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1. GENERAL 

1.1 Areas o f  Review 

Rev is ion  0 o f  t h e  Addendum (Ref. 1) t o  t h e  Consol idated Sa fe t y  Ana l ys i s  Report  
f o r  Packaging (SARP) f o r  t h e  T-3 Spent Fuel Sh ipp ing  Cask (Ref. 2) seeks 
approval  f o r  a d d i t i o n a l  payloads t o  be t r anspo r ted  i n  t h e  T-3 Cask 
(USA/9132/B(M)F (DOE)) t h a t  were n o t  p r e v i o u s l y  au tho r i zed  i n  t h e  C e r t i f i c a t e  
o f  Compliance. These a d d i t i o n a l  payloads i n c l u d e  combinat ions o f  Thermionic  
Fuel Elements (TFEs), uranium ca rb ide  (UC2) f u e l  t e s t  assemblies, SP-100 
capsules, and non- fue led  sheath i n s u l a t o r s  when con f i gu red  i n s i d e  t h e  I d e n t  
1578 l i n e r .  The s p e c i f i c  pay load sh ipp ing  combinat ions a r e  l i s t e d  i n  Table 1. 
A l l  o f  t h e  a d d i t i o n a l  payloads were i r r a d i a t e d  i n  t h e  General Atomics TRIGA 
r e a c t o r  as p a r t  o f  t h e  SP-100 space r e a c t o r  research  and development program. 
The 1H1 TFE has been disassembled and t h e  SP-100 capsules w i l l  be i n d i v i d u a l l y  
p laced  i n  s t a i n l e s s  s t e e l  p ipes  and then  c losed  by weld ing.  Other  TFE 
assembl ies and t h e  UC2 assembly w i l l  be c u t  t o  app rop r i a te  l eng ths  t o  f i t  i n t o  
t h e  I d e n t  1578 l i n e r .  A l l  o f  t h e  sheath i n s u l a t o r s  w i l l  be p laced  on a s i n g l e  
machined brass f i x t u r e  and subsequent ly i n s e r t e d  i n t o  a s t a i n l e s s  s t e e l  p i p e  
and then  c l osed  by weld ing.  Containment does n o t  r e l y  on t h e  s t a i n l e s s  s t e e l  
p ipes  o r  TFE assemblies b u t  r a t h e r  on t h e  p r e v i o u s l y  approved T-3 cask t h a t  
was designed t o  assure no r a d i o a c t i v e  m a t e r i a l  r e l ease  under c o n d i t i o n s  o f  
normal t r a n s p o r t  o r  h y p o t h e t i c a l  acc iden ts .  

Tab1 e 1 : Proposed Pay1 oad Shipp ing Con f i gu ra t i ons  

Shipment Combinat i on 
A 1H2 + SP-100-3 
B 1H1 + 1H3 
C 3H1 + SP-100-1 
D 3H5 + SP-100-2 
E UC2 + Sheath I n s u l a t o r s  
F 6H 1 
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The maximum amount o f  uranium ox ide  f u e l  and UC2 f u e l ,  i n  any one o f  t h e  s i x  
sh ipp ing  c o n f i g u r a t i o n s ,  i s  l i m i t e d  t o  780 g  and 11 g, r e s p e c t i v e l y .  The 
t o t a l  f i s s i l e  m a t e r i a l  i n  any sh ipp ing  c o n f i g u r a t i o n  i s  l i m i t e d  t o  l e s s  than  
100 g. The maximum n e t  we igh t  o f  any o f  t h e  proposed a d d i t i o n a l  payloads i s  
150 I b s ,  t h e  empty we igh t  o f  t h e  I d e n t  1578 l i n e r  i s  245 I b s ,  and t h e  maximum 
t o t a l  we igh t  o f  any proposed a d d i t i o n a l  pay load w i t h  i t s  l i n e r  i s  395 I b s .  
The maximum decay hea t  l o a d i n g  i s  120 W. A l l  payloads a re  t o  be t r anspo r ted  
i n  t h e  T-3 cask, which i s  c u r r e n t l y  au tho r i zed  f o r  F i s s i l e  Class I 1 1  shipments 
under c o n d i t i o n s  a p p l i c a b l e  f o r  e x c l u s i v e  use. 

