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MASTER
INTRODUCTION

Two major 1 i q u id  metal f a s t  b reeder  r e a c t o r  (LMFBR) power programs a re  in th e  
conceptua l  study des ign  and /o r  i n i t i a l  c o n s t r u c t i o n  phases in  th e  Uni ted S t a t e s :  
th e  Clinch River Breeder Reactor P la n t  (CRBRP), designed to  produce 380 MWe, and 
th e  Conceptual Design Study (CDS), e s t im a te d  to  r e s u l t  in a 1000 MWe p l a n t .  Ship­
ment o f  spen t  fue l  assem bl ies  producing 4 to  7 kW decay h e a t  each i s  r e q u i r e d  f o r  
th e  CRBRP. The design  o f  the  CDS p l a n t  r e q u i r e s  shipment of  s p en t  fuel  a ssem bl ies  
producing 8 to 11 kW decay h e a t .  This paper  d e sc r ib e s  the  r e s u l t s  o f  con t inu ing  
s t u d i e s  to  d e f in e  sh ipp ing  casks  f o r  t r a n s p o r t i n g  spen t  fuel  from t h e s e  p l a n t s .  
Loading and unloading problems a re  a s se ssed  and c a s k / p l a n t  i n t e r f a c e  c r i t e r i a  a re  
d i s c u s s e d . '

DISCUSSION

.  D IS C L A IM E R  •

This book was prepared as an account o ' work sponsored by an agency of the  United States Government, 
N eithe. m e Uni,ed Stales Government nor any agency thereof, nor any of their employees, makes any 
w arranty, estptess or implied, or assumes any legal liability or responsibility for the accuracy, 
comoleteness, or usciulness o f any inform ation, apparatus, product, or process disclosed, or 
represents tha t its use would not infringe pri»ately owned rights. Reference herein to  any specific 
cotvtmerclal product, process, or serelce by trade name, tradem ark, manufacturer, or otherwise does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the  United 
States Government or any agency thereof. The views and opinions of au thors expressed herein do not 
necessarily sta te  or reflect those of the  United States Government or any agency thereof,________________

Various c o n s t r a i n t s  have been def ined  f o r  both p l a n t s  and f o r  t h e  Hot Exper i ­
mental Fac i l  i ty  ( HEF) which w i l l  re c e iv e  and rep ro cess  the  spen t  f u e l .  For example,  
th e  handl ing  s u r f a c e s  o f  the  cask  cannot  exceed 60°C (140°F) dur ing  load ing  and 
unloading o p e r a t i o n s ,  and the  fuel  c lad  tem pera tu re  cannot exceed 650°C (1200°F) 
f o r  normal o p e r a t i o n s .  In a d d i t i o n ,  LMFBR spen t  fuel  a s s e m b l ie s ,  u n l ik e  LWR as ­
sem b l ie s ,  c o n s i s t o f  an a r ray  o f  p ins  encased in ahexagonal s t a i n l e s s  s t e e l  s h e l l ,  
and a re  f u r t h e r  c h a r a c t e r i z e d  by a s h o r t  fuel  zone from which a major p o r t i o n  o f  
bo th  decay h e a t  and r a d i a t i o n  a re  e m i t t e d .  This design poses problems dur ing  
lo ad in g  and shipment o f  prov id ing  adequate  sh ie ld in g  in the  cask  body near  the  
fue l  zone and e f f i c i e n t l y  d i s t r i b u t i n g  the  h e a t  away from the  fuel  zone.  Previous  
s t u d i e s  (Refe rences  1-3) have shown t h a t ,  to  adequa te ly  d i s t r i b u t e  decay h e a t s  
o f  4 to  11 kW from a s p en t  LMFBR fuel assembly through c o n d u c t io n , thermal r a d i a t i o n  
and n a tu ra l  c o n v ec t io n ,  l i q u i d  c o o l a n t s ,  such as sodium, w i l l  be r e q u i r e d .

