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Sa fe ty  Eva lua t i on  for Packaging (Onsite) 
Type B Shipment o f  2 2 2 4  Cargo Tank 

1.0 INTRODUCTION 

Th is  i s  a one-time use Safety  Evaluat ion f o r  Packaging (Onsi te)  (SEP) 
f o r  use o f  t h e  222-S Laboratory  Cargo Tank ( v e h i c l e  r e g i s t r a t i o n  number 
H0-64-4275, s e r i a l  number L1-10477) t o  t r a n s p o r t  r a d i o a c t i v e  l i q u i d  t h a t  
exceeds t h e  l i m i t s  o f  t h e  SEP f o r  Transpor t  o f  LSA-I1 L i q u i d s  i n  MC-312 Cargo 
Tanks (WHC-SD-TP-SEP-048 [Car ls t rom 19961). Except where noted i n  t h i s  SEP, 
t h i s  shipment meets a l l  requirements o f  WHC-SD-TP-SEP-048. The 222-S Cargo 
Tank i s  a U.S. Department o f  T ranspor ta t i on  (DOT) MC-312 s p e c i f i c a t i o n  cargo 
tank.  

WHC-SD-TP-SEP-048 author izes o n s i t e  shipment o f  low s p e c i f i c  a c t i v i t y  
(LSA-11)  l i q u i d  i n  the  222,s Cargo Tank, w i t h  r a d i a t i o n  dose r a t e s  l e s s  than 
13 mrem/h a t  2 m from t h e  t r a i l e r .  
173.403 (1996) as m a t e r i a l  which i s  un i fo rm ly  d i s t r i b u t e d  and t h e  s p e c i f i c  
a c t i v i t y  i s  l e s s  than 

LSA-I1 ma te r ia l  i s  de f i ned  i n  49 CFR 

AJg f o r  l i q u i d s .  

2.0 CONTENTS EVALUATION 

The package contents  f o r  t h i s  one-time SEP are prov ided i n  F igu re  2-1. 
The contents  have a s p e c i f i c  a c t i v i t y  o f  7.446 x lo-?  Ci/g,  which meets DOT 
l i m i t s  f o r  LSA-I1 m a t e r i a l s .  However, t he  contents  do n o t  meet the  LSA-I1 
d e f i n i t i o n  o f  e s s e n t i a l l y  un i fo rm ly  d i s t r i b u t e d ,  s ince  the  r a d i a t i o n  l e v e l s  a t  
t h e  bottom are g rea te r  than the  upper p o r t i o n s  o f  t he  tank. 
f i s s i l e  excepted pe r  49 CFR 173.453(b) because t h e  m a t e r i a l  con ta ins  l e s s  than  
5 g o f  f i s s i l e  ma te r ia l  pe r  l i t e r ,  a mass o f  f i s s i l e  rad ionuc l i des  l e s s  than 
500 g, and a r a t i o  o f  hydrogen atoms t o  f i s s i l e  atoms g rea te r  than 5200. 

The contents  are 

3.0 SHIELDING EVALUATION 

The r a d i a t i o n  l e v e l  on t h e  bottom o f  t h e  tank  exceeds t h e  13 mrem/h 
l i m i t  o f  WHC-SD-TP-SEP-048. However, now t h a t  t he  tank  i s  loaded, i t  would be 
very i m p r a c t i c a l  t o  remove l i q u i d  form the  cargo tank  o r  i n s t a l l  s h i e l d i n g  on 
t h e  cargo tank  sur face t o  reduce the  dose r a t e  t o  13 mrem/h. Performing those 
opera t i ons  would increase exposure t ime  t o  a f f e c t e d  personnel and as low as 
reasonably  achievable (ALARA) p r a c t i c e s  would no t  be fo l lowed.  
a d d i t i o n a l  personnel exposure, a dose r a t e  l i m i t  o f  100 mrem/h a t  2 m i s  
j u s t i f i e d .  