1.2 F ind ings  and Conclusions 

The s t a f f  has rev iewed t h e  sub jec t  T-3 Addendum and concludes t h a t  t h e  genera l  
i n f o r m a t i o n  con ta ined  i s  i n  compl iance w i t h  t h e  requi rements o f  10 CFR P a r t  71 
(Ref. 3) and DOE Order 5480.3 (Ref. 4). The b a s i s  f o r  t h i s  conc lus ion  i s  by 
comparison w i t h  t h e  p r e v i o u s l y  approved T-3 SARP and i t s  acceptance f o r  
c e r t i f i c a t i o n  f o r  a l l  areas except s h i e l d i n g .  I n  t h e  area o f  s h i e l d i n g ,  
compl iance was determined by examining c a l c u l a t i o n s  presented i n  t h e  sub jec t  
T-3 Addendum and by per fo rming  independent c o n f i r m a t o r y  c a l c u l a t i o n s .  

2. STRUCTURAL EVALUATION 

2.1 Areas o f  Review 

The s t r u c t u r a l  a n a l y s i s  i nc l uded  i n  t h e  sub jec t  T-3 Addendum was rev iewed i n  
o rde r  t o  determine t h e  e f f e c t s  o f  t h e  proposed a d d i t i o n a l  payloads. Both t h e  
proposed maximum payload we igh t  o f  150 I b s  and t h e  maximum t o t a l  we igh t  o f  395 
I b s ,  which i nc l udes  an I d e n t  1578 l i n e r ,  were compared t o  p r e v i o u s l y  approved 
maximums. The proposed h o l d i n g  f i x t u r e  p r e c l  udes t h e  appl  i c a t  i on o f  p o i n t  
loads  a t  e i t h e r  end o f  t h e  I d e n t  1578 l i n e r .  Hence, o n l y  d i s t r i b u t e d  l oads  
need t o  be cons idered when rev iew ing  t h e  s t r esses  r e s u l t i n g  f rom t h e  proposed 
a d d i t i o n a l  pay1 oads. 

2.2 F ind ings  and Conclus ions 

The p r e v i o u s l y  au tho r i zed  maximum payload weight  w i t h i n  an I d e n t  69 l i n e r  i s  
160 I b s .  The I d e n t  1578 l i n e r  possesses more s t r u c t u r a l  i n t e g r i t y  than  t h e  
I d e n t  69 l i n e r ,  and t h e  maximum proposed pay load we igh t  i s  10 I b s  l e s s  than  
t h e  p r e v i o u s l y  approved va lue  o f  160 I b s .  Comparison shows t h a t  t h e  r e s u l t i n g  
s t r esses  a re  l e s s  t han  those  a l r eady  au tho r i zed  and t h a t  t h e  proposed payloads 
can be s a f e l y  r e t a i n e d  w i t h i n  t h e  I d e n t  1578 l i n e r .  Fu r the r ,  t h e  maximum 
payload we igh t  i n c l u d i n g  t h e  I d e n t  1578 l i n e r  i s  395 I b s  which i s  l e s s  than  
t h e  p r e v i o u s l y  au tho r i zed  va lue  o f  700 I b s ,  again r e s u l t i n g  i n  s t r esses  t h a t  
a re  l e s s  t han  those  p r e v i o u s l y  au thor i zed .  The s t a f f  concludes t h a t  because 
these we igh ts  and r e s u l t i n g  s t resses  a re  l e s s  than  p r e v i o u s l y  au thor i zed ,  t h e  
proposed a d d i t i o n a l  payloads a re  i n  compl iance w i t h  t h e  s t r u c t u r a l  
requi rements o f  10 CFR P a r t  71. 
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3. THERMAL EVALUATION 