The bas ic  conceptua l  des ign  developed a t  Sandia National L a b o r a t o r i e s  (SNL) 
t o  suppor t  the CRBRP and the CDS r e a c t o r s  c o n s i s t s  o f  a spen t  fue l  sh ipp ing  cask 
having a m onol i th ic  s t e e l  s t r u c t u r e  with seven b a sk e t  c a v i t i e s .  Each c a v i t y  would 
c o n ta in  a fuel assembly in a s e a le d ,  s o d iu m - f i l l e d  s t a i n l e s s  s t e e l  c a n i s t e r .  The 
cask  c a v i t y  would be b a c k f i l l e d  during lo a d in g ,  sh ipping  and un load ing  w i th  helium,
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or  p o s s ib ly  n i t r o g e n .  As c u r r e n t l y  e n v i s i o n e d ,  t r i p l e  containment  of  the  sodium 
v/ould be p rovided  by (1) the  c a n i s t e r ,  (2) an i n n e r  cask l i d  and (3) an o u te r  
cask 1 i d ,  as i 11 u s t r a t e d  in Figures 1 and 2. I f  t h e  fue l  pin c ladd ing  i s  considered  
t o  be a con ta inment  boundary,  t h i s  c o n s t i t u t e s  f o u r  l e v e l s  of containment f o r  the  
fuel  and f i s s i o n  p roduc ts .  Surrounding th e  s t e e l  cask  body, long i tud ina l  s t e e l  
f i n s  on th e  i n n e r  c ircumference  extend th rough  a s o l i d  neutron sh ie ld  of  Boro- 
s i l i c o n e  r u b b e r .  This neutron s h i e l d  concept i s  d e s c r i b e d  in  d e t a i l  in Reference 4. 
Ex terna l  hea t  r e j e c t i o n  i s  accomplished with  spaced f i n l e t s  welded to  an o u te r  
s t e e l  s h e l l  e n ca s in g  th e  neutron s h i e l d .

The s p e c i f i c  cask  designs  fo r  CRBRP and COS a re  s i m i l a r  but of  d i f f e r e n t  s i z e s .  
The CRBRP f u e l ,  s h o r t e r  and sm al le r  in  c r o s s  s e c t i o n ,  r e q u i r e s  a cask o f  1.7 m 
in  d ia m e te r  and 5.1 m in leng th  with a loaded s h ip p in g  mass o f  approximately 55 
to n n e .  The c a n i s t e r s  (0.178 m GO, 4.53 m long)  would f i t  i n t o  0.19 m 10 c a v i t i e s  
a r ranged  in  a c i r c l e  o f  s ix  on a 0 .44 m d i a m e t e r ,  w i th  one in  the  c e n t e r .  For 
t h e  COS spen t  f u e l ,  the  cask would be 2.1 m -in d i a m e te r  and 6.6 m in  l eng th  
with a loaded sh ip p in g  mass o f  approximate ly  88 t o n n e .  The c a n i s t e r s  f o r  CDS 
fue l  (0 .229 m 00, 5.284 m long) would f i t  i n t o  0 .2 4  m 10 c a v i t i e s ,  one in  t h e  
c e n t e r  and s i x  on a 0 .54 m d iam eter .

Three a l t e r n a t e  methods f o r  des ign ing  th e  o u t e r  l i d ,  t h e  in n e r  l i d  (o r  l i d s )  
and an a l t e r n a t e  s h i e l d  plug a re  i l l u s t r a t e d  in  F igu re  2.  Crane l i f t  c a p a c i t i e s  
and o t h e r  c a s k / p l a n t  i n t e r f a c i n g  c r i t e r i a  w i l l  e v e n t u a l l y  determine the  concept 
chosen ,  a l though  t h e  cask having two l i d s  with t h e  s h i e l d  incorpora ted  i n t o  t h e  
i n n e r  l i d  i s  p r e f e r r e d .  The o th e r  o p t io n s  add com plex i ty  t o  the  load ing /un load ing  
p ro ced u re ,  th e  cask  f a b r i c a t i o n ,  or  bo th .

Two c a n i s t e r s  f o r  CRBRP fue l  are  c u r r e n t ly ,  under  c o n s id e r a t i o n .  Both a re
o f  s t a i n l e s s  s t e e l  p ipe  c o n s t r u c t io n  w i th  a welded bottom of  t apered  s t a i n l e s s  
s t e e l .  The two des i  gns di f f e r  i n the  seal i ng mechanisms a t  t h e  head of  the  c a n i s t e r s .  
In one (R efe rence  5) a mechanical seal i s  used ,  w h i le  t h e  o t h e r  c a n i s t e r  i s  sea l -welded .  
The m ech an ica l ly  s ea le d  c a n i s t e r  wouldbe i n d e f i n i t e l y  r e u s a b l e ,  but the  s e a l in g  
mechanism r e l i a b i l i t y  may be in  q ues t ion .  The welded l i d  design  i s  configured to  
a l low  th e  welded a rea  to  be mechanical ly  removed and rewelded approximately ten  di f -  
f e r e n t  t im e s .  This  design should provide an ex t rem ely  r e l i a b l e  s e a l in g  mechanism.

