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1.0 GENERAL 

1.1 Area o f  Review 

The Addendum t o  t h e  T-3 SARP f o r  t h e  shipment o f  FSP-1R Fuel assembl ies i n  t h e  
T-3 Cask (Ref.  1) seeks a u t h o r i z a t i o n  t o  s h i p  s i x  Space Reactor Tes t  Program 
Fuel assembl ies i n  t h e  T-3 sh i pp ing  cask as F i s s i l e  Class 111. The f u e l  
assembl ies,  f rom an exper iment  c a l l e d  FSP-lR, suppor t  t h e  Space Reactor Test  
Program (SP-100) a t  Hanford.  Composi t ion o f  t h e  FSP-IR pay load i s  d e f i n e d  i n  
Sec t ion  1 .2 .3  (Contents o f  Packaging) o f  t h e  Addendum. The f u e l  assembl ies 
c o n t a i n  columns o f  uranium n i t r i d e  p e l l e t s  c l a d  w i t h  Nb-1Zr o r  rhenium. The 
encapsula ted uranium n i t r i d e  i s  surrounded by l i t h i u m ,  which i s  doub ly  
encapsula ted.  L i t h i u m  i s  t h e  r e a c t o r  hea t  t r a n s f e r  medium under i n v e s t i g a -  
t i  on. 

Fuel p i n s  c o n t a i n i n g  uranium n i t r i d e  a re  an approved pay load i n  t h e  T-3, as 
desc r i bed  under Payload 9 .  The FSP-1R f u e l  assembl ies w i l l  be con ta ined  i n  
t h e  I d e n t  69 p i n  con ta i ne r ,  which i s  a l s o  an approved T-3 f u e l  p i n  c o n t a i n e r .  

The pay load we igh t  and decay hea t  a r e  lower  i n  comparison t o  c u r r e n t l y  
l i c e n s e d  payloads. The FSP-IR pay load con ta i ns  l i t h i u m  which has n o t  been 
p r e v i o u s l y  addressed i n  t h e  T-3 Sa fe t y  Ana l ys i s  Report  f o r  Packaging (SARP) 
(NUPAC, 1986). 

1.2 F i nd ings  and Conclus ions 

The s t a f f  has rev iewed t h e  T-3 SARP Addendum (Ref.  1) and concludes t h a t  i t  
con ta i ns  t h e  i n f o r m a t i o n  r e q u i r e d  t o  demonstrate compl iance w i t h  10 CFR 71 
(Ref.  3 )  and DOE 5480.3 (Ref .  4 ) .  T h i s  conc lus i on  i s  based i n  p a r t  on p r i o r  
rev iews  o f  t h e  T-3 SARP (Ref.  2) and i t s  acceptance f o r  c e r t i f i c a t i o n .  

2.0 STRUCTURAL EVALUATION 

2.1 Area o f  Review 

The s t r u c t u r a l  a n a l y s i s  t h a t  was presented i n  t h e  T-3 SARP Addendum (Ref.  1)  
was rev iewed f o r  t h e  proposed a1 t e r n a t  i ve pay l  oad . The proposed pay l  oad 
c o n s i s t s  o f  s i x  FSP-1R f u e l  assembl ies shipped w i t h i n  t h e  I d e n t  69 p i n  
c o n t a i n e r  o f  t h e  T-3 Spent Fuel Cask. Each o f  t h e  assembl ies i s  p laced  i n  one 
o f  t h e  s i x  o u t e r  r a d i a l  compartments o f  t h e  c o n t a i n e r .  The compartment i s  n o t  
comp le te ly  f i l l e d  by t h e  f u e l  assembly and t h e  assembly i s  f r e e  t o  move w i t h i n  



t h e  compartment. The f u e l  asserrlbly has a  d iamete r  o f  0.831 i n . ,  and t h e  I d e n t  
69 compartment has an average w i d t h  o f  approx imate ly  1.8 i n .  i n  t h e  r a d i a l  and 
c i r c u m f e r e n t i a l  d i r e c t i o n s .  

Each o f  t h e  f u e l  assembl ies i s  made of two c i r c u l a r  c y l i n d r i c a l  o u t e r  capsules 
connected i n  s e r i e s  by we ld ing .  Each o u t e r  capsu le  i s  made o f  20% co ld-worked 
314 s t a i n l e s s  s t e e l  and has an o u t e r  d iamete r  o f  0.831 i n .  and a  t h i c kness  o f  
0.025 i n .  Each o f  t h e  capsules con ta i ns  a  d iamete r  o f  0.75 i n .  and a  t h i c k -  
ness o f  0.025 i n .  The i n n e r  capsu le  i s  f i l l e d  w i t h  l i t h i u m  w i t h  a  c l a d  f u e l  
p i n  o f  0.3 i n .  O.D. irrlbedded a long  t h e  capsu le  c e n t e r l i n e .  The l i t h i u m  i n  
each capsule  weighs 0.073 I b .  (33 g . ) .  

The maximum we igh t  o f  t h e  f u e l  assembly i s  5.83 l b . ,  and t h e  es t imated  we igh t  
o f  t h e  I d e n t  69 c o n t a i n e r  i s  130 I b .  Thus, t h e  t o t a l  proposed payload weighs 
166 l b s . ,  which i s  o n l y  24% o f  t h e  maximum a l l o w a b l e  pay l o a d  o f  700 l b .  f o r  
t h e  T-3 sh i pp ing  cask. 

2.2 F i nd ings  and Conclus ions 

Since t h e  we igh t  o f  t h e  proposed pay load i s  cons ide rab l y  below t h e  maximum 
a l l o w a b l e  pay load we igh t  f o r  t h e  T-3 cask, t h e r e  i s  l i t t l e  doubt  t h a t  t h e  cask 
can s a f e l y  c a r r y  t h e  proposed pay load.  The o n l y  rema in ing  concern i s  whether 
o r  n o t  t h e  f u e l  assembly o u t e r  s h e l l  can c o n f i n e  t h e  l i t h i u m  f o r  a l l  o f  t h e  
normal and acc i den t  t r a n s p o r t a t i o n  c o n d i t i o n s .  'The s t a f f  determines t h a t  i t  
can, based on t h e  a n a l y s i s  r e s u l t s  and marg ins o f  s a f e t y  presented i n  t h e  
T3-SARP Addendum. 

The T3-SARP addendum has analyzed a l l  p o t e n t i a l  f a i l u r e  modes o f  t h e  o u t e r  
capsule  and has shown t h a t  t h e  f u e l  assembly has s u f f i c i e n t  margin o f  s a f e t y  
t o  p reven t  permanent de fo rma t i on  o f  t h e  o u t e r  capsule  under t h e  wors t  f r e e  
drop c o n d i t i o n s .  The s t a f f  has a l s o  determined t h a t  t h e  margins o f  s a f e t y  
demonstrated by t h e  analyses a re  s u f f i c i e n t  t o  cover  a l l  u n c e r t a i n t i e s  about 
t h e  analyses i n c l u d i n g  two major  u n c e r t a i n t i e s  which t h e  SARP om i t t ed  t o  
address:  1)  t h a t  t h e  l o c a l  buck1 i n g  s t r e s s  o f  t h e  o u t e r  capsule  can be 
degraded by geomet r i c  i m p e r f e c t i o n s  and i n e l a s t i c  de fo rmat ions  o f  t h e  capsule  
and 2) t h a t  t h e  impact a c c e l e r a t i o n  o f  t h e  f u e l  assembly can be r a i s e d  by a  
secondary impact between t h e  f u e l  assembly and i t s  c o n t a i n e r  ( I d e n t  69) .  

