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SAFETY ANALYSIS REPORT FOR PACKAGING: 
THE ORNL LOOP TRANSPORT CASK 

J. H.  Evans K. K. Chip ley  H. A. N e l m s  
W .  K. Crowley R. A .  J u s t  

ABSTRACT 

This  document c o n t a i n s  a n  e v a l u a t i o n  of t h e  ORNL loop 
t r a n s p o r t  ca sk ,  demonst ra t ing  i t s  compliance w i t h  the 
r e g ~ l a t i o n s l - ~  governing t h e  t r a n s p o r t a t i o n  of r a d i o a c t i v e  
and f i s s i l e  materials. A prev ious  review of t h e  cask  i s  
updated t o  demonst ra te  compliance w i t h  c u r r e n t  r e g u l a t i o n s ,  
t o  p r e s e n t  c u r r e n t  procedures ,  and t o  r e f l e c t  t h e  more 
recent technology.  

0 .  GENERAL INFORMATION 

0 . 1  I n t r o d u c t i o n  

The ORNL loop  t r a n s p o r t  cask was des igned  by members of t h e  Design 

Department i n  t h e  Engineer ing  and Mechanical D i v i s i o n  a t  Oak Ridge 

N a t i o n a l  Labora tory ,  and i t  was f a b r i c a t e d  i n  t h e  ORNL shops i n  2956. 

The o r i g i n a l  ca sk  was modif ied and upgraded i n  1968 t o  b r i n g  it: i n t o  

compliance w i t h  t h e  The c a s k  is scheduled t o  be  modi- 

f i e d  upon approva l  of t h i s  document by t h e  Oak Ridge Opera t ions  O f f i c e  

(ORO) of t h e  Department of Energy (DOE). The m o d i f i c a t i o n s  are t h e  

a d d i t i o n  of a name p l a t e ,  a f i r e  shield, and t h e  s t r e n g t h e n i n g  of t h e  

t o p  l i f t i n g  eyes  t o  meet tie-down requi rements .  

a n a l y s i s  and l o g i c ,  p u t  f o r t h  by this SARP, r e f l e c t s  a l l  m o d i f i c a t i o n  t o  

b e  made to the cask.  

p re sen ted  i n  Appendix A .  

a n a l y s i s  r e p o r t  f o r  packaging (SARP) have been reviewed and approved 'by 

t h e  ORNL T r a n s p o r t a t i o n  Committee and t h e  Oak Ridge Opera t ions  O f f i c e  of 

DOE. 

A l l  eng inee r ing  and 

Copies of t h e  "as -bui l t ' '  drawings of t h e  cask are 

The modi f ied  cask  d e s i g n  and t h i s  s a f e t y  

Copies of t h e  approva l  documents are  con ta ined  i n  Appendix B.  
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0.2 Package Desc r ip t ion  

The s t r u c t u r a l  f e a t u r e s ,  o p e r a t i o n a l  feature:s ,  and in tended  c o n t e n t s  

of t h e  ORNL loop t r a n s p o r t  cask  are descri .hed i n  t h e  fo l lowing  paragraphs.  

0 .2 .1  _q.sckagin-g 

The OKNL l o o p  t r a n s p o r t  cask  i s  shown i n  P igs .  0 . 1  and 0 .2 ,  and t h e  

des ign  drawings are given  i n  Appendix A. The cask is  b a s i c a l l y  a r i g h t  

c i r c u l a r  c y l i n d e r  w i t h  an  o u t s i d e  diainet-er of 2 4  i n . ,  an o v e r a l l  l e n g t h  

of 30 i n . ,  arid a weight  of 16,000 l b .  The inl ier  c a v i t y  of  t h e  cask  i s  

l i n e d  wi th  1 /8 - in . - th i ck  s t a i n l e s s  s t e e l ,  has  a d iameter  of 5;-314 i n . ,  

and i s  68 i n .  long.  B i o l o g i c a l  s h i e l d i n g  i s  provided by l e a d  w i t h  a 

minimum t h i c k n e s s  of 8-5/16 i.n. The e x t e r n a l  c y l i n d r i c a l  s h e l l  of t h e  

cask c o n s i s t s  of a l e n g t h  of 24-in. sched-40 carbon steel p i p e  0.69 i n .  

t h i c k .  The ends of t h e  cask  a r e  Elat p l a t e s  o€  carbon s t ee l .  

Access t o  t h e  i .nner c a v i t y  i s  a t t a i n e d  by means of  a s i a i n l e s s -  

s t ee l - cove red  l e a d  p l u g  a t  each end o f  t h e  cask .  However, t h e  s h i e l d i n g  

a t  one end of ilhe cask i s  i n  t h e  form of a sliding door ,  and i t :  i s  t h i s  

end of t h e  cask  t h a t  i s  normally used f o r  cask  load ing  and unl.oading. 

The p lugs  a t  b o t h  ends o f  t h e  cask  and t h e  cover  f o r  t h e  s l i d h g - d o o r  

housing are provided w i t h  neoprene g a s k e t s  and b o l t e d  i n  p l a c e ,  and 

a c c e s s  i s  achieved  by removal of e i g h t  1 / 2 - - h . - - d i x m  cap screws ho ld ing  a 

p lug  i n  p l a c e .  'The only  o t h e r  cask  p e n e t r a t i o n  i s  a p r e s s u r e - t e s t  t a p  

l o c a t e d  i n  t h e  s l i d ing -door  housing.  The c l o s u r e  for t h e  p r e s s u r e - t e s t  

p e n e t r a t i o n  i s  a 1 /4 - in .  p i p e  p lug  t h a t  i s  p r o t e c t e d  from damage by a 

threaded  p i p e  and p i p e  cap. 

The ORNL loop t r a n s p o r t  cask  i s  compact and,  w i t h  respect: t o  prac-  

t i . ca l  dynamic c o n s i d e r a t i o n s ,  i s  a r i g i d  body. Ex te rna l  s t r u c t u r a l  por- 

t i o n s  of the cask  i n c l u d e  t h e  s l i d ing -door  hous ing ,  t r a n s p o r t  s k i d ,  

l i f t i n g  eyes ,  and t h e  f i r e  s h i e l d .  The s l i d i n g  door  normally used f o r  

ca sk  load ing  and unloading  i s  a s h i e l d  b lock  which s l i d e s  i n  a housing 

e x t e r i i s l  t o  t h e  o u t e r  s h e l l  of t h e  cask, a s  i l l . u s t r a ~ e d  i n  F i g .  0.3. 

The s l id ing -door  housing i s  perpendicul .ar  t o  %he a x i s  of t h e  cask  and 

ex tends  7 i n .  beyond the o u t e r  s u r f a c e  0 5  t h e  cask.  This  pro tuberance  



W R  PLUG 

LEAD FILLED) 

rF lRE SHIELD 
i 

ORNL DWG 75-500 

w 

Fig. 0.1, Illustration of OWL l o o p  t r a n s p o r t  carrier and s k i d .  
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is  des igned  i n  such  a manner t h a t  damage is h i g h l y  u n l i k e l y  du r ing  

normal o p e r a t i o n s .  

The t r a n s p o r t  s k i d  i s  a s t r u c t u r a l  s teel  frame b o l t e d  t o  t h e  cask .  

The s k i d  can a l s o  be  b o l t e d  d i r e c t l y  t o  t h e  bed of a t r u c k  o r  r a i l  car. 

Th i s  s k i d  can be  removed from t h e  cask  t o  f a c i l i t a t e  o n - s i t e  hand l ing  

and maintenance. L i f t i n g  eyes  are l o c a t e d  on t h e  t o p  of t h e  cask.  

Tension members can b e  a t t a c h e d  t o  t h e  t o p  l i f t i n g  eyes  t o  t i e  t h e  cask 

down. 

p r i m a r i l y  from h o t - r o l l e d  s teel  s h e e t  and coa ted  w i t h  intumescent  p a i n t .  

The f u n c t i o n  of t h i s  s h i e l d  is  t o  p r o t e c t  t h e  cask  i f  i t  should  be  

exposed t o  a f i r e  o r  o t h e r  sou rce  of e x t e r n a l  h e a t .  Removable end 

covers  i n  t h e  s h i e l d  f a c i l i t a t e  l oad ing  and unloading  of t h e  cask .  

The cask is e s s e n t i a l l y  enc losed  i n  a f i r e  s h i e l d  c o n s t r u c t e d  

0 .2 .2  Opera t iona l  f e a t u r e s  

No s p e c i a l  t o o l s  are r e q u i r e d  f o r  o p e r a t i o n  of t h e  ORNL loop  t r a n s -  

p o r t  cask ,  and no s p e c i a l  v a l v i n g  o r  i n s t r u m e n t a t i o n  is  needed. The 

cask  has  t h r e e  "moving" p a r t s :  t h e  two end p lugs  and t h e  s l i d i n g  door  

used f o r  l oad ing  and unloading.  The cask  is  remotely loaded  and un- 

loaded wh i l e  underwater ,  i n  a h o t  c e l l ,  connected t o  a h o t - c e l l  t r a n s f e r  

p o r t ,  o r  by o t h e r  means. 

ca sk  access p lug  w i t h  t h e  long  axis of t h e  cask  i n  a ve r t i ca l  o r i e n t a -  

t i o n .  All water i n  t h e  cask  i s  d ra ined  and purged p r i o r  t o  sh ipp ing .  

Dry load ing  and unloading  is  u s u a l l y  accomplished v i a  t h e  s l i d i n g  door 

w i t h  t h e  long  a x i s  of t h e  cask  i n  a h o r i z o n t a l  o r i e n t a t i o n .  Tools  used 

t o  assist i n  load ing  and unloading  can b e  i n s e r t e d  through t h e  cask  

access plug.  The cask  i s  l i f t e d  i n  a h o r i z o n t a l  a t t i t u d e  by u s i n g  t h e  

two l i f t i n g  eyes  on i t s  top.  The t runn ions  on t h e  access-plug end of 

t h e  cask are used t o  l i f t  t h e  cask  i n  a ve r t i ca l  a t t i t u d e .  The s k i d  is  

used f o r  a l l  modes of t r a n s p o r t  b u t  may be  removed f o r  l oad ing  and on- 

s i t e  handl ing .  

Underwater l oad ing  and unloading  i s  v ia  t h e  

0 .2 .3  Contents  

The ORNL loop  t r a n s p o r t  ca sk  is  approved f o r  Type B and l a r g e  quan- 

t i t i e s  of r a d i o a c t i v e  materials and F i s s i l e  Class I shipments .  The 
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c o n t e n t s  of t h e  cask  are l i m i t e d  t o  s o l i d  materials.  These i n c l u d e  

s p e n t  r e a c t o r  f u e l ,  i r r a d i a t e d  exper iments ,  and o t h e r  s o l i d  r a d i o a c t i v e  

and f iss:i.le materials. Typ ica l  s p e n t  f u e l  c o n t e n t s  i n c l u d e  coa ted  

p a r t i c l e s  of U ,  P u ,  and Th; c l a d  oxide  rods  of U ,  Pu,  and 'Ch; and 

s o l i d i f i e d  mol t en - sa l t  f u e l s .  Other  r a d i o a c t i v e  mater ia ls  which have 

been sh ipped  i n  t h e  cask  i n c l u d e  B e O ;  s i l icates  or' Nb, T i ,  T a ,  and Z r ;  

n i t r i - d e s  of Z r ,  Nb, T a ,  and T i ;  c a r b i d e s  of Z r ,  Nb, T i ,  and W ;  and 

metallic specimens.  Such materials are  e i t h e r  encased i n  unbreached 

metal c ladd ing  o r  in. a 2R c o n t a i n e r . "  

b e  s p e c i a l  form mater ia ls .  The weight  of t h e  in t ended  c o n t e n t s  and t h e  

i n n e r  containment  vessel o r  vessels w i l l  n o t  exceed 1-50 l b .  

The c o n t e n t s  of t h e  cask  may a l s o  

Rad ioac t ive  rriaterials t r a n s p o r t e d  i n  t h e  0.RNL loop  c r a n s p o r t  cask  

are l i m i t e d  t o  q u a n t i t i e s  t h a t  w i l l  r e s u l t  i n  r a d i a t i o n  levels  e q u a l  t o  

or less than  al lowed by t h e  r e g u l a t i o n s .  F i s s i l e  material. i s  l i m i t e d  

t o  1250 g p e r  shipment .  I n  a d d i t i o n ,  i f  t h e  t o t a l  q u a n t i t y  of f i s s i l e  

m a t e r i a l  exceeds 800 g ,  t h e  d i s t r i b u t i o n  of t h i s  material i s  I-imited t o  

250 g / l i n e a r  f o o t .  A l l  f i s s i l e  shipments  are Class I. The i n t e r n a l  

h e a t  l oad  of t h e  cask  is such  t h a t  no e x t e r n a l  c o o l e r  is  r e q u i r e d .  Thus, 

t h e r e  are no p e n e t r a t i o n s  f o r  coo lan t  and t h e r e  is  no p r e s s u r e  r e l i e f  

system. 

car r ie r  and t o  1000 W when shipment i s  by excl.usive-use v e h i c l e .  These 

l i m i t s  were set t o  conform t o  t h e  requi rements  of the r e g u l a t i o n s  rela- 

t i ve  t o  a c c e s s i b l e  s u r f a c e  tempera ture .  Heat genera ted  by t h e  c o n t e n t s  

of t h e  packaging i s  conducted through t h e  w a l l s  of t h e  cask and then  

convected and r a d i a t e d  t o  t h e  atmosphere.  

The decay h e a t  i s  l i m i t e d  t o  500 W when shipment i s  by colmon 

1. STRUCTURAL EVALUATION 

C a l c u l a t i o n s ,  test r e s u l t s ,  and eng inee r ing  l o g i c  are p resen ted  i n  

succeeding  s u b s e c t i o n s  t o  demonst ra te  t h a t  t h e  ORNL loop  t r a n s p o r t  cask  

complies  w i t h  t h e  a p p l i c a b l e  s t r u c t u r a l  requi rements  of t h e  r e g u l a t i o n s .  le3 

The e f f e c t s  of b o t h  normal and s p e c i f i e d  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  

on t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  package were cons ide red ,  and o t h e r  

f a c t o r s  deemed p e r t i n e n t  t o  t h e  s a f e t y  and o p e r a b i l i t y  of t h e  package 

were a l s o  cons idered .  



1.1 Weights and Center  of Grav i ty  

The ORNL loop  t r a n s p o r t  ca sk  weighs 16,000 l b  e x c l u s i v e  of any 

in tended  con ten t s .  

i n n e r  containment w i l l  n o t  exceed 150 l b .  The s l i d i n g  door normal.1.y 

used i n  cask  load ing  and unloading  wei.ghs 485 Ib, and t h e  door  p lug  

weighs 92 l b .  

1 7 7  l b .  

a c c e s s  p lug  and t h e  door p lug ,  t h e  des ign  of t h e  door is  such that:  no 

s i g n i f i c a n t  imbalance e x i s t s .  The cask  is  e s s e n t i a l l y  symmetr ical  w i t h  

r e s p e c t  t o  i t s  p r i n c i p a l  a x i s .  The l i f t i n g  eyes  on Lop of the cask  are 

l o c a t e d  s o  t h a t  t h e  cask  can b e  l e v e l e d  p r e c i s e l y ,  i f  necessa ry ,  w i t h  

m:i.nor ad jus tments  of s l i n g  l e n g t h s .  

The maximum weight  of t h e  in tended  cask  c o n t e n t s  and 

The a c c e s s  p lug  i n  t h e  o p p o s i t e  end of t h e  cask  weighs 

Although t h e r e  are minor d i f f e r e n c e s  i n  the  inasses of t h e  

1.. 2 Mechanical P r o p e r t i e s  of  Materials 

The ORNJ., 1 . 0 0 ~  t r a n s p o r t  ca sk  -Ls c o n s t r u c t e d  of low-carbon mild 

s t ee l ,  t ype  30[+ s t a i n l e s s  s t ee l ,  and cas t - in -p lace  l e a d .  'file s t ee l  i s  

s p e c i f i e d  on t h e  drawings as "steel ," "mild s teel ,"  "HR s teel , ' '  e t c .  

The s t a t i c  mechanical  p r o p e r t i e s  of  t h e  materials i n  t h e  cask ,  g iven  in 

Table 1.1, were used t o  e f f e c t  c o n s e r v a t i v e  a n a l y s i s  s o l u t i o n s .  The 

p r o p e r t i e s  o f  s t a i n l e s s  s t e e l  were pub l i shed  by t h e  I n t e r n a t i o n a l  N icke l  

CompanyY5 and t h e  p r o p e r t i e s  of t h e  low-carbon steel. and l e a d  were t aken  

from Machina Design6 and t h e  M a m l z Z  of Steel  Const.rue-Lion. 

The programs used t o  estimate t h e  response  of t h e  cask  impact ing on 

t h e  co rne r  and s i d e  are based on t h e  assumption t h a t  t h e  cask  i s  con- 

s t r u c t e d  of i d e a l l y  p l a s t i c  materials. An i d e a l l y  p l a s t i c  material  i s  

one which h a s  a cons tan t  v a l u e  of stress f o r  a l l  strains. I t  is  recog- 

n i zed  t h a t  normal.ly used cask  materials do n o t  behave i n  t h i s  manner. 

However, c o n s e r v a t i v e  s o l u t i o n s  can be  a f f e c t e d  i f  care i s  used i n  

s e l e c t i n g  t h e  m t e r i a l  p r o p e r t y  c o n s t a n t ,  dynamic yi-eld stress o r  

s p e c i f i c  energy,  and i n  i n t e r p r e t i n g  t h e  r e s u l t s .  To accomplish t h i s  

o b j e c t i v e ,  numer ica l  v a l u e s  f o r  i d e a l  dynamic y i e l d  stress o f  s p e c i f i c  

energy which bound t h e  real s t r e s s - s t r a i n  curve  must be s e l e c t e d .  The 

lower v a l u e  w i . l l  r e s u l t  i n  a c a l c u l a t e d  deformat ion  g r e a t e r  t han  a c t u a l .  
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Tab le  1.1. S t a t i c  mechanical p r o p e r t i e s  of  ca sk  materials 
- 

3041, Low- 
s t a i n l e s s  carbon 

P r o p e r t y  Symbol s teel  s t ee l  Lead 
~ __I - 

Yie ld  sl:ress, p s i  

U l t i m a t e  t e n s i l e  
s t r e n g t h ,  p s i  

p s i  
Modulus of e l a s t i c i t y ,  

E longa t ion ,  % 

Dens i ty ,  l b / i n .  

Maximum a l l o w a b l e  s h e a r  = 

C o e f f i c i e n t  of expansion,  
i n . / i n .  p e r  O F  

p s i  
U l t i m a t e  shear stress, 

Allowable b e a r i n g  stress 

0 

0 

Y 
U 

E 

P 

T max 

c1 

V 
'1' 

a C 

30 , 000 
75,000 

29 x l o 6  

40 

0.283 

1 5  , 000 

9 . 2  x 10  

Ql > 000 

-6  

30,000 2000 

60,000 2500 

29 x l o 6  2 x lo6 

40 45 

0.283 0.41 

15,000 1000 

6 . 5  x 1.0-6 1 6 . 3  x l od6  

45,000 

48,600 

The h i g h e r  v a l u e  w i l l  r e s u l t  i n  c a l c u l a t e d  a c c e l e r a t i o n s  of g r e a t e r  

magnitude than  a c t u a l .  

The dynamic p r o p e r t i e s  of l e a d  r e p o r t e d  by Evans8 w e r e  used i n  the 

impact a n a l y s e s  The r e p o r t e d 8  dynamic compressive s t r e s s - s t r a i n  prop-  

ert ies of l e a d  are i l l u s t r a t e d  i n  F ig .  1.1, which s u p p o r t s  s e l e c t i o n  of 

t h e  upper and lower v a l u e s  of 14,000 and 6000 p s i ,  r e s p e c t i v e l y ,  f o r  t h e  

i d e a l  dynamic y i e l d  stress used i n  t h e  impact c a l c u l a t i o n s .  The volu- 

ne t r ic  expansion p r o p e r t i e s  of l e a d  r e p o r t e d  by 5happe r tg  were used t o  

e v a l u a t e  t h e  e f f e c t s  o f  t he rma l  g r a d i e n t s .  F i g u r e  1 - 2  i s  reproduced 

from Sbappert's r epor t .  

The dynamic t e n s i l e  p r o p e r t i e s  of s t a i n l e s s  steel and mild steel. 

The dynamic r e p o r t e d  by ClarklO are reproduced i n  F igs .  1 . 3  and 1 . 4 .  

compressive p r o p e r t i e s  r e p o r t e d  by Evans , reproduced i n  F i g s  1 I 5 
arid 1 . 6 ,  were used i n  t h e  impact a n a l y s e s .  These curves s u p p o r t  t h e  

s e l e c t i o n  of 100,000 and 240,000 p s i  as l i m i t s  f o r  ideal. dynamic y i e l d  

stress o r  s p e c i f i c  energy f o r  mild s t ee l  f o r  those t echn iques  employing 
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Fig. 1.1. Dynamic compressive stress-strain diagram f o r  lead 
(from ref. 8). 
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t h i s  concept ,  as d i scussed  p rev ious ly  f o r  l ead .  In a l l  impact a n a l y s e s ,  

i t  is  assumed t h a t  t h e  materials are incompress ib le .  

The dynamic p r o p e r t i e s  of th readed  s t a i n l e s s  s teel  f a s t e n e r s  

r e p o r t e d  by Cannon12 were used i n  t h e  Lnpact a n a l y s i s  of t h e  c l o s u r e s .  

Commercial. s t a i n l e s s  s teel  b o l t s  and cap screws i n  t h e  s i z e  range  of 3/8 

t o  1 i n .  w e r e  impact t e s t e d  by Cannon, and t h e  dynamic stress of t h e s e  

f a s t e n e r s  ranged from 75,000 t o  104,000 p s i ,  w h i l e  t h e  u l t i m a t e  stress 

ranged from 95,000 t o  150,000 p s i .  The wide v a r i a t i o n  i n  p r o p e r t i e s  i s ,  

t o  a g r e a t  e x t e n t ,  due t o  t h e  d i f f e r e n c e  i n  manufactur ing methods. The 

lower v a l u e s  w e r e  used as f a i l u r e  c r i t e r i a  i n  t h e s e  ana lyses .  