Drop t e s t i n g  o f  th e  mechanical ly  s e a l e d  c a n i s t e r s  with  su r roga te  fuel  and
c o o l a n t  has been i n i t i a t e d .  In the  f i r s t  t e s t ,  which was a 9 m, end-on drop 
onto an u n y ie ld in g  t a r g e t ,  the  c a n i s t e r  was f i l l e d  w i th  an 80-percen t  g ly c e r in e /  
2 0 -p e r c e n t  a lcoho l  mixture  se rv ing  as th e  sodium s u r r o g a t e .  This mixture provides  
t h e  same a c o u s t i c  impedance as l i q u id  sodium a t  450°C. The t e s t  was conducted 
w i th  t h e  c a n i s t e r  and con ten ts  a t  an ambient c o n d i t i o n  o f  approximate ly  24°C. Fol­
lowing impact,  t h e  c a n i s t e r  appeared to  be s t r u c t u r a l l y  sound with no buckling or  
c r a c k i n g .  Drop t e s t s  from 9 m have a lso  been performed wi th  th e  c a n i s t e r  impact ing 
s i d e - o n ,  and i n  a "slap-down" o r i e n t a t i o n  with t h e  bottom end of the  c a n i s t e r  
im pac t ing  f i r s t .  In these  t e s t s  s i g n i f i c a n t  c a n i s t e r  deformation was observed ,  
bu t  no c racks  were found nor was the re  any le ak ag e  o f  t h e  l i q u i d  from the  c a n i s t e r
body. However, t h e  mechanical s ea ls  d id  f a i l ,  c a u s i n g  leakage  of the  su r roga te
c o o l a n t .  F u r th e r  t e s t s  a t  lower drop h e ig h t s  w i l l  be performed to  de f ine  t h e  
f a i l u r e  t h r e s h o l d  of  th e  s e a l s ,  and the  t h r e s h o l d s  can  then  be a n a l y t i c a l l y  r e l a t e d  
t o  t h e  performance o f  th e  c a n i s t e r  in  th e  cask  d u r in g  im pac t .  Based upon the  drop 
t e s t s  t o  d a t e ,  i t  i s  p o s tu la ted  th a t  t h e  s e a l -w e ld e d  c a n i s t e r  should surv ive  a 
9 m drop independent  o f  the  cask and o f  impact o r i e n t a t i o n .

Heat t r a n s f e r  ana lyses  of  th e  CRBRP and COS c o n ce p tu a l  des igns  were used to  ex­
amine o p e r a t i n g t e m p e r a t u r e s  under normal s o l a r  i n p u t  a t  55°C ambient.  The assembly 
h e a t  o u tp u t  i s  assumed to  be 7 kW fo r  CRBRP with a b a c k f i l l  gas o f  helium between 
t h e  c a n i s t e r s  and th e  c a v i t i e s  a f t e r  th e  cask  i s  s e a l e d .  The COS cask temperatures



were examined wi th  he l ium and n i t r o g en  as  b a c k f i l l  g a se s .  The h e a t  load  used fo r  
CDS i s  a r ing  o f  s i x  11 kW assem bl ie s  with  one 4 kW core  component in  the  c e n t e r  
c a v i t y  to preven t  o v e r h e a t in g  a t  t h a t  l o c a t i o n .  Resu l t ing  cask tem pera tu re  p r o f i l e s  
a re  shown in Table  I .  No a n a l y s i s  has been a ttempted  to  a c c u r a t e l y  e s t i m a te  pin 
tempera tures  i n s i d e  t h e  assembly .  However, i t  i s  f e l t  t h a t ,  based on da ta  from 
References 1 and 2,  t h e  a d d i t i o n a l  r i s e  from the  c a n i s t e r  tem pera tu re  to  the  maximum 
pin temperature  i s  on th e  o r d e r  o f  30 to  50“C f o r  the  decay h e a t  o u tp u t s  co n s id e red .