Based on t h e  p reced ing  cons ide ra t i ons ,  t h e  s t a f f  concludes t h a t  t h e  T-3 
r e v i s i o n s  d e f i n e d  i n  Sec t i on  2  o f  t h e  T-3 SARP Addendum (Ref .  1)  a re  i n  
compl iance w i t h  t h e  requ i rements  o f  10 CFR 71 (Ref .  3 ) .  

3.0 THERMAL EVALUATION 

3.1 Area o f  Review 

The thermal  e v a l u a t i o n  presented i n  t h e  T-3 SARP Addendum (Ref.  1) was 
rev iewed f o r  t h e  proposed pay load.  The thermal  performance o f  t h e  T-3 package 
when t r a n s p o r t i n g  t h e  proposed pay load has been rev iewed t o  assure t h a t  t h e  
c r i t i c a l  components o f  t h e  package and i t s  con ten t s  would n o t  be impa i red  t o  



t h e  e x t e n t  t h a t  c o n t e n t s  would  be r e l e a s e d  d u r i n g  t h e  normal t r a n s p o r t  and 
h y p o t h e t i c a l  a c c i d e n t  c o n d i t i o n s  d e f i n e d  i n  10 CFR 71. 

The c o n t e n t s  o f  t h e  package c o n s i s t  o f  12 FSP-1R f u e l  p i n s  i n  an I d e n t  69 p i n  
c o n t a i n e r .  The decay hea t  f r o m  each o f  t h e  uran ium n i t r i d e  f u e l  p i n s  a f t e r  
180 days i s  about  4.5 W .  The t o t a l  decay h e a t  l o a d  i n  a  package i s  about  53.1 
W .  

3.2 Acceptance C r i t e r i a  

The requ i rements  o f  10 CFR 71.51 can be s a t i s f i e d  i f  tempera tu res  and p r e s -  
sures i n  t h e  c o n t a i r ~ ~ n e n t  system do n o t  exceed t h o s e  a l l o w e d  f o r  conta inment  as 
d e f i n e d  i n  t h e  T-3 SARP (Ref .  2 ) .  

3.3 Review Procedure 

The package des ign ,  i n c l u d i n g  conta inment  and s h i e l d  has been approved f o r  a  
c o n t e n t  decay h e a t  l o a d  o f  300 W .  Thus, s i n c e  t h e  c o n t e n t  o f  t h i s  package 
produce a  decay h e a t  l o a d  o f  l e s s  t h a n  60 W (wh ich  i s  l e s s  t h a n  f o r  t h e  
approved package), t h e  impact  o f  t h e  thermal  l o a d s  on t h e  conta inment  and l e a d  
s h i e l d i n g  shou ld  be l e s s  t h a n  t h a t  o f  t h e  approved package. There fo re ,  t h e  
conta inment  and l e a d  s h i e l d i n g  conform t o  t h e  requ i rements  o f  10 CFR 71 (Ref .  
-2 \ 

To examine t h e  d e s i g n  c r i t e r i a  t h a t  t h e  l i t h i u m  tempera tu re  i n  t h e  f u e l  
assembly does n o t  exceed t h e  m e l t i n g  p o i n t  o f  t h e  l i t h i u m ,  a  one-d imens iona l  
s teady  s t a t e  h e a t  t r a n s f e r  a n a l y s i s  was performed f o r  normal c o n d i t i o n s .  The 
a n a l y s i s  assumed t h a t  t h e  h e a t  f rom t h e  f u e l  r o d  f l o w s  r a d i a l l y  ( b u t  n o t  
a x i a l l y )  f r o m  t h e  c y l i n d r i c a l  s u r f a c e  o f  t h e  r o d s .  I n  a d d i t i o n ,  t h e  gaps 
w i t h i n  t h e  conta inment  boundary a r e  f i l l e d  w i t h  argon ( a t  one atmosphere).  
The a n a l y s i s  assumes t h a t  t h e  hea t  i s  t r a n s f e r r e d  r a d i a l l y  ac ross  t h e  gaps 
o n l y  by  c o n d u c t i o n  t h r o u g h  t h e  gas f i l l  and by  the rma l  r a d i a t i o n .  Convec t ion  
i s  assumed n o t  t o  e x i s t  w i t h i n  t h e  gaps. The maximum tempera tu re  o f  t h e  
l i t h i u m  i s  c a l c u l a t e d  t o  be 328"F, wh ich i s  l e s s  t h a n  t h e  m e l t i n g  p o i n t  of  
l i t h i u m .  Note t h a t  t h i s  i s  a  v e r y  c o n s e r v a t i v e  method f o r  e s t i m a t i n g  t h e  
l i t h i u m  tempera tu re  because t h e  a c t u a l  h e a t  t r a n s f e r  i n c l u d e s  c o n v e c t i o n  i n  
t h e  gas f i l l e d  (argon)  gaps and i s  a1 so two-d imens iona l .  

Es t ima tes  o f  maximum tempera tu res  i n  t h e  package d u r i n g  h y p o t h e t i c a l  a c c i d e n t  
thermal  t e s t  c o n d i t i o n s  a r e  g i v e n  i n  t h e  T-3 SARP (Ref .  2) f o r  c o n t e n t s  hea t  
g r e a t e r  t h a n  t h a t  s p e c i f i e d  f o r  t h e  proposed FSP-1R pay load.  Thus, package 
tempera tu res  as w e l l  as p r e s s u r e s  and thern ia l  s t r e s s e s  d u r i n g  h y p o t h e t i c a l  
a c c i d e n t  thermal  t e s t  c o n d i t i o n s  a r e  expected t o  be l e s s  t h a n  t h e  a l l o w e d  
l i m i t s  d e f i n e d  i n  t h e  T-3 SARP (Re f .  2 ) .  The l i t h i u m  may m e l t  d u r i n g  t h e  
h y p o t h e t i c a l  a c c i d e n t .  The s t a f f  has e v a l u a t e d  t h e  p o s s i b l e  consequences o f  
t h e  h i g h l y  improbable  even t  where in  t h e  l i t h i u m  m e l t s  d u r i n g  a  h y p o t h e t i c a l  
a c c i d e n t  and l e a k s  i n t o  t h e  con ta inment  v e s s e l .  S ince  w a t e r  cannot  access t h e  
conta inment  vesse l  d u r i n g  o r  a f t e r  a  h y p o t h e t i c a l  a c c i d e n t ,  an exo the rm ic  
chemica l  r e a c t i o n  i n v o l v i n g  t h e  l i t h i u m  w i t h i n  t h e  con ta inment  vesse l  w i l l  n o t  
occu r .  Thus, t h e  m e l t i n g  o f  t h e  l i t h i u m  d u r i n g  t h e  h y p o t h e t i c a l  a c c i d e n t  
c o n d i t i o n  w i l l  n o t  r e s u l t  i n  t h e  b r e a c h i n g  o f  t h e  con ta inment  w i t h  a  r e l e a s e  
o f  r a d i o n u c l i d e s  g r e a t e r  t h a n  a l l o w e d  by 10 CFR 71.51 ( a ) ( 2 ) .  