3.1 Areas o f  Review 

The thermal  e v a l u a t i o n  i nc l uded  i n  t h e  sub jec t  T-3 Addendum was reviewed i n  
o rde r  t o  determine t h e  e f f e c t s  o f  t h e  proposed a d d i t i o n a l  payloads. The T-3 
cask i s  designed w i t h  a  t o t a l l y  pass ive  thermal  system. There a re  no c o o l i n g  
f i n s .  One p r i n c i p a l  component o f  t h i s  thermal  system i s  t h e  e x t e r n a l  thermal 
f i r e  s h i e l d .  The f i r e  s h i e l d  i s  made o f  10-gauge s t a i n l e s s  s t e e l  sheet metal  
t h a t  i s  separated f rom t h e  o u t e r  su r f ace  o f  t h e  cask by a 0.08- inch d iameter  
s t a i n l e s s  s t e e l  w i r e  wrap. A sun s h i e l d  i s  a l s o  p resen t  d u r i n g  t r a n s p o r t  t h a t  
e l i m i n a t e s  d i r e c t  s o l a r  i n s o l a t i o n  on t h e  cask and which p rov ides  a phys i ca l  
b a r r i e r  such t h a t  t h e  r a d i u s  o f  t h e  access ib l e  e x t e r n a l  su r f ace  i s  l a r g e r  than  
t h a t  o f  t h e  f i r e  s h i e l d .  The thermal  system i s  t h e  same as t h a t  p r e v i o u s l y  
approved. The o n l y  change t h a t  a f f e c t s  t h e  thermal e v a l u a t i o n  i s  t h e  amount 
o f  i n t e r n a l  heat  gene ra t i on  i n  t h e  proposed a d d i t i o n a l  payloads. The maximum 
thermal  l o a d  i s  120 W, which occurs ma in l y  because o f  gamma decay f rom 
s t r u c t u r a l  m a t e r i  a1 s  t h a t  were a c t i v a t e d  d u r i n g  t h e  i n - c o r e  i r r a d i a t i o n .  Th is  
thermal  l o a d  i s  d i s t r i b u t e d  n e a r l y  u n i f o r m l y  over  t h e  22 - i nch  l e n g t h  o f  t h e  
t e s t  a r t i c l e s  i r r a d i a t e d  i n - c o r e .  

3.2 F ind ings  and Conclusions 

The maximum au tho r i zed  heat  l o a d  i n  t h e  T-3, when us ing  t h e  I d e n t  1578 l i n e r ,  
i s  1400 W d i s t r i b u t e d  over  a  l e n g t h  o f  36 inches.  The maximum heat  l o a d  f o r  
t h e  a d d i t i o n a l  proposed payloads i s  120 W d i s t r i b u t e d  over  22 inches.  The 
t o t a l  hea t  l o a d  i s  l e s s  than  18% and t h e  heat  l o a d  pe r  u n i t  l e n g t h  i s  l e s s  
than  29% o f  t h e  p r e v i o u s l y  au tho r i zed  va lues.  On t h e  bas i s  o f  t h i s  
comparison, t h e  s t a f f  concludes t h a t  t h e  thermal  des ign f e a t u r e s  descr ibed  i n  
t h e  s u b j e c t  T-3 Addendum, a long w i t h  t h e  proposed a d d i t i o n a l  payloads, a re  i n  
compl iance w i t h  t h e  requi rements o f  10 CFR P a r t  71. 

4. CONTAINMENT EVALUATION 

4.1 Areas o f  Review 

The containment e v a l u a t i o n  i nc l uded  i n  t h e  sub jec t  T-3 Addendum was reviewed 
i n  o r d e r  t o  determine t h e  e f f e c t s  o f  t h e  proposed a d d i t i o n a l  payloads. The 
approved T-3 cask containment c o n s i s t s  o f  a  pr in iary  and a secondary 
containment.  Both containments a re  composed o f  c y l i n d r i c a l  shaped s t a i n l e s s  
s t e e l  p i pes  w i t h  double o - r i n g  sea ls  f o r  c l osu re .  The sea l s  a re  p r o t e c t e d  
f rom a h y p o t h e t i c a l  f i r e  environment by a f i r e  s h i e l d  and overpacks ( impact  
l i m i t e r s ) .  These containment f e a t u r e s  remain unchanged. The p r e v i o u s l y  
approved T-3 cask containment was designed t o  assure no r a d i o a c t i v e  m a t e r i a l  
r e l ease  under any c o n d i t i o n s  o f  normal t r a n s p o r t  o r  h y p o t h e t i c a l  acc iden ts .  
Th i s  containment was independent o f  t h e  amount o f  d i s p e r s i b l e  r a d i o a c t i v e  
m a t e r i a l  as l o n g  as t h e  maximum s t r u c t u r a l  and thermal loads  d i d  n o t  exceed 
those  au tho r i zed .  
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4.2 F ind ings  and Conclus ions 

The maximum au tho r i zed  pay load weight  con ta ined  i n  t h e  I d e n t  1578 l i n e r  i s  160 
I b s ,  which i s  10 1  bs more t han  t h e  maximum weight  o f  t h e  proposed a d d i t i o n a l  
pay1 oads . Fu r the r ,  t h e  proposed h o l d i n g  f i x t u r e  p r e c l  udes t h e  appl  i c a t  i on o f  
p o i n t  loads .  Hence t h e  s t r u c t u r a l  l o a d i n g  on t h e  containment boundary i s  
reduced. The maximum au tho r i zed  I d e n t  1578 thermal  l o a d i n g  i s  1400 W, which 
i s  more t han  t h e  maximum va lue  o f  120 W f o r  t h e  proposed a d d i t i o n a l  payloads. 
On t h e  b a s i s  o f  t h e  above s t r u c t u r a l  and thermal l o a d i n g  comparisons, t h e  
s t a f f  concludes t h a t  t h e  containment descr ibed  i n  t h e  s u b j e c t  T-3 Addendum f o r  
t h e  proposed a d d i t i o n a l  payloads i s  i n  compl iance w i t h  t h e  requ i re~ i i en t s  o f  10 
CFR P a r t  71. 