To prevent  

1 
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D e s c r i p t i o n  

I n c r e d i b l e  

I n c r e d i b l e  

Cred ib le  

Probable 

4.0 RADIOLOGICAL RISK EVALUATION 

Onsi te  O f f s i t e  

Sv (rem) Sv (rem) 
Annual frequency dose l i m i t *  dose l i m i t *  

< 10.’ None None 

io- ’  t o  < i o - 6  None .25 (25) 

i o - 6  t o  10.~ .05/.15/.5 .005/.015/.05 
(5/15/50) ( .5/1.5/5) 

( .2 / .6 /2)  (.01/.03/.1) 
t o  1 .002/.006/.02 .0001/.0003/.001 

Th is  eva lua t i on  addresses a s i n g l e  shipment o f  t he  222-S cargo tank  from 

The assumptions f o r  t he  r a d i o l o g i c a l  r i s k  eva lua t i on  are t h e  f o l l o w i n g :  

t h e  222-S Laboratory  t o  the  204-AR F a c i l i t y .  

Highway shipment mode 
1 shipment 
10 m i l e s  

The 222-S Cargo Tank i s  designed t o  w i ths tand  normal t r a n s p o r t a t i o n  
cond i t i ons .  For acc ident  environments, t he  cargo tank  must meet o n s i t e  
t r a n s p o r t a t i o n  s a f e t y  requirements as out1 ined i n  WHC-CM-2-14 and Mercado 
(1994). The r e q u i s i t e  s a f e t y  i s  determined by a r a d i o l o g i c a l  r i s k  eva lua t i on ,  
which uses r i s k  acceptance c r i t e r i a  and Washington S ta te  t r u c k  acc ident  
f requencies.  For the  evaluat ion,  a l l  acc idents  are binned t o  f a l l  i n t o  f o u r  
groups: impact, crush, puncture, and f i r e .  Immersion as an acc ident  scenar io  
i s  ignored (H&R 1995), because the  t r a n s p o r t  r o u t e  i s  n o t  ad jacent  t o  water. 

Dose consequence 
are d iscussed i n  Sect ion 4.2. 
t h e  ana lys i s  o f  acc ident  re lease  f requencies i n  Sect ion 4.4. 
cargo tank  shipment, t he  acc ident  frequencies p rov ide  the  necessary i n p u t  t o  
evaluate r i s k  acceptance. 

R isk  acceptance c r i t e r i a  are o u t l i n e d  i n  Sect ion 4.1. 
F a i l u r e  thresholds are g iven i n  Sect ion 4.3 and 

For  t h i s  s i n g l e  

4.1 RISK ACCEPTANCE CRITERIA 

Graded dose l i m i t a t i o n s  f o r  probable, c r e d i b l e ,  and i n c r e d i b l e  acc ident  
f requencies ensure safety  i n  r a d i o a c t i v e  ma te r ia l  packaging and t r a n s p o r t a t i o n  
(Mercado 1994). The dose l i m i t a t i o n s  t o  the  o f f s i t e  and o n s i t e  i n d i v i d u a l  f o r  
probable, c r e d i b l e ,  and i n c r e d i b l e  acc ident  f requencies are shown i n  
Table 4-1. 

2 
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The ana lys i s  o f  t he  222-S Cargo Tank shipment i n i t i a l l y  focuses on 
de te rm in ing  whether the  annual acc ident  frequency f o r  each major  acc ident  
scenar io  i s  l e s s  than If so, the  necess i t y  o f  determin ing t h e  p o t e n t i a l  
dose consequence r e s u l t i n g  from t h e  re lease  o f  t h e  payload i s  e l im ina ted .  I f  
no t ,  dose consequence c a l c u l a t i o n s  would be performed t o  a l l o w  comparisons t o  
be made t o  r i s k  acceptance c r i t e r i a .  

4.2 DOSE CONSEQUENCE ANALYSIS 

The dose consequence o f  a f a i l u r e  o f  t he  cargo tank  i s  n o t  c a l c u l a t e d  f o r  
t he  purposes o f  t he  r i s k  ana lys i s  because the  magnitude o f  t he  annual acc ident  
f requencies i s  min imal ,  p l a c i n g  the  p r o b a b i l i t y  o f  packaging f a i l u r e  w e l l  i n  
t h e  i n c r e d i b l e  range. 
acc iden t  scenar ios evaluated encompass any event t h a t  would r e s u l t  i n  a l o s s  
o f  e f fec t i veness  o f  t h e  packaging. 