1.3 General  S tandards  f o r  A l l  Packaging 

The g e n e r a l  s t a n d a r d s  f o r  a l l  packaging cover  t h e  chemical  and 

g a l v a n i c  r e a c t i o n s  of t h e  materials of t h e  package, c l o s u r e  of t h e  

package, and t h e  l i f t i n g  and tie-down dev ices  f o r  t h e  package. No 

chemical  o r  ga lvan ic  r e a c t i o n s  between t h e  materials from which t h e  

OKNL loop  t r a n s p o r t  cask w a s  f a b r i c a t e d  and t h e  materials of t h e  cask 

c o n t e n t s  have been exper ienced  t o  d a t e .  The materials sh ipped  are d r y  

s o l i d s ,  and a l l  i n t e r n a l  s u r f a c e s  which might come i n t o  c o n t a c t  w i t h  

t h e s e  materials are of s t a i n l e s s  s teel .  The e x t e r n a l  s u r f a c e s  O F  t h e  

cask are p r i m a r i l y  carbon s tee l ,  and t h e  i n t e g r i t y  of t h e  e x t e r n a l  

s u r f a c e s  i.s maintained by t h e  a p p l i c a t i o n  of a r u s t - i n h i b i t i n g  pr imer  

coa t  and two f i n i s h  c o a t s  of intumescent  epoxy a t  r e g u l a r l y  scheduled 

i n t e r v a l s .  

The s t a n d a r d s  s p e c i f y  t h a t  t h e  package b e  equipped w i t h  a p o s i t i v e  

closure.  t h a t  will prevent  i n a d v e r t e n t  opening. T h e  cask access p l u g ,  

door p lug ,  and cover  i n  t h e  s l i d ing -door  housing are secured  w i t h  b o l t s  

and q u a l i f y  as p o s i t i v e  c l o s u r e s .  

The requi rements  f o r  t h e  package l i f t i n g ,  l i d  l i f t i n g ,  and tie-down 

dev ices  and t h e  means f o r  complying w i t h  them are d i scussed  i n  d e t a i l  i n  

t h e  fo l lowing  subsec t ions .  
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1 .3 .1  ..._I_-- rack* -. l i f t i n g  dev ices  

I f  t h e r e  is a system of l i f t i n g  dev ices  t h a t  i s  a s t r u c t u r a l  p a r t  

of t h e  package, t h e  r e g u l a t i o n s  r e q u i r e  t h a t  t h i s  system be capab le  o f  

suppor t  ing t h r e e  t i m e s  t h e  weight  of the loaded  package wi thout  g e n e r a t i n g  

stress i n  any material of t h e  package i n  excess  of i ts  y i e l d  s t r e n g t h .  

There are two sets of dev ices  t h a t  can be used t o  l i f t  t h e  ORNL 

loop t r a n s p o r t  cask .  Two l i f t i n g  eyes  are a t t a c h e d  by weld j o i n t s  t o  

t h e  top  oL t h e  cask ,  and a c y l i n d r i c a l  l u g  i s  l o c a t e d  on each s i d e  of 

t h e  cask  pe rpend icu la r  t o  i t s  p r i n c i p a l  a x i s .  The two l i f t i n g  eyes  on 

t h e  top  o f  t h e  cask  are  normally used t o  l i f t  t h e  cask  w i t h  i t s  p r i n c i p a l  

a x i s  i n  a h o r i z o n t a l  a t t i t u d e ,  and the c y l i n d r i c a l  l u g s  are normally 

used t o  l i f t  t h e  cask  w i ~ h  i t s  p r i n c i p a l  a x i s  i n  a ver t ica l  a t t i t u d e .  

1 .3 .1 .1  Hor i zon ta l  l i E t i n g  eyes .  The two l i f t i n g  eyes  on t h e  top  

of t h e  cask  were f a b r i c a t e d  from carbon s t ee l  p l a t e  and a t t a c h e d  i o  t h e  

o u t e r  she l l .  o f  t h e  cask  by means o f  a series of welds.  Three p o s s i b l e  

f a i l u r e  mechanisms f o r  t h e s e  l i f t i n g  eyes  w e r e  cons idered  : (1.) f a i l u r e  

of t h e  p l a t e  i n  which t h e  eye  i s  l o c a t e d ,  (2) f a i l u r e  of the we1.d j o i n t  

which j o i n s  t h e  eye  p l a t e  t o  i t s  b a s e  p l a t e ,  and (3)  f a i l u r e  of t h e  wtt1.d 

j o i n t  which j o i n s  the base p la te  t o  t h e  o u t e r  s h e l l  of t h e  cask.  

( a )  F a i l u r e  of eye p la te .  T o  o b t a i n  c o n s e r v a t i v e  r e s u l t s ,  t h e  eye  

p l a t e  w a s  assumed t o  have t h e  shape  i n d i c a t e d  by the  dashed l i n e s  i n  

Fig.  1 . 7 .  For t h i s  geotnetry, t h e  maximum t e n s i l e  stress i n  the p l a t e  is  

determined by u s i n g  t h e  fo l lowing  equa t ion :  

(1.1) 

where 

cr = t e n s i l e  stress ( p s i ) ,  
t 

ct = a cons tan t  = f(r / r  e ) ,  

F = a p p l i e d  f o r c e  assumed to act as shown i n  F ig .  1 . 7  and e q u a l  
t o  one-half  t h e  weight of t h e  loaded  cask  m u l t i p l i e d  by a 
load f a c t o r  of 3 = (16,150/2)(3)  = 24,225 l b ,  

o i' 
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r = o u t s i d e  r a d i u s  of eye  p l a t e  = 4 . 2 5  i n . ,  

r = i n s i d e  r a d i u s  of eye  p l a t e  = 1.5 i n . ,  and 

0 

i 

t = t h i c k n e s s  of eye  p l a t e  -I 2 i n .  

I n  t h e  model i l l u s t r a t e d  i n  Fig.  1 . 7 ,  t h e  maximum stress w i l l  occur  on 

t h e  i n s i d e  r a d i u s  of t h e  eye  p l a t e  when t h e  s l i n g  a n g l e  8 = 90". How- 

ever, s i n c e  t h e  des ign  of t h e  a c t u a l  p l a t e  a t  t h a t  p o i n t  i s  o v e r l y  

c o n s e r v a t i v e  r e l a t i v e  t o  t h e  assumed model ( i n d i c a t e d  by t h e  dashed 

l i n e s ) ,  t h e  model w a s  e v a l u a t e d  f o r  t h e  stress o c c u r r i n g  on t h e  i n s i d e  

r a d i u s  when t h e  s l i n g  ang le  8 = 0" .  

c1 = 1 . 7 ,  and t h e  maximum t e n s i l e  stress 

A t  t h i s  p o s i t i o n ,  t h e  cons t an t13  

Th i s  v a l u e  is  less than  t h e  y i e l d  stress of t h e  material from which t h e  

eye  p l a t e  w a s  f a b r i c a t e d ,  and i t  was concluded t h a t  t h e  p l a t e  w i l l  n o t  

f a i l  as a r e s u l t  of h o r i z o n t a l  l i f t i n g  of t h e  loaded cask .  

(b)  Eye p l a t e  weld j o i n t .  'The n o t a t i o n s  of d e t a i l  A i n  F ig .  1 . 7  

were used t o  e v a l u a t e  t h e  p o s s i b i l i t y  of f a i l u r e  of t h e  weld t h a t  j o i n s  

t h e  e y e  p l a t e  t o  i t s  base  p l a t e .  The tensi1.e stress a t  M-M i.s given  by 

t h e  equa t ion  

F - F 
0 = - - -  t a r e a  2Lb ' 

where 

L = l e n g t h  of weld = 1 2  i n . ,  

b = width  of weld a t  i t s  base  = 1 i n .  

Theref o r e ,  

- I 2 4 9 2 2 5  = 1009 p s i  . 
O t  2(12) (1) 
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DETAIL 8 

\-ASSUMED SHAPE 
FOR CALCULATlONS 

ALL DlMENSlO 
GIVEN IN INCHES 

DETAIL C 

F i g .  1.7. Cask-lifting device €or  horizontal shift. 
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The shear stress is  g iven  by 

T = F/2g  , 

where 

g = h e i g h t  of weld ,  

These v a l u e s  are less than t h e  a l lowab le ,  and i t  was concluded t h a t  t h e  

weld j o i n i n g  t h e  eye  p l a t e  t o  i t s  base  p l a t e  w i l l  n o t  f a i l  as a r e s u l t  
of  h o r i z o n t a l  l i f t i n g  of t h e  loaded  cask. 

( c )  Base p l a t c  w e l d  j o i n t .  The n o t a t i o n s  i n  d e t a i l s  B and C i l l u s -  

t r a t e d  i n  Fig.  1 . 7  were used t o  e v a l u a t e  t h e  p o s s i b i l i t y  of f a i l u r e  of 

t h e  weld t h a t  j o i n s  the  l i f t i n g  eye  b a s e  p l a t e  t o  t h e  cask.  The t e n s i l e  

stress a t  N'-N' i n  d e t a i l  B i s  g iven  by t h e  equa t ion  

P - F 0 = - -  
t area 2(e)  ( L  f a )  ' 

where 

( 1 . 3 )  

e = width  of b a s e  of t h e  weld = 1 i n . ,  

L = l e n g t h  of b a s e  p l a t e  and weld = 1 2  i n . ,  

a = width  of b a s e  p l a t e  = 4 i n .  

T h e r e f o r e ,  

0 = -  249225  = 757 p s i  . t 2 (I) ( l Z - - G T j -  

To  de te rmine  t h e  stress i n  t h e  weld r e s u l t i n g  from t h e  edge moment, t h e  

4- by 12-in.  b a s e  p l a t e  w a s  assumed t o  b e  a uniformly loaded p l a t e  wi th  

f i x e d  edges,  and the fo l lowing  equat ionl l t  was used t o  e v a l u a t e  t h e  

maximum moment : 
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where 

= maximum u n i t  area moment ( i n . - l b / i n . ) ,  Mmax 

B = a c o n s t a n t  dependent on t h e  r a t i o  of t h e  l e n  t h  (L)  t o  t h e  
wid th  ( a )  = 0.083 f o r  t h e  p l a t e  i n  q u e s t i o n ,  7 4  

q = l oad  p e r  u n i t  area = F/(La)  , 
a = width  of p l a t e  = 4 i n .  

Thus, 

= 670 i n . - l b / i n .  

With r e f e r e n c e  t o  d e t a i l  C i n  F ig .  1 . 7 ,  t h e  bending stress i n  t h e  weld 

= t 4 0 2 0  p s i  . 
With r e f e r e n c e  t o  d e t a i l  B i n  F ig .  1 . 7 ,  t h e  maximum t e n s i l e  stress i n  

t h e  weld as a r e s u l t  of bending is  a t  p o i n t  x ,  t h e  maximum compressive 

stress from bending i s  a t  p o i n t  y ,  and t h e  bending stress a t  z i s  zero .  

The maximum stress a t  p o i n t  x is  

(5 = ut + ab = 757 C 4020 max 

= 4777 p s i  . 

The s h e a r  i n  t h e  weld i s  g iven  by 

F * = -- 
2 ( C )  (L + a> 

= 1514  p s i  . - 24 225 - 
2 ( 1 / 2 ) ( 1 2  + 4 )  

These stresses are less  than  t h e  y i e l d  s t r e n g t h s  of t h e  materials in-  

vo lved ,  and i t  w a s  t h e r e f o r e  concluded t h a t  t h e  l i f t i n g  eyes  on t h e  top  
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of the ORNL loop transport cask comply with the requirements of the 

regulations governing package lifting devices. 

1.3.1.2 Vertical-lifting trunnions. A 3.25-in.-long trunnion 

with a diameter of 2.75 in. is located on each side of the cask. These 

two trunnions can be used t o  rotate the cask from a horizontal attitude 

to a vertical altitude and co lift it vertically. The trunnions are 

braced with plates, as shown in Fig. 1.8, in such a manner that the 

approach used t o  analyze them as lifting devices was similar to that for 

a propped beam. The deflection ( A )  of the unrestrained end (the left 

end in Fig. l . 9 )  of the beam (2.75-in.-diam bar) is niinierically equal 

to the el.astic elongation of the 5 x 6 x 0.5 in. plate or bar securing 

Lhe left end. The elongation of this bar is given by the following 

equation: 

where 

A = elongation (in.), 

E = strain (in./in.), 

R = length of bar = .5 in., 

0 = stress (psi), 

E = modulus of elasticity = 30 x lo6 psi, 

R = reaction (lb), 

A = cross-sectional area of the bar 

= o . s ( ~ )  = 3 i n . 2 .  

Therefore, 

R = .--111 
R5 A s -  

3(30 x l o b )  18 x 106 . 

(1.. 7 )  

The beam can be considered as t w o  beams loaded as shown in Fig. 1.9. By 

the  principle of superposition, 
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ORNL DWG 75-12976 

I 

Fig. 1.8. Vertical-lifting trunnion. 
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X= t 
, 

M 

( a )  LIFT1MG LUG COMPUTATIONAL MODEL 

@ - / -  A R  I#-+ 

( b )  BEAM SUPERPOSIVION DIAGRAM 

ALL DIMENSIONS GIVEN IN I 

P =24,225 

Fig. 1.9. Cask-lifting device for vertical lift and turning. 
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(1.8) A = A  - A p  w i t h  J. p o s i t i v e  . 

P '  When expres s ions  pub l i shed  by Singer15  are s u b s t i t u t e d  f o r  A and A 
Eq.  (1 .8)  becomes R 

RL3 5PL3 
3EI 4 8 E I  ' A = .- I __I___I (1.9) 

Where 

I, = l e n g t h  of beam = 3.25  i n .  , 

I = moment of i n e r t i a  ( i n . ' + ) ,  

P = a p p l i e d  load  = 1.5  t i m e s  weight  of loaded cask 

= 24 ,225  lb. 

S u b s t i t u t i o n  of t h e  expres s ion  f o r  e l o n g a t i o n  of t h e  b a r  from E q .  (1 .7)  

i n t o  E q .  (1.9) y i e l d s  the fo l lowing  expres s ion :  

Rearrangement of tesrus t o  s o l v e  f o r  t h e  r e a c t i o n  (Ti) y i e l d s  t h e  expres s ion  

K 5P 
1611 - 3 E I / ( 1 8  x 1 0 6 ) ( L ) 3 ]  

'The moment of i n e r t i a  

The re fo re ,  t h e  r e a c t i o n  

(1 IO) 

(1.11) 

..- 5 ( 2 4 , 2 2 5 )  _I.-.-- I 1- 3 ( 3 0  x 1 0 6 ) ( 2 . 8 ) / ( 1 8  x 1 0 6 ) ( 3 . 2 5 ) 3  

= 1 2 , 7 8 4  l h  . 
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The t e n s i l e  stress i n  t h e  p l a t e  b r a c i n g  t h e  t runn ion  i s  

0 = RIA = 12,78413 = 4261 p s i  . t 

The bending moment (M) a t  t h e  cask  w a l l  

(1.12) 

- - 24'225(3'25) - 12,784(3.25) 2 

= -2200 i n .  *lb . 
From t h e  summation of v e r t i c a l  forces,  t h e  r e a c t i o n  a t  t h e  cask  wall 

(V i n d i c a t e d  i n  Fig.  1 .9)  is 

V = P - R = 24,225 - 12,784 = 11,441 , (1.14) 

and t h e  bending moment i n  t h e  b a r  a t  1,/2 is  

M = (VL)/2 = [11,441(3.25)]/2 = 18,592 i n . - l b  . (1.15) 

The maximum bending stress ( 0  ) occur s  a t  L/2 and i s  g iven  by t h e  b 
fo l lowing  expres s ion :  

MR 18,592(1.375) 
0 = - -  - 
b T  2.8 (1.16) 

= 9130 p s i  . 
The maximum s h e a r i n g  stress occur s  a t  t h e  n e u t r a l  ax is ,  where bending is  

zero.  Th i s  stress i n  a c i r c u l a r  beam is g iven  by t h e  fo l lowing  e q u a t i o n : I 5  

(1.17) 
P 

T = (1.38) 7 

= 5628 p s i  . 
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S ince  t h e s e  stresses are less  t h a n  t h e  a l lowab le ,  it w a s  concluded t h a t  

the t r u n n i o n s  comply w i t h  t h e  requi rements  of t h e  r e g u l a t i o n s  governing 

package l i f t i n g  devices .  

1.3.2 -- L i d - l i € t i n g  devices- 

The r e g u l a t i o n s  r e q u i r e  t h a t  i f  t h e r e  i s  a system of l i f t i n g  

dev ices  that  i s  a s t r u c t u r a l  p a r t  of t h e  l i d  on ly ,  t h i s  system s h a l l  be  

capab le  of suppor t ing  t h r e e  t i m e s  t h e  weight  of the  l i d  and any a t t a c h -  

ment without  g e n e r a t i n g  stress i n  any material o f  t h e  l i d  i n  excess  o f  

i t s  y i e l d  s t r e n g t h .  It is f u r t h e r  r e q u i r e d  t h a t  u n l e s s  rendered  u s e l e s s  

f o r  I - i f t i n g  du r ing  package t r a n s p o r t ,  t h e  l i d - l i f t i n g  o r  any o t h e r  

system of l i f t i n g  d e v i c e s  s h a l l  conform t o  t h e  requi rements  i n  t h e  

package l i f t i - n g  system. 

The ORNL loop  t r a n s p o r t  ca sk  has  one l i d - l i f t i n g  dev ice ,  t h e  handle  

on t h e  access p lug ,  and one dev ice  t h a t  might be  miscons t rued  as a 

I - i f t i n g  dev ice ,  t h e  hand le  on the  door p lug  I.ock a t  t h e  q p o s i t e  end of 

t h e  cask. Both of t h e s e  d e v i c e s  are covered by  t h e  €ire s h i e l d ,  as 

i l l u s t r a t e d  i n  F ig .  0.1,  du r ing  shipment and are t h e r e f o r e  rendered  

u s e l e s s  f o r  1 i . f t i n g  of t h e  e n t i r e  package. 

l . 3 . 2 . 1  Access-plug handle .  The hand le  on the a c c e s s  p lug  i s  a 

180" segment of a r i n g  made from b a r  s t o c k  w i t h  an o u t s i d e  d iameter  of 

3 / 4  i n .  T h i s  handle  is  welded t o  t h e  end p lug ,  as shown i n  F i g ,  I.. 1.0. 

The access p lug  weighs 177 l b ,  and t h e  f o r c e  on t h e  hand le  du r ing  p lug  

l i f t i n g  

F = 3W = 3(177) = 531 l b  . (1.18) 

The maximum bending moment i n  t h e  r i n g  i s  a t  t h e  p o i n t  of l oad ing ,  and 

i t  was determined by us ing  t h e  fo l lowing  equat ion:16  

M = 0.3183FR , (1.19) max 

where 

F = f o r c e  on t h e  handle  = 5 3 1  lb, 

R = r a d i u s  of hand le  r i n g  = 2.375 i n .  
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ORNL DWG 75-1672 
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GlVEN IN INCHES 

F i g .  1.10. Handle on end access  plug.  

Theref o r e  

= 0.3183(531)(2.375) = 401 i n . * l b  . MlnaX 

From t h e  f l e x u r e  formula,  t h e  maximum bending stress a t  t h e  p o i n t  of 

l oad ing  i s  

32 ( 4 0 1 )  
(1.20) max - Mc 32M 

- - - - =  
.rrd T(O.75) a b max I 

= 9682 p s i  . 
The equa t ion  pub l i shed  by  S inger15  w a s  used t o  de te rmine  t h e  maximum 

s h e a r  stress i n  t h e  p lug  handle:  

F - 1..38(531) 
~ir2 n ( O .  375)2 T = (1.38) - - - 

= 1.660 p s i  . 

( 1 . 2 1 )  

The bending moment i n  t h e  r i n g  a t  A-A i n d i c a t e d  i n  Fig.  1.10 i s  

= 0.1817FR = 0.1817(531) (2.375) (1.22) 

= 229 i n . * l b  
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and t h e  bendi-ng stress 

32M 32(229) 
- - 5529 p s i  . w u = - - ___---- - b ,rid3 n(O.75)  3 

(1.23) 

The d i r e c t  t e n s i l e  stress i.n t h e  weld j o i n t  i s  g iven  by t h e  fo l lowing  

equa t ion :  

where f ( i n d i c a t e d  i n  Fig.  1.10) = 0.25 in. There fo re ,  

= 225 p s i  . (53112) 
l3 = t 2n-(0.75) (0 .25)  

The maximum stress i n  t h e  p l u g  hand le  

G = G  max b max 

(1.24) 

(1.25) 

= 9682 p s i  . 
These stresses are w e l l  below t h e  y i e l d  s t r e n g t h s  of t h e  materials 

involved .  T t  w a s  t h e r e f o r e  concluded t h a t  t h e  access-p lug  hand le  con- 

forms t o  t h e  requi rements  of t h e  r e g u l a t i o n s  governing l i d - l i f t i n g  

dev ices .  

1 .3 .2 .2  Door p lug  lock .  The door p lug  lock ,  i l l u s t r a t e d  i n  F ig .0 .3 ,  

serves as a c l o s u r e  f o r  t h e  c a v i t y  on t h e  s l i d ing -door  end of t h e  OWL 

loop  t ransport .  cask.  The door p lug  l o c k  is a t o o l  used t o  p o s i t i o n  t h e  

door  p lug .  I t  i s  n o t  used t o  a c t u a l l y  l i f t  t h e  door  p lug .  The hand le  

on the e x t e r i o r  of t h e  door  p lug  l o c k  i s  f a b r i c a t e d  of s t a i n l e s s  s t ee l  

b a r  s t o c k  w i t h  a n  o u t s i d e  d iameter  of 5/8 i n . ,  and i t  is  a t t a c h e d  t o  t h e  

s t a i n l e s s  s t ee l  p lug  l o c k  w i t h  f o u r  5/16-ine-diam stainless s t ee l .  machine 

screws, The l o c a t i o n  of t h e s e  screws is  e a s i l y  i d e n t i f i e d  as t h e  ''weak 

l i n k "  i n  t h e  des ign  of the door p lug  lock .  The f o u r  screws are l o c a t e d  

so t h a t  two of them are loaded  s i g n i f i c a n t l y  b e f o r e  t h e  o t h e r  two beg in  

t o  s h a r e  t h e  load .  Thus t h e  load  hand l ing  c a p a c i t y  of t h e  hand le  on t h e  

door p l u g  l o c k  i s  governed by t h e  p u l l o u t  o r  b reak ing  s t r e n g t h  of two of 

t h r  5/16-in. -diam screws. 
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The l o a d  sha red  by t h e  two screws is  

P = 3W = 3(92)  = 276 l b  , ( 1 . 2 6 )  

where W = weight  of  t h e  plug.  

in te rna l . - th read  screw i s  0.6036 i n .  p e r  i nch  of t h r e a d  engagement. 