5. SHIELDING EVALUATION 

5.1 Areas o f  Review 

The des ign  o f  t h e  T-3 cask must have s u f f i c i e n t  s h i e l d i n g  f o r  neu t ron  and 
gamma r a d i a t i o n  t o  assure compliance w i t h  t h e  dose r a t e  l i m i t s  s p e c i f i e d  i n  10 
CFR P a r t  71. Because shipments a re  t o  be made i n  an open t r a n s p o r t  v e h i c l e  
under c o n d i t i o n s  a p p l i c a b l e  t o  e x c l u s i v e  use, 10 CFR 71.47 r e q u i r e s  t h a t  t h e  
dose be l e s s  than  200 mrem/h on any access ib l e  e x t e r n a l  su r f ace  o f  t h e  
package. For  t h e  T-3 cask, t h e  access ib l e  e x t e r n a l  su r f ace  o f  t h e  package i s  
t h e  sun s h i e l d  t h a t  has a  r a d i u s  o f  17.8 inches.  The 13.22- inch o u t e r  r a d i u s  
o f  t h e  T-3 cask, where c o n f i r m a t o r y  c a l c u l a t i o n s  o f  dose r a t e s  were determined 
by t h e  s t a f f ,  i s  sma l l e r  than  t h a t  o f  t h e  sun s h i e l d .  

The dose must a l s o  be l e s s  than  10 mrem/h a t  a  d i s t a n c e  2  m f rom t h e  v e r t i c a l  
p r o j e c t i o n  o f  t h e  o u t e r  edges o f  t h e  v e h i c l e  and l e s s  than  2 mrem/h i n  any 
occupied p o s i t i o n s  i n  t h e  v e h i c l e .  The w i d t h  o f  t h e  v e h i c l e  i s  cons idered t o  
be 8  f e e t .  Under h y p o t h e t i c a l  acc iden t  cond i t i ons ,  t h e  e x t e r n a l  r a d i a t i o n  
dose must n o t  exceed 1000 mrem/h a t  a  d i s t ance  one meter f rom t h e  e x t e r n a l  
su r f ace  o f  t h e  package. 

5.2 Review Procedures 

Th is  r ev i ew  was d i v i d e d  i n t o  t h r e e  p a r t s :  1) source s p e c i f i c a t i o n ,  2) model 
s p e c i f i c a t i o n ,  and 3)  s h i e l d i n g  eva lua t i on .  

5.2.1 Source S p e c i f i c a t i o n  

Both t h e  gamma source s t r e n g t h s  and t h e  neu t ron  source s t r e n g t h s  assoc ia ted  
w i t h  t h e  proposed a d d i t i o n a l  payloads were examined and compared t o  p r e v i o u s l y  
approved va lues.  The a p p l i c a n t  performed ORIGEN-S c a l c u l a t i o n s  t o  determine 
t h e  source terms f o r  t h e  1H1, 1H2, 1H3, 3H1, 3H5, 6H1, SP-100-1, SP-100-2, and 
SP-100-3 asserr~bl ies.  ORIGEN-S c a l c u l a t i o n s  were n o t  made f o r  t h e  UC2 f u e l  
t e s t  assembly o r  t h e  SP-100 sheath i n s u l a t o r s  because t h e i r  r e s p e c t i v e  source 
terms a r e  bounded by o t h e r  cases. An app ra i sa l  o f  t h e  combinat ions showed 
t h a t  Shipment B ( t h e  1H1 + 1H3 combinat ion)  was t h e  l a r g e s t  source t e rm  f o r  
t h e  s u b j e c t  T-3 Addendum. A1 1  o f  t h e  shipments have assembl ies t h a t  w i l l  have 
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been o u t  o f  t h e  r e a c t o r  f o r  over  650 days. Hence, t h e  gamma and neu t ron  
source terms used t o  c a l c u l a t e  doses were based on a  650-day decay t ime.  