An e m i s s i v i t y o f  0 .3  was g e n e r a l ly  assumed fo r  the  c a n i s t e r  and c a v i t y  s u r f a c e s .  
Higher c a n i s t e r  t e m p e r a t u r e s  were c a l c u l a t e d  fo r  the  n i t r o g e n - b a c k f i l l e d  cask than 
f o r  the  h e l i u m - b a c k f i l l e d  c a s k .  This can be o f f s e t  by in c r e a s in g  th e  e m is s iv i ty  
o f  both c a n i s t e r  and c a v i t y  as shown in Table I ,  which could  be accomplished with 
v a r io u s  su r fa ce  t r e a t m e n t s .

One of  th e  problems add ressed  has been the  method o f  c a n i s t e r  l o a d in g .  Because 
o f  sodium expansion  and cover  gas  p ressu re  bu i ldup in  th e  c a n i s t e r ,  the  simple 
method of  load ing  a h o t  assembly in to  l i q u i d  sodium a t  o r  j u s t  above sodium m el t  
temperature  was r e j e c t e d .  I n s t e a d ,  hea t ing  the  c a n i s t e r s  and sodium to  the  a p p ro x i ­
mate normal o p e r a t i  ng tem p e ra tu re  be fo re  1 oading i s  proposed. The o p e r a t in g  temper­
a t u r e  in t h i s  case  i s  d e f in e d  by th e  maximum cask load  o f  49 kW f o r  CRBRP and 70 kVI 
f o r  CDS (see  Table  I ) .  The amount o f  sodium con ta ined  in  each c a n i s t e r  i s  governed 
by a cc id e n t  ( o f f -n o rm a l )  c o n d i t i o n s .  The cask a n a l y s i s  in  a f i r e  environment has 
no t  been compl e t e d .  However, c a l c u l a t i o n s  using abound ing ,  i . e .  w o rs t  c a s e ,  condi­
t i o n  o f  676°C (1250°F) f o r  th e  fue l  c ladding (and t h e r e f o r e  the  sodium) and a 10 atm 
p re s su re  in the  c a n i s t e r  cover  g a s ,  i n d i c a t e  a sodium le v e l  a t  lo ad in g  should 
be 0.254 m below t h e  top  o f  t h e  CRBRP assembly.  F u r th e r  a n a l y s i s  o f  t h e  cask response  
t o  an 800°C thermal s o u r c e ,  which i s  d iscussed  l a t e r ,  su g g es t s  t h a t  the  actual  

^ temperature  re sponse  m a y b e l e s s  severe  and t h a t  the  sodium l e v e l  might  only  need to  
be 0.038 m below t h e  top  o f  th e  assembly.  Data from Reference  1 show t h a t  the  
h e a t  r e j e c t i o n  in  t h e  v e r t i c a l  p o s i t i o n  i s  not s i s n i f i c a n t l y  a f f e c t e d  i f  th e  sodium 
i s  below the  top o f  t h e  assembly .  An a l t e r n a t e  lo ad in g  method would be to  h e a t  
the  sodium to  a t e m p e ra t u re  g r e a t e r  than t h a t  expected dur ing  normal o p e r a t i o n .  
This would r e s u l t  in  a gas p r e s s u r e  lower than  10 atm in t h e  c a n i s t e r  a t  o f f -  
normal ( i . e . ,  a c c i d e n t )  t em pera tu res  and subatmospheric  p r e s s u r e  during normal 
sh ipp ing .

T ab le  I .  Axial Center Cask Temperatures 
During Steady S ta te  Operat ion

CASK CONFIGURATION CRBRP CDS CDS

Spent Fuel Assemblies  Seven, 7kVI S ix ,  llkW S ix ,  llkW
One, 4kW One, 4kW

Cask Cavi ty Cover Gas Helium Helium Nitrogen

C a n i s t e r /C a v i ty  Em it tance  0 .3  0 .3  0 .3  0 .8

Cask Surface Temp (°C) 170 190 190 190
N-Shie ld /S tee l  Body I n t e r f a c e  Temp (°C) 290 330 330 330
Outer C a v i t i e s  Temp (°C) 330 385 385 385
Outer C a n i s t e r s  Temp (°C)* 405 465 535 459
Inner Cavity Temp (°C) 375 440 450 439
Inner C a n i s t e r  Temp (°C)* 430 460 495 453

'*Maximum~fuel p in  t em p e ra tu re  would be 30 to  50“C above the  c a n i s t e r  t em pera tu res  
shown (see  R efe rences  1 and 2 ) .  Maximum allowed pin  tem pera tu re  i s  650°C.