3.4 F i nd ings  and Conclus ions 

Based on t h e  rev i ew  descr ibed  above, temperatures,  pressures,  and s t r esses  i n  
t h e  T-3 package a r e  w i t h i n  a l lowed l i m i t s .  

The 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  Sec t i on  3  
(Thermal Eva lua t i on )  o f  t h e  T-3 SARP Addendum (Ref.  1) w i l l  assure compl iance 
w i t h  t h e  performance requi rements  of 10 CFR 71. 

4.0 CONTAINMENT EVALUATION 

The containment f e a t u r e s  assoc ia ted  w i t h  shipments o f  t h e  FSP-1R f u e l  asserr~bly 
pay load remain t h e  same as those  presented i n  t h e  T-3 SARP (Ref. 2) w i t h  t h e  
cask p r o v i d i n g  containment under bo th  normal and h y p o t h e t i c a l  acc i den t  
c o n d i t i o n s .  The f e a t u r e s  a r e  a l s o  t h e  same f o r  t h e  I d e n t  69 p i n  con ta i ne r ,  
which i s  an approved T-3 f u e l  c o n t a i n e r .  Thus, t h e  s t a f f ' s  conc lus i on  o f  a  
r ev i ew  o f  Sec t i on  4  (Containment)  o f  t h e  Addendum i s  t h a t  t h e  containment 
des ign  f e a t u r e s  w i l l  assure compl iance w i t h  t h e  containment requi rements  o f  10 
CFR 71. 

5.0 SHIELDING EVALUATION 

5.1 Area o f  Review 

10 CFR 71, paragraph 71.47 r e q u i r e s  t h a t  t h e  dose e q u i v a l e n t  r a t e  a t  any p o i n t  
on t h e  e x t e r n a l  s u r f a c e  o f  t h e  package does n o t  exceed 200 mrem pe r  hour .  

10 CFR 71, paragraph 71 .51 (a ) ( l )  r e q u i r e s  t h a t  under normal c o n d i t i o n s  o f  
t r a n s p o r t ,  t h e r e  be no s i g n i f i c a n t  i nc rease  i n  e x t e r n a l  r a d i a t i o n  l e v e l s  and 
no s u b s t a n t i a l  r e d u c t i o n  i n  t h e  e f fec t i veness  o f  t h e  packaging under t h e  t e s t s  
s p e c i f i e d  i n  paragraph 71.71. 

10 CFR 71, paragraph 71.51(a) (2)  r e q u i r e s  t h a t  under h y p o t h e t i c a l  acc i den t  
c o n d i t i o n s ,  t h e  dose e q u i v a l e n t  r a t e  a t  any p o i n t  1  meter f rom t h e  e x t e r n a l  
su r f ace  o f  a  Type B  package does n o t  exceed 1000 mrem per  hour under t h e  t e s t s  
s p e c i f i e d  i n  paragraph 71.73. 

Approval i s  requested f o r  t h e  t r a n s p o r t  o f  s i x  Space Reactor Test  Program f u e l  
assembl ies f rom t h e  FSP-1R exper iment  i n  t h e  T-3 Cask us i ng  t h e  e x i s t i n g  and 
approved I d e n t  69 c o n t a i n e r .  Each f u e l  assembly con ta i ns  two f u e l  capsules.  
Each capsu le  c o n s i s t s  o f  en r i ched  uranium n i t r i d e  (UN) p e l l e t s  c l a d  w i t h  
Nb-1Zr o r  rhenium, which i s  surrounded by a  1  i t h i u m - f i  1  l e d  T i  -Zr-Mo a1 l o y  
capsule,  which i s  f u r t h e r  surrounded by a  he l ium-argon f i l l e d  s t a i n l e s s  s t e e l  
capsule .  The s i x  FSP-1R f u e l  assembl ies w i l l  be con ta ined  w i t h i n  t h e  o u t e r  
s i x  r a d i a l  compartments o f  t h e  I d e n t  69, w i t h  t h e  c e n t e r  compartment remain ing 
vacant .  T ranspor t  o f  f u e l  p i n s  c o n t a i n i n g  UN i s  c u r r e n t l y  au tho r i zed  i n  t h e  
payload Type 9  c o n f i g u r a t i o n .  

T h i s  r ev i ew  focuses on t h e  expected d i f f e rence  between t h e  dose e q u i v a l e n t  
r a t e s  a t  t h e  su r f ace  o f  a  s i n g l e  cask from t h e  t r a n s p o r t  o f  s i x  FSP-IR f u e l  



assembl ies and t h e  dose e q u i v a l e n t  r a t e s  a t  t h e  su r f ace  o f  a  s i n g l e  cask 
assoc ia ted  w i t h  t h e  t r a n s p o r t  o f  m a t e r i a l s  i n  t h e  approved pay load c o n f i g u r a -  
t i o n s  o f  t h e  SARP. I n  t h e  con tex t  o f  t h i s  rev iew,  t h e  dose equ i va l en t  r a t e s  
assoc ia ted  w i t h  t h e  t r a n s p o r t  o f  m a t e r i a l s  i n  t h e  approved pay load c o n f i g u r a -  
t i o n s  o f  t h e  SARP a r e  assumed t o  have been c a l c u l a t e d  c o r r e c t l y .  

5.2 Acceptance C r i t e r i a  

Cask s h i e l d i n g  i s  deemed accep tab le  i f  i t  can be shown t h a t  t h e  expected dose 
e q u i v a l e n t  r a t e  a t  t h e  su r f ace  o f  a  s i n g l e  cask from t h e  t r a n s p o r t  o f  s i x  
FSP-1R f u e l  assembl ies i s  l e s s  than  t h e  su r f ace  dose e q u i v a l e n t  r a t e s  i n  t h e  
approved SARP. 

5.3 Review Procedure 

The rev i ew  i s  d i v i d e d  i n t o  t h r e e  main 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  e v a l u a t i o n .  

5 .3 .1  Source S p e c i f i c a t i o n  

The rev i ew  i s  d i v i d e d  i n t o  two p a r t s :  (1)  gamma source and ( 2 )  neu t ron  
source. 