5.2.1.1 Gamma Source 

Gamma-ray photon emiss ion r a t e s  o f  Shipment B  were determined f o r  a  16-group 
s t r u c t u r e  o f  mean gamma energ ies  rang ing  f rom 3.0 t o  0.15 MeV. Each group was 
compared t o  p r e v i o u s l y  approved T-3 payload va lues.  To ta l  photons/s f rom t h e  
16 groups was c a l c u l a t e d  t o  be 6.80 Et13 f o r  Shipment B  compared t o  2.21 Et15 
f o r  t h e  p r e v i o u s l y  approved T-3. E s s e n t i a l l y  a l l  o f  t h e  photon emiss ion 
(95%t) comes from t h e  s t r u c t u r a l  m a t e r i a l  s  t h a t  were a c t i v a t e d  d u r i n g  i n - c o r e  
i r r a d i a t i o n .  The e f f e c t i v e  l e n g t h  o f  these  s t r u c t u r a l  m a t e r i a l s  i s  22 inches 
and t h e  gamma source i s  n e a r l y  u n i f o r m l y  d i s t r i b u t e d  a long t h i s  l eng th .  The 
e f f e c t i v e  l e n g t h  of  t h e  gamma source i n  t h e  p r e v i o u s l y  approved T-3 i s  36 
inches t h a t  i s  a l s o  n e a r l y  u n i f o r m l y  d i s t r i b u t e d .  The r e s u l t i n g  gamma 
emiss ion pe r  u n i t  l e n g t h  i s  3 .1  Et12 photons/s- inch f o r  Shipment B, which i s  
20 t imes  l e s s  than  t h e  6.1 Et13 photons/s- inch f o r  t h e  p r e v i o u s l y  approved T-3 
SARP. 

Because t h e  gamma emiss ion r a t e s  i n  t h e  proposed T-3 Addendum a r e  l e s s  than  
those  p r e v i o u s l y  approved, we used t h e  p r e v i o u s l y  approved va lues o f  12.5, 
4.7, and 0.8 mrem/h a t  t h e  cask s ide,  bottom, and top,  r e s p e c t i v e l y ,  i n  
c a l c u l a t i n g  t o t a l  neu t ron  and gamma dose r a t e s .  

5.2.1.2 Neutron Source 

The neu t ron  emiss ion r a t e s  were determined f o r  a  15-group s t r u c t u r e  o f  mean 
neu t ron  energ ies  rang ing  f rom 13.5 t o  0.002 MeV. T o t a l  neut rons/s  f rom these 
15 groups was 1.32 Et06 and 1.82 Et07 f o r  Shipment B  and p r e v i o u s l y  approved 
T-3 SARP (Ref.  2),  r e s p e c t i v e l y .  However, i n  c o n t r a s t  t o  t h e  gamma source, 
t h e  neu t ron  source f o r  Shipment B  i s  concen t ra ted  a t  a  l o c a t i o n  1.83 inches 
l o n g  and i s  n o t  d i s t r i b u t e d  as was t h e  case w i t h  t h e  p r e v i o u s l y  approved T-3 
SARP. The neu t ron  emissions p e r  u n i t  l e n g t h  f o r  Shipment B  can be as l a r g e  as 
7.2 Et05 neut rons/s- inch,  which exceeds t h e  va lue  o f  5.1 Et05 neu t rons /s - inch  
o f  t h e  p r e v i o u s l y  approved T-3. 

Because t h e  neu t ron  emissions pe r  u n i t  l e n g t h  exceed p r e v i o u s l y  approved 
values, c o n f  i . rmatory  s h i e l d i n g  c a l c u l  a t i o n s  were performed by t h e  s t a f f  t o  
assure compl iance w i t h  t h e  s h i e l d i n g  requi rements o f  10 CFR P a r t  71. 