S ince  t h e  t h r e a d  engagement l e n g t h  (I,) is  0.25 i n . ,  t h e  s h e a r  stress on 

t h e  t h r e a d s  of t h e  two screws is  g iven  by t h e  fo l lowing  equa t ion :  

The s h e a r  area (As)  f o r  one .5/16-l8MC 

276 - P 
i=-------”-- 2AsL 2 ( 0 . 6 0 3 6 )  ( 0 . 2 5 )  

= 915 p s i  . 
The t e n s i l e  stress i n  t h e  screws i.s given  by t h e  equa t ion  

o = P/2At , t 

(1 .27)  

(1.28) 

where 

A = stress area of one 5/16-18NC screw t 

= 0 .0524  i n . 2  ( r e f .  17), 

0 = 2 7 6 / [ 2 ( 0 . 0 5 2 4 ) ]  = 2634 p s i .  t 

S ince  t h e  t e n s i l e  stress i s  less than  t h e  30,000-psi  y i e l d  s t r e n g t h  of 

t h e  300-ser ies  s t a i n l e s s  s teel  and s i n c e  t h e  s h e a r i n g  stress is less 

than  h a l f  of t h e  y i e l d  s t r e n g t h ,  i t  w a s  concluded t h a t  t h e  door p lug  

l o c k  complies w i t h  t h e  requi rements  of t h e  regul .a t ions governing l i d -  

l i f t i n g  devices .  I f  under extreme 1-oading t h e  l i d - l i f t i n g  dev ice  

f a i l e d ,  t h e  damage would be  l o c a l  and would n o t  impai r  t h e  f u n c t i o n  of 

t h e  cask.  

1 . 3 . 3  Tie-down d e v i c e s  

I f  t h e r e  i s  a system of tie-down dev ices  t h a t  i s  a s t r u c t u r a l  p a r t  

of t h e  package, t h e  r e g u l a t i o n s  r e q u i r e  t h a t  t h i s  system be  capable  of 

w i ths t and ing  a s t a t i c  f o r c e  a p p l i e d  t o  t h e  c e n t e r  of g r a v i t y  of t h e  

package w i t h  a ver t ical  component of two t i m e s  the  weight  of t h e  package 

and i ts  c o n t e n t s ,  a h o r i z o n t a l  component a long  t h e  d i r e c t i o n  of t r a v e l  
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of t e n  times t h e  weight  of t h e  package and i t s  conte 'n t s ,  and a ho r i -  

z o n t a l  component i n  t h e  t r a n s v e r s e  d i r e c t i o n  of f i v e  t i m e s  t h e  weight  of 

t h e  package and i t s  con ten t s .  This  a p p l i e d  f o r c e  sha l l .  n o t  g e n e r a t e  

stresses i n  any material  of t h e  pack.age i n  excess  of t h e  y i e l d  s t r e n g t h  

of t h a t  materi.al. It i s  a l s o  requi.red t h a t  any tie-down dev ice  t h a t  i s  

a s t r u c t u r a l  p a r t  of the package s h a l l  be  so des igned  t h a t  f a i l u r e  of 

t h e  dev ice  under excessi .ve load  w i l l  n o t  impai r  t h e  a b i l i t y  of t h e  

package t o  m e e t  o t h e r  requi rements  of the r e g u l a t i o n s .  

The ORNL loop t r a n s p o r t  ca sk  is t i e d  down f o r  t r a n s p o r t  as shown i n  

F i g s .  1.11 and 1 . 1 2 .  Tension members are a t t a c h e d  t o  t h e  c a s k - l i f t i n g  

eyes  and secu red  t o  t h e  bed of  t h e  t r a n s p o r t i n g  v e h i c l e .  The b a s e  of  

t h e  cask  can be chocked o r  r e s t r a i n e d  i n  any d i r e c t i o n .  Although r e s t r a i n t  

of t h i s  t y p e  does l e s s e n  t h e  load  on t h e  c a s k - l i f t i n g  eyes ,  i t  is  no t  

r e q u i r e d  f o r  s t a b i l i t y .  The e f f e c t s  of such r e s t r a i n t s  were n e g l e c t e d  

i n  t h i s  a n a l y s i s ,  i n  which t h e  princip1.e of s u p e r p o s i t i o n  w a s  used. The 

load  i n  each tie-down member r e s u l t i n g  from i n d i v i d u a l l y  a p p l i e d  l o a d s  

w a s  c a l c u l a t e d  f i r s t .  A f t e r  t h o s e  t e n s i o n  f o r c e s  w e r e  found, t h e  r e s u l t s  

were added t o  o b t a i n  t h e  load  r e s u l t i n g  from t h e  s imul taneous  a p p l i c a t i o n  

of the t h r e e  a c c e l e r a t i o n  loads .  For  t h e s e  c a l c u l a t i o n s ,  t h e  tie-down 

members were assumed t o  be  r i g i d ,  massless rods ,  I f  a c a l c u l a t i o n  

r e s u l t e d  i n  compression load ing  i n  a member, t h a t  member w a s  removed o r  

d i s r e g a r d e d  and t h e  c a l ~ c u l a t i o n  w a s  r epea ted .  With r e f e r e n c e  t o  t h e  

n o t a t i o n  i n  F ig .  1.11, g e n e r a l  r e l a t i o n s h i p s  a p p l i c a b l e  t o  t h e  components 

of f o r c e  on t h e  c a s k - l i f t i n g  eyes  and t h e  t e n s i o n  (T)  i n  t h e  tie-down 

c a b l e s  are as f o l l o w s :  

%2 = T(H/L) , 
F = T(I/L) , I / L  = 1 / 3  

F X = T ( J / L )  , 

H / L  = 1 /31 /2 ,  

1 / 2  
Y 

J / L  = 1/31/2 .  

The 5W s ide- load  case ( i l l u s t r a t e d  i n  view B o f  F ig .  1 .11)  w a s  

analyzed f i r s t .  When the  system was ana lyzed  w i t h  bo th  P1 and P2 as 

act ive members, P I  w a s  c a l c u l a t e d  t o  c a r r y  a compressive load .  

i s  a c a b l e  member and cannot  s u s t a i n  compression, t h e  c a l c u l a t i o n  w a s  

r epea ted  wi thou t  P I .  To  avoid  o v e r s p e c i f i c a f i o n  of t h e  sys tem,  the  

S ince  P I  
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d i s t a n c e  B t o  t h e  p o i n t  where t h e  l o a d  is  a p p l i e d  is a v a r i a b l e .  Sum- 

mation of t h e  h o r i z o n t a l  f o r c e s  y i e l d s  

(1.29) 

Summation of ve r t i ca l  f o r c e s  y i e l d s  

-P2(s in  4) + FA = 0 . (1.30) 

Summation of moments about  t h e  p l a n e  q-q (view A i n  F ig .  1.11) y i e l d s  

5 W ( 1 5 )  - FA(B) = 0 . (1.31) 

S o l u t i o n  of E q s .  (1 .29) ,  (1 .30) ,  and (1.31) f o r  t h e  unknowns L, B ,  and 

P2 y i e l d e d  t h e  v a l u e s  

F'  = 5 W ,  n 

B = 15 i n . ,  

P2 = 7 . 0 7 1 W ,  

where W = weight  of t h e  loaded cask.  The r e s u l t i n g  v a l u e s  i n d i c a t e  t h a t  

t h e  load  on t h e  cask  b a s e  is  a d i s t r i b u t e d  one whose c e n t r o i d  i s  a t  

B = 15 i n .  The t e n s i o n  f o r c e s  i n  tie-down members A and D are b o t h  

active i n  c a r r y i n g  P2, b u t  members B and C are n o t .  The t e n s i o n  i n  

member A r e s u l t i n g  from t h e  5 W  l oad  is 

t h e  t e n s i o n  i n  member D r e s u l t i n g  from t h e  5 W  l oad  is  

= ( P ~ / 2 ) ( 3 ~ ' ~ / 2 ~ / ~ )  = 4.33W ; 
TD5 

t h e  t e n s i o n  i n  members B and C r e s u l t i n g  from t h e  5 W  l oad  is  

T = T  = O .  
B 5  c5 

(1.32) 

(1.33) 

(1.34) 

The e f f e c t s  of t h e  1 O W  l oad  i n  t h e  d i r e c t i o n  of t r a v e l  ( i l l u s t r a t e d  

i n  v i e w  C of F ig .  1.11) w e r e  ana lyzed  nex t .  Summation of h o r i z o n t a l  

f o r c e s  y i e l d s  
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(1.35) 

Summation of ve r t i ca l  f o r c e s  y i e l d s  

R - T I ( s i n  0 )  - T2(s in  0 )  = 0 . 
Summation of moments about  p lane  m-m i n  v i e w  C of F i g .  1.11 y i e l d s  

- 'rl(cos f1)(39) + T l ( s i n  6 ) ( 0 . 8 2 )  + T ? ( C O S  e ) ( 3 9 )  

+ TZ(sin 8 ) ( 6 5 . 2 )  + l Q W ( 2 4 )  = 0 . 

(1.36) 

(1.37) 

mien 0 = 4 5 ' ,  s o l u t i o n  o f  t h e  preceding  s imul taneous  e q u a t i o n s  f o r  

unknowns TI, T 2 ,  and R y i e l d s  the fo l lowing  va lues :  

T 1  = 17.1615, 

T2 = 3.04W, 

R = 14.30W. 

Since  t h e s e  v a l u e s  are a l l  p o s i t i v e ,  t h e  assumed t e n s i o n  forces were 

correct. The t e n s i o n  in member A r e s u l t i n g  from the 1 O W  l o a d  i n  the  

d i r e c t i o n  of t r a v e l  is  

T = ( T 1 / 2 ) ( 3 1 / 2 / 2 1 / 2 )  = 10.51W ; 
A1 0 

(I.. 38 j 

t h e  t e n s i o n  i n  member B r e s u l t i n g  from the 1OW l oad  is  

T = ( T 1 / 2 ) ( 3 " ~ / 2 ' / ~ )  = 10.51W , (1.39) 
B 1 0  

t h e  t e n s i o n  i n  member C r e s u l t i n g  f r o m  t h e  1OW load  i s  

= ( T 2 / 2 ) ( 3 1 / 2 / 2 1 / 2 )  = 1.8615 ; 
TC1 0 

the  t e n s i o n  i n  member D r e s u l t i n g  from t h e  1 O W  load  i s  

T = ( T 2 / 2 ) ( 3 1 / 2 / 2 1 / 2 )  = 1.86W . 
D 1 0  

(1 .40 )  

( 1 . 4 1 )  
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The l a s t  a c c e l e r a t i o n  load ing  c o n d i t i o n  invo lves  a v e r t i c a l l y  

upward 2 W  load  ( i l l u s t r a t e d  i n  F ig .  1.11) t h a t  h a s  3 net r e s u l t a n t  of W 

upward when t h e  weight  of t h e  cask  i s  s u b t r a c t e d  from the a c c e l e r a t i o n  

load .  With r e f e r e n c e  t o  view A i n  F ig .  1.11, 

F = P = W/2 ( 1 . 4 2 )  
z z 

s i n c e  t h e r e  are two c a b l e s  involved  a t  each load ing  point . .  The re fo re ,  

t h e  t e n s i o n  (T) i n  members A ,  B ,  C, and D resul . t ing from t h e  2 W  1.oad i.s 

(1..43) 

The t o t a l  t e n s i o n  j n  each c a b l e  member was determined by combining 

the  t ens ions  r e s u l t i n g  from each of t h e  t h r e e  a c c e l e r a t i o n  l o a d s  as 

fo l lows .  The t o t a l  t e n s i o n  i n  member A i s  

(1.44) 

= 4,33W -1- 10.5lW + 0.43W 

= 15.27W. 

The t o t a l  t e n s i o n  i n  member €3 i s  

The t o t a l  t e n s i o n  i n  member C i s  

= T +- T f T =: 0 + 1.86W -i- 0.43W = 2.29W (1.46) 
TC c5 c10 c2 

The t o t a l  t e n s i o n  i n  member D i s  

1.86W + 0.43W = 6.62W . ( l . 4 7 )  

Inasmuch as t h e  t o t a l  t e n s i o n  i n  members A and B is  g r e a t e r  t han  t h a t  i n  

members C and D ,  the  rear eye  (wi th  r e s p e c t  t o  t h e  d i r e c t i o n  o f  t ravel)  

i s  t h e  most loaded.  The x ,  y ,  and z components o f  f o r c e  a c t i n g  on the 

rear c a s k - l i f  t ir ig and tie-dovm eye  were determined as f o l l o w s :  
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Fx = (Ta + TB) ( J / L )  = (15.27W + 10.94W) (l/fi) 

= 15.13W . 
= (TA + T B ) ( I / L )  = [1527W 4- (-10094W)](l/&) 

= 2.50w . 
F 

Y 

( 1 . 4 8 )  

(1.49) 

F z = (Ts + TB)(H/L) = (1S.27W -I- 10.94W)(l/&) (1.50) 

= 15.13W . 
The r e s u l t a n t  l oad  (F  ) i n  t h e  p l ane  of t h e  rear c a s k - l i f t i n g  arid t i e -  R 
down eye  i s  given by t h e  following. equa t ion :  

FR = (F2 X + F2)li2 z = W[(lS.S3)2 + (15.13)2]1/7 (1.51) 

= 21.4w . 
The maximum bending stress a t  p l a n e  A-A ( i l l u s t r a t e d  i n  F i g .  1 .13 )  

component of i n  t h e  rear l i f t i n g  and tie-down eye  r e s u l t i n g  from t h e  F 

force i s  g iven  by t h e  fo l lowing  e x p r e s s i o n :  
Y 

MC 1.5F (2)  
0 = + - - = +  

- 1  - I xx b l  

A t  p l ane  A-A, 

= 18.67 in .4 .  

The re fo re ,  

r j  = + [ l . . S ( 2 . 5 ) ( 1 6 , 1 5 0 ) ( 2 ) ] / 1 8 . 6 7  = 26488 p s i  . 
b l  

(1.52) 

(1.53) 

The maximum bending stress a t  p l a n e  A-A i n  t h e  l i f t i n g  and tie-down eye 

r e s u l t i n g  from t h e  F 

equa t ion  : 

component of force  i s  g iven  by t h e  fo l lowing  
X 



3
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v, 
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Mc 1. 5Fx(7) 
a r + - = +  
bz - 1  - I 

YY 

A t  p l ane  A-A, 

I = 2 bh3 + ad2 
YY 

( 1 . 5 4 )  

(1.55) 

= 626.67 i n . 4 .  

Therefore, 

0 = + [ 1 . 5 ( 1 5 . 1 3 ) ( 1 6 , 1 5 0 ) ( 7 ) ] / 6 2 ~ . 6 7  = k4094 p s i  . 
b2 

The average  compressive stress r e s u l t i n g  from the I: 

i s  g iven  by the equa t ion  

component of f o r c e  
z 

(1.56) 

where 

A = area = 2(12)  + 2 [ 4 ( 1 ) 1  = 32 i n . 2 .  

‘rheref o r e ,  

CI - [15.13(16,150)] /32 =: -7636 p s i  . 
C 

The maximum normal compressive stress at plane A-A occurs a t  p o i n t  0 

( i l l - u s t r a t e d  i n  F ig .  1 . 1 3 )  and i s  g iven  by t h e  fo l lowing  equa t ion :  

(1.57) 

= -6488 - 4094 - 7636 = -18,218 psi . 
The s h e a r i n g  stress (T) a t  p l a n e  A-A in the lifting and tie-down eye is 

g i v e n  by the e q u a t i o n  

(F2 + F 2 ) l l 2  
X 

A T =  > (1.58) 
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where 

A 5 a r e a  = 32 i n , ? .  

Theref o r e ,  

From Mohr's c i r c l e ,  t h e  maximum p r i n c i p a l  S ~ K ~ S S  a t  p l ane  A--A i s  

The bending stress a t  p l ane  B-R ( i l l u s t r a t e d  i n  F ig .  1.13) in t h e  

rear l i f t i n g  and tie-down eye  r e s u l t i n g  from t h e  F component of  f o r c e  

i s  given by t h e  followinig equa t ion :  
Y 

A t  p l ane  R-B , 

[15(5)3 - 11.(3>3](1/12) 

= 131.5 i n . 4 .  

The re fo re ,  

(1 .60 )  

(1.61) 

The bending stress a t  p l ane  B-B r e s u l t i n g  from t h e  F component of f o r c e  

i s  g iven  by the  equa t ion  
X 
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A t  p l a n e  B-B, 

I = (ac3 - be3) (1 /12 )  
YY 

= [5 (15)3  - 3(11)3 ] (1 /12 )  

= 1073.5 i n . 4 .  

Theref o r e ,  

The average  compressive stress a t  p l a n e  B-E; r e s u l t i n g  from t h e  F 

component of fo rce  i s  g iven  by t h e  equa t ion  
Z 

(l.62) 

( 1 . 6 3 )  

(1.64) 

where A = area = ca - eb = 15(5) - 1 1 ( 3 )  = 42 in.2. Thus, 

= -[15.13(16,150)]/42 = -5818 psi . 
C 

The maximum normal compressive stress (a ) i n  p l ane  B-B occur s  a t  p o i n t  n 
Q ( i l l u s t r a t e d  i n  F ig .  1.13) and i s  g iven  by t h e  following equa t ion :  

cT = -cT - a  - 0  (1.65) n b l  b2 C 

= -2303 - 5121 - 5818 

= -13 ,242  p s i  . 
The s h e a r i n g  stress ( T )  at p lane  R-B 2n t h e  l i f t i n g  and tie-down eye  i s  

g iven  by t h e  equa t ion  

(1 .66)  

where A = area = 42 i n . ” .  The re fo re ,  



= 5897 p s i  . [ (15.13)2 -t (2.5)2]1/2(16,150) 
4 2 T = 

Prom Mohr's c i rc le ,  t h e  maximum p r i n c i p a l  stress a t  p lane  B-B i s  

(1.67) 

= -6621 - [ ( 6 6 2 1 ) '  3- (5897)2 ]1 /2  

= 4 5 , 4 8 7  p s i  . 
Since  a l l  of t h e  normal stresses i n  t h e  most loaded 1.i .f t ing and ti-e-down 

eye  were c a l c u l a t e d  t o  be less  than  t h e  y i e l d  s t r e n g t h  of the maI:erial, 

and t h e  shea r tng  stresses w e r e  less than  t h e  al1owabI.e s h e a r i n g  stress, 

i t  w a s  concluded t h a t  t h e  ORNL 1 . 0 0 ~  t r a n s p o r t  cask complies w i t h  t h e  

requi rements  of t h e  r e g u l a t i o n s  governing tie-down devi.ces. Various 

tie-down geometr ies  are p o s s i b l e  when s e c u r i n g  t h e  sh ipp ing  c o n t a i n e r  t o  

t h e  t r a n s p o r t  v e h i c l e .  

t h e  a n a l y s i s ,  which showed t h a t  normal stresses are  less than  the  y i e l d  

p o i n t ,  30,000 p s i ,  f o r  s t a i n l e s s  s t ee l . ,  and s h e a r  stresses are less than 

t h e  a l lowab le  shea r  stress. I f  under extreme load  t h e  tie-down dev ice  

f a i l s ,  damage w i l l  be l o c a l i z e d  t o  the area of t h e  tie-down l u g .  'l'his 

a r e a  of t h e  c o n t a i n e r  does n o t  c o n t r i b u t e  t o  t h e  f u n c t i o n  of t h e  sh ipp ing  

c o n t a i n e r .  F a i l u r e  would n o t  i m p a i r  t h e  containment o r  s h i e l d i n g  

p r o p e r t i e s  o f  t h e  o v e r a l l  package. 

The most l i k e l y  tie-down geometry was used i n  

1 . 4  S t r u c t u r a l  S tandards  f o r  Packaging 

The s t r u c t u r a l  s t a n d a r d s  f o r  l a rge -quan t i ty  packaging cover  load 

r e s i s t a n c e  of t h e  packaging and t h e  extternal p r e s s u r e  which t h e  package 

must w i ths t and .  Compliance of  t h e  OWL loop t r a n s p o r t  cask  w i t h  t h e s e  

requi rements  i s  d i scussed  i n  t h e  following s u b s e c t i o n s .  

1.4.1. _I Load r e s i s t a n c e  

When regarded as a s imple  beam suppor ted  a t  i t s  ends a long  any 

major ax is ,  t h e  package must b e  capable  of w i ths t and ing  a s t a t i c  load  



43 

normal t o  and uniformly d i s t r i b u t e d  a long  i t s  l e n g t h  t h a t  i s  e q u a l  t o  

five t i m e s  i t s  f u l l y  loaded  weight  w i thou t  g e n e r a t i n g  stress i n  any 

material of t h e  package i n  excess of t h e  y i e l d  s t r e n g t h  of t h a t  material. 

When t h e  l e a d  s h i e l d i n g  and t h e  i n n e r  c a v i t y  l i n e r  are n o t  con- 

s i d e r e d ,  t h e  c r o s s  s e c t i o n  o f  t h e  o u t e r  s h e l l  of t h e  ORNL l o o p  t r a n s p o r t  

cask  is e q u i v a l e n t  t o  t h a t  of a 24-in.-diam sched-40 s teel  p ipe .  

t h e  cask is  cons ide red  as a s imple  beam suppor ted  a t  i t s  ends ,  as 

i l l u s t r a t e d  i n  F i g .  1.14, t h e  maximum bending moment i n  t h e  o u t e r  s h e l l  

occu r s  a t  L /2 .  

cask is  given  by t h e  equa t ion  

When 

The maximum bending stress i n  t h e  o u t e r  shell of t h e  

where 
0 = maximum bending stress ( p s i ) ,  b 

M = maximum bending moment ( i n . * l b ) ,  

W = weight  of loaded cask = 14,150 l b ,  

L = l e n g t h  of member = 8 9 . 3 7  i n . ,  

r = r a d i u s  of cask  = 1 2  i n . ,  

I = moment of i n e r t i a  = 3424 in.4 (from re€.  1 7 )  

The re fo re ,  the maximum bending stress is  

= 31.62 p s i  . 5(14,150(89.37)(12)  
8 ( 3 4 2 4 )  

rg = - 
b 

W R1= 4r I & )  
ALL DIMENSIONS GIVEN IN INCHES 

( 1 . 6 3 )  

Fig .  1 .14.  Cask as a s imple  beam. 
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This  stress i s  less than  t h e  y i e l d  s t r e n g t h  of t h e  material  ( 3 0 , 0 0 0  p s i ) ,  

and i t  w a s  concluded t h a t  t h e  ORNL loop  t r a n s p o r t  ca sk  complies w i t h  t h e  

requi rements  of t h e  r e g u l a t i o n s  governing load  r e s i s t a n c e .  