The requ i rem en t  o f  m a in ta in in g  cask-handl ing  s u r f a c e  t e m p e ra tu res  below 60°C 
(HO°F) p r e s e n t s  d i f f i c u l t i e s  in  both load ing  and un load ing  modes. The loading  
sequence assumed was t h a t  one c a n i s t e r  would be loaded per hou r .  The l a r g e  thermal 
mass of the  cask  s i g n i f i c a n t l y  delays  s u r f a c e  tem p e ra tu re  r i s e  dur ing  load ing .  
However, e x te rn a l  n a t u r a l  convec t ion  alone i s  i n s u f f i c i e n t  to  p re v e n t  ove rhea t ing  
while  the cask i s  i n  p l a n t .  Surface  tem pera tu res  were c a l c u l a t e d  to  exceed 60°C 
(140°F) in  9 to  12 h a f t e r  lo a d in g  i s  i n i t i a t e d .  This  t ime i s  i n s u f f i c i e n t  to  
allow f o r  cask l o a d i n g  and s e a l i n g  o p e ra t io n s  and removal from p l a n t .

To provide  a f e a s i b l e  method o f  cool ing during lo a d in g  and un lo ad in g ,  i n t e r n a l  
channels  can be p ro v id ed  in  the  cask  body. The assumed c o o l a n t  flow p a t t e r n  i s  one 
pass up and down, then  o u t .  Twelve p a i r s  o f  c h a n n e l s ,  each w i th  a c r o s s - s e c t i o n a l  

o f  7 39 X 10" ni f o r  monn 1 nno ia rea  or / . ^ y  x iu  ■ m'- r o r  the  CRBRP cask and 1.098 x 10“ m f o r  th e  CDS cask are  
spaced between t h e  s t e e l  s t r u c t u r e  and neutron s h i e l d .  Thus the  c o o l a n t  channels  
l i e  o u t s id e  o f  t h e  c o n ta in m en t  boundary and a re  near  th e  cask  s u r f a c e ,  a l lowing 
the  su r face  t e m p e r a t u r e s  to  be reduced r a p i d l y  by th e  pumping o f  c o o l a n t .  The 
co o la n t  i n l e t  and o u t l e t  a r e  a t  the  bottom of  the  c a s k ,  w i th  t h e  channe ls  extending 
upward t o  j u s t  below t h e  l i d .

For the CRBRP c a s k ,  c a l c u l a t i o n s  showed t h a t  a f low r a t e  o f  288 l i t r e / m i n  (76 
gal/min) o f  20°C (57°F) w a ter  in  the  channels  m a in ta in s  th e  s u r f a c e  tem pera tu res  
of the  cask below t h e  60°C requ irem ent  during lo a d in g .  For th e  CDS c a s k ,  c a l c u l a ­
t i o n s  showed t h a t  a f low r a t e  o f  490 l i t r e / m i n  (1 3 0 g a l /m in )  o f  20°C w a te r  main ta ined  
the  su r face  t e m p e r a t u r e s  below 60°C f o r  approximate ly  42 h;  and a flow r a t e  o f  
980 l i t r e / m i n  (260 g a l /m in )  m a in ta ins  the  s u r f a ce  te m p e ra tu re s  below 60°C in d e f ­
i n i t e l y .  F u r t h e r  e f f o r t  i s  req u i red  here  to  a s s e s s  methods f o r  enhancing the  
h e a t  t r a n s f e r  j tp  t h e ;  w a te r  channe ls  and reduc ing  th e  r e q u i r e d  flow r a t e s .  The 
r e s u l t s  o f . t h e s e  c a l c u l a t i o n s  a r e  summarized in Table I I .  Because i t  was assumed 
t h a t  the  coo l ing  c h a n n e l s  did^  n o t  extend i n to  t h e  l i d ,  t h i s  p o r t i o n  o f  the,  cask 
could  h e a t  up d u r in g  bol t i n g  and seal ing o p e ra t ions . !  - This problem i s  d iscussed  
l a t e r .

