5E-01 9.3E+OO l.2E-OI 1.0E-01 I.OE-03 I.I E--04 
4 INEL Fire in the baghouse area X l.5E-OI 9.3E+OO 3.0E-02 I.OE-02 I.OE+OO 2.8E-03 
4 INEL Earthquake followed by fire 

and explosion -
X l.5E-OI 9.3E+OO 2.0E-01 I.OE-0 1 I.OE+OO l.9E-OI 

4 LANL Explosion in the rotary kiln X 2.9E-02 4.0E-02 l.2E-OI I.OE-0 1 I.OE-03 4.8E-07 
4 LANL Fire in the baghouse area X 2.9E-02 4.0E-02 3.0E- 02 1.0E-02 I.OE+OO 1.2E-05 
4 LANL Eanhquake followed by fire X 2.9E-02 4.0E-02 2.0E-0 1 I.OE-0 1 I.OE+OO 8. IE-04 

and explosion 
4 LLNL Explosion in the rotary kiln X 2.0E-02 1.7E-02 l.2E-01 I.OE-0 1 I.OE-03 2.0E-07 
4 LLNL Fire in the baghouse area X 2.0E-02 1.7E-02 3.0E-02 I.OE-02 I.OE+OO 5.0E- 06 
4 LLNL Eanhquakc followed by fire X 2.0E-02 l.7E-02 2.0E-01 I.OE-01 I.OE+OO 3.4E-04 

and explosion 
4 RFETS Explosion in the rotary kiln X l.6E- 0 1 1.4E-02 l.2E-0 1 1.0E-01 I.OE-03 l.7E-07 
4 RFETS Fire in the baghouse area X l. 6E-0 1 l.4E-02 3.0E-02 1.0E-02 I.OE+OO 4.2E-06 
4 RFETS Earthquake followed by fire X l. 6E-O I l.4E-02 2.0E-01 I.OE-0 1 I.OE+OO 2.8E-04 

and explosion 
4 SRS Incineration ash explosion X 2.I E-0 1 4.8E-0 1 l.2E- OI 1.0E-01 I.OE-03 5.7E-06 
4 SRS Fire in the baghouse area X 2. IE-0 1 4.8E-O I 3.0E-02 1.0E-02 I.OE+OO l.4E-04 
4 SRS Earthquake followed by fire X 2. IE-0 1 4.8E- 0 1 2.0E-0 1 I.OE-01 I.OE +OO 9.5E-03 

and explosion 
7 INEL Explosion in the rotary kiln X 1.5E-01 9.3E+OO l.2E-01 1.0E-0 1 I.OE-03 I.IE-04 
7 INEL Fire in the baghouse area X l.5E- 0 1 9.3E+OO 3.0E-02 1.0E-02 I.OE+OO 2.8E-03 
7 INEL Eanhquakc followed by fire X l.5E- 01 9.3E+OO 2 .0E-0 1 I.OE-01 I.OE +OO l.9E-01 :::i... 

and explosion 
(1:) 

'Tl ;:s 
I I:). - ><" 0 
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' -
'Tl Table F.6-7. Frequencies and Radiological Source Term Parameters for WM LLMW Alpha Incineration Facility ::i... 

I -0 Accidents-Conanued ~ 
00 ;::s 

I:).. 

><" 
Frequency Bin (/yr) Source Term Parameten '"?1 

Total 
WMPEJS 1.0E-04to 1.0E--06 to VMA1l MAR Release 
Alternative• Siteb Accident > 1.0E--02 1.0E--02 1.0E-04 <1.0E--06 (m3) (Ci) OF RARF" LPF" (Ci) 