5.3.1.1 Gamma Source 

The o r i g i n a l  gal.nn'la source f o r  t h e  approved SARP i s  addressed i n  Sec t ions  5.2 
(Source S p e c i f i c a t i o n )  and 5.2.1 (Gamma Source).  I t  i s  a  pay load o f  21 
c a r b i d e / n i t r i d e  p i n s  w i t h  a  90-day c o o l i n g  p e r i o d  f o l l o w i n g  i r r a d i a t i o n  t o  a  
maxim~~m f u e l  burnup o f  80 MWd/kg. The source c o n s i s t s  o f  9.5 kg o f  f u e l  
m a t e r i a l  w i t h  a  compos i t i on  o f  20 percen t  PuC o r  PUN and 80 percen t  UC o r  UN. 
The p i n s  a re  0.315 inches i n  d iameter ,  w i t h  a  36.00 i n c h  a c t i v e  f u e l  l e n g t h .  
The gamma emiss ion spectrum f o r  t h e  f u e l  i s  c a l c u l a t e d  w i t h  RIBD-I1 and 
t a b u l a t e d  i n  a  16-group s t r u c t u r e  o f  mean gamma energ ies .  Bounding l i m i t s  f o r  
each o f  t h e  16 energy groups a r e  n o t  p rov ided .  A c t i v a t i o n  o f  t h e  f u e l  p i n  
suppor t  s t r u c t u r e  hardware and i t s  assoc ia ted  gamma emiss ion spectrum i s  n o t  
d iscussed.  

Sodium-bonded meta l  and c a r b i d e  f u e l  p i n s  a r e  a l s o  eva lua ted .  T h e i r  gamma 
sources a re  addressed i n  Appendix 5.5.4 ( S h i e l d i n g  Eva lua t i on  o f  Sodium-Bonded 
Meta l  Fuel P ins and Carb ide Fuel P ins )  o f  t h e  approved SARP. The two sodiumb- 
onded metal  sources c o n s i s t  o f  21 p i n s  w i t h  a  90-day c o o l i n g  p e r i o d  f o l l o w i n g  
i r r a d i a t i o n  t o  a  maximum f u e l  burnup o f  200 MWd/kg. Each metal  source 
c o n s i s t s  o f  5.326 kg o f  f u e l  m a t e r i a l  w i t h  one composed o f  20.00 percen t  Pu, 
60.00 percen t  U-238, and 20.00 percen t  U-235 and t h e  o t h e r  composed o f  60.00 
percen t  U-238 and 40.00 percen t  U-235. The c a r b i d e  source c o n s i s t s  o f  24 p i n s  
w i t h  a  90-day c o o l i n g  p e r i o d  f o l l o w i n g  i r r a d i a t i o n  t o  a  maximum f u e l  burnup o f  
70 MWd/kg. The c a r b i d e  source c o n s i s t s  o f  12.343 kg o f  f u e l  m a t e r i a l  w i t h  a  
compos i t i on  o f  23.00 percen t  Pu, 76.45 percen t  U-238, and 0.55 percen t  U-235. 
The a c t i v e  f u e l  l e n g t h  i s  36.00 inches f o r  bo th  source types .  A  gamma 
emiss ion spectrum i s  c a l c u l a t e d  f o r  each f u e l  source w i t h  ISOSHLD us ing  t h e  
f i s s i o n  p roduc t  c u r i e  i n v e n t o r i e s  f rom ORIGEN2. Each spectrum i s  t a b u l a t e d  i n  
a  16-group s t r u c t u r e  of mean gamma energ ies  i d e n t i c a l  t o  t h a t  f rom RIBD-11. 



Again, bounding l i m i t s  f o r  each o f  t h e  16 energy groups a r e  n o t  p rov ided .  
A c t i v a t i o n  o f  t h e  f u e l  p i n  suppor t  s t r u c t u r e  hardware and i t s  assoc ia ted  gamma 
emiss ion  spectrum i s  descr ibed  as n e g l i g i b l e  b u t  i s  n o t  t abu la ted .  

The gamma source f o r  t h e  addendum i s  addressed i n  Sec t ions  5.1 (D iscuss ion  and 
Resu l t s ) ,  5.2 (Source S p e c i f i c a t i o n ) ,  and 5.2.1 (Gamma Source) o f  Rev i s i on  0. 
The f u e l  source c o n s i s t s  o f  12 f u e l  capsules w i t h  a  180-day c o o l i n g  p e r i o d  
f o l l o w i n g  i r r a d i a t i o n  f o r  669.1 e f f e c t i v e  f u l l  power days a t  a  peak f l u x  o f  
3 . 1 7 8 ~ 1 0  neutrons/second. The mass o f  t h e  UN i n  each f u e l  capsule  i s  61.9 g  
o f  which 76.72 percen t  i s  U-238, 18.42 percen t  i s  U-235, and 4.86 percen t  i s  
N. The mass o f  t h e  s t r u c t u r a l  m a t e r i a l  i n  each f u e l  capsule  i s  515.63 g  o f  
which 31.66 percen t  i s  s t a i n l e s s  s t e e l ,  48.06 percen t  i s  T i -Zr -Mo a l l o y ,  9.13 
percen t  i s  Nb - lZ r ,  4.75 percen t  i s  W, and 6.40 pe rcen t  i s  L i .  The gamma 
emiss ion spectrum i s  c a l c u l a t e d  f o r  t h e  f u e l  capsules w i t h  ORIGEN2 and i s  
t a b u l a t e d  i n  a  16-group s t r u c t u r e  o f  mean gamma energ ies  i d e n t i c a l  t o  t h a t  
f rom RIBD-11. Bounding l i m i t s  f o r  each o f  t h e  16 energy groups are,  once 
again,  n o t  p rov ided .  A c t i v a t i o n  o f  t h e  s t r u c t u r a l  m a t e r i a l s  above and below 
t h e  f u e l  capsules and t h e i r  assoc ia ted  gamma emiss ion spectrum i s  n o t  e x p l i c -  
i t l y  c a l c u l a t e d ;  however, i t  i s  es t imated  f rom t h e  r a t i o  o f  t h e  mass o f  t h e  
s t r u c t u r a l  m a t e r i a l s  i n  t h e  s i x  FSP-1R f u e l  assembl ies t o  t h e  mass o f  t h e  
s t r u c t u r a l  m a t e r i a l s  i n  t h e  24 c a r b i d e  f u e l  p i n  source o f  t h e  approved SARP. 

5.3.1.2 Neut ron Source 

The o r i g i n a l  neu t ron  source f o r  t h e  approved SARP i s  addressed i n  Sec t ions  5.2 
(Source S p e c i f i c a t i o n )  and 5.2.2 (Neutron Source).  It i s  a  217-p in  FTR d r i v e r  
assembly w i t h  a  350-day c o o l i n g  p e r i o d  f o l l o w i n g  i r r a d i a t i o n  t o  a  maximum f u e l  
burnup o f  80 MWd/kg. The source c o n s i s t s  o f  38 kg o f  f u e l  m a t e r i a l  w i t h  a  
compos i t i on  o f  25 percen t  PuO and 75 percen t  UO The p i n s  a r e  0.23 inches 
i n  d iameter ,  w i t h  a  36.00 i n c h  a c t i v e  f u e l  l e n g t g .  Neutron emiss ion i s  appor-  
t i o n e d  as 90 percen t  f rom spontaneous f i s s i o n  and 10 percen t  f rom a lpha-  
neu t ron  r e a c t i o n s  between f i s s i o n  alphas and oxygen i n  t h e  f u e l .  The p r ima ry  
source o f  t h e  spontaneous f i s s i o n  neu t rons  i s  Cm-242. The neu t ron  emiss ion 
spectrum i s  t a b u l a t e d  i n  a  15-group s t r u c t u r e  o f  mean neu t ron  energ ies .  
Bounding l i m i t s  f o r  each o f  t h e  15 energy groups a r e  n o t  p rov ided .  