As i n d i c a t e d  by t h e  tem pera tu re  p r o f i l e s  in Table  I ,  t h e  cask  on a r r i v a l  a t  
th e  HEF wil l  have a s u r f a c e  temperature  f a r  above th e  a l lo w ab le  60°C. External 
a i r  coo l ing  a t  r e a s o n a b l e  flow r a t e s  i s  i n e f f e c t i v e  in  reduc ing  s u r f a c e  tempera­
t u r e s  fo llowing sh ipm en t .  External water coo l ing  improves t h i s  somewhat, a l though 
access  to  the  c a sk  s u r f a c e  i s  then  l i m i t e d .  Fur thermore ,  because  l a r g e  q u a n t i t i e s  
o f  h ea t  are  s t o r e d  in  t h e  cask  body, ex te rna l  w a ter  c o o l in g  canno t  be suspended 
dur ing the  un load ing  o p e r a t i o n  without r ap id  su r f a ce  t e m p e ra tu re  r i s e  to  unaccept ­
able  l e v e l s .

CASK TYPE 

CRBRP 

CRBRP

CDS

CDS

CDS

Table  I I .  CRBRP and CDS Cask Heat-Up During Loading 

COOLING METHOD
CAVITY 

BACKFILL GAS
TIME TO REACH 

60“ C AT SURFACE

N atu ra l  Convection

288 l i t r e / m i n  o f  20°C water

N a tu ra l  Convection

490 l i t r e / m i n  o f  20°C water

980 l i t r e / m i n  o f  20°C water

He o r  Ar 9 h

He o r  Ar Steady s t a t e  s u r f a c e  tem­
p e r a t u r e  l e s s  than 60“C

He o r  N2  12 h

He o r  N2  42 h

He o r  N2  Steady s t a t e  s u r f a ce  tem­
p e r a t u r e  l e s s  than  60°C



Several modes o f  cask cooldown using  in t e r n a l  water  f low have been examined. 
Only the  most promis ing method i s  r e p o r te d  h e re .  The w ater  flow would i n i t i a l l y  
e n t e r  a t  10 atm, 179°C (354°F) ,  and would u t i l i z e  the  h e a t  o f  v a p o r i z a t i o n  in 
e x t r a c t i n g  h ea t  from th e  c a s k .  When the  c o o la n t  e x i t  t em pera tu re  f a l l s  below 180°C 
(355“F) ,  the  i n l e t  water  t em pera tu re  would be lowered to  95°C (202°F) ,  w h i le  s t i l l  
ma in ta in ing  the  p r e s s u r e .  Once the  e x i t  tempera ture  f a l l s  below 100°C (212°F) the  
p re s su re  may be reduced and w ater  a t  20°C (67°F) in t r o d u c e d .  In a d d i t i o n  to  the  
in t e rn a l  water c o o l i n g ,  e x t e r n a l  20°C fo rced  a i r  coo l ing  over t h e  l i d  only was 
r e q u i re d  fo r  re a so n a b le  cooldown t im es .

The CRBRP cask  cooldown r e s u l t s  show t h a t  25 to  53 h a re  needed to  a t t a i n  
su r fa ce  tem pera tu res  under 60°C. The c a l c u l a t e d  base case  was 326 l i t r e / m i n  
(86 gal/min) with  no e x t e r n a l  a i r  coo l ing  on the  l i d ,  which co r re sp o n d s  to  53 h 
cooldown. For t h e  base  c a s e ,  th e  l i d  was the  s lowes t  co o l in g  p o r t i o n .  Both the  
a i r  flow r a t e  over  th e  l i d  and the water  flow r a t e  in the  cask were v a r i e d  to  
a s s e s s  those flow r a t e s  which l e a d  to s h o r t e r  cooldown t im e s .  The g r e a t e s t  assumed 
v e l o c i t y  o f  a i r  over  th e  l i d  f o r  CRBRP was 12.2 m /s ,  and th e  g r e a t e s t  flow r a t e  
o f  water was 974 l i t r e / m i n  (257 g a l /m in ) ,  which gave a 25 h cooldown. The r e s u l t s  
a re  shown in  Table I I I .

The CDS cask cooldown a n a l y s i s  i n d i c a t e s  t imes o f  27 h to  g r e a t e r  than  72 h.  
Once aga in ,  the  l o n g e s t  t ime to  cool r e s u l t e d  from the  c a l c u l a t e d  base  case  of 
480 l i t r e / m i n  (128 g a l /m in )  i n t e r n a l  w ater  coo l ing  with no fo rced  e x t e r n a l  c o o l in g .  
To ob ta in  27 h cooldown, i n t e r n a l  water coo l ing  o f  960 l i t r e / m i n  w i th  a i r  v e l o c i t y  
on the  l i d  o f  15.4 m/s was r e q u i r e d .  These r e s u l t s  a re  a l so  p r e s e n t e d  in  Table  I I I .