5.2.2 Model S p e c i f i c a t i o n  

Rad ia l  and a x i a l  s h i e l d i n g  c o n f i g u r a t i o n s  used i n  analyses o f  t h e  proposed 
a d d i t i o n a l  payloads a re  i d e n t i c a l  w i t h  s h i e l d i n g  c o n f i g u r a t i o n s  p r e v i o u s l y  
approved i n  t h e  T-3 SARP. The T-3 cask was designed s t r u c t u r a l l y  so t h a t  no 
r u p t u r e  o r  s i g n i f i c a n t  de fo rmat ions  would occur  d u r i n g  any c r e d i b l e  acc iden t .  
Hence, no d i s t i n c t i o n  i s  made i n  t h e  s h i e l d i n g  c o n f i g u r a t i o n s  between normal 
and acc iden t  c o n d i t i o n s .  Radia l  s h i e l d i n g  i nc l udes  a  0 . 3 - i n c h - t h i c k  
c y l  i n d r i c a l  i n n e r  s t a i n l e s s  s t e e l  she1 1  (1 i n e r )  separated f rom a  1 - i n c h - t h i c k  
c y l i n d r i c a l  o u t e r  s t a i n l e s s  s t e e l  s h e l l  ( p l a t e )  by l e a d  t h a t  i s  7.7 inches 
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t h i c k .  A x i a l  s h i e l d i n g  i s  accomplished w i t h  p lugs,  t h e  d e t a i l s  o f  which a re  
shown i n  Sec t i on  5.3 o f  t h e  p r e v i o u s l y  approved T-3 SARP. S h i e l d  r e g i o n a l  
atom d e n s i t i e s  a r e  0.085 Et24 and 0.033 Et24 atoms/cc f o r  t h e  s t e e l  and lead,  
r e s p e c t i v e l y .  

5.2.3 S h i e l d i n g  Eva lua t i on  

Conf i rmato ry  s h i e l d i n g  c a l c u l a t i o n s  were performed f o r  Shipment B w i t h  t h e  
FCXSEC 43-group (22 neu t ron  groups and 21 gamma groups) c ross  s e c t i o n  l i b r a r y  
and t h e  TWODANT (Ref.  5) d i s c r e t e  o r d i n a t e  code. The neu t ron  energy group 
spacing p rov ided  i n  Ref. 1 matched t h a t  i n  t h e  FCXSEC c ross  s e c t i o n  l i b r a r y  
w i t h i n  a  f r a c t i o n  o f  one percent .  The neu t ron  f l u x - t o - d o s e  convers ion  f a c t o r s  
f rom Ref. 6  were c o n s e r v a t i v e l y  a p p l i e d  by s e l e c t i n g  t h e  l a r g e s t  f l u x - t o - d o s e  
f a c t o r s  f o r  each energy group. 

The 1H1 con ta ins  29.39 g  o f  uranium a t  57.49% enr ichment.  The 1H3 con ta ins  
30.47 g  uranium a t  19.59% enr ichment.  The c o n f i r m a t o r y  a n a l y s i s  f o r  Shipment 
B (1H1 t 1H3 combinat ion)  was conducted us ing  0 .6 - inch  d iameter  by 1 i n c h  l o n g  
TFE p e l l e t s .  The ac tua l  s i z e  o f  t h e  TFE p e l l e t s ,  documented a f t e r  t h e  
c o n f i r m a t o r y  a n a l y s i s  was complete, i s  0.411 i n c h  d iameter  by 1.83 inches 
long .  The sma l l e r  l e n g t h  o f  t h e  TFE p e l l e t  used i n  t h e  c o n f i r m a t o r y  a n a l y s i s  
i s  conse rva t i ve  and p rov ides  dose r a t e s  t h a t  a re  upper bounds t o  any dose 
r a t e s  t h a t  would be ob ta ined  u s i n g  t h e  ac tua l  TFE element dimensions. 

Components used i n  t h e  TWODANT model are:  

a) a  s i n g l e  c y l i n d r i c a l  p e l l e t  homogenized and s i zed  t o  conserve t h e  volume 
o f  two p e l l e t s ,  hav ing  a  l e n g t h  o f  a  s i n g l e  p e l l e t .  The homogenized 
p e l l e t  i s  0.848 i n c h  i n  r a d i u s  and 1 i n c h  long;  

b) a  c y l  i n d r i c a l  0 .322- inch- th ick ,  8 - i n c h  d iameter  Schedule 40 s t a i n l e s s  
s t e e l  p ipe,  approx imate ly  167 inches long;  

c )  a  c y l i n d r i c a l  7 .7 - inch  l e a d  1  i n e r ,  approx imate ly  167 inches long ;  

d) a  c y l  i n d r i c a l  1 - i n c h - t h i c k  s t a i n l e s s  s t e e l  cask w a l l ,  26.44 inches 
o u t s i d e  d iameter ,  approx imate ly  167 inches long ;  

e) t h e  8 - i n c h  and 11- inch  t o p  and bottom s t a i n l e s s  s t e e l  p lugs,  f i t t i n g  
i n s i d e  t h e  Schedule 40 p ipe;  and 

f )  a i r  f i l l i n g  t h e  spaces between t h e  Schedule 40 p i p e  and t h e  homogenized 
f u e l  p e l l e t .  