Sodium-bonded metal  and c a r b i d e  f u e l  p i n s  a re  a l s o  eva lua ted .  T h e i r  neu t ron  
sources a r e  addressed i n  Appendix 5.5.4 ( S h i e l d i n g  Eva lua t i on  o f  Sodium-Bonded 
Metal  Fuel P ins and Carb ide Fuel P ins )  o f  t h e  approved SARP. The two sodiun~b- 
onded metal  sources c o n s i s t s  o f  21 p i n s  w i t h  a  90-day c o o l i n g  p e r i o d  f o l l o w i n g  
i r r a d i a t i o n  t o  a  maximum f u e l  burnup o f  200 MWd/kg. Each meta l  source 
c o n s i s t s  o f  5.326 kg o f  f u e l  m a t e r i a l  w i t h  one composed o f  20.00 percen t  Pu, 
60.00 percen t  U-238, and 20.00 pe rcen t  U-235 and t h e  o t h e r  composed o f  60.00 
percen t  U-238 and 40.00 percen t  U-235. The c a r b i d e  source c o n s i s t s  o f  24 p i n s  
w i t h  a  90-day coo l  i n g  p e r i o d  f o l l o w i n g  i r r a d i a t i o n  t o  a  maximum f u e l  burnup o f  
70 MWd/kg. The c a r b i d e  source c o n s i s t s  o f  12.343 kg o f  f u e l  m a t e r i a l  w i t h  a  
compos i t i on  o f  23.00 percen t  Pu, 76.45 percen t  U-238, and 0.55 percen t  U-235. 
The a c t i v e  f u e l  l e n g t h  i s  36.00 inches f o r  bo th  source types .  Only t o t a l  
source s t r eng ths  a re  p rov i ded  f o r  bo th  source types .  Neut ron emiss ion spec t ra  
and t h e  appor t ionment  o f  t h e  neu t ron  emiss ion spectrum between spontaneous 
f i s s i o n  and a lpha-neu t ron  r e a c t i o n s  a re  n o t  t a b u l a t e d  o r  d iscussed.  



The neu t ron  source f o r  t h e  addendum i s  addressed i n  Sec t ions  5 .1  (D iscuss ion  
and Resul t s) , 5.2 (Source Speci f i c a t  i on), and 5.2.2 (Neutron Source) o f  
Rev i s i on  0. The f u e l  source c o n s i s t s  o f  12 f u e l  capsules w i t h  a  180-day 
c o o l i n g  p e r i o d  fo l low$g i r r a d i a t i o n  f o r  669.1 e f f e c t i v e  f u l l  power days a t  a  
peak f l u x  o f  3 . 1 7 8 ~ 1 0  neutrons/second. The mass o f  t h e  UN i n  each f u e l  
capsule  i s  61.9 g  o f  which 76.72 percen t  i s  U-238, 18.42 percen t  i s  U-235 and 
4.86 percen t  i s  N. Neut ron emiss ion  i s  c a l c u l a t e d  f o r  t h e  UN f u e l  w i t h  
ORIGEN2 and i s  appor t ioned  as 91.4 percen t  f rom spontaneous f i s s i o n  and 8.6 
percen t  f rom a lpha-neu t ron  r e a c t i o n s .  The p r ima ry  sources o f  t h e  spontaneous 
f i s s i o n  and a1 pha-neut ron r e a c t i o n  neu t rons  a re  Cm-244 and Pu-238, r e s p e c t i v e -  
l y .  The neu t ron  emiss ion spectrum i s  t a b u l a t e d  i n  a  15-group s t r u c t u r e  o f  
mean neu t ron  energ ies  i d e n t i c a l  t o  t h a t  f rom t h e  approved SARP. Bounding 
l i m i t s  f o r  each o f  t h e  15 energy groups are, once again,  n o t  p rov ided .  

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

The rev i ew  i s  d i v i d e d  i n t o  two p a r t s :  (1)  d e s c r i p t i o n  o f  t h e  r a d i a 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  and (2)  s h i e l d  r e g i o n a l  d e n s i t i e s .  

5.3.2.1 D e s c r i p t i o n  o f  t h e  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  

Radia 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  o r i g i n a l  
gamma and neu t ron  sources a re  addressed i n  Sec t i on  5.3.1. ( D e s c r i p t i o n  o f  
Radia 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 )  o f  t h e  approved SARP. No d i s t i n c -  
t i o n  i s  made i n  t h e  r a d i a 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  between normal 
and acc i den t  c o n d i t i o n s .  The 21 c a r b i d e / n i t r i d e - p i n  gamma source and 217-p in  
FTR d r i v e r  assembly neu t ron  source a re  modeled as homogenized c y l i n d e r s  o f  
equal l e n g t h  and 7.00 inches and 4.00 inches d iameter ,  r e s p e c t i v e l y .  The 
l e n g t h  o f  each c y l i n d e r  i s  i n i t i a l l y  s e t  a t  36.00 inches and t h e  source 
reg ions  a re  centered,  r a d i a l l y  and a x i a l l y ,  i n  t h e  cask c a v i t y ,  54.00 inches 
f rom each end. I n  subsequent analyses, t h e  l e n g t h  f o r  each c y l i n d e r  i s  
ad jus ted  t o  96.00 inches w i t h  t h e  t ops  and bottoms o f  t h e  source reg ions  
p o s i t i o n e d  13.50 inches f rom t h e  l owe r  su r f ace  o f  t h e  sh ie l ded  p l u g  and 40.50 
inches f rom t o p  su r f ace  o f  t h e  pusher p lug ,  r e s p e c t i v e l y .  

Radia 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  sodium- 
bonded metal  and c a r b i d e  f u e l  p i n s  a re  addressed i n  Appendix 5.5.4 ( S h i e l d i n g  
Eva lua t i on  o f  Sodium-Bonded Metal  Fuel P ins  and Carb ide Fuel P ins )  o f  t h e  
approved SARP. No d i s t i n c t i o n  i s  made i n  t h e  r a d i a 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  between normal and acc i den t  c o n d i t i o n s .  The 21 sodium-bonded 
meta l  p i n  and 24 c a r b i d e  p i n  gamma sources a r e  modeled as homogenized c y l  i n -  
de rs  o f  36.00 inches l e n g t h  and 5.00 inches d iameter .  Homogenized models o f  a  
5 .75- inch l o n g  l owe r  a x i a l  r e f l e c t o r ,  a  1 .40- inch  l o n g  bot tom end cap reg ion ,  
and a  1 .33- inch l o n g  t o p  end cap r e g i o n  a r e  a l s o  i nc l uded .  The t o p  and bot tom 
of t h e  f u e l  r e g i o n  a re  p o s i t i o n e d  69.45 inches below t h e  lower  su r f ace  o f  t h e  
sh ie l ded  p l u g  and 41.67 inches above t h e  t o p  su r f ace  o f  t h e  pusher p lug ,  
r e s p e c t i v e l y .  T h i s  p a r t i c u l a r  l o c a t i o n  corresponds t o  a  shipment w i t h i n  an 
I d e n t  1578 c o n t a i n e r .  