7 LANL Explosion in the rotary kiln X 2.9E-02 4.0E-02 l.2E--01 I.0E--0 1 I.0E--03 4.SE--07 
7 LANL Fire in the bagbousc area X 2.9E-02 4.0E--02 3.0E--02 I.0E-02 1.0E+ OO l.2E--05 
7 LANL Eanhquake followed by fire X 2.9E-02 4.0E-02 2.0E--01 I.0E--0 1 I.0E + OO 8. IE--04 

and explosion 
7 RFETS Fire in the bagbousc area X l.6E--01 l.4E-02 3.0E-02 I.0E-02 1.0E+OO 4.2E--06 
7 RFETS Eanhquake followed by fire X 1.6E--OI l .4E-02 2.0E--01 I.0E--0 1 I.0E+OO 2.SE--04 

and explosion 
7 SRS Explosion in the rotary kiln X 2. IE--01 4.SE--01 l.2E--01 I.0E--01 I.0E--03 5.7E--06 
7 SRS Fire in the bagbousc area X 2. IE--01 4.SE--01 3.0E-02 I.0E-02 I.0E+OO l.4E--04 
7 SRS Eanhquake followed by fire X 2. IE--01 4.SE--01 2.0E--01 I.0E--01 I.0E+ OO 9.5E--03 

and explosion 
15 INEL Explosion in the rotary kiln X l.5E--OI 9.3E+OO l.2E--OI I.0E--01 I.0E--03 I.IE--04 
15 INEL Fire in the bagbousc area X l.5E--01 9.3E+OO 3.0E-02 I.0E--02 I.0E + OO 2.SE--03 
15 INEL Eanhquake followed by fire X 1.5E--01 9.3E+OO 2.0E--01 I.0E--01 1.0E+OO 1.9E--0 1 

and explosion 
15 SRS Explosion in the rotary kiln X 2. IE--01 4.SE--01 l.2E--01 I.0E--01 1.0E--03 5.7E--06 
15 SRS Fire in the bagbousc area X 2. IE--01 4.SE--01 3.0E-02 I.0E--02 I.0E+OO 1.4E--04 
15 SRS Eanhquakc followed by lire X 2. IE--01 4 .SE--01 2.0E--01 I.0E--01 1.0E+OO 9.5E--03 

and explosion 
17 Hanford Explosion in the rotary kiln X l.6E--OI l.4E-02 l.2E--OI I.0E--01 I .0E--03 l.7E--07 
17 Hanford Fire in the bagbousc area X 1.6E--OI 1.4E--02 3.0E--02 I.0E--02 1.0E+OO 4.3E--06 
17 Hanford Eanhquake followed by fire - X l.6E--OI l.4E--02 2.0E--01 I.0E--01 l.0E + OO 2.SE--04 

and explosion ~ 26 INEL Explosion in the rotary kiln X 1.4E--04 I.SE--02 l.2E--OI I.0E--01 I.0E--03 I.SE--07 ~ 
26 INEL Fire in the bagbousc area X 1.4E--04 l.SE-02 3.0E--02 I.0E--02 I.0E+OO 4.4E--06 ~ 
26 INEL Eanhquake followed by fire X 1.4E--04 I.SE-02 2.0E--01 I.0E--01 1.0E+OO 2.9E--04 § 

and explosion ~ .... . lne WM PEIS cases analyl.Cd arc described as follows: ~ ;::s . Case I (No Action). Three sites (INEL. ORR, and SRS) lrcat and store, all remaining sites store. I:).. . Case 2 (Decouraliud) . Forty-nine sites lrcat, and 16 sites dispose . v:i 
Case 4 (Regionaliud /) . Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETSJ 1rcat, and 12 sites dispose. c . Case 7 (Regiona/ized 2) . Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) 1reat, and 6 sites dispose. 

~ . Case I 5 (Regiona/ized 4). Four sites (Hanford, INEL, ORR. and SRS) lrcat, and 6 sites dispose . 
Case 17 (Cemralized) . One site lrcats (Hanford), and I site disposes. ~ 

h 
Case 26 (Remote-handled). Four sites (Hanford, INEL, ORR, and SRS) lrcat and dispose (RH) and dispose 

~ Sec Table F.~ for dctenninalion of facility acronyms. 
C Values shown arc for particulate (nonvolatile) solids such as U-235 or Pu-238; sec Appendix D. (') 
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