The 5 - i nch  o u t s i d e  d iameter  t u b i n g  h o l d i n g  t h e  1H1 and 1H3, t h e  i n d i v i d u a l  
suppor t  tubes f o r  t h e  1H1 and 1H3, and t h e  t o p  and bot tom f l anges  were n o t  
modeled. The model i s  conse rva t i ve  i n  t h a t  i t  rep laces  t h e  s t a i n l e s s  s t e e l  
t ub ing ,  suppor t  tubes, and f l anges  t h a t  would no rma l l y  p r o v i d e  some 
a t t enua t i on ,  w i t h  a i r .  The bottom o f  t h e  homogenized f u e l  p e l l e t  was p laced  
12.1 inches above t h e  bot tom 11- inch  p lug .  
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5.3 F ind ings  and Conclus ions 

Neutron dose r a t e s  c a l c u l a t e d  a t  t h e  s ide,  bottom, and t o p  o f  t h e  cask were 
15.5, 14.9, and (0.1 mrem/h r e s p e c t i v e l y .  Us ing t h e  p r e v i o u s l y  approved gamma 
dose r a t e s  o f  12.5, 4.7, and 0.8 mrem/h a t  t h e  cask s ide ,  bottom, and t o p  
sur faces,  r e s p e c t i v e l y ,  t h e  t o t a l  c a l c u l a t e d  neu t ron  p l u s  gamma r a y  dose r a t e s  
a r e  : 

a) s ide,  15.5 mrem/h neu t ron  + 12.5 mrem/h gamma = 28.0 mrem/h 

b) bottom, 14.9 mrem/h neu t ron  + 4.7 mrem/h gamma = 19.6 mrem/h 

c )  top ,  (0.1 mrem/h neu t ron  + 0.8 mrem/h gamma = (1.0 mrem/h 

These dose r a t e  r e s u l t s  c o n f i r m  t h a t  t h e  proposed shipments l i s t e d  i n  t h e  T-3 
Addendum (Ref. 1) meet t h e  200 mrem/h l i m i t  a t  any access ib l e  su r f ace  o f  t h e  
cask f o r  e x c l u s i v e  use shipments as documented i n  10 CFR 71.47. 

Dose r a t e s  were a l s o  c a l c u l a t e d  a t  1  meter f rom t h e  cask sur face .  These r a t e s  
f o r  neu t rons  were found t o  be 1, 2, and (0.1 mrem/h r e s p e c t i v e l y ,  a t  t h e  s ide,  
bottom, and t o p  o f  t h e  cask. Gamma dose r a t e s  f rom t h e  p r e v i o u s l y  approved 
T-3 were 3, 1.2, and 0.3 mrem/h, r e s p e c t i v e l y .  Because t h e  v e h i c l e  used f o r  
t r a n s p o r t  i s  cons idered  t o  be 8  f e e t  wide, t h e  l o c a t i o n  1  meter  f rom t h e  
su r f ace  of t h e  cask i s  j u s t  o u t s i d e  t h e  s i d e  edge o f  t h e  v e h i c l e .  These 
r e s u l t s  con f i rm t h a t  t h e  proposed shipments meet t h e  c r i t e r i a  o f  n o t  exceeding 
200 mrem/h a t  any p o i n t  on t h e  o u t e r  su r f ace  o f  t h e  veh i c l e ,  n o t  exceeding 10 
mrem/h a t  any p o i n t  2  meters f rom t h e  v e r t i c a l  p lanes o f  t h e  veh i c l e ,  and o f  
n o t  exceeding 2 mrem/h i n  any no rma l l y  occupied p o s i t i o n  o f  t h e  v e h i c l e .  

The p r e v i o u s l y  approved T-3 SARP shows t h a t  t h e r e  i s  no s i g n i f i c a n t  damage t o  
t h e  T-3 cask under h y p o t h e t i c a l  acc iden t  c o n d i t i o n s .  Therefore,  no f u r t h e r  
a n a l y s i s  i s  r e q u i r e d  t o  c o n f i r m  t h a t  t h e  proposed shipments meet t h e  
requi rement  o f  n o t  exceeding 1000 mrem/h a t  1  nieter f rom t h e  e x t e r n a l  su r f ace  
of t h e  cask. 