1 . 4 . 2  Exte rna l  p r e s s u r e  -..__I. 

The r e g u l a t i o n s  r e q u i r e  t h a t  t h e  sh ipp ing  package b e  adequa-te t o  

assiirEi t h a t  t h e  containment v e s s e l  w i l l  s u f f e r  no l o s s  of c o n t e n t s  i f  

s u b j e c t e d  t o  an e x t e r n a l  p r e s s u r e  of 25 p s i g .  

Primary containment i n  t h e  ORNL loop  t r a n s p o r t  ca sk  i s  provided by 

e i t h e r  t h e  metal c ladd ing  on t h e  f u e l  e lements  o r  t h e  exper imenta l  

capsu le s  be ing  t r a n s p o r t e d ,  o r  by a S p e c i f i c a t i o n  2R c o n t a i n e r .  The 

c o n t e n t s  of t h e  cask  would n o t  b e  s u b j e c t e d  t o  t h e  e x t e r n a l  p rep -  aa11Z-e 

u n l e s s  t h e  cask  body or seals f a i l e d .  Gaskets  of t h e  typo  employed f o r  

t h e  cask  c l o s u r e s  are used r o u t i n e l y  a t  p r e s s u r e  d i f f e r e n t i a l s  g r e a t e r  

t han  25 p s i g  wi thout  leakage .  

When s u b j e c t e d  t o  an  e x t e r n a l  p r e s s u r e  of 25 p s i g ,  t h e  maximum 

stress i n  t h e  body of t h e  ORNL loop t r a n s p o r t  ca sk  would occur  i n  t h e  

f l a t  p l a t e  a t  t h e  a c c e s s  p lug  end of t h e  c.ask. Th i s  p l a t e  i s  318 i n .  

t h i c k  and has  a d iameter  of 24 i n .  For computational.  purposes ,  t h e  

model of t h i s  p l a t e  i l l u s t r a t e d  i n  F ig .  1..J.5 w a s  assumed, and suppor t  

c o n t r i b u t e d  by t h e  l e a d  s h i e l d  was n e g l e c t e d ,  An equa t ion  pub l i shed  by 

Timoshenkol" t h a t  is a p p l i c a b l e  t o  t h i s  model wa.s used t o  de te rmine  t h e  

maximum stress i.n t h e  f l a t  p l a t e :  

- - 0 max 

where k i s  a cons t an t  whose v a l u e  i s  dependent on t h e  r a t i o  of a /b .  

t h e  model assumed, k = 0 . 8 .  l 4  

For 

Therefore ,  t h e  maximum stress 

0 = [ 0 . 8 ( 2 5 > ( 1 2 > 2 ] / ( 0 . 3 7 5 ) 2  = 20,480 p s i  . max 

Since  t h i s  stress i s  below t h e  y i e l d  s t r e n g t h  of t h e  mater ia l ,  i t  was 

concluded t h a t  secondary containment wou1.d be  main ta ined  if t h e  ORNL 

loop t r a n s p o r t  ca sk  were s u b j e c t e d  t o  an e x t e r n a l  p r e s s u r e  of 25 p s i g .  

It w a s  a l so  concluded t h a t  t h e  2R c o n t a i n e r  and capsu le  c l add ing  would 
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wi ths t and  t h e  a p p l i c a t i o n  of a n  e x t e r n a l  p r e s s u r e  of 25 p s i g  even i E  t h e  

secondary containment (package) w e r e  breached.  

1 .5  S tandards  f o r  Normal Condi t ions  of 'Transport  

The r e g u l a t i o n s  f o r  normal. conditio-rrs of  t r a n s p o r t  f o r  a sing1.e 

package r e q u i r e  t h a t  t h e  e f f e c t i v e n e s s  o f  t h e  package will n o t  be sub- 

s t a n t i a l l y  reduced by t h e  no-rmal c o n d i t i o n s  of t r a n s p o r t  and t h a t  t h e r e  

w i l l  be  no release of r a d i o a c t i v e  m a t e r i a l  from t h e  containment v e s s e l .  

The con ten t s  o f  t h e  ORNL loop  t ranspor t :  cask a r e  s o  l i m i t e d  t h a t  t h e r e  

w i l l  b e  no gases  o r  vapors  i n  t h e  package t h a t  could reduce t h e  e f f e c t i v e -  

n e s s  of t h e  packaging. There i s  no c i r cu l . a t ing  coolan% o t h e r  than  

a tmospher ic  a i r  provided f o r  i n  t h i s  cask ,  and 110 mechanical  coo l ing  

dev ice  i s  r e q u i r e d  o r  provided.  

designed t h a t  t h e  c o n t e n t s  w i l l  n o t  be  vented  t o  t h e  atmosphere under 

normal c o n d i t i o n s  of t r a n s p o r t .  These normal c o n d i t i o n s  inc lude  t h e  

e f f e c t s  of h e a t ,  col.d, p r e s s u r e ,  f r e e  drop ,  and p e n e t r a t i o n .  

The cask  and i n n e r  c o n t a i n e r ( s )  are s o  

1 . 5 . 1  Heat 

During normal. t r a n s p o r t ,  the cask  i s  s u b j e c t e d  t o  s o l a r  h e a t  l o a d s  

as we1.l. as t h e  decay h e a t  from i t s  conren t s .  

s t i p u l a t e  t h a t  t h e  package must be  a b l e  t o  wi ths t and  d i r e c t  sunlight:  i n  

stri.ll a i r  a t  an ambient tempera ture  of 130°F wi thou t  reducing  t h e  effec- .  

t i v e n e s s  of t h e  packaging., F o r  t h i s  case, the. maximum perrrrissible 

i n t e r n a l  h e a t  l oad  of 1000 W w a s  assumed. F u r t h e r ,  t h e  Department of 

T r a n s p o r t a t i o n  (DOT) r e g u l a t i o n s  s t i p u l a t e  t h a t  t h e  tempera ture  of any 

a c c e s s i b l e  s u r f a c e  of t h e  f u l l y  loaded sh ipp ing  package i n  t h e  shade i n  

s t i l l  a i r  a t  a n  ambient t e m p e ~ a t u r e  s h a l l  no t  exceed 122°F when t h e  

package is  shipped by common c a r r i e r ,  and 180°F when t h e  package is 

t r a n s p o r t e d  on a sale-ease v e h i c l e .  I n  this case, ambient tempera ture  

was assumed t o  b e  lOO"F, and i n t e r n a l  decay-heat l o a d s  o i  SO0 and 1000 '/J 

w e r e  assumed. 

The E W A  r e g u l a t i o n s 2  

The computer program HEATING-3, modif ied t o  e v a l u a t e  phase change 

of materials, was used t o  compute the s t e a d y - s t a t e  tempera ture  d i s t r i -  

b u t i o n  i n  t h e  package and i t s  c o n t e n t s  under the s p e c i f i e d  condi. t ions.  
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'rhe d imens iona l  model used f o r  t h e s e  e v a l u a t i o n s ,  t h e  i n p u t  asstimptions 

and c o n s t a n t s ,  and t h e  t empera tu res  computed a t  l o c a t i o n s  of concern a r e  

g iven  and d i s c u s s e d  i n  S e c t .  2 of t h i s  document. 

1 .5 .1 .1  Temperature e f f e c t s .  Study of t h e  s t e a d y - s t a t e  tempera ture  

d i s t r i b u t i o n s  g iven  i n  Sect .  2 r e v e a l s  t h a t  t h e  most damaging thermal  

g r a d i e n t s  r e s u l t  when t h e  cask  has  an  i n t e r n a l  h e a t  l oad  of 1000 W and 

is s u b j e c t e d  t o  d i r e c t  s u n l i g h t  i n  s t i l l  a i r  a t  an ambient tempera ture  

of 130°F.  However, t h e  r e s u l t i n g  tempera tures  w i l l  no t  a f f e c t  t h e  cask  

adve r se ly .  There are no tempera ture  d i f f e r e n c e s  l a r g e  enough t o  r e s u l t  

i n  damaging thermal  stresses, and t h e  cask  materials w i l l  no t  s u f f e r  a 

s i g n i f i c a n t  loss  of p h y s i c a l  p r o p e r t i e s  a t  t h e  computed tempera tures .  

The cont inuous  o p e r a t i n g  tempera ture  l i m i t  of 500°F f o r  t h e  si3i .com 

rubber  O-rings'' i n  t h e  2 R  c o n t a i n e r  i s  g r e a t e r  t han  t h e  maximum computed 

tempera ture  of 390°F f o r  t h e s e  seals. The computed tempera tures  o f  a l l  

vf t h e  secondary s e a l s  are below t h e  300°F cont inuous  service tempera ture  

of neoprene.  The p r e s s u r e s  r e s u l t i n g  from t h e  t empera tu res  of t h i s  

case (g iven  i n  Sec t .  2 )  w i l l  have no adve r se  e f f e c t  on t h e  cask o r  i t s  

c o n t e n t s .  

The maximum tempera ture  of any a c c e s s i b l e  s u r f a c e  of t h e  cask  i n  

t h e  shade  i n  s t i l l  a i r  a t  a n  ambient tempera ture  of 100°F  w a s  computed 

t o  b e  120°F when t h e  i n t e r n a l  h e a t  l oad  of t h e  cask  w a s  500 W. This  

maximum tempera ture  occurred a t  midpoint  of t h e  bot tom of t h e  cask and 

is less than  t h e  a l lowab le  tempera ture  of 122°F f o r  t r a n s p o r t  by  common 

c a r r i e r .  With a n  i n t e r n a l  h e a t  l oad  of 1000 W ,  t h e  maximum tempera ture  

o f  any a c c e s s i b l e  s u r f a c e  of t h e  cask  w a s  computed t o  be  140"F, which is 

less than  t h e  a l lowab le  tempera ture  of 180°F f o r  t r a n s p o r t  by  a so le -use  

v e h i c l e  a 

1.5.1.2 Thermal expansion stresses. The OWL loop t r a n s p o r t  ca sk  

i s  c o n s t r u c t e d  of materials whose c o e f f i c i e n t s  of thermal  expansion 

d i f f e r  cons ide rab ly .  The c o e f f i c i e n t  of thermal  expansion f o r  the l e a d  

s h i e l d i n g  is 16.3 x i n . / i n .  p e r  O F ,  whi le  t h a t  f o r  carbon s teel  i s  

6 . 5  x lo-& i n . / i n .  p e r  OF, and t h a t  f o r  s t a i n l e s s  s teel  is  9.2 x low6 
in . - / i n .  p e r  "F ( s e e  Table  1.1). As t h e  tempera ture  o f  t h e  cask  is  
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i nc reased ,  t h e  l e a d  w i l l  expand more than  t h e  carbon s t e e l  o u t e r  s h e l l  

of t h e  cask  o r  t h e  s t a i n l e s s  s t e e l  l i n e r  f o r  t h e  cask  c a v i t y .  As a 

r e s u l t  of t h i s  d i f f e r e n t i a l  thermal  expansion,  t h e  o u t e r  s h e l l  of t h e  

cask  i s  placed i n  l o n g i t u d i n a l  and r a d i a l .  %ens ion ,  t h e  i n n e r  c a v i t y  

l i n e r  i s  p laced  i n  l o n g i t u d i n a l  t e n s i o n ,  and t h e  l e a d  i s  loaded i n  bo th  

r a d i a l  and l o n g i t u d i n a l  Compression. 

'The computer program FEATS, 2 o  a f i n i t e - e l e m e n t  program, w a s  used t o  

e v a l u a t e  t h e  thermal  expansion stresses f o r  t h e  h e a t  c o n d i t i o n  of normal 

t r a n s p o r t .  The s i m p l i f i e d  thermal  expatlsioil model shown i n  F ig .  1-.16 

was assumed fo r  t h e s e  c a l c u l a t i o n s .  It was a l s o  assumed that t h e  cask  

c a v i t y  was cornpletely f u l l  of l e a d  and t h a t  t h e r e  were no thermal  ex- 

pansion stresses i n  t h e  cask  when the e n t i r e  cask  was a t  a tempera ture  

of 70°F. 'The s t e a d y - s t a t e  tempera ture  d i s t r i b u t i o n  i n  t h e  cask  r e su l t i ng ;  

from an i n t e r n a l  decay h e a t  load  of 1000 W and exposure t o  direct-. sun- 

l i g h t  i n  s t i l l  a i r  a t  ai? ambient tempera ture  of 130°F ( s e e  Table  2.2 

f o r  examples) w a s  i n p u t  t o  FEATS. The computed stresses a t  p o i n t s  of 

i - n t e r e s t  i d e n t i f i e d  i n  F i g .  1 .16  are g iven  i n  Table  1 . 2 ,  

These stresses i n  TabS.e 1 .2  are below t h e  endurance l i m i t s  of %he 

cask  m a t e r i a l s  of c o n s t r u c t i o n .  It  w a s  t h e r e f o r e  concluded t h a t  the 

OKNL loop  t r a n s p o r t  cask w i l l  n o t  f a i l .  o r  expe r i ence  a r e d u c t i o n  i.a 

e f f e c t i v e n e s s  as a r e s u l t  of thermal. expansion stresses caused by  t h e  

h e a t  cond i t ion  of normal t r a n s p o r t ,  I f  'nigher expansion stresses than  

t h o s e  computed d i d  e x i s t  f o r  a nonhomogeneous o r  concen t r a t ed  h e a t  

sou rce ,  they  would not: be of s e r i o u s  consequence, s i n c e  expansion 

stresses beyond y i e l d  are s e l f - l i m i t i n g .  Such stresses would t h e r e f o r e  

e x i s t  on ly  f o r  a s m a l l  number of cyc le s .  

1 .5 .2  Cold  

The sh ipp ing  package must be  a b l e  t o  wi ths t and  an ambient temper- 

ature of -40°F i n  s t i l l  a i r  and shade. When t h e  c o n d i t i o n  of no i n t e r n a l  

h e a t  l oad  i s  assumed and the pe r fec t -gas  l a w s  arc U S F C I ,  t h e  p r e s s u r e  

(p2)  a t  a tempera ture  ( T ? )  of -40°F ( 4 2 O " R )  i n  any cask  c a v i t y  s e a l e d  a t  

a p r e s s u r e  ( P I )  of 14.7 p s i a  and a tempera ture  (TI) of 70°F (530"R) i s  
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Fig .  1.16. FEATS thermal expansion model. 
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Tab1.e 1 . 2 .  FEATS thermal  expansion stresses r e s u l t i n g  from normal 
t r a n s p o r t  c o n d i t i o n s  of 130°F ambient ,  so la r  h e a t  l o a d ,  

and 1000-W i n t e r n a l  h e a t  load  
- - .......... 

P O i C l t  FEATS 
number element 

(Fig.  1.. 15) number 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

98  

36 2. 

562 

543  

343 

85 

17 

24 

6 8  

29 

57 

. . . . . . . . .  _lll._____.... 

R Z  Mohr's c i r c l e  stress T o r  
........ ........ ___ .~ hoop Shear 

( p s i )  ( p s i >  
Maximum Minimum Angle stress stress 

I____..... ~- 
(") 

.... 
( p s i )  

......... _- ____ 
( P s i )  

590 

1,900 

2 , 0 8 0  

-100 

-100 

- 80 

1,550 

460 

10 ,  70OQ 

-.160 

I., 980 

-730 

- 70 

-30 

-11 ,800  

-10 ,700  

- 7 , 9 7 0  

-400 

- 1 , 5 8 0  

2 ,180  

1 6 ,  300a 

-.10,040 

38 .5  - 2  , 520 

0.0 3 ,420  

0.0 3 ,380  

90.0 -5,150 

90.0 - 5 , 0 0 0  

-82 o .--9, 840 

89.0 7 ,070 

2 2 - 0  3 , 2 4 0  

15.0 2 440 

89 .0  15 ,260  

64  a 0 -24 600a 

640 

-15  

0 

0 

50 

-170 

3s 

7 0 0  

2 150 

200 

4 , 7 5 0  
......... ~ ........ ...... ~ .......... 

a I n d i c a t e s  t h a t  t h e s e  are a b s o l u t e  maximum p o i n t  stresses i n c u r r e d  i n  
t h e s e  o r i e n t a t i o n s  €or  t h e  e n t i r e  cask.  

The resi i l . t ing p r e s s u r e  d i f f e r e n t i k l  i s  no t  s i g n i f i c a n t  when compared 

wi th  .the 25 p s i g  e x t e r n a l  p r e s s u r e  t h e  package must w i ths t and  (Sec t .  1 . 4  a 2), 

A t empera ture  of  -40°F i s  w i t h i n  the o p e r a t i n g  tempera ture  r a n g e  of 

t h e  m a t e r i a l s  of the O W L  loop t r a n s p o r t  cask.  B r i t t l e  f r a c t u r e  of t h e  

S p e c i f i c a t i o n  2 R  c o n t a i n e r  o r  t h e  metal  cl-adding on a f u e l  e lement  o r  

exper imenta l  capsu le  under t h e  s t i p u l a t e d  co ld  c o n d i t i o n  i s  n o t  c r e d i b l e ,  

s i n c e  Lhe d u c t i l e - t o - b r i t t l e  t r a n s i t i o n  tempera ture  of t h e  materials 

involved  i .s below -40°F.  This  i s  al.so t r u e  f o r  a l l  th readed  f a s t e n e r s  

and the cask c a v i t y  l i -ncr .  However, t h e  o u t e r  shel.1 of t h e  cask ,  f:Lat 

heads ,  l i f t i n g  and I:ie-down dev ices ,  and t h e  suppor t  s t r u c t u r e  are 

f a b r i c a t e d  of low--carbon s tee l  W ~ O S ~  t r a n s i t i o n  tempera ture  i.s above 

-40°F.  

t h e  s p e c i f i e d  co ld  condition, they  o p e r a t e  under very  s m a l l  l o a d s  du r ing  

normal t r a n s p o r t  and f a i l u r e  i s  n o t  l i k e l y .  I f  on2 of t h e s e  members 

Although t h e s e  members would undergo a l o s s  of d u c t i l i t y  under 
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were to fail, primary containment would be maintained, and the shielding 

capability of the cask would not be compromised. Such a failure would 

be detected by routine inspection, and repair would be effected before  

further use of the cask. It is therefore concluded that the ORNT., loop 

transport cask is in compliance with the requirements of the regulations 

governing the cold condition of normal transport. 

1.5.3 Pressure 

The regulations f o r  normal conditions of transport specify that the 

package be able t o  withstand an atmospheric pressure of 0.5 times the 

standard atmospheric pressure, the result.ing pressure being 7.35 psia. 

This atmospheric pressure is additive to the in t e rna l  pressures  attrib- 

utable t o  the elevated temperatures resulting from atmospheric conditions 

and decay heat from the cask contents (Sects. 1.5.1 and 2). The resulting 

pressure differential between any part of the cask body or p lug  and the 

atmosphere w i l l  not exceed 7.35 + 5.8 = 13.8  p s i g  (Sect. 2 . 3 . 3 ) .  The 

gaskets in the cask are adequate to withstand a pressure differential of 

122. psi. 

The hoop stress i n  the outer shell of the cask resulting from the 

pressure differential is given by the equation 

0 = (pr>/t , (1.71) h 

where 

0 = hoop stress (psi), h 

p = pressure =: 13.8  pig, 

r = radius of cask shell = 11.3 in., 

t = thickness of s h e l l  = 0.69 in. 

Thus the hoop stress 

D = [13.8(11.3)]/0.69 = 226 psi . 
By comparison, it can be seen that the stress in the flat plate of 

h 

the cask resulting from the 13.8 psig pressure w i l l  be less than that 

resulting from the 25 psig external pressure (Sect. 1 . 4 . 2 ) ,  and that 
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t h e  y i e l d  s t r e n g t h  of  t h e  material w i l l  n o t  be approached as a r e s u l t  of 

t h i s  p re s su re .  It can b e  determined by i n s p e c t i o n  t h a t  t h e  stress i n  

the end-plug c l add ing  will be  less t h a n  t h a t  i n  t h e  cask  s h e l l ,  The 

reduced atmospheric  p r e s s u r e  would have no e f f e c t  011 primary containment 

u n l e s s  secondary containment f a i l e d .  I f  khis were t o  occur ,  t h e  r e s u l t i n g  

pressure d i f f e r e n t i a l  (Sec t .  2.2.3) of 7.35 -f 10.3  = 17.7 p s i g  i s  less 

than  t h e  des ign  p r e s s u r e  of t h e  2R c o n t a i n e r .  It i s  t h e r e f o r e  concluded 

t h a t  t h e  QRNL loop t r a n s p o r t  cask  complies w i t h  t h e  requi rements  of t h e  

r e g d a t i o n s  governing p r e s s u r e  under  normal c o n d i t i o n s  of t r a n s p o r t .  

1 .5 .4  Vib ra t ion  _. . . .... 

The r e g u l a t i o n s  r e q u i r e  t h e  package t o  w i ths t and  v i b r a t i o n  normally 

i n c i d e n t  t o  t r a n s p o r t  under no~-maI cond i t ions .  The i n t e g r i t y  of  t h e  

ORNL loop  t r a n s p o r t  ca sk  h a s  no t  been a f f e c t e d  by t r a n s p o r t  v i b r a t i o n  i n  

t h e  p a s t .  Inne r  c o n t a i n e r s  are  of welded c o n s t r u c t i o n ,  and a l l  cask  

f a s t e n e r s  are equipped with l ock  washers  and w i l l  n o t  1-oosen as a result 

of t r a n s p o r t  v i b r a t i o n .  