The source r e g i o n  r a d i a 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  f o r  t h e  addendum i s  
addressed i n  Sec t ions  1.0 (General I n f o rma t i on ) ,  1.2.1 (Packaging),  1.2.3 
(Contents o f  Packaging), 5.3 (Model S p e c i f i c a t i o n ) ,  and 5.4 ( S h i e l d i n g  



Eva lua t i on )  o f  Rev i s i on  0. The s i x  FSP-IR f u e l  assembl ies w i l l  be r e t a i n e d  
w i t h i n  t h e  con f i nes  o f  t h e  o u t e r  s i x  r a d i a l  compartments o f  t h e  I d e n t  69, w i t h  
t h e  c e n t e r  compartment, a  1 .63- inch  i n s i d e  d iamete r  s t a i n l e s s  s t e e l  tube, 
rema in ing  vacant.  The con f i nes  o f  each I d e n t  69 o u t e r  r a d i a l  compartment a re  
t h e  1 .75- inch  o u t s i d e  d iamete r  s t a i n l e s s  s t e e l  i n n e r  tube, t h e  i n s i d e  d iameter  
o f  t h e  5 - i n c h  schedule 5 s t a i n l e s s  s t e e l  p ipe ,  and s i x  e q u a l l y  spaced s t a i n -  
l e s s  s t e e l  p l a t e s .  The I d e n t  69 i s  cen te red  w i t h i n  t h e  T-3 us i ng  a  l i n e r  
assembly cons t ruc ted  o f  6 - i n c h  o u t s i d e  d iamete r  by 0 .083- inch aluminum p ipe .  
The p o s i t i o n s  o f  t h e  bottoms o f  t h e  two f u e l  capsules i n  each f u e l  assembly 
a r e  g i v e n  as 10.5- inches and 31.9- inches f rom t h e  bot tom o f  t h e  93.77- inch 
l o n g  assembly. The a x i a l  p o s i t i o n s  o f  t h e  bot tom o f  t h e  l owe r  f u e l  capsule  
and t h e  t o p  o f  t h e  upper f u e l  capsule  w i t h  r espec t  t o  t h e  o u t e r  sur faces o f  
t h e  cover  p l a t e s  f o r  t h e  push r o d  i n s e r t i o n  p o r t  and removable p l u g  p o r t  a r e  
addressed o n l y  th rough  t h e  re fe rence  t o  t h e  I d e n t  69 and i t s  assoc ia ted  l i n e r .  

5.3.2.2 S h i e l d  Regional  D e n s i t i e s  

Source and s h i e l d  r e g i o n  d e n s i t i e s  used i n  analyses o f  t h e  o r i g i n a l  gamma and 
neu t ron  sources a re  addressed i n  Sec t i on  5.3.2 ( S h i e l d  Region D e n s i t i e s )  o f  
t h e  approved SARP. No d i s t i n c t i o n  i s  made i n  t h e  source and s h i e l d  r e g i o n  
d e n s i t i e s  between normal and acc i den t  c o n d i t i o n s .  The 21 c a r b i d e / n i t r i d e - p i n  
gamma source and 217 -p i n  FTR d r i v e r  assembly neu t ron  source a r e  modeled as 
homogenized c y l  inde;s o f  f u e l  and c l a d  and have m a t e r i a l  d e n s i t i e s  o f  0.46 
g/cm and 6.46 g/cm , r e s p e c t i v e l y .  Masses assoc ia ted  w i t h  t h e  f u e l  p i n  
c a n i s t e r  and assembly suppor t  s t r u c t u r e  a r e  c o n s e r v a t i v e l y  neg lec ted .  

Source r e g i o n  d e n s i t i e s  used i n  analyses o f  t h e  sodium-bonded metal  and 
ca rb i de  f u e l  p i n s  a r e  addressed i n  Appendix 5.5.4 ( S h i e l d i n g  Eva lua t i on  o f  
Sodium-Bonded Metal  Fuel P ins  and Carb ide Fuel P ins )  o f  t h e  approved SARP. No 
d i s t i n c t i o n  i s  made i n  t h e  source r e g i o n  d e n s i t i e s  between normal and acc i den t  
c o n d i t i o n s .  The 21 sodium-bonded metal  p i n  and 24 c a r b i d e  p i n  gamma sources 
a re  modeled as homogenized c y l i n d e r s  o f 3 f u e l  and c l a d  and have m a t e r i a l  
d e n s i t i e s  o f  0.528 g/cm3 and 1.202 g/cm , r e s p e c t i v e l y .  

Source r e g i o n  d e n s i t i e s  f o r  t h e  addendum a r e  addressed i n  Sec t i on  5.4 (Sh ie l d -  
i n g  Eva lua t i on )  o f  Rev i3 ion  0.  The homogenized d e n s i t y  o f  each f u e l  capsule  
i s  g i ven  as 0.5385 g/cm . The homogenized d e n s i t y  f o r  t h e  s t r u c t u r a l  m a t e r i -  
a l s  above and below t h e  f u e l  capsules i s  n o t  e x p l i c i t l y  c a l c u l a t e d ;  however, 
i t  i s  es t imated  f rom t h e  r a t i o  o f  t h e  mass o f  t h e  s t r u c t u r a l  m a t e r i a l s  i n  t h e  
s i x  FSP-1R f u e l  assembl ies t o  t h e  mass o f  t h e  s t r u c t u r a l  m a t e r i a l s  i n  t h e  24 
ca rb i de  f u e l  p i n  source o f  t h e  approved SARP. 

5.3.3 S h i e l d i n g  E v a l u a t i o n  

The s h i e l d i n g  e v a l u a t i o n  f o r  t h e  o r i g i n a l  gamma and neu t ron  sources i s  
addressed i n  Sec t i on  5.4 ( S h i e l d i n g  Eva lua t i on )  o f  t h e  approved SARP. 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  e v a l u a t i o n  between normal and acc iden t  
c o n d i t i o n s .  Gamma dose e q u i v a l e n t  r a t e s  a re  c a l c u l a t e d  w i t h  t h e  t h r e e -  
d imensional  p o i n t  ke rne l  code QAC ( a  d e r i v a t i v e  o f  QAD). Bu i l dup  f a c t o r  
c o e f f i c i e n t s  used i n  these  QAC analyses o f  t h e  cask w a l l  and ends s h i e l d i n g  
a re  t h e  T a y l o r  c o e f f i c i e n t s  f o r  l e a d  and s t e e l ,  r e s p e c t i v e l y .  Neutron and 



secondary gamma dose e q u i v a l e n t  r a t e s  a re  c a l c u l a t e d  w i t h  t h e  one-dimensional  
d i s c r e t e  o r d i n a t e s  code ANISN. 