6. CRITICALITY EVALUATION 

6.1 Areas of  Review 

The c r i t i c a l i t y  e v a l u a t i o n  i nc l uded  i n  t h e  sub jec t  T-3 Addendum was reviewed 
i n  o rde r  t o  determine t h e  e f f e c t s  o f  t h e  proposed a d d i t i o n a l  payloads. T o t a l  
f i s s i l e  m a t e r i a l  i s  l i m i t e d  t o  l e s s  than  100 g  and c o n s i s t s  ma in l y  o f  U-235. 
T h i s  f i s s i l e  m a t e r i a l  must comply w i t h  t h e  requi rements f o r  shipment o f  
F i s s i l e  Class I 1 1  as f o l l o w s :  

a) One shipment o f  packages i s  t o  remain s u b c r i t i c a l  when i t  i s  i n  con tac t  
w i t h  an i d e n t i c a l  shipment and t h e  two-shipment a r r a y  i s  r e f l e c t e d  on 
a l l  s i des  by water .  
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b)  One shipment o f  packages i s  t o  remain s u b c r i t i c a l  under h y p o t h e t i c a l  
acc iden t  c o n d i t i o n s  w i t h  optimum moderat ion and c l o s e  r e f l e c t i o n  by 
water.  

6.2 F ind ings  and Conclusions 

The "American Na t i ona l  Standard f o r  Nuclear  C r i t i c a l i t y  Sa fe t y  i n  Operat ions 
w i t h  F i s s i o n a b l e  M a t e r i a l s  Outs ide Reactors," ANSI/ANS-8.1-1983 (Ref. 7) l i s t s  
t h e  s u b c r i t i c a l  l i m i t  f o r  a f i s s i l e  s o l u t i o n  c o n t a i n i n g  U-235 as 0.765 kg U- 
235. A shipment o f  100 g o r  l e s s  o f  U-235 f i s s i l e  m a t e r i a l ,  doubled t o  meet 
t h e  two-cask c r i t e r i a  f o r  normal c o n d i t i o n s  o f  t r a n s p o r t ,  s t i l l  g i ves  a s a f e t y  
f a c t o r  o f  more than  t h ree .  On t h e  b a s i s  o f  t h i s  comparison, t h e  s t a f f  
concludes t h a t  t h e  proposed a d d i t i o n a l  payloads a re  i n  compl iance w i t h  t h e  
c r i t i c a l i t y  s a f e t y  requi rements o f  10 CFR P a r t  71. 

7. OPERATING PROCEDURES 

7.1 Areas o f  Review 

Opera t ing  procedures descr ibed  i n  t h e  T-3 SARP a r e  a p p l i c a b l e  t o  t h e  
a d d i t i o n a l  payloads proposed i n  t h e  sub jec t  Addendum. For each shipment, t h e  
proposed a d d i t i o n a l  pay1 oad and hand1 i ng f i x t u r e  wi 11 be comple te ly  assembled 
p r i o r  t o  i n s e r t i o n  i n t o  t h e  I d e n t  1578 l i n e r .  T h i s  one-p iece assembly a l l ows  
f o r  easy l o a d i n g  and un load ing  o f  t h e  con ten ts .  

7.2 F ind ings  and Conclusions 

The s t a f f  has rev iewed t h e  s u b j e c t  T-3 Addendum and f i n d s  t h a t ,  o t h e r  than  t h e  
assembly o f  each a d d i t i o n a l  payload and hand l i ng  f i x t u r e  i n t o  a one-p iece u n i t  
b e f o r e  i n s e r t i o n  i n t o  t h e  I d e n t  1578 l i n e r ,  t h e r e  a re  no changes proposed o r  
r e q u i r e d  t o  t h e  o p e r a t i n g  procedures f rom those p r e v i o u s l y  au tho r i zed  i n  t h e  
T-3 SARP. On t h e  bas i s  o f  t h i s  comparison, t h e  s t a f f  concludes t h a t  t h e  
o p e r a t i n g  procedures a re  i n  compliance w i t h  t h e  requi rements o f  10 CFR P a r t  
71. 

8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 

8.1 Areas o f  Review 

There a re  no changes f rom t h e  approved T-3 SARP assoc ia ted  w i t h  t h e  acceptance 
t e s t s  and maintenance program. 

8.2 F ind ings  and Conclusions 

The s t a f f  has rev iewed t h e  s u b j e c t  T-3 Addendum and f i n d s  t h a t  no changes a re  
proposed o r  r e q u i r e d  t o  t h e  acceptance t e s t s  and maintenance program. The 
s t a f f  concludes t h a t  t h e  proposed a d d i t i o n a l  payloads a r e  i n  compliance w i t h  
t h e  acceptance t e s t s  and maintenance program requi rements o f  10 CFR P a r t  71. 
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