1 . 5 . 5  Water spray- 

The r e g u l a t i o n s  r e q u i r e  t h a t  t h e  package w i t h s t a n d  a water sp ray  

s u f f i c i e n t l y  heavy t o  keep the e n t i r e  exposed s u r f a c e ,  except  t h e  bottom, 

w e t  cont inuous ly  du r ing  a per iod  o f  30 min. The exposed s u r f a c e s  of tlre 

ORNL loop  t r a n s p o r t  cask  are of  p a i n t e d  s t ee l  and w i l l  be u n a f f e c t e d  by 

water spray .  S ince  a l l  cask  p e n e t r a t i o n s  are gaske ted ,  the secondary 

containment wiJ-J- not b e  a f f e c t e d  by water sp ray .  

1 .5 .6  F ree  drop 

The r e g u l a t i o n s  f o r  normal c o n d i t i o n s  of t r a n s p o r t  r e q u i r e  t h a t  

between 1 .5  and 2.5 h r  a f t e r  conc lus ion  o f  t h e  watles sp ray  tes t ,  Llrie 

package weighing l 0 , O O O  t o  20,000 l b  b e  capab le  of w i t h s t a n d i n g  a free 

drop through a d i s t a n c e  of 3 ft o n t o  a f l a t  and e s s e n t i a l l y  uny ie ld ing  

h o r i z o n t a l  s u r f a c e ,  s t r i k i n g  t h e  s u r f a c e  i n  a p o s i t i o n  i n  which maximum 

damage i s  expected t o  resu1.t. 
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Demonstration of compliance w i t h  t h i s  requi rement  by a n a l y t i c a l  

methods is  d i f f i c u l t  because  expe r imen ta l ly  v e r i f i e d  a n a l y t i c a l  t ech-  

n iques  do no t  e x i s t ,  and a l l  of t h e  necessa ry  material p r o p e r t y  d a t a  are 

n o t  a v a i l a b l e .  

u r a t i o n  under c o n s i d e r a t i o n .  S ince  t h e  most damaging f ree-drop  o r i en -  

t a t i o n  f o r  t h e  ORNL loop t r a n s p o r t  ca sk  i s  n o t  e v i d e n t  by i n s p e c t i o n ,  

seweral o r i e n t a t i o n s  w e r e  cons idered  and eva lua ted .  The a n a l y s e s  were 

in t ended  t o  c h a r a c t e r i z e  cask  response  c o n s e r v a t i v e l y  and so demonst ra te  

compliance w i t h  t h e  r e g u l a t i o n s .  

Drop tests have n o t  been performed f o r  t h e  cask  conf ig-  

The e x i s t i n g  OWL computer programs CEIK,21 1001 CASK, and 1005 

CASK were used t o  c a l c u l a t e  maximum a c c e l e r a t i o n s  and deformat ions  f o r  

end, s i d e ,  and two c o r n e r  impact o r i e n t a t i o n s .  

based  on material p r o p e r t i e s  which w e r e  determined expe r imen ta l ly .  

mechanical p r o p e r t i e s  of ca sk  materials g iven  i n  Table 1.1 were used f o r  

t h c  a n a l y s i s  made w i t h  t h e  C E I R  program. The 1001 CASK and 1005 CASK 

programs are based on i d e a l  materials, t h a t  is ,  materials which have a 

c o n s t a n t  stress v a l u e  f o r  a l l  s t r a i n s .  

programs, a s o l u t i o n  w a s  made f o r  t h e  i d e a l  y i e l d  stresses f o r  l e a d  of 

60CIO and 14,000 p s i .  For a y i e l d  stress of 6000 p s i ,  a deformat ion  

1-arger t h a n  a c t u a l  w i l l  r e s u l t .  Where t h e  i d e a l  y i e l d  stress i s  14,000 

p s i ,  t h e  c a l c u l a t e d  a c c e l e r a t i o n  w i l l  be  l a r g e r  t han  a c t u a l .  

s teel ,  v a l u e s  of 100,000 and 240,000 p s i  w i l l  b e  used as L i m i t s .  

The C E I R  program2’ i s  

The 

I n  t h e  a n a l y s e s  made w i t h  t h e s e  

For mild 

The adequacy of t h e  C E I R  and 1001 CASK computer programs w a s  

v e r i f i e d  by comparing t h e  r e s u l t s  of drop tests22 made on a 6000-lb cask  

w i t h  t h e  r e sponses  c a l c u l a t e d  by u s i n g  t h e  programs. Program l i s t i n g s  

and d e r i v a t i o n s  of p e r t i n e n t  e q u a t i o n s  are p resen ted  i n  Appendix C ,  and 

t h e  r e s u l t s  o b t a i n e d  by u s i n g  t h e s e  programs are g iven  i n  Table 1.3. 
Ca lcu la t ed  t i m e  h i s t o r i e s  of deformat ion  as a f u n c t i o n  of a c c e l e r a t i o n  

are i l l u s t r a t e d  i n  F igs .  1 . 1 7  th rough 1.23. 

A s  i n d i c a t e d  in Table  1 . 3 ,  t h e  maximum deformat ion  and a c c e l e r a t i o n  

w e r e  computed f o r  t h e  3-ft f r e e  drop and impact of t h e  ORNL loop t r a n s p o r t  

cask  on i t s  end, s i d e ,  and co rne r .  Two d i f f e r e n t  a n g l e s  w e r e  cons ide red  

f o r  t h e  co rne r  i m p a c t  o r i e n t a t i o n ,  s i n c e  i t  w a s  recognized  t h a t  t h e  

maximum energy would be  d i s s i p a t e d  i n  p l a s t i c  deformat ion  when t h e  cask  
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Pig, 1.17. Acceleration vs deformation computed f o r  3-ft  free drop 
and end impact of ORNL loop t r a n s p o r t  cask, 
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Fig. 1.18. A c c e l e r a t i o n  vs deformat ion  computed f o r  3- f t  f r e e  drop 
and s i d e  impact of ORNL loop  t r a n s p o r t  ca sk  w i t h  a dynamic y i e l d  stress 
of  6000 p s i .  
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F i g .  1 .19.  A c c e l e r a t i o n  vs deformation computed fo-r 3-f t  free drop 
and s i d e  impact of ORNL loop t r a n s p o r t  cask with a dynamic y i e l d  stress 
of  J.4,OOO p s i .  
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Fig. 1.20. Acceleration vs deformatian computed for 3-ft free drop 
and corner impact of O W L  loop transport cask at an angle of 15" w i t h  a 
dynamic yield stress of 6000 psi. 
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Fig. 1.21. Acceleration vs deformation computed f o r  3-ft free drop 
and corner impact of OWL loop transport cask at an angle of 15" w i t h  a 
dynamic yield stress of 14,000 psi. 
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F i g .  1.22. Acceleration vs deformation computed f o r  3-ft free drop 
and corner  impact of ORNL loop transport cask at an angle of 45" with a 
dynamic yield stress of 6000 psi. 



60 

Fig. 1.23. Acceleration vs deformation computed f o r  3- f t  free drop 
and corner impact oE ORNL loop transport cask at an angle of 45" with a 
dynamic yield stress of  14,000 p s i .  
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T a b l e  1.3. Maximum deformat ion  and maximum a c c e l e r a t i o n  computed 
f o r  t h e  OFNL loop t r a n s p o r t  cask as a r e su l t  of t h e  3 - f t  

f r e e  drop and impact i n  f o u r  o r i e n t a t i o n s  

Maximum Maximum 
Impact Computer deformat ion  a c c e l e r a t i o n  

o r i e n t a t i o n  program ( i n . )  &'SI 

End C E I R  0.443 7 
-- - 

S i d e  1005 CASK 0.2249 341 

Corner ,  1001 CASK 1.96 

Corner ,  1081 CASK 2.84 

9 = 15" (modified) 

6 = 45" (modified) 

65 

37 

c e n t e r  of g r a v i t y  w a s  d i r e c t l y  above t h e  impact p o i n t ,  t h a t  is, when t h e  

impact a n g l e  6 is approximarely e q u a l  t o  15" ,  as i l l u s t r a t e d  i n  Fig.  1.24. 

When 6 i s  g r e a t e r  than 15",  t h e  cask  r e t a i n s  a p o r t i o n  of i t s  energy as 

k i n e t i c  energy which w i l l  b e  d i s s i p a t e d  on a secondary s i d e  impact;. 

1001 CASK computer program w a s  modi f ied  t o  c a l c u l a t e  t h e  energy which 

would be  absorbed  i n  t h e  i n i t i a l  impact onlyy. Analyses were made f o r  

i m p a c t  a n g l e s  of 40,  4 5 ,  and 5 0 " ,  and t h e  t y p i c a l  r e s u l t s  were as g iven  

f o r  t h e  case where 0 = 45".  

The 

To de te rmine  t h e  o r i e n t a t i o n  i n  which t h e  maximum s h i e l d i n g  l o s s  

would o c c u r ,  t h e  t h i c k n e s s  of t h e  l e a d  from t h e  s u r f a c e  of t h e  deformed 

corner t o  p o i n t  A i n  F ig .  1 .24 (a )  was c a l c u l a t e d  f o r  t h e  corner impact 

o r i e n t a t i o n  i n  which 0 = 4 5 " .  For t h i s  case, t h e  s h i e l d i n g  th i ckness  

= [ (12 .0  - 0.687 - 3.012 -t ( 9 . 4 ) 2 ] 1 / 2  - 2.84 (1.72) ts 

= 9.71  i n .  

The normal r a d i a l  t h i c k n e s s  of t h e  l e a d  i n  t h e  cask is 8.3125 i n .  S ince  

the t h i c k n e s s  of t h e  l e a d  a f t e r  a corne r  impact of t h e  cask  is g r e a t e r  

t h a n  t h e  normal r a d i a l  t h i c k n e s s ,  the maximum l o s s  of s h i e l d i n g  would 

occur when t h e  impact a n g l e  B approached g o " ,  o r  when t h e  cask  impacted 

on i t s  s i d e .  
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F i g .  1.24 .  O W L  loop transport cask corner impacc o r i e n t a t i o n .  
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The maximum a c c e l e r a t i o n  occur s  i n  t h e  s i d e  impact o r i e n t a t i o n .  

The door p lug  h a s  a very  l a r g e  e f f e c t i v e  s h e a r  area, and no s h e a r  

stresses of  any magnitude are a n t i c i p a t e d .  

a t  0 = 15" would impose s u b s t a n t i a l  f o r c e s  on t h e  end a c c e s s  p lug  b o l t s .  

I n  this impact o r i e n t a t i o n ,  t h e r e  would be ax ia l  and r a d i a l  accelera- 

t i o n .  With respect t o  t h e  n o t a t i o n  i n  F ig .  1 . 2 4 ( b ) ,  t h e  a x i a l  

a c c e l e r a t i o n  

The co rne r  drop o r i e n t a t i o n  

a = a t ( c o s  e )  a 

= 65(cos  IS") = 62.8g's , 

a.nd t h e  r a d i a l  a c c e l e r a t i o n  

a = a ( s i n  0 )  r t 

(1.. 73) 

(1.. 7 4 )  

= 6 5 ( s i n  15") = 16.8g's . 

When i t  is  assumed t h a t  t h e r e  i s  no f r i c t i o n  between t h e  plug body and 

t h e  cask  l i n e r ,  t h e  f o r c e  (F) on t h e  p l u g  r e t a i n i n g  b o l t s  i s  g iven  by 

t h e  e q u a t i o n  

F = aaW/gc (1.75) 

where 

W = weight  of t h e  p lug  p l u s  weight  o f  cask  c o n t e n t s  ( l b ) ,  

= g r a v i t a t i o n a l  c o n s t a n t  (1b * f t / l b f  gC m 

The maximum weight  of t h e  in t ended  c o n t e n t s  of t h e  ORNL loop t r a n s p o r t  

cask, i n c l u d i n g  t h e  2R c o n t a i n e r ,  w i l l  n o t  exceed I50 Lb, and t h e  end 

access p l u g  weighs 1 7 7  lb. T h e r e f o r e ,  t h e  f o r c e  on the b o l t s  i s  

F = 62.8(177 -t- 150) = 20,535 I b  . 
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S i n c e  t h i s  f o r c e  i s  r e s i s t e d  by e i g h t  b o l t s  (1/2-13NC), t h e  f o r c e  on 

each b o l t  i s  f = F / 8  = 2567 l b .  The stress on each b o l t  i s  g iven  by t h e  

equa t ion  

0 = € / A  , (1.. 7 6 )  

where A = stress area of a l/2-13NC b o l t  = 0.1419 i n . 2 .  The re fo re ,  

u = 2567/0.1419 = 18,090 p s i  . 

The y i e l d  s t r e n g t h  of t h e  p lug  r e t a i n i n g  b o l t s  will no t  b e  exceeded as a 

r e s u l t  of t h e  3 - f t  f r e e  drop and 15" co rne r  impact of t h e  OWL. loop  

t r a n s p o r t  ca sk .  

I f  t h e  ORNL l o o p  t r a n s p o r t  cask  were t o  impact on its top  (wl th  i t s  

long  a x i s  i n  a h o r i z o n t a l  a t t i t u d e ) ,  the h o r i z o n t a l  ca sk  l i f t i n g  eyes 

would c o n t a c t  t h e  impact s u r f a c e  f i r s t .  'These eyes b7oul.d e i t h e r  behave 

l i k e  h e a t  t r a n s f e r  f i n s  and buck le  i n  an  S-curve os  double-hinge mode, 

o r  they would f a i l  i n  compression. The ptr.;rlc f a i l u r e  load  f o r  heat 

t r a n s f e r  f i n s  impacted normal t o  t h e i r  axes has  been determined23 t o  b e  

a f u n c t i o n  of t h e  r a t i o  of f i n  h e i g h t  t o  f i n  t h i c k n e s s .  As i n d i c a t e d  in 

Fig .  1 . 7 ,  t h e  h e i g h t  of the cask  l i f t i n g  eye  p l a t e  is 6.25 i n .  and i t s  

t h i c k n e s s  i s  2 in., y i e l d i n g  a p l a t e  he igh t - to - th i ckness  r a t i o  o f  3.125. 

It can b e  s e e n  from F ig .  1 .25  t h a t  the  peak load  o r  load  r e q u i r e d  f o r  

buck l ing  f a i l u r e  would b e  very l a r g e  f o r  a he ight - to- th ickness  r a t i o  of 

3 .1 .  It was t h e r e f o r e  concluded that t h e  h o r i z o n t a l  l i f t i n g  eye  p la tes  

would f a i l  i n  compression. 

P r i o r  t o  and d u r i n g  compression f a i l u r e  of the cask l i f t i n g  eyes 

r e s u l t i n g  from a 3- f t  f r e e  d r o p  and top  impact of the ORNL loop t r a n s p o r t  

c a s k ,  t h e  l i f t i n g  eye  p l a t e s  would apply load  t o  t h e  o u t e r  s h e l l  of t h e  

cask ,  and t h e  s h e l l  would, i n  t u r n ,  load and defarm t h e  s h i e l d i n g  

l o c a l l y .  The r e s u l t s  of puncture  i n d i c a t e  t h a t  w h e n  loaded 

l o c a l l y ,  s t e e l - c l a d  l e a d  will deform as i .1 - lus t ra ted  i n  F ig .  1 .26  (a) . 
From photographs of a c t u a l  test specimens (Pigs. 6 ,  7 ,  1.0, 11, 1 2 ,  1.4, 

38, and 39) pub l i shed  by S ~ a l l e r , ~ ~  i t  w a s  concluded t h a t  i n  F ig .  1 . 2 6 ( a ) ,  
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F i g .  1 .25 .  Fin peak force/in. as a func t ion  of fin height-to- 
t h i c k n e s s  r a t i o  (from ref .  2 3 ) .  
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9, zz 0.8d. 

by a r e c t a n g u l a r  area, t h e  geometry i l l u s t r a t e d  i n  Fig.  1.26(b) w i l l  b e  

v a l i d  f o r  deformat ion  of t h e  s t e e l - c l a d  lead i n  t h e  ORNL loop t r a n s f e r  

cask as a result of t h e  3- f t  f r e e  drop and t o p  impact.  

If i t  i s  assumed t h a t  t h i s  r a t i o  i s  v a l i d  f o r  l o a d s  a p p l i e d  

With r e s p e c t  t o  t h e  n o t a t i o n  i n  F ig .  1 . 2 6 ( b ) ,  by similar t r i a n g l e s ,  

n = (hb)/A , (1 .77)  

m = (hd)/A . (1.78) 

The volume o f  l e a d  (V ) d i s p l a c e d  i s  given by the equat ion L 

A dH , ( 1 . 7 9 )  

where 

A = c r o s s - s e c t i o n a l  area a t  h 

= (a + 2n)(c  + 2m). 

When t h e  terms f o r  t h e  c r o s s - s e c t i o n a l  area a t  h are expanded arid t h e  

v a l u e s  g iven  i n  E q s .  (1.77) and (1.78) are s u b s t i t u t e d  f o r  n and m, Eq. 

(1.79) can  b e  w r i t t e n  as fo l lows :  

1 

h=O 
[ac + (2ahd)/A C (2chb)lC; + (4bh2d)/A2] dh . (1.80) 

I n t e g r a t i o n  and s u b s t i t u t i o n  of  l i m i t s  i n  E q .  (1.80) y i e l d s  

Vt = A[ac +- cb + ad  4- (4bd) /3]  , 

and numer ica l  s u b s t i t u t i o n  i n  E q .  (1.81) y i e l d s  

(1.81) 

VL = 3.453Aac e (1.82) 
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I f  i t  is  assumed t h a t  l e a d  i s  a n  i d e a l l y  p l a s t i c  material ,  i t  i s  con-- 

s e r v a t i v r  t o  assume t h a t  t h e  energy r e q u i r e d  t o  produce deformation o f  

t h e  l e a d  (IJ ) i s  g i v e n  by t h e  r e l a t i o n s h i p  L 

u = s v  (1." 8 3 )  L L L '  

where S = t h e  s p e c i f i c  energy of t h e  lead. L 
The s t e e l  of t h e  o u t e r  she l l  of the cask would a l s o  be s t r e t c h e d ,  

and energy would b e  d i s s i p a t e d .  When the  effecc of cu rva tu re  is ne- 

g l -ec ted ,  t h e  elongation of the  s t e e l  i n  t h e  y d i r e c t i o n  ( 6  ) is g i v e n  by 

t h e  f o l l o w i n g  e q u a t i o n ,  i n  which t h e  n o t a t i o n  i s  as i l l u s t r a t e d  i n  F i g .  

1 . 2 6 ( b ) :  

Y 

6 = (c  .i- 2e)  - ( c  + 2 d )  
Y 

( 1 . 8 4 )  

= 2 ( e  - d) 

= 2 [  (d' .I- A 2 ) 1 / 2  - d ]  . 

S i m i l a r l y ,  t h e  e l o n g a t i o n  of the o u t e r  s h e l l  steel i n  the x d i r e c t i o n  i s  

given  by t h e  e q u a t i o n  

6 = 2 [ ( b 2  + A 2 ) I / ? -  - b ]  . ( I .  85) 
X 

'The energy d i s s i p a t e d  by t h e  s t e e l  s h e l l  (U ) is  given by the €oll.owing 

e q u a t i o n  : 
S 

(1 .86 )  

w h e r e  F = appl. ied force.  'Therefore,  

6 6 

Us = o A d6 + oxAx d6x , 
Y Y  Y 

(1.87) 
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where 

CT = stress ( p s i ) ,  

A = average  c r o s s - s e c t i o n a l  area ( i n . 2 > .  

S t r e s s  is  a f u n c t i o n  o f  s t r a i n  and can b e  approximated f o r  s t r u c t u r a l  

materials as a s t r a i g h t - l i n e  f u n c t i o n :  1 1  

(1.88) 

where 

E = average  s t r a i n  ( i n . / i n . ) ,  

C1, C2 = expe r imen ta l ly  d e r i v e d  c o n s t a n t s .  

n ,  
bi izce  the average  s t r a i n  (E) i s  e q u a l  t o  the e l o n g a t i o n  ( 6 )  of t h e  s teel  

i n  inches  d i v i d e d  by the h o r i z o n t a l  l e n g t h  of t h a t  e l o n g a t i o n ,  t h e  

average  s t r a i n  i n  t h e  y d i r e c t i o n  o f  t h e  cask o u t e r  s h e l l ,  w i t h  r e f e r -  

ence t o  t h e  n o t a t i o n  i n  Fig.  1 .26(b)  is given by the e q u a t i o n  

E = 6 /2d  (1.89) 
Y Y  

and t h e  average  s t r a i n  i n  t h e  x d i r e c t i o n  i s  

E = 6 /2b . (1.90) 
X X 

S u b s t i t u t i o n  of E q s .  ( 1 .88 ) ,  ( 1 . 8 9 ) ,  and (1.90) i n t o  Eq. (1.87) y i e l d s  

the fo l lowing  e x p r e s s i o n  f o r  t h e  enesgy d i s s i p a t e d  by t h e  s tee l  o u t e r  

shell of the cask: 

6 
Y +L'x [el + C2(6x/2b)]A x x  d6 . (1.91) 

Y -$ [ C l  + C z ( 6  /2d)]Ay d6 u s -  0 Y 

I n t e g r a t i o n  of Eq.  (1 .91)  and s u b s t i t u t i o n  of l i m i t s  y i e l d s  

Us = C I A  6 $. C2A ( ~ S ~ / 4 d )  4- CIA 6 f C2Ax(6i/4b) . Y Y  Y Y  x x  (1 .92)  
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Since  i n  t h i s  case (Fig .  1 . 2 5 )  d = 0 . 8 ~  and b = 0.8a ,  

C I A  6 f 
Y Y  

C?A (S3/3.2c> 
Y Y  

+ (1.93) 

These de r ived  equa t ions  have been compiled and coded i n t o  a FOEUKAN 

program, 1018 CASK, which i-s present-rd i n  Appendix C.  Another program, 

1014 CASK, w a s  developed t o  c a l c u l a t e  t h e  response of: energy abso rbe r s  

t o  iiiipact. The O-WL l o o p  t r a n s p o r t  cask  h o r i z o n t a l  l i f t i n g  eyes  \rere 

c o n s e r v a t i v e l y  modeled as shown i n  Sec t .  1 .6 .1 .3  [ F i g .  1 . 4 6 ( a ) ]  f o r  t h e  

a c c i d e n t  c o n d i t i o n .  The model i s  c o n s e r v a t i v e ,  s i n c e  i t  :i.s more r i g i d  

than  t h e  a c t u a l  1.i.fting eye .  The l u g  b a s e  l eng th  was i n p u t  as 1 2  i n . ,  

and t h e  b a s e  a r e a  c o n t r i b u t i o n  of  the g u s s e t s  on each s i d e  of f h e  l i f t i n g  

eye  was d i s r ega rded .  ' h i s  w i l l  r e s u l t  i n  m r e  energy be ing  d- i ss ipa ted  

i n  bending t h e  she l l  and d i s p l a c i n g  t h e  l ead .  It fol lows t h a t  bo th  t h e  

c a l c u l a t e d  l o s s  of s h i e l d i n g  and t h e  c a l c u l a t e d  a c c e l e r a t i o n  .wi.JJ. b e  

g r e a t e r  t han  what would a c t u a l l y  be exper ienced .  