With the  i n t e r n a l  co o l in g  o f  the  cask body on ly ,  the  l i d  i s  the  s lo w e s t  p o r t i o n  
o f  the  cask to c o o l .  The method cons idered  here  to improve c o o l in g  t im es  was ex­
t e r n a l  a i r  c o o l in g  o f  t h e  l i d .  Another o p t io n ,  s e p a r a t e  co o l in g  c h a n n e l s  in the  
1 i d ,  ;coul.d_imprqve the  cool ing t imes  even f u r t h e r .  From examination  o f  t h e  cooldown 
o f  the  base s e c t i o n s ,  which,  1 ik e  t h e / T i  d,; have nofcheat . source  nea rb y ,  i t  may 
be s a f e ly  assumed t h a t  l i d  cooldown could  be e l im in a ted  as  t h e  c o n t r o l l i n g  f a c t o r  
in  cooldown time i f  such i n t e r n a l  coo l ing  channels  a re  used .

TABLE I I I .  Cask Cooldown a t  HEF

CASK AIR VELOCITY WATER FLOW RATE IN CASK TIME TO COOL
CONFIGURATION OVER LID (m/s) CHANNELS ( l i t r e / m i n ) SURFACES TO

CRBRP 0 326 53
6.1 '  326 42

12.2 326 35
6 .1 652 33

12.2 652 27
6 .1 974 31

12.2 974 25

CDS 0 480 >72
7 .6 480 69

12.2 480 40
15 .4 480 35

7 .6 960 68
12.2 960 33
15.4 960 27

’C (h)



, I n i t i a l  c a l c u l a t i o n s  of the  response of t h e  cask to  the  regu la to ry  thermal 
t e s t  exposures  have been completed.  Maximum c a n i s t e r  tempera tures  were found to  
occur 9 to  10 h fo l low ing  i n i t i a l  exposure to  th e  800°C (1475°F) thermal source.  
Table IV compares t h e  maximum c a n i s t e r  t e m p e ra tu res  dur ing normal opera t ion  and 
fo l lowing  exposure  to  the  thermal t e s t  environment.  From these  data  i t  can be
concluded t h a t  th e  thermal t e s t  does not c o n t ro l  th e  d e s ig n .

TABLE IV. Comparison of  Maximum C a n i s t e r
Temperatures f o r  CRBRP and CDS Casks

NORMAL OPERATION (°C) THERMAL TEST (°C)

CRBRP Cask 430 455
CDS Cask, Helium B ackf i l l  465 480
CDS Cask, N i t rogen  B ackf i l l  535 545

Beginning in October  1980, a d e t a i l e d  concep tua l  design  study was i n i t i a t e d  
f o r  a CRBRP s p e n t  fue l  shipping cask.  The s tudy  i s  based upon the  r e s u l t s  of  
the  e f f o r t s  d e s c r ib e d  above. The d e t a i l e d  c o n ce p t  f o r  the  cask should be com­
p le te d  in l a t e  1981.

: CONCLUSION

^ -:Tn concTusign,  t h e  s t u d y - o f  conceptua l;  s h ip p in g  systems fo r  CRBRP and CDS 
"spen tJ fue l  lias own t h a t  systems s i g n i f i c a n t l y  d i f f e r e n t  from those used f o r  LWR 
spen t  fuel  w i l l  be r e q u i r e d .  In the  conceptual d e s ig n ,  l i q u i d  sodium was assumed 
to  be the c o o l a n t  in  c a n i s t e r s  con ta in ing  th e  s p e n t  fue l  a ssem bl ie s ,  and m u l t ip l e  
l e v e l s  o f  con ta inm ent  were provided by c a n i s t e r s ,  an i n n e r  cask l i d  and an o u te r  
cask  l i d .  Cask c o o l in g  a t  the  r e a c to r  s i t e  dur ing  l o a d in g ,  and cooldown a t  the  
r e c e iv in g  s i t e  p r i o r  to  unloading are  s ignf- ican t  bu t  t r a c t a b l e  problems.
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