Th is  approach i s  j u s t i f i e d  by r e q u i r i n g  t h a t  t h e  

4.3 PACKAGE FAILURE THRESHOLD ANALYSIS 

F a i l u r e  th resho lds  were conserva t i ve l y  assumed t o  be minimal f o r  t h e  
It was assumed t h a t  any acc ident  event w i l l  r e s u l t  i n  packaging cargo tank.  

f a i  1 ure.  

4.4 ACCIDENT FREQUENCY ASSESSMENT 

4 .4 .1  Approach 

The acc iden t  frequency assessment i s  based on the  assumption t h a t  a 
s i n g l e  f a i l u r e  mode i s  app rop r ia te  f o r  each o f  t h e  d i f f e r e n t  f o rces  descr ibed 
as impact, puncture, crush, and f i r e .  Packages on t h e  Hanford S i t e  do n o t  
encounter immersion acc ident  environments. Package f a i l u r e  f requencies from 
d i f f e r e n t  scenar ios w i t h  s i m i l a r  consequences and t h e  same t ype  o f  f o r c e  are 
evaluated t o  determine t h e  f o u r  composite f a i l u r e  modes f o r  t h i s  ana lys i s .  

The annual frequency (F) o f  a t r u c k  acc ident  i s  t he  product  o f  t h e  annual 
number o f  t r i p s ,  t h e  number o f  m i les  pe r  t r i p ,  and t h e  acc ident  r a t e  p e r  m i l e .  

F = 1 t r i p / y e a r  x m i l e s / t r i p  x acc idents /mi le  

The t r u c k  acc ident  r a t e  i s  t he  Sar icks and K v i t e k  (1994) va lue f o r  t h e  
Washington S ta te  acc ident  r a t e  f o r  secondary ( r u r a l )  s t a t e  highways. 
r a t e  i s  1.17 x accidents/mi. For the  Hanford S i te ,  t h i s  r a t e  i s  reduced 
by a f a c t o r  o f  40 as recommended i n  Appendix B o f  H&R (1995). Th i s  reduc t i on  
f a c t o r  takes c r e d i t  f o r  q u a l i f i e d ,  t r a i n e d  t r u c k  d r i v e r s  ( reduc t i on  f a c t o r  o f  
l o ) ,  shipment l o c a t i o n  n o r t h  o f  t he  Wye Barr icade ( f a c t o r  o f  Z), and t h e  
r a d i o a c t i v e  na tu re  o f  t h e  shipment ( f a c t o r  o f  2 ) .  

change r e s u l t i n g  from the  most severe impact experienced i n  a c o l l i s i o n  

Th is  

The impact f a i l u r e  scenar io  i s  de f i ned  as the  expected system v e l o c i t y  

3 
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F i i lLe 

acc iden t  (Dennis 
a puncture event 
i s  0.89. 

C r i t e r i o n  frequency acc ident  

e t  a l .  1978). The p r o b a b i l i t y  of occurrence o f  an impact o r  
i s  0.8 x F. The p r o b a b i l i t y  o f  occurrence o f  a crush event 

Impact 

Puncture 

Crush 

f i r e  

To ta l  

The c o n d i t i o n a l  p r o b a b i l i t y  o f  occurrence o f  a f i r e  i s  0.0183 ( f rom H&R 
[1995], F igu re  A.4). 

< lo-’ 2.34 x 10.’ 

< 2.34 x 10.’ 

< 10.’ 2.60 x 10” 

< 10.~ 5.35 x 10-1° 

< 7.34 x 10.’ 

4.5 EVALUATION AND CONCLUSION 

Table 4-2 shows t h e  r i s k  eva lua t i on  summary. Each p r o b a b i l i t y  i s  t hen  
m u l t i p l i e d  by F, t h e  frequency, t o  a r r i v e  a t  an annual acc ident  re lease  
frequency. 

Table 4-2. Summary o f  Risk 
Eva1 ua t i on .  

The annual acc ident  re lease  f requencies f o r  1 shipment p e r  year  o f  one 
cask meet t h e  es tab l i shed  c r i t e r i a .  Therefore, t h i s  s i n g l e  shipment o f  t h e  
222-S Cargo Tank presents  no unacceptable r i s k s  pe r  WHC-CM-2-14 and Mercado 
(1994). 
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