The s h i e l d i n g  e v a l u a t i o n  f o r  t h e  sodium-bonded metal  and ca rb i de  f u e l  p i n s  i s  
addressed i n  Appendix 5.5.4 ( S h i e l d i n g  Eva lua t i on  o f  Sodium-Bonded Metal  Fuel 
P ins  and Carb ide Fuel  P ins )  o f  t h e  approved SARP. 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  e v a l u a t i o n  between normal and acc i den t  c o n d i t i o n s .  Gamma dose 
e q u i v a l e n t  r a t e s  a re  c a l c u l a t e d  by a  p o i n t  ke rne l  v e r s i o n  o f  t h e  t h r e e -  
d imensional  Monte Ca r l o  code MCNP. Neut ron dose e q u i v a l e n t  r a t e s  a re  e s t i m a t -  
ed f rom t h e  p roduc t  o f  t h e  source s t r e n g t h s  r a t i o  (sodium-bonded f ue l / 217 -p i n  
FTR d r i v e r  assembly f u e l )  and t h e  217-p in  FTR d r i v e r  assembly dose e q u i v a l e n t  
r a t e s  o f  t h e  approved SARP. 

The s h i e l d i n g  e v a l u a t i o n  f o r  t h e  addendum i s  addressed i n  Sec t i on  5.4 ( S h i e l d -  
i n g  Eva lua t i on )  of Rev i s i on  0. D e t a i l e d  s h i e l d i n g  analyses o f  t h e  pay load 
c o n f i g u r a t i o n  f o r  t h e  s i x  FSP-IR f ue l  assembl ies a re  n o t  p rov ided .  Arguments 
a re  made t h a t  t h e  expected gamma and neu t ron  dose e q u i v a l e n t  r a t e s  f o r  a  
s i n g l e  cask f rom t h e  shipment o f  s i x  FSP-IR assembl ies w i l l  be l e s s  than  those 
i n  t h e  approved SARP. No d i s t i n c t i o n  i s  made between normal and acc i den t  
c o n d i t i o n s .  The energy dependent gamma source f o r  t h e  12 f u e l  capsules i s ,  by 
s p e c t r a l  comparison, l e s s  than  t h a t  f o r  t h e  24 c a r b i d e  f u e l  p i n  source o f  t h e  
approved SARP. The gamma source f rom t h e  a c t i v a t i o n  o f  t h e  s t r u c t u r a l  m a t e r i -  
a l s  above and below t h e  12 f u e l  capsules i s  est imated,  on a  mass bas is ,  t o  be 
l e s s  than  t h a t  assoc ia ted  w i t h  t h e  24 ca rb i de  f u e l  p i n  c o n f i g u r a t i o n  as w e l l .  
A l l o w i n g  f o r  t h e  a forement ioned d i f f e r e n c e s  i n  source spec t ra  and s t r eng th ,  as 
we1 1  as those i n  d e n s i t y  and a x i a l  p o s i t i o n ,  t h e  gamma dose e q u i v a l e n t  r a t e  
f o r  t h e  s i x  FSP-1R f u e l  assembl ies i s  es t imated  t o  be l e s s  than  10 percen t  of 
t h e  gamma dose e q u i v a l e n t  r a t e  f o r  t h e  24 c a r b i d e  fue l  p i n  source o f  t h e  
approved SARP. The energy dependent neu t ron  source f o r  t h e  12 f u e l  capsules 
i s ,  by s p e c t r a l  comparison, l e s s  t han  t h a t  f o r  t h e  wors t  case 217-p in  FTR 
d r i v e r  assembly source o f  t h e  approved SARP. A l l o w i n g  f o r  t h e  d i f f e r e n c e s  i n  
source spec t ra  and s t r eng th ,  as w e l l  as those i n  d e n s i t y  and a x i a l  p o s i t i o n ,  
t h e  neu t ron  dose e q u i v a l e n t  r a t e  f o r  t h e  s i x  FSP-IR f u e l  asserr~bl ies i s  
es t imated  t o  be l e s s  t han  17 percen t  o f  t h e  neu t ron  dose e q u i v a l e n t  r a t e  f o r  
t h e  217-p in  FTR d r i v e r  assembly source o f  t h e  approved SARP. 

The s t a f f  s h i e l d i n g  e v a l u a t i o n  o f  t h e  addendum i s  l i m i t e d  t o  a  r ev i ew  o f  t h e  
d a t a  and i n f o r m a t i o n  p rov ided  and a  judgement as t o  t h e  v a l i d i t y  o f  t h e  
arguments. 

5.4 F i nd ings  and Conclus ions 

Arguments presented a re  ad judged s u f f i c i e n t  t o  conclude t h a t  t h e  expected 
su r f ace  gamma and neu t ron  dose e q u i v a l e n t  r a t e s  f o r  a  s i n g l e  cask f rom t h e  
t r a n s p o r t  o f  s i x  FSP-IR fue l  assembl ies a re  l e s s  than  t h e  su r f ace  gamma and 
neu t ron  dose e q u i v a l e n t  r a t e s  i n  t h e  approved SARP f o r  t h e  c o n f i g u r a t i o n s  and 
r e g i o n a l  d e n s i t i e s  o f  t h e  24 c a r b i d e - p i n  gamma and 217-p in  FTR d r i v e r  assembly 
neu t ron  sources. 

T h i s  s e c t i o n  o f  t h e  a p p l i c a n t ' s  SARP has been rev iewed t o  determine t h a t  t h e  
s h i e l d i n g  des ign  f e a t u r e s  have been designed i n  a  manner t h a t  w i l l  assure 
compl iance w i t h  t h e  performance requ i rements  o f  10 CFR 71, paragraphs 71.47 



and 71.51 f o r  a  genera l  package under normal c o n d i t i o n s  o f  t r a n s p o r t  and 
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 .  The scope o f  t h e  rev iew covers t h e  s h i e l d -  
i n g  des ign  f ea tu res  o f  t h e  package, t h e  source and model s p e c i f i c a t i o n s ,  t h e  
s h i e l d i n g  eva lua t i on ,  and suppo r t i ng  i n f o r m a t i o n  o r  documentation. 

Bas is  f o r  acceptance i n  t h e  rev iew has been conformance w i t h  es tab l i shed  
g u i d e l i n e s  and c r i t e r i a .  The e v a l u a t i o n  o f  t h e  s h i e l d i n g  des ign p rov ides  
reasonable assurance t h a t ,  under normal c o n d i t i o n s  of t r a n s p o r t  and h y p o t h e t i -  
ca l  acc iden t  cond i t i ons ,  i t  w i l l  be p o s s i b l e  t o  t r a n s p o r t  r a d i o a c t i v e  m a t e r i a l  
i n  t h e  package s a f e l y .  

The s t a f f  concludes t h a t  t h e  p r o t e c t i v e  f e a t u r e s  p rov ided  i n  t h e  des ign o f  t h e  
package conform t o  a p p l i c a b l e  Regulat ions,  Regu la to ry  Guides, and i n d u s t r y  
standards, and a re  acceptable.  