The r e s u l t s  of the computer programs can b e  i n t e r f a c e d  by c o r r e l a -  

t i o n  of  t h e  energy response  as a f u n c t i o n  of a c c e l e r a t i o n  t o  o b t a i n  t h e  

complete response  of t h e  cask t o  impact on t h e  h o r i z o n t a l  l i f t i n g  eyes .  

The enr.rgy-vs-acceleratioii curve f o r  t h e  l i f t i n g  eyes , rhe l o c a l i z e d  

bendi-ng and l e a d  d isp lacement  f o r  dynamic y i e l d  stress va lues  of 6000 

and 14,000 p s i ,  and the complefie response of t h e  cask t o  impact on t h e  

l i f t i n g  eyes  f o r  b o t h  dynamic yie1.d stress va lues  are i l l u s t r a t e d  i n  

F i g .  1 . 2 7 .  The deformatioa-vs-energy curves  f o r  t h e  cask 1i.Eting eyes  

and t h e  cask  body are  shown i n  

d a t a  are summarized i n  Table  1 

1 . 5 . 7  Penee ra t ion  

The r e g u l a t i o n s  f o r  norina 

F i g s .  1..28, 1 . 2 9 ,  and 1.30,  and t h e s e  

4 .  

c o n d i t i o n s  of t r a n s p o r t  s t i p u l a t e  t h a t  

t h e  package b e  capab le  o f  wi ths t and ing  t h e  impact of t h e  f l a t  end of a 

ve r t i ca l  s t ee l  c y l i n d e r  which weighs  1 3  l b ,  has a d iameter  of 1-114 in., 

and i s  dropped from a h e i g h t  of 4 f t  normally onio  t h e  exposed s u r f a c e  

oE t h e  package t h a t  i s  expected t o  b e  t h e  m o s t  vulnerable LO puncture .  

This c o n d i t i o n  would r e s u l t  i n  no more than a very  s u p e r f i c i a l  dent  i n  
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$2 

Fig .  1.28. Deformation vs energy absorbed computed f o r  cask 
lifting eyes as a result  of 3- f t  free d rop  and top impact of ORNL loop 
transport cask. 
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F i g .  1 .29 .  Deformation of cask body vs energy absorbed computed 
f o r  3-f t  Eree drop  and t o p  impact  of OWL loop transport: cask w i t h  a 
dynamic y i e l d  stress of 6000 p s i .  
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O R N L  DWG 75-2307 

F i g .  1.30. Deformation of  cask body vs energy absorbed compl-~ted 
f o r  3 - f ~  free drop and t o p  impact of ORNL loop  t ranspor t  cask w i t h  a 
dynamic y i e l d  stress of  14,000 p s i .  
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Table  1.4 .  Maximum a c c e l e r a t i o n s ,  maximum deformat ions ,  
and energy absorbed i n  3-f t  d rop  on l i f t i n g  eyes  

I- _ -  -.--. 

Dynainic y i e l d  Dynamic y i e l d  
stress = 6000 p s i  stress = 14,000 p s j  

--- 1_1 
I - - I____ _. 

Maximum a c c e l e r a t i o n ,  g ’ s  138 171 

Deformation of eyes ,  i n .  01.17 0.24 

Deformation of cask, i n .  0 .16  0 .03  

Energy absorbed by eyes, 235,c)OO 
i n .  * l b  

440 ,000 

Energy absorbed by  cask ,  
i n ,  * 119 

340,000 135,000 

T o t a l  energy ,  i n .  -1b 575,000 5 75,000 
-. -.I --I -- 

t h e  s tee l  s u r f a c e  of t h e  ORNL loop t r a n s p o r t  cask and would n o t  reduce 

i t s  e f f e c t i v e n e s s .  

1 . 5  8 Compress i o n  

The r e g u l a t i o n s  f o r  normal c o n d i t i o n s  of t r a n s p o r t  r e q u i r e  that 

packages weighing less t h a n  10,000 l b  b e  capab le  of w i t h s t a n d i n g  a 

compressive load  e q u a l  t o  e i t h e r  f i v e  t i m e s  t h e  weight  of  t h e  package o r  

L psi m u l t i p l i e d  by t h e  maximum h o r i z o n t a l  cross s e c t i o n  of t h e  package,  

whichever  i s  g r e a t e r ,  The load  shal l  b e  a p p l i e d ,  d u r i n g  a p e r i o d  of 

24 hr, uni formly  against :  t h e  top  and bottom of  t h e  package i n  t h e  pos i -  

t i o n  i n  which t h e  package would normally b e  t r a n s p o r t e d .  S ince  t h e  

ORZJL loop tT ranspor t  c a s k  weighs 16,000 l b ,  i t  i s  exempt from the  com- 
press i o n  requi rement .  

1 . 6  Scandards f o r  Hypo the t i ca l  Accident: Condi t ions  

The s t a n d a r d s  f o r  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 s  s t i p u l a t e  

that: a package used f o r  t h e  shipment of f i s s i l e  o r  large q u a n t i t i e s  of 

r a d i o a c t i v e  material shall be so  des igned  and c o n s t r u c t e d  and i ts  con- 

t e~ i t s  s o  l i m i t e d  t h a t  if i t  is s u b j e c t e d  t o  the  s p e c i f i e d  free d rop ,  

punc tu re ,  thermal ,  and w a t e r  immersion c o n d i t i o n s ,  t h e  r e d u c t i a n  i n  
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shieldilrtg would n o t  b e  s u f f i c i e n t  to  i n c r e a s e  The e x t e r n a l  r a d i a t i o n  

dose ra te  t o  more than  1000 m i l l i r e m s / h r  a t  a d i s t a n c e  of 3 f t  from t h e  

o u t s i d e  s u r f a c e  of t h e  package, no r a d i o a c t i v e  material would be Fe leased  

from t h e  package except  gases  con ta in ing  t o t a l  r a d i o a c t i v i t y  n o t  t o  

exceed 0.1% of  t h e  t o t a l  r a d i o a c t i v i L y  of t h e  con ten t s  of t h e  package, 

and t h e  con ten t s  would remain s u b c r i t i  ca l  

1 . 6 . 1  F r e e  drop 

The f i r s t  i n  t he  sequence of h y p o t h e t i c a l  a c c i d e n t  cond i t ions  t o  

which t h e  c.ask must be s u b j e c t e d  i s  a f r e e  drop through a d i s t a n c e  of 

30 f t o n t o  a f l a t  , e s s e n t i a l l y  uny ie ld ing  h o r i z o n t a l  su r f  a c e  s t r i k i n g  

t h e  s u r f a c e  i n  a p o s i t i o n  i n  which t h e  maximum damage i s  expec ted  t o  

occur .  

Demonstrat ion of compliance wi th  t h e  requirement  by a n a l y t i c a l  

methods i s  d i f  € i c u l t  because  experimenLally v e r i f i e d  a n a l y t i c a l  tech- 

n i q u e s  do n o t  e x i s t ,  and a l l  of t h e  necessary  material  p r o p e r t y  d a t a  are  

n o t  a v a i l a b l e .  Drop tests have n o t  been performed f o r  t h e  cask  conf ig-  

u r a t i o n  under c o n s i d e r a t i o n .  S ince  t h e  most damaging f res -drop  o r i e n t a -  

t i o n  f o r  t h e  OWL loop t r a n s p o r t  ca sk  i s  n o t  e v i d e n t  by i n s p e c t i o n ,  

s e v e r a l  o r i e n t a t i o n s  Were cons ide red  and eva lua ted .  The ana lyses  were 

in t ended  t o  c h a r a c t e r i z e  cask  response  c o n s e r v a t i v e l y  and s o  demonst ra te  

compliance wi%h t h e  r e g u l a t i o n s .  

1 .6 .1 .1  End and s i d e  i m E t  o r i e n t a t i o n s .  E x i s t i n g  ORNL computer 

programs were used t o  c a l c u l a t e  the maximum a c c e l e r a t i o n  and deformation 

r e s u l t i n g  f rom flhe 30-fC f r e e  drop and end and s i d e  impacts  o f  the OWL 

Loop t r a n s p o r t  cask .  Computer program l i s t i n g s  and d e r i v a t i o n s  of 

p e r t i n e n t  equa t ions  are g iven  i n  Appendix C ,  and t h e  computed accelera- 

t i o n s  and deformat ions  are  g iven  i n  Table  1.5.  Ca lcu la t ed  t i m e  h i s -  

t o r i e s  of a c c e l e r a t i o n  vs deformat ion  f o r  t h e  end and s i d e  impacts  are 

shown i n  F i g s .  1 .31 ,  1 .32,  and 1 .33 ,  and t h e  r e s u l t r i n g  s h i e l d i n g  losses 

are i l l u s t r a t e d  i n  F i g s .  1 .34 and 1.35. These losses w i l l  n o t  a f f e c t  

t h e  cask  containment ,  and they are d i scussed  wit.h r e s p e c t  t o  p e r m i s s i b l e  

dose  rates i n  Sect. 4 .  
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F i g .  1.31. A c c e l e r a t i o n  vs  deformation computed f o r  30-ft f ree  
d rop  and end impact of ORNL loop  t r a n s p o r t  cask.  
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..... . . . . . .. . . . .. . . . .... r--- 

F i g .  1 . 3 2 .  Accelerat ion vs deformation computed f o r  30-Et f ree  
drop and s i d e  impact of ORNL loop transport cask w i t h  a dynamic y i e l d  
stress of 6000 psi. 
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F ig .  1.33. A c c e l e r a t i o n  vs deformat ion  computed f o r  30-ft f r e e  
drop and s i d e  impact of ORNT, l oop  t r a n s p o r t  cask w-ith a dynamic y i e l d  
stress of 14,000 p s i .  
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SHIELDING THICKNESS SHlELOlNG 
ALL DIMENSIONS GIVEN IN INCHES 

F i g .  1.35. S h i e l d i n g  loss resulting from 30-ft: f r e e  drop and s i d e  
i m p a c t  of  ORNL loop t r anspor t  cask w i t h  a dynamic yield stress of 6000 
p s i .  
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Tab le  1 .5 .  Flximum deformation and maximum a c c e l e r a t i o n  
computed f o r  the OWL loop  t r a n s p o r t  cask as a result. 

of t h e  30-f t  f r e e  drop and end and s i d e  impacts 
.... ....___....___..__......__....I_... ____ ... . I____c__.... .. ...... 

Maximum Maximum 
:Lmpact Co mp u t  e L̂  de  i 8 nna t i on  RC c e l e  ra t  i o  n 

o r i e n t a t i o n  program ( i n .  1 k ' s )  
___ .- ____- ......... 

End C E I R  2.64 69 

S ide  1005 CASK 1. O g a  7 4 0  
b 

______ ........ ........ __l.____l__ ..... ____l ..._- ........ 
a 

b 
Deformation f o r  dynamic y i e l d  stress of 6000 p s i .  

Deformation f o r  dynamic y i e l d  stress of 114,000 psi..  

1.6.1.. 2 Corner ...... irnBct ... -- o r i e n t a t i o n .  Another e x i s t i n g  ORnL computer 

program w a s  used t o  ana lyze  t h e  r e s u l t s  oE t h e  3O-ft. f r e e  drop and 

subsequent  impact of t h e  ORNL l o o p  t r a n s p o r t  cask o n t o  a quarte.r of t h e  

edge (corner )  of the c y l i n d r i c a l  end p l a t e .  This o r i e n t a t i o n  was 

examitxed f o r  two impact ang le s ,  t h e  f i r s t  of which would maximize t h e  

energy absorbed by  the cask ,  and t h e  second would maximize t h e  deforma.- 

t ior i  experi-enced by t h e  cask .  Whera t h e  i m p a c t  a n g l e  8 = 15", t h e  impact 

will occur  a long  t h e  d i agona l  o f  (:he cask ,  and p r a c t i c a l l y  all of t h e  

p o t e n t f a 1  energy will b e  d i s s i p a t e d  i n  t h e  i n i t i a l  impact .  When 0 = 

4 5 " ,  t he  deformati-on i s  maximized, b u t  a s i g n i f i c a n t  port- ion of  the 

p o t e n t i a l  energy w i l l  b e  r e t a i n e d  as k i n e t i c  energy which w i l l .  be  d i s -  

s i p a t e d  i n  a s e c o n d a r j  s i d e  impact .  The maximum. deformat ion  and maximum 

a c c e l e r a t i o n  computed f a r  both co rne r  impact a n g l e s  are g iven  i n  T a b l e  

1 . 6 ,  and t h e  corrrputed a c c e l e r n t i o n - v s - d e f o r ~ a t ~ o n  time h i s  t o r i k s  are 

shown i n  F igs  1 .36 through 1.39.  

C h  t h e  b a s i s  of t h e s e  conipiitatians, t h e  maximum s h i e l d i n g  l o s s  w i l l  

occur  i n  t h e  corner drop o r i e n t a t i o n  a t  an impact angle of lr5" arid a 

dynainic y i e l d  st:reas of 6000 p s i .  The d e f o r m t i o n  r e s u l t i n g  from t h e  

co rne r  drop and impact of the 0R.NL l o o p  t r a n s p o r t  cask a t  ang les  o f  15 

and 45" i s  i l l u s t r a t e d  i n  F i g .  1 .40.  Under normal. c o n d i t i o n s ,  the  

t h i c k n e s s  of  t h e  s h i e l d i n g  f r o m  t h e  corner t o  the i n s i d e  c a v i t y  a t  t h e  

end-plug end of t h e  cask  i s  
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I 

Fig. 1.36. Acceleration vs deformation computed for 30-ft free 
drop and corner impact of ORNL loop transport cask at an angle  of 15" 
with a dynamic yield stress of 6000 p s i .  
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F i g .  1.37. Acce le ra t ion  vs deformation computed f o r  30-ft free 
drop and corner impact of ORNL 1.00~ transport cask a t  an angle of 15" 
wi.tl-r a dynamic yield stress of 1.16,OOO p s i .  
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DEFORMATION (INCHES1 

Fig .  1.38. A c c e l e r a t i o n  vs deformat ion  computed for 30-ft f r e e  
drop and co rne r  impact of ORNL loop t r a n s p o r t  cask a t  an  a n g l e  of 45" 
w i t h  a dynamic y i e l d  stress of 6000 p s i .  



b i g . 1 .33 - A c c e l e r a  I: i O L L  vs  deformation computed io i -  30--ft  f r e p  

d x u p  .TI:$ c o r n e r  impdct u f  omrA loop  t r a n s p o r t  casli a t  an angle of 45"  
::Fth a dyildiiijc y i e l d  stress of 1L,000 p s i .  
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Table  1 . 6 ,  Maximum deformat ion  and maximum a c c e l e r a t i o n  
computed f o r  t h e  ORNI, loop  t r a n s p o r t  cask  as a r e s u l t  

o f  t h e  30-f t f r e e  drop and co rne r  impact 

Dynamic y i e l d  
I m p a c t  stress Maximum deformation Maximum deformation 

a n g l e  ( P s i )  ( i n .  ) ( g ' s )  

e = 15" 6,000 

14,000 

3 = 45" 6,000 

14,000 

5.15 

3.56 

1.24 

5.04 

15 6 

238  

99 
141 

s h i e l d i n g  d i s t a n c e  = [ ( 1 2 . 0  - 2)' i- (9 .3)211/ '  

= 13.66 i n .  

S i n c e ,  as g iven  i n  Table  1 . 6  and i l l u s t r a t e d  i n  F ig .  1 .40 ,  t h e  maxi-mum 

deformat ion  i s  7.24 i n . ,  a f t e r  impact t h e  

e f f e c t i v e  s h i e l d i n g  = 13.66 - 7 .24  = 6 + 4 2  i n .  

The s h i e l d i n g  l o s s e s  r e s u l t i n g  from e i t h e r  of t h e  co rne r  drop impact 

a n g l e s  i n v e s t i g a t e d  are d i scussed  w i t h  r e s p e c t  t u  p e r m i s s i b l e  dose rates 

i n  Sec t .  4 .  

When t h e  co rne r  drop impact a n g l e  is 15" and t h e  dynamic y i e l d  

stress is  14,000 p s i ,  t h e  cask  a c c e l e r a t i o n  would impose s u b s t a n t i a l  

stresses on t h e  end access  p l u g  r e t a i n i n g  b o l t s  as a r e s u l t  of t h e  

combined d e c e l e r a t i o n  of t h e  p lug  and t h e  cask c a n t e u t s .  The acceler- 

a t i o n  of  t h e  cask i n  t h e  ver t ica l  d i r ec . t i on  can be s e p a r a t e d  i n t o  ax ia l  

and r a d i a l  components, as i i l u s t r a t e d  i n  Fig.  1 . 4 1 .  The axial component 

of a c c e l e r a t i o n  

a = a cos 0 a X 

= 238(cos  1 5 " )  = 230g's , (1.94) 
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F i g .  1.41. Axial and r a d i a l  components o f  v e r t i c a l  a c c e l e r a t i o n  
resulting from 30-ft  f r e e  drop and c o r n e r  impact of ORNL loop t r a n s p o r t  
cask. 
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i:-.d t!,:. i-adial  component o f  a c c e l e r a t i o n  

I .  ~ 7 a s i n  15" = G 1 . 5 g ' s  . (1.95) 
1- V 

I".: I e 1 t 

!&! weizh i  o f  cask  p l u g  p l u s  weight  01 cask c o n t e n t s  

150 f 1 7 /  l b ,  

s r a v i t a t i o n e l  constant  (1b = LL/1h;sec2). gc - rn 

- r = 327(150 + l i 7 )  = 75,110 ~h . 

Si i cce  thc:P are  Cigili 1/2-13NC b o l e s  i - p r i s t i n g  t h i s  force:, C'ne f o r c e  

c a r h  boll i = 7 > , 2 1 0 / 8  - 9491.15 lb. 'lhc stress on each b o l t  i s  g iven  

by  t h e  rqu- t ion  

whnre  A = >;tress are3 of a 1 / 2 - 1 3 N C  b o l t  = 8.1419 i n . 2 .  Thus the 

stress on each p l u g  retaining b o l t  i s  

This is less Th~-n t h e  ul . t imate  sr:i-eng.;lrh of the s t a l n l e s s  steel bolts,l2 

a-ild the p l u g  and cask c o m t m t s  v i  2.1 be  r e t a i n e d  v i % h  110 exposure o r  

i a t i o n  l.oss. T h e  3C- f t  f ree  drop aiid corne r  i.mpact of the OKNL h o p  

i r a n s p ) [ ' t  cask  a i  a 25" a n g l e  might czuse a l o s s  o f  secondary contain- 

i i i i = i y . t  a t  t h e  p l u g  pa.5;li.e:: b u t  pr i - - - - - - -  l i l d L Y  cantaimient  o f  the cask contents  



would be maintained by e n c a p s u l a t i o n  o r  by an ioaer. 2R container,  -1.1.’ 

a t t e s t e d  t o  i n  Appendix D.  

250 

Deformation of  l u g s ,  i n .  0.78  I . ? < <  

Deformation of‘ cask, in. 1. II 1 4  i;” 243 

Energy absorbed by l u g s ,  2 , 4 0 3  9 080 L j .  6IiQ ~ e y o  
in. * l b  
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l&tl,l 0 1 . .  I . , , I  I , , , ,  I . #  , . I , , . . 1 . .  , , , , ,  , , , , , ,  , , , , , ,  ' , , , , , , , , , , , -  
1.0 1.2 l .u  1 0.0 0.2 0.u 0.6 0. e 

DEFORMATION ( INCHES)  

Fig .  1.43.  Energy vs deformat ion  for l i f t i n g  eyes r e s u l t i n g  from 
3C)-ft free-drop top  impact of ORNL loop transport cask. 



9 4  

_.  b i g .  1.44. Deformation vs energy coinpiited f o r  cask body w i  r11 
dynamic  y i e l d  stress of 6000 p s i  as a resul t  of 3 0 - f t  free drop  and Lop 
impact of ORNL loop t r a n s p o r t  cask. 
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P i g .  1 . 4 5 .  Deformation vs energy computed f o r  cask body w i t h  
dynamic yield s t ress  of 14,000 p s i  as a resu l t  of 30-ft  free drop and 
toy impact of ORNL loop  t r a n s p a r t  cask, 
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F i g .  1.46. OKNL loop transport cask ( a )  l i f t i n g  eye model and (b) 
s h i e l d i n g  l o s s  r e s u l t i n g  from 30-ft  free drop and top  i m p a c t  o f  cask 
on l i f t i n g  eye f o r  l e a d  dynamic y i e l d  stress of 4000 p s i .  
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l oop  t r a n s p o r t  ca sk  on i t s  top  l i f t i n g  eyes w i l l  n o t  r e s u l t  i n  a s i g n i f -  

i c a n t  l o s s  o f  s h i e l d i n g ,  and t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  cask w i l l  

n o t  b e  a f f e c t e d .  The a c c e l e r a t i o n s  exper ienced  by t h e  cask  i n  t h e  top 

impact o r i e n t a t i o n  would b e  less than  t h o s e  exper ienced  i n  t h e  s i d e  

impact o r i e n t a t i o n .  