6.0 CRITICALITY EVALUATION 

6.1 Area o f  Review 

The c r i t i c a l i t y  e v a l u a t i o n  f o r  F i s s i l e  Class I 1 1  i nc l uded  i n  t h e  T-3 SARP 
Addendum (Reference 1) i s  based on t h e  f a c t  t h a t  t h e  l i m i t e d  q u a n t i t y  o f  
f i s s i l e  m a t e r i a l  i n  t h e  FSP-1R payload assures an adequate margin o f  s a f e t y  
even i f  t h e  con ten ts  were deformed i n  an acc iden t  and o p t i m a l l y  moderated and 
r e f l e c t e d .  FSP-1R f u e l  assemblies a re  packaged i n s i d e  an I den t  69 p i n  
con ta ine r .  The I d e n t  69 i s  a  5 .345- in .  ID  s t a i n l e s s  s t e e l  p i p e  (5.563 i n .  OD) 
w i t h  6  pie-shaped compartments, each c o n t a i n i u g  one fue l  assembly, around an 
errrpty c e n t r a l  c i r c u l a r  compartment. The I d e n t  69 has a  threaded bayonet- type 
t op -1  ock i  ng c l osu re .  

The payload c o n s i s t s  o f  6  i n d i v i d u a l  FSP-1R f u e l  assemblies packaged i n  an 
I den t  69. The q u a n t i t y  o f  U-235 i s  no t  t h e  same f o r  each assembly, b u t  t h e  
maximum q u a n t i t y  o f  U-235 i n  t h e  payload w i l l  no t  exceed 120 g.  The U-235 
enr ichment i s  l e s s  than  22 w t . % .  The 5.345- in .  i n s i d e  d iameter  o f  t h e  I den t  
69 p i n  c o n t a i n e r  i s  l e s s  than  79% o f  t h e  sma l l es t  c r i t i c a l  c y l i n d e r  d iameter  
p o s s i b l e  f o r  a  homogeneous m i x t u r e  of  U(22) metal  i n  water .  S i x  fue l  assem- 
b l i e s  represen t  l e s s  than 13% of t h e  minimum c r i t i c a l  q u a n t i t y  o f  U(22)N, 
assuming a  homogeneous sphere w i t h  optimum moderat ion and f u l l  water  r e f l e c -  
t i o n .  

6.2 Acceptance C r i t e r i a  

The requi rements o f  10 CFR 71.61 can be met i f  i t  i s  deli ionstrated t h a t  t h e  T-3 
cask remains s u b c r i t i c a l  f o r  a l l  conce ivab le  con f i gu ra t i ons  and environments.  
Th is  i s  based upon a  s i n g l e  cask i n  each shipment. 

6.3 Review Procedure 

The c r i t i c a l  mass da ta  c i t e d  by t h e  a p p l i c a n t s  were conf i rmed by us ing  t h e  
1986 Rev is ion  o f  " C r i t i c a l  Dimensions o f  Systems Conta in ing  U-235, Pu-239, and 
U-233" by H. C .  Paxton and N. L. Pruvost  (LA-10860-MS, J u l y  1987). Tables 9  
and 10 g i v e  c r i t i c a l  d a t a  f o r  homogeneous hydrogen-moderated u n i t s  o f  uranium 



enr i ched  i n  U-235 t o  v a r i o u s  degrees. C r i t i c a l  masses and c r i t i c a l  volumes o f  
hydrogen-moderated spheres o f  U (93),  U (30.3) ,  U (4.89),  U (3.00) , and U (2.00) 
a re  d i s p l a y e d  i n  F i gu res  14 and 15. 

We used t h e  30.3 w t .  % da ta  as conse rva t i ve  es t ima tes  f o r  t h e  22 w t .  % 
m a t e r i a l  i n  t h e  payload. The minimum c r i t i c a l  mass, o p t i m a l l y  moderated and 
r e f l e c t e d ,  i s  1.00 kg U-235, which i s  more than  8 t imes  g r e a t e r  than  t h e  120 g 
U-235 i n  t h e  FSP-IR pay load.  

6.4 F i nd ings  and Conclusions 

The c r i t i c a l  mass da ta  o f  " C r i t i c a l  Dimensions o f  Systems Con ta i n i ng  U-235, 
Pu-239, and U-233" p resen ted  i n  t h e  p rev i ous  s e c t i o n ,  i n d i c a t e  t h a t  t h e  
pay load c o n s i s t i n g  o f  6 i n d i v i d u a l  FSP-1R f u e l  assembl ies w i l l  remain s u b c r i t -  
i c a l  under a l l  c o n d i t i o n s  o f  r e f l e c t i o n  and moderat ion even i f  were double-  
batched o r  s e t  n e x t  t o  a s i m i l a r  package. 

On t h e  bas i s  o f  t h e  comparison between t h e  c r i t i c a l  masses f o r  30.3 w t .  % U- 
235 and t h e  i n v e n t o r i e s  o f  t h e  f i s s i l e  m a t e r i a l  i n  t h e  proposed FSP-1R 
payload, t h e  s t a f f  concludes t h a t  t h e  T-3 cask i s  designed t o  m a i n t a i n  i t s  
con ten t s  i n  a subc r i  t i c a l  s t a t e  when c o n t a i n i n g  t h e  proposed FSP-IR payload 
and o n l y  one cask i n  a shipment i n  compl iance w i t h  10 CFR 71.61 d u r i n g  
t r a n s p o r t a t i o n  and s torage.  

7.0 OPERATING PROCEDURES 

The o p e r a t i n g  procedures desc r i bed  i n  t h e  T-3 SARP (Ref .  2) a r e  a p p l i c a b l e  t o  
t h e  FSP-1R pay load d e f i n e d  i n  t h e  T-3 SARP Addendum (Ref .  1 ) .  

Th i s  s e c t i o n  o f  t h e  T-3 SARP Addendum has been rev iewed and determined t o  
c o n t a i n  o p e r a t i n g  procedures t h a t  have been d e f i n e d  i n  a manner t h a t  w i l l  
assure compl iance w i t h  requ i rements  o f  10 CFR 71 (Ref.  3 )  and DOE 5480.3 (Ref .  
4 

8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 

The acceptance t e s t s  and maintenance programs presented i n  t h e  T-3 SARP (Ref.  
2) a r e  f o r  t h e  Type 9 pay loads.  The payloads descr ibed  i n  t h e  T-3 Addendum 
(Ref .  1)  do n o t  inc rease  t h e  containment pressure,  package s t r u c t u r e  tempera- 
t u r e s ,  o r  impact loads  above a l lowed l i m i t s .  Thus, no r e v i s i o n  o f  t h e  
acceptance t e s t s  o r  maintenance programs i s  r e q u i r e d .  

Th i s  s e c t i o n  o f  t h e  T-3 SARP Addendum has been rev iewed and t h e  s t a f f  con- 
c ludes  t h a t  i t  con ta i ns  acceptance t e s t s  and maintenance programs t h a t  have 
been d e f i n e d  i n  a manner t h a t  w i l l  assure compl iance w i t h  t h e  requi rements  o f  
10 CFR 71 (Ref.  3 ) .  
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