1 a 6 . 2  Punc tu re  

The second i n  t h e  sequence  of 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  t o  

which t h e  cask  m u s t  b e  s u b j e c t e d  i s  a free drop through a d i s t a n c e  of 

40 i n .  t o  s t r i k e ,  i n  a p o s i t i o n  i n  which maximum damage is expec ted ,  t h e  

top  end of a v e r t i c a l  c y l i n d r i c a l  m i l d - s t e e l  b a r  mounted t o  an essen- 

t i a l l y  uny ie ld ing  h o r i z o n t a l  s u r f a c e .  The m i l d - s t e e l  bar s h a l l  have a 

d i ame te r  of 6 i n . ,  w i t h  t h e  top h o r i z o n t a l  and i t s  edge rounded t o  a 

r a d i u s  of no t  more than  1 / 4  i n . ,  and t h e  b a r  s h a l l  be  of such l e n g t h  

t h a t  i t  w i l l  cause  maximum damage t o  t h e  package but no t  less than 8 i n .  

long.  The long a x i s  of  t h i s  b a r  s h a l l  b e  pe rpend icu la r  to t h e  uny ie ld ing  

h o r i z o n t a l  s u r f a c e  and normal t o  t h e  s u r f a c e  of t h e  package upon impact. 

P rev ious ly  pub l i shed  d a t a 2 5  i n d i c a t e  t h a t  a l ead - sh ie lded  cask  c l a d  

w i t h  mi ld  s teel  t h a t  weighs 16,000 l b  would r e q u i r e  an o u t e r  s h e l l  

t h i c k n e s s  of 0 . 4 1  i n .  t o  resist punc tu re ,  as i n d i c a t e d  in Fig. 1 . 4 7 ,  

which is a r e p r o d u c t i o n  of F i g .  2 3  i n  r e f .  25 w i t h  t h e  equa t ion  f o r  t h e  

r e l a t i o n s h i p  between t h e  p h y s i c a l  p r o p e r t i e s  of t h e  o u t e r  s h e l l  and t h e  

cask weight  added. Inasmuch as t h e  o u t e r  s h e l l  of t h e  OWL loop  t r a n s p o r t  

ca sk  is 0.68 i n .  t h i c k ,  i t  w a s  concluded t h a t  t h e  o u t e r  s h e l l  of t h e  

cask  would n o t  b e  punctured  as a r e s u l t  of a 40-in. f r e e  drop and 

impact on t h e  6-in.-diam mi ld  s teel  b a r .  If t h e  cask w e r e  t o  impact on 

t h e  b a r  i n  t h e  v i c i n i t y  of one of t h e  cask  c l o s u r e s ,  secondary con ta in -  

ment would b e  l o s t  and t h e r e  would b e  a minimal l o c a l  r e d u c t i o n  i n  

s h i e l d i n g .  

1 I 6 . 3  Thermal c o n d i t i o n  

The t h i r d  i n  t h e  sequence of 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  t o  

which t h e  package must b e  s u b j e c t e d  is exposure f o r  30 min w i t h i n  a 

s o u r c e  of r a d i a n t  h e a t  having  a tempera ture  of 1475°F and an e m i s s i v i t y  
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c o e f f i c i e n t  of 0 .9  o r  e q u i v a l e n t ,  For c a l c u l a t i o n a l  purposes ,  i.r. s h a l l  

b e  assumed t h a t  the package has an a b s o r p t i o n  c o e f f i c i e n t  of 0,8. 

yackngc sha1.1 no t  be cooled a r t i f i c i a l l y  u n t i l  3 h r  after the 30-nnin 

test  p e r i o d  ‘tias exp i r ed  and t h e  tempera ture  a t  the  c e n t e r  of the package 

has begun t o  f a l l ,  u n l e s s  i t  can be shown khat  tlie temperature a t  t h e  

center of the package has begun t o  f a l l  i n  less than  3 h r .  

The 

The e f f e c t s  o f  the s t i p u l a t e d  t l~emal car idi t ion on t he  ORMI, loop 

t r a ~ i s p o r t  cask were ana lyzed  by us ing  the sane. geometr ic  nodel used EOK 
a n a l y s i s  of the h e a t  c o n d i t i o n s  of  noma1 t r a n s p o r t  in a H E A T I N G 3  

computer  c a l c u l a t i o n .  This rnodel, the maximum tempera tures  and p res -  

sures roniputed t o  r e s u l t  f rom t h e  p r e s c r i b e d  thermal condition, and an 

assessment  of po ten t i a l .  damage t o  the cask are discussed i n  Sec t .  2.  Ex- 

posure oF t h e  OWL Poop t r a n s p o r t  cask t u  the thermal  condition wilt n o t  

a f f e c t  i t s  a b i l i t y  t o  w i t h s t a n d  water immersion. 

( tempera ture  d i f f e rences )  large enough t o  r e s u l t  i n  s i g n i f i c a n t  thermal 

stresses w i l l .  r e s u l t  from exposure of t h e  cask to t h e  acrident thermal  

c ondi t ion. 

No tliernal g r a d i e n t s  

1 . 6 . 3 . 1  Thermal expansion.  During exposure of t h e  BRNL loop trans- ___._ 

p o r t  cask t o  t h e  thermal  c o n d i t i o n ,  a p o r t i o n  of t h e  lead w i l l  m e l t .  

The  maximum q u a n t i t y  of mel ted  l e a d  w a s  computed t o  occur a few minutes  

a f t e r  t e rmina t ion  of t h e  30-min exposure ,  as i n d i c a t e d  i n  S e c t .  2 ,  It 

is  n o t  knowu whether the outer shell of the  cask w i l l  e rup tu red  a 

r e s u l t  of the f ree-drop cond i t ion .  If the cask s h e l l  was n o t  ruptured9 

It would b e  r e q u i r e d  t o  expand t o  accommodate t h e  i n c r e a s e  i n  the V Q ~ W W  

o C lead resu l t ix ig  from mel t ing  and  thermal expansion,  

c a l c u l a t i o n s  demonstrate that the outer s h e l l  of the cask can expand t o  

accoinmodate t h e  increased volume w i t h o u t  catas t r o p h i c  failure. The 

a > j S a p t i o n s  made in the a n a l y s i s  of the h e a t  cond i t ion  of noma1 t r a n s -  

p o r t  w e r e  a i s o  made f o r  t h k  a n a l y s i s  > and t h e  tempera tures ,  dimensions, 

et.c, used i n  the c a l c u l a t i o n s  are given i n  Table 1.8, The location of 

the dimension symboLs given i n  T a k k  1.8 i s  shswn in Fig .  1.48. The 

t e m p e r a t u r e s  given i n  Table  l e g  are average tempera tures  t aken  from 

computet- o u t p u t ,  and the thermal coefficients (a) of expansion are from 

T a b l e  1.1.. 

The. ful lowing 
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Table 1.8. Parameters used to evaluate effectls of thermal expansion 
from h y p o t h e t i c a l  accident on the ORNL l o o p  'c-cansport cask 

..__II___c___ ..... - ~ . .  .....__ ~ ___I... ._. 
Coefficient 

Co Id Final 
Dimension temperature AT expansion dimension dimens ion 
symbol (OF) (OF) ( i n . / i n .  - O F )  (in.) (i.n.1 

Final of thermal 

- 

r 550 480 6.5 x 10-6 11.31 12.35 

r 41 0 340 9.2 x loe6 3. no 3.01 
0 

i 

P 
r l  

r2 

R1 

R2 

R 3  

Rb 

r 420 350 9.2 x lo-' 4.00 h .  01 

10.46 

9.31 
4 10 340 9.2 x loe6 34.81 34 92 

4 20 350 9 . 2  X lom6 8.88 8.91 

5 SO 480 5.5 x 4 3 . 6 8  sa. 83 
Melted lead 2.10 

___I.. . .. . _____g______ ___I_- 

L ows 75-49 

Fig. 1.48. Model of QRNL l o o p  t r a n s p o r t  cask ussd f o r  evaluation 
of thermal expansion effects. 
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From t h e  dimension symbols i l l u s t r a t e d  i n  F i g .  1 .48 ,  t h e  volume of 

l e a d  i n  t h e  cask  o u t e r  s h e l l  is  g iven  by t h e  fo l lowing  e q u a t i o n :  

S u b s t i t u t i o n  of t h e  cold-dimension d a t a  g iven  i n  Table  1 .8  i n  Eq.  ( S . 9 8 )  

y i e l d s  t h e  i n i t i a l  volume (V.) of t h e  cask  o u t e r  s h e l l :  
1 

vi = ~ { 3 4 . 8 1 [ ( 1 1 . 3 1 ) ~  - ( 3 . 0 ) 2 ]  + 8.88[(11 .31)2  - ( 4 . 0 ) 2 ] ]  

= 16,127 i n . 3 .  

S u b s t i t u t i o n  of t h e  a p p r o p r i a t e  f ina l -d imens ion  d a t a  g iven  i n  Table 1.8 

i n  Eq. (1.98) y i e l d s  t h e  f i n a l  volume (V,) of t h e  cask o u t e r  s h e l l :  

= 7rt34.921: ( 1 ~ 3 5 ) ~  - (3.01)21 % 8.91[(11 .35)2  - ( 4 . 0 1 ) 2 ] l  vf 

= 16,294 in.3 . 
The volume of mel ted  l e a d  (V ) i s  g iven  by t h e  fo l lowing  e q u a t i o n :  m 

= 2~r[10.46(11.31 - 9.31)(2.10/2)1 

= 138 i n . 3  . 

The f i n a l  volume o f  l e a d  (V ) i s  g iven  by t h e  equa t ion  L 

v = Vi + V . a  % VmUm , L I T  
(1.100) 

where 

a = v o l u m e t r i c  expansion c o e f f i c i e n t  for s o l i d  Lead T 
= 0.024,9 

a = v o l u m e t r i c  expansion c o e f f i c i e n t  for mel ted  lead m 
= 0.0325.9 



There fu re ,  

= 16,127 Jr l . h , l . 27 (0 .024)  $. l M ( 0 . 0 3 2 5 )  

= 16,518.5  i n . 3  . 

The i n c r e a s e  i n  volume that must b e  accommodated by t h e  o u t e r  s h e l l  of 

t h e  cask i s  as fo l lows  : 

= 16,518.5 - 16 ,294  2?.4,5 . (1.101) L - vf  AV = V 

The o u t e r  s h e l l  of t he  ORNL loop  f r a r i a p o r t  cask is a complex s t r u c -  

t u r e  braced i n  b o t h  the r a d i a l  and l o n g l t u d i n a l  d i r e c t i o n s .  I t  

i s  f u r t h e r  complicated by be ing  of lamina ted  cons1;ruction. It i s  f e l t  

t h a t  most of t h e  o u t e r - - s h e l l  expansion w i l l  b e  j n  the form of  circ.iitofer- 

cnilial s t r a i n .  T h e  assumption t h a t  a l l  of t h e  s t r a i n  w i l l  be in t h e  

ci.rcurnferenti.al- d i r e c t i o n  i s  c o n s e r v a t i v e  when used t o  show tha t  t h e  

c a s k  s h e l l  can e l o n g a t e  t o  accommodate t h e  i n c r e a s e  i n  t h e  volume of 

lead. This  increase i s  given by t h e  equat ion  

where E the c i r c u m f e r e n t i a l  strait] ( i r i , / i n . ) .  S o l u t i o n  of Eq. ( 1 , 1 0 2 )  

f o r  t y i e l d s  

By the q u a d r a t i c  formula,  

E -I- ( - 2  k [ ( 2 ) '  f 4( l ) (AV/R, i i r~ ) ]1 /2} /2  

( l . 103)  

(1.104) 

= (-2 -t- [ (2)2 + 4 ( 2 2 4 . 5 ) / 4 3 ~ 8 3 n ( l l . 3 5 ) 2 ] 1 / 2 } / 2  

= 0.0063 i n . / i n .  



103 

Th i s  s t r a i n  and t h e  cor responding  stress are small when compared w i t h  

the u l t i m a t e  s t r a i n  ( e l o n g a t i o n )  and u l t i m a t e  s t ress  of miEd steel { see  

Table  1.1) I It was t h e r e f o r e  concluded t h a t  the o u t e r  sfielll. of the OWL 

l o o p  t r a n s p o r t  ca sk  w i l l  no t  r u p t u r e  as a result of d i f f e r e n t i x i 1  t h e m a l  

expans ion  caused by exposure  t o  t h e  s t i p u l a t e d  thema$ condiriota of t h e  

h y p o t h e t i c a l  a c c i d e n t ,  

1 .6 .3 .2  P r e s s u r e  stress*. The maximuni p r e s s u r e  w i t h i n  t h e  cask 
__I___ 

cavity dur ing  exposure  of the O W L  loop t r a n s p o r t  cask t o  t h e  thermal 

c o n d i t i o n  of t h e  h y p o t h e t i c a l  accident was computed t o  b e  9 . 4  p s i g  (see 

Sect. 2 ) .  The tensile stress (u  ) i n  t h e  b o l t s  r e t a i n i n g  the access t 
p lugs  that will r e su l t  from t h i s  i n t e r n a l  p r e s s u r e  i s  gLven by the 

e q u a t i o n  

where 

p = p r e s s u r e  ( p s i ) ,  

1- = r a d i u s  of t h e  p l u g  ( i n . ) ,  

n = number of  bolts r e t a i n i n g  t h e  p l u g ,  

A = stress area of one bolt (from r e f .  1 7 )  

The area of each cask p l u g  t h a t  is  p r e s s u r e  Loaded has a d iameter  of 

approximate ly  8 i n . ,  and each p l u g  is secured by eight 1/2-P3NC b o l t s ,  

T h e r e f o r e ,  t h e  stress i n  the b o l t s  is 

= 419 p s i  e 

At t h i s  stress, t h e  b o l t s  w i l l  c o n t i n u e  t o  secure t h e  p lugs  t o  t h e  cask, 

and shielding e f f e c t i v e n e s s  would b e  maintained. 
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1 .6 .4  yater immer- 

The f o u r t h  and ].as t c o n d i t i o n  i n  t h e  sequence of 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  t o  which t h e  package must be s u b j e c t e d  i s  immersion 

i n  waiter t o  t h e  e x t e n t  t h a t  a l l  p o r t i o n s  of t h e  package are under  a t  

l eas t  3 f t  of water for a p e r i o d  of n o t  less than  8 hr. 

It h a s  been  concluded t h a t  a 30-f t  free drop and co rne r  impact of 

t h e  QRNL loop  t r a n s p o r t  ca sk  a t  a 15" a n g l e  would i n  a l l  p r o b a b i l i t y  

cause  f a i l u r e  of t h e  p l u g  seals  and a loss  of secondary containment.  

Immersion i n  water would t h e r e f o r e  r e s u l t  i n  f l o o d i n g  of  t h e  cask  c a v i t y .  

It has  a l s o  been  concluded t h a e  pr imary contai.nment of t h e  cask  would 

n o t  b e  breached  as a r e s u l t  o f  any of t h e  preceding  h y p o t h e t i c a l  acci- 

d e n t  c o n d i t i o n s .  Thus the encapsu la t ed  cask  c o n t e n t s  would n o t  b e  i n  

d i r e c t  c o n t a c t  wi.th t h e  water, and no r a d i o a c t i v e  material would b e  

t r a n s f e r r e d  t o  t h e  water. The water would not d e c r e a s e  The e f f e c t i v e -  

nes s  o f  t h e  cask  by c o r r o s i o n  o r  s i m i l a r  d e t e r i o r a t i o n ;  t h e  effec.l :  of 

t h e  c a v i t y  f lood ing  on c r i t i c a l i t y  i s  covered i n  S e c t .  5.  

1 . 7  S p e c i a l  Form 

The r a d i o a c t i v e  and f i s s i l e  materials sh ipped  i n  t h e  OWL loop 

t r a n s p o r t  c a s k  are e i t h e r  encased i n  unbreached metal. c l add ing  o r  p l aced  

i n  a 2R conta iner '  o r  encapsu la t ed  t o  conform w i t h  the requi rements  f o r  

spec ia l  form materials.  The. OIWL Opera t ions  D i v i s i o n  c e r t i f i e s  t h a t  i t s  

encapsu la t ed  materials conform t o  t h e  s p e c i a l  form requi rements  of Annex 

4 of MC 0529,2 

c a p s u l e  des igns .  When a d e s i g n  i s  similar i n  s i z e ,  mass, wall t h i c k n e s s ,  

material ,  weld des ign ,  e t c . ,  t o  a p rev ious ly  t e s t e d  capsu le ,  t h e  desaign 

is  c e r t i f i e d  as s p e c i a l  form on t h e  basis of previous t es t  results. I F  

t h i s  s i m i l a r i t y  does not ex i s t ,  a p r o t o t y p e  must  be t e s t e d  as p r e s c r i b e d  

by the  r e g u l a t i o n s . 1  

i l l u s t r a t e d  i n  F ig .  1-49. The capsu le  cross s e c t i o n  may be  c i rcular  o r  

r e c t a n g u l a r .  

The p r e s c r i b e d  tests have been performed a n  a number of 

A t y p i c a l  example o f  a s p e c i a l  form capsule  is 
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F i g .  1 .49 .  Typ ica l  s p e c i a l  form encapsu la t ion .  
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I I 8 I n n e r  Container  Design 

Typ ica l  i nnc i  2R c o n t a i n e r s  used at. OKNL f o r  shipment of s o l i d  

r a d i o a c t i v e  mater ia l  are i l l u s t r a t e d  i 11 Figs .  1.50 through l 53. f i e  

materials of c o n s t r u c t i o n  and b o l t i n g  f o r  t h e s e  con ta inc ra  are l i m i t e d  

t o  a u s t e n i t i c  s t a i n l e s s  s teels  o r  other inaterials which ma in ta in  t h e i r  

d u c r i l i t y  a t  tempera tures  as Jaw a s  -40'F.  These materials are pur- 

chased i n  accordance w i t h  ASME o r  ASTM s p e c i f i c a t i o n s .  The des ign  

tempera ture  f o r  t h e  2R c o n t a i n e r  i s  taken as 440°F ,  which is t h e  maximum 

teirlpczrature computed f o r  the i n n e r  c o n t a i n e r  under norinal c o n d i t i o n s  of 

rarisport  (Sec t .  2 ) .  When i t  is  assumed that. the  2R c o n t a i n e r  and 

c o n t e n t s  are asscmbled a t  an ambient tempera ture  of 70'F and a i r  prcs -  

sure of I b  7 p s i a ,  a tempc?-r,iture of 440°F w i l l  produce a p r e s s u r e  i n s i d e  

t h e  c o n l a i n e r  o f  

= 25 psis . 

When j-t i s  assumed t h a t  t h e  least externa l .  p r e s s u r e  exper ienced  by the  

c o n t a i n e r  w i l l  be  0 .5  times t h e  s t a n d a r d  a tmospher ic  pressuse (Sec t .  1 .5 .3) ,  

the g r e a t e s t  gauge p r e s s u r e  exper ienced  will be 25 .- 7.35 = 1 7 . 7  p s i g .  

The des ign  p r e s s u r e  f o r  t h e  2R c o n t a i n e r  was t h e r e f o r e  e s t a b l i s h e d  

c o n s e r v a t i v e l y  as 20 p s i g -  'l'he des ign  stress i s  10,300 p s i ,  ~ b . i c h  i s  

the m i n i m u m  l i s t e d  i n  Sec t .  V I I L 2 6  Cables f o r  a tempera ture  of 500°F. 

The 2R c o n t a i n e r s  used i n  the OIPNL loop t r a n s p o r t  ca sk  w i l l  have 

the minimum head and w a l l  t h i cknesses  g iven  i n  Table 1 . 9 .  These dinen- 

si.ons are hased on the requi rements  of S p e c i f i c a t i o n  2 K 4  and Sect .  V I 1 1  

of t h e  ASME B o i l e r  and Pressure Vessel. Code, The equa t ions  used t o  

de te rmine  t h e s e  thicknesses are t h e  a p p l i c a b l e  equa t ions  f o r  s i z i n g  

p r e s s u r e  vessel she l l s  and heads g iven  i n  Sect .  VI11 of  t h e  ASME code. 

The a p p l i c a b l e  equa t ion  f a r  de te rmining  the s h e l l  thickness is Eq.  (1) 

i.n paragraph UG 2 7 :  

t = pl - / (SE - 0 . 6 ~ )  , (1.107 j 
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WELD OPTIONAL 
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Fig. 1.50. Pipe element 2R conta iner .  
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7 '.I- 

THREADED FLANGE 
OR THRU BQkT 
A t X  EQTA BLE 

AMY HEAO PERMISSIBLE 
PER SECT pnr ASME 

AND PRESSURE 
VESSEL CODE ( d  1 

Fig. 1.51. Details oE t y p i c a l  flanged 2R container. 
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/ CAP 

Fig .  1 .52 .  Typica l  threaded 2R container. 
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where 

t = w a l l  t h i c k n e s s  ( i n . ) ,  

r = r a d i u s  of c o n t a i n e r  ( i n . ) ,  

S = allowable stress = 1.0,300 p s i ,  

E = j o i n t  e f f i c i e n c y  = 1 f o r  2R c o n t a i n e r s ,  

Table  1,9. Dimension schedu le  f o r  S p e c i f i c a t i o n  2K c o n t a i n e r s  
_I -I._ 

Dimensions ( i n . )  f o r  symbols 
shown i n  F i g .  1.50 Bolt  

-I- .- - -..- ___- 
No I S i z e  f th ta t S d t 

-- --____ _.I-. 

2 3 / 3 2  3/16 3/16 318 4 1 /4 -20  

3 x/ 8 114 1 / 4  318 6 1/4-20 

4 1/8 1 / 4  l / 4  318 6 1/4-20 

5 118 11 4 1/4 31 8 6 5/16-18 

5 3 / 4  118 3/8 1 / 4  318 6 5/16-18 
--- -- 

TIie a p p l i c a b l e  equation f o r  de t e rmin ing  t h e  t h i c k n e s s  of t h e  top and 

bot tom heads i s  Eq. (1) i n  paragraph  UG 34:  

where 

d = diameter  o f  head ( i n . ) ,  

C = f a c t o r  dependent upon method o f  a t tachment  used f o r  head. 

The stress i n  the b o l t s  of b o l t e d  2B c o n t a i n e r s  r e s u l t i n g  from 

i n t e r n a l  p r e s s u r e  i s  g iven  by the equa t ion  
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where 

p = i n t e r n a l  gauge p r e s s u r e  ( p s i ) ,  

A = area of c o n t a i n e r  l i d  exposed t o  i n t e r n a l  p r e s s u r e  ( i n . 2 ) ,  

n = number of B o l t s ,  

S 
d = diameter  of c o n t a i n e r  l i d  ( i n . ) .  

A = stress area of one b o l t  ( i n . 2 ) ,  

The g r e a t e s t  stress on the 5/16-18 b o l t s  (Table 1 . 9 )  w i l l -  occur  f o r  t h e  

g r e a t e s t  v a l u e  of d2/nAS. A s  i n d i c a t e d  i n  Table  1 . 9 ,  t h i s  w i l l  b e  when 

t h e  d iameter  o f . t h e  c o n t a i n e r  l i d  is 5.75 i n . ,  t h e  number O F  b o l t s  i s  

s i x ,  and t h e  stress area of one 5/16-18 b o l t  i s  0.0524 i n . 2 . 1 7  

r e s u l t i n g  stress 

The 

CJ ;= 2 0 ~ ( 5 . 7 . 5 ) ~ / 4 ( 6 ) ( 0 . 0 5 2 4 )  -- 1652 p s i  . t 

The S p e c i f i c a t i o n  2R c o n t a i n e r s  sh ipped  i n  the ORNL loop  t r a n s p o r t  

cask  are  f a b r i c a t e d  i n  accordance w i t h  ORNL Qiial i ty  Assurance Procedures .  

Appl icable  approved OWL procedures  are used f o r  weld ing ,  and all welds 

are i n s p e c t e d  i n  accordance w i t h  approved ORNTA weld i n s p e c t i o n  procedures .  

The b o l t i n g  f o r  t h e  S p e c i f i c a t i o n  2R c o n t a i n e r  i s  i nc reased  beyond that 

r e q u i r e d  f o r  p r e s s u r e  t i g h t n e s s  under t h e  h y p o t h e t i c a l  a c c i d e n t  cond i t ions .  

Some dimensions of t h e s e  c o n t a i n e r s  are i n c r e a s e d  beyond the c a l c u l a t e d  

v a l u e s  o r  t hose  r e q u i r e d  by S p e c i f i c a t i o n  2R t o  f a c i l i t a t e  f a b r i c a t i o n .  

S i l i c o n e  rubber  g a s k e t s  o r  metall ic g a s k e t s  made from metals w i t h  me l t ing  

p o i n t s  h i g h e r  t han  800°F are  used i n  2R c o n t a i n e r s  sh ipped  i n  t he  ORNL 

loop  t r a n s p o r t  c a s k ,  

2 .  THERMAL EVALUATION 

T%e t empera tures  and i n t e r n a l  p r e s s u r e s  r e s u l t i n g  from exposure of 

t h e  OWL loop t r a n s p o r t  ca sk  t o  t h e  p r e s c r i b e d  heat c o n d i t i o n s  of normal 

t r a n s p o r t  and t h e  thermal c o n d i t i o n  o f  the  hypothezical accident are 

d i s c u s s e d  i n  t h i s  s e c t i o n .  'The e x i s t i n g  OREJL computer program HEATING-3, 

modif ied  t o  evaluare phase  change of materials, w a s  used  t o  compute ehe 

tempera ture  d i s t r i b u t i o n  i n  t h e  cask  and i ts  c o n t e n t s  under t h e  s p e c i f i e d  
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c o n d i t i o n s .  The thermal  p r o p e r t i e s  of t h e  cask  materials used  i n  t h e  

tempera ture  d i s t r i b u t i o n  computations are g iven  i n  Table 2.1. 

2 . 1  Thermal Eva lua t ion  f o r  Normal Condi t ions  of Transpor t  

The ERDA r e g u l a t i o n s 2  s t i p u l a t e  t h a t  t h e  s h i p p i n g  package be  a b l e  

t o  w i t h s t a n d  d i r e c t  s u n l i g h t  a t  a n  ambient tempera ture  of 130°F i n  s t i l l  

a i r  wi thou t  reducing  t h e  e f f e c t i v e n e s s  of t h e  packaging. For t h i s  c a s e ,  

t h e  maximum p e r m i s s i b l e  i n t e r n a l  h e a t  l oad  of 1000 W w a s  assumed. The 

r e g u l a t i o n s 3  set  f o r t h  by DOT s t i p u l a t e  t h a t  t h e  tempera ture  of any 

a c c e s s i b l e  s u r f a c e  of t h e  f u l l y  loaded  s h i p p i n g  package i n  t h e  shade i n  

s t i l l  a i r  a t  an ambient tempera ture  s h a l l  no t  exceed 122'F when t h e  

package i s  sh ipped  by common carrier, and 180°F when t h e  package i s  

t r a n s p o r t e d  on a so le-use  v e h i c l e .  For t h i s  c a s e ,  ambient tempera ture  

was assumed t o  b e  100"F, and i n t e r n a l  decay-heat l oads  of 500 and 1000 W 

were assumed. 

2 . 1 . 1  Thermal model - 

The model of t h e  ORNL loop t r a n s p o r t  cask used i n  the computer h e a t  

t r a n s f e r  computations is i l l u s t r a t e d  i n  Fig.  2.1.  The c o n t e n t s  of t h e  

cask  were modeled as a homogeneous c y l i n d e r  w i t h  a nominal d iameter  of 

5.5 i n .  and l e n g t h  of 66 i n . ,  p h y s i c a l  p r o p e r t i e s  of s t a i n l e s s  steel ,  

and decay h e a t  d i s t r i b u t e d  evenly  throughout .  For modeling purposes ,  it: 

w a s  assumed t h a t  r a d i a t i o n  and conduct ion  were t h e  only modes of h e a t  

t r a n s f e r  a c r o s s  t h e  i n t e r n a l  a i r  gaps.  It is  a l s o  assumed t h a t  t h e  

h e a t  transfer i s  symmetric and t h e  top  is  i n s u l a t e d .  

on t h e  unde r s ide  of t h e  f i r e  s h i e l d  (Ewgs. M-Z1109-EL-Q20-E and EL-021-D 

i n  Appendix A) e f f e c t i v e l y  c u r t a i l  n a t u r a l  convec t ion  a i r  loops ,  t h e  

h e a t  t r a n s f e r  modes o p e r a t i n g  i n  t h e  r eg ions  s e p a r a t i n g  t h e  cask from 

t h e  f i r e  s h i e l d  may b e  cons ide red  t o  c o n s i s t  e x c l u s i v e l y  of r a d i a t i o n  

and conduct ion .  

S ince  t h e  w i p e r s  

When t h e  s t e a d y - s t a t e  tempera ture  d i s t r i b u t i o n  w a s  computed f o r  

exposure  of t h e  cask  t o  d i r e c t  s u n l i g h t  i n  s t i l l  a i r  a t  an ambient 

tempera ture  of 130"F, i t  was assuned t h a t  a so la r  h e a t  flux of 144 

B t u / h r - f t 2  w a s  i n c i d e n t  on t h e  e n t i r e  o u t e r  s u r f a c e  of the f i r e  s h i e l d .  
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F i g .  2.1, Model of O W  100p transport cask used in computer 
computations of temperature d i s t r i b u t i o n  f o r  thermal analyses (x, 'xx, 
' x x x ,  and 'xxxx are node numbers). 
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The f r a c t i o n  of t h e  i n c i d e n t  s o l a r  f l u x  absorbed by t h e  cask would b e  

e q u a l  t o  t h e  a b s o r p t i v i t y  of t h e  o u t e r  s u r f a c e  of the  cask ,  and i t  was 

assumed t h a t  t h i s  a b s o r p t i v i t y  is  0 .6 ,  f o r  which t h e  n e t  h e a t  f l u x  

absorbed by t h e  cask would b e  86.4 B t u / h r * f t 7 .  

2.1.2 _.I__.._. Maximum tempera tures  

Temperatures a t  p o i n t s  of i n t e r e s t .  throughout  t h e  OKNL loop t r a n s -  

p o r t  cask  r e s u l t i n g  froin i t s  exposure t o  t h e  p r e s c r i b e d  h e a t  c o n d i t i o n s  

o f  normal t r a n s p o r t  are g iven  i n  Table  2.2. The maximum tempera ture  of 

any a c c e s s i b l e  s u r f a c e  of t h e  cask  i n  t h e  shade  i n  still .  a i r  a t  an 

ambient tempera ture  of 100°F w a s  computed t o  be 120°F  when t h e  i n t e r n a l  

hea t  load  of t h e  cask  w a s  500 W.  This maximum tempera ture  occur red  a t  

midpoint  of t h c  bot tom of t h e  cask  and i s  less than  t h e  a l lowab le  

tempera ture  of 122'F f o r  t r a n s p o r t  by canmon cask .  With an i n t e r n a l  

h e a t  load  of LOO0 W ,  t h e  maximum tempera ture  of any a c c e s s i b l e  s u r f a c e  

of tlie cask  was computed t o  b e  140"F, which is  less than t h e  a l lowab le  

tempera ture  of 180°F f o r  t r a n s p o r t  by a so le-use  v e h i c l e .  The h i g h e s t  

t empera tures  i n  t h e  cask  occur red  when thc internal heat load  was 1000 W 

and the  cask  w a s  s u b j e c t e d  t o  d i r e s t  s u n l i g h t  i n  s t i l l  a i r  a t  an ambient 

tempera ture  of  130°F. The maxiiiium tempera ture  of any a c c e s s i b l e  s u r f a c e  

of the cask  w a s  computed t o  be 210°F. 

The s i m p l i f y i n g  assumption t h a t  t h e  c o n t e n t s  of the ORNL loop 

t r a n s p o r t  ca sk  c o n s i s t  o f  a homogeneous s o i l  (Sect .  2.2.1) r a t h e r  than  

an a r r a y  of c y l i n d r i c a l  rods  r e s u l t s  i n  a computed temperature a t  t h e  

c e n t e r l i n e  of t h e  cask  c o n t e n t s  t h a t  is lawer than the actinal tempera- 

t u r e  would be .  A c o r r e l a t i o n 2 7  f o r  c a l c u l a t i n g  a c o r r e c t e d  c e n t e r l i n e  

tempera ture  f o r  a t r i a n g u l a r  a r r a y  of c y l i n d r i c a l  rods  is  g iven  by the 

fo l lowing  equa t ion :  

where 

T1 = t empera ture  a t  t h e  c e n t e r  of the. ca sk  c o n t e n t s  (OR), 

K = dimens ionless  c o n s t a n t  from Fig .  1 9  of r e f .  27 = 11, 

CT' = 0.17.1.4 x B t u / h r * f t 2 * " R ,  
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Table 2 .2 .  Temperatures computed € o r  ORNL loop t r a n s p o r t  cask 
under normal c o n d i t i o n s  of t r a n s p o r t  

Cask t empera tures  ( O F )  i n  

Shade a t  100°F w i t h  
i n t e r n a l  h e a t  l oad  of 

Direct sun  at --.- Node a 
l o c a t i o n  500 W 1000 w 130°F and 1000 W 

1 2 70 400 440 

1 6  160 230 2 80 

26 150 210 270 

30 120 140 2 10 

19 6 160 220 280 

206 150 200 260 

2 10 1 2 0  130 2 10 

271 2 30 350 390 

601 150 210 2 70 

608 150 210 270 

882 150 210 260 

1036 1 2 0  140 210 

10 50 110 110 19 0 
- 
a S e e  F i g .  2 . 1 .  

Q l / A l  = h e a t  f l u x  from one rod i n  the a r r a y  ( B t u / h r - f t 2 - ) ,  

Tz = mean tempera ture  of t h e  2R c o n t a i n e r  r e s u l t i n g  from 

exposure of t h e  cask w i t h  a n  i n t e r n a l  h e a t  l oad  of 1000 \\I 

to d i r e c t  s u n l i g h t  a t  an ambient tempera ture  of 130°F (OR). 

To p r o v i d e  c o n s e r v a t i v e  r e s u l t s ,  t h e  maximum tempera tu re  of t h e  2R 

c o n t a i n e r  w a s  used a t  T;. i n  Eq .  (2 .1) .  This t empera ture  occur red  a t  

node 271 and w a s  computed t o  b e  390°F (850"R). Based on an a r r a y  of 
t h i r t y - s e v e n  1/4-in.-diam rods ,  t h e  area of one rod 

A1 = ndL = [ ~ ( 0 . 2 5 > ( 5 4 . 3 7 5 ) ] / 1 4 4  

= 0.2966 f t 2  , 
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and t h e  h e s t  ra te  of  one rod 

(21 = (1000 W/37 rods)(3.413 Btu/hr-W) (2.3) 

Thus the  max imum tempera ture  a t  the c e n t e r  01 61ie cask con ten t s  

1260°K = 800°F . 

Nei the r  a fuel. element, experi.aieni: n o r  s p e c i a l  form c l add ing  w i l . 1  fni.1. 

a t  this 1:emperature. it Ls be1ow t he mel t ing-poin t  tempera ture  of 

c l add ing  iriaterkil, 

alum temp era ill L es -- I 

The r e g u l a t i o n s  s e t  forvh  by UOT r e q u i r e  that i h s  cask be a b l e  t o  

withstar ld  an ambient tempera tu t -v  of -LOOF i n  s L i l l  a i r  and shade .  A s  

d i s c u s s e d  i n  S e c t .  1.5.7, no reasons ~ ~ 7 - r ~  fauntl t o  i n d i c a t e  t h a t  t h e  

e f f p r t i w n e s s  of  t h e  OWhL loop  iransp:,rt a s k  Tlculd b e  r educed  by  

exposure t o  t h e  s L i puJ a t d  i n i n l m ~ i ~ n  I c*rrperatczre. 

'lhe presskre i n  t h e  I n t F r i d  a i r  gaps of L l i e  cask  ill i n c r e a s e  as 

a r e s ~ ~ l t  of e x p o s u ~ c  of the CIKNL. I m p  t ranspoxt  cask t o  the h e a t  con-- 

d i  riotis  of normal t r a n s p o r t .  The phressures resu l t<  ng f r o m  exposure of 

the cask t o  t h e  maximurn heat c o n d i t i o n  of norrrial t r a n s p o r t  were es t i - -  

mated by u s i n g  h e  ideal r e l a t i  o n s h i p  o f  the perfec t -gas  1 a m  exempli f i e d  

in E q .  (2 .4 ) :  
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The assuniptions made € o r  t h e s e  estimates i nc luded  a constant: vo1ume, a 

cask  sealing t empera ture  (TI) of 70°F ( 5 3 0 " ~ ) ,  and a sealfng pressure 

( p l )  of 14.7 p s i a .  The elevated gas tempera tures  (T2) used  were average 

tempera tures  ob ta ined  from t h e  computer output. 

i n n e r  c o n t a i n e r  of the cask, the resulting pressure  

For a i r  t rapped  in t h e  

TI-E r e s u l t i n g  p r e s s u r e  of t h e  a i r  trapped i n  t h e  cask c a v i t y  

p2 = 14.7(32.0 -t- 4 6 0 ) / 5 3 0  = 2 1 . 6  p s i a  = 6.9 p i g  d) 

The p r e s s u r e  of the air rrapped in the  shielding p lug  cavfty 

and t h e  r e s u l t i n g  p r e s s u r e  of the  a i r  t rapped  i n  the lead c a v i t y  

These i n t e r n a l  pressures resulted from exposure o f  the ORPSL loeq) trans- 

p a r t  cask, w i t h  an  internal  heat load of 3.008 W, t o  d i r e c t  sunlight.  in 

stil.1- a i r  a t  an ambient temperature of 1.30"F. 

2.. 2 Thermal Hypo the t i ca l  Accident  Evaluarioti 

The t h i r d  i n  chi?. sequence of h y p o t h e t i c a l  accidenr conditions t o  

w h i c h  a package used f o r  shipment of f i s s i le  or a l a r g e  quanit-ity of 

r a d i o a c t i v e  n i a t e r f a l  must b e  s u b j e c t e d  i s  exposure f o r  30 min within a 

source: of r a d i a n t  h e a t  having a t empera ture  of 1475°F and an emissivity 

c o e f f i c i e n t  of 0.9 e q u i v a l e n t .  For c a l c u l a t i o n a l  purposesI i t  s h a l l .  'ne 

assumed that t h e  package has an a b s o r p t i o n  c o e f f i c i e n t  of 0 - 8 .  The 

package shall n o t  be cooled a r t i f i c i a l l y  until 3 h r  af ter  the 70-rnin 

test p e r i o d  has expired and rhe tempera ture  ac the c e n t e r  02  he package 

has begun t o  f a l l ,  u n l e s s  i t  can be  shown that t h e  temperature at trhe 
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c e n t e r  of t h e  package has  begun t o  f a l l  i n  less t h a n  3 h r .  Damage from 

t h e  f ree-drop  and puncture  cond i t ions  of t h e  h y p o t h e t i c a l  a c c i d e n t  is n o t  

expec ted  t o  a f f e c t  t h e  thermal  performance of t h e  c o n t a i n e r  adve r se ly .  

2,2.1 Thermal model 

The e f f e c t s  of t h e  thermal  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  were 

analyzed  by u s i n g  the s a m e  geometr ic  model of t h e  Q W L  loop  t r a n s p o r t  

cask  i n  a HEATING3 computer c a l c u l a t i o n  t h a t  was used t o  ana lyze  Che 

e f f e c t s  of t h e  h e a t  c o n d i t i o n  of normal t r anspor t t l .  This  model, desc r ibed  

i n  Sec t .  2 . 1 . 1 ,  was used t o  de te rmine  t h e  tempera ture  d i s t r i b u t i o n  w i t h i n  

the  cask  du r ing  t h e  30-min thermal  exposure and t h e  pos texposure  cooldown 

pe r iod .  The s teady-s tate t empera ture  ilis t r i b u t i o n  r e s u l t i n g  from expo- 

s u r e  of t h e  cask  t o  t h e  n o m a l  c o n d i t i o n  of an  ambient tempera ture  of 

100°F w i t h  a n  i n t e r n a l  h e a t  load of  1000 W was used as t h e  s t a r t i n g  

p o i n t  f o r  t h e  a c c i d e n t  c o n d i t i o n  computat ions.  Tlne boundary c o n d i t i o n  

parameters  were a d j u s t e d  t o  encompass exposure of  t h e  cask f i r e  s h i e l d  

t o  the r a d i a n t  h e a t  tempera ture  of l475"F f o r  a 30-min p e r i o d .  The 

s u r f a c e  convec t ion  parameters  were a l so  a d j u s t e d  du r ing  t h e  pos texposure  

t i m e  p e r i o d  t o  account  f o r  t h e  e l e v a t e d  s u r f a c e  tempera ture .  The pos t -  

exposure pe r iod  was cons idered  ove r  a long  enough p e r i o d  t o  a l low a l l  

cask  tempera tures  t o  b e g i n  dec reas ing  w i t h  t i m e .  No special  coo l ing  w a s  

assumed, on ly  normal r a d i a t i o n  arid natural convect ion  t r a n s f e r  t o  t h e  

100°F environment.  

2.2.2 Maximum - temperal_?lt 

The temperature- t ime h i s t o r y  of several  p o i n t s  of i n t e r e s t  r e s u l t i n g  

from exposure of t h e  O M a  loop t r a n s p o r t  cask  t o  t h e  thermal  a c c i d e n t  

c o n d i t i o n  is  shown i n  F i g .  2 . 2 ,  The l o c a t i o n s  of t h e s e  p o i n t s  are 
i l l u s t r a t e d  i n  Fig.  2 . 1 .  

A f t e r  t h e  cask  had been al lowed t o  coo l  €or  10 min, t h e  c a l c u l a t e d  

tempera ture  a t  i t s  c e n t e r l i n e  was 4 2 Q 0 F ,  w h i l e  the maximum tempera ture  

w i t h i n  t h t  cask  was c a l c u l a t e d  t o  be  590°F. The maximum tempera ture  of  

t h e  pr.imary seal  was c a l c u l a t e d  to be 410°F. Since  t h e s e  tempera tures  

would n o t  r e s u l t  i n  harmful  e f f e c t s ,  t h e  t r a n s i e n t  computat ions w e r e  

s topped  a t  t h i s  p o i n t  d u r i n g  t h c  c o o l d ~ ~ n  p e r i o d .  
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F i g .  2 .2 .  Temperature-time h i s t o r y  of ORNL loop t r a n s p o r t  cask 
r e s u l t i n g  f r o m  exposure t o  thermal a c c i d e n t  c o n d i t i o n  ( l o c a t i o n  of node 
numbers i l l u s t r a t e d  i n  F ig ,  2 .1) .  
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2 .. 2 - 3 Maximum p r e s s u r e s  
~ .......... ........ ______ 

The p r e s s u r e  i n c r e a s e  wii:hia t h e  cask  c a v i t y  r e s u l t i n g  from expo-- 

s lire t o  t h e  'chermal a c c i d e n t  c o n d i t i o n  cannot  be  c a l c u l a t e d  p r e c i s e l y  ~ 

s i n c e  i t  was p r e d i c t e d  that  t h e  secondary cask sea l  wou1.d f a i l .  Such a 

seal couXcl fail .  ove r  a broad range  of tempera tures ,  and t h e  maximum 

tempera ture  a t  f a i l u r e  w a s  assumed t o  be t h e  maximiurn tempera ture  w i t h i n  

the cask c a v l t y .  The result.i .ng p r s s su re  i n c r e a s e  w a s  c a l c u l a t e d  by 

us ing  E q .  ( 2 . 4 )  and t h e  same assumptions inade t o  c a l c u l a t e  t h e  p r e s s u r e  

i n c r e a s e s  r e s u l t i n g  froin exposure of t he  ORNL loop t r a n s p o r t  cask t o  t h e  

heail co i ld i t ion  of normal t r a n s p o r t  (d i scussed  i n  Sect.  2 .1 .4 ) .  The 

elevated tempera tures  (T2) used in these computat ions were average 

teiiryeratures ob ta:i-ned f rom t h e  computer o u t p u t .  The r e s u l t i n g  p r e s s u r e  

( p 2 )  of a i r  t r a p p e d  w i t h i n  the. cask c a v i t y  

= 1 4 . 7 ( 8 7 0 ) / 5 3 0  

= 2 4 . 1  p s i a  = 9 . 4  psi.g , 

avid t h e  r e s u l t i n g  press t i re  w i t h i n  t h e  cask i-nner c o n t a i n e r  

p2  = 1 4 . 7 ( 8 6 0 ) / 5 3 0  = 23.9 p s i a  = 9 . 2  p s i g  . 

2.2.4 Damage assessment  - ._ . . . . . . . . ___ 

Exposure of t h e  ORNL loop  t r a n s p o r t  cask t o  the thermal c o n d i t i o n  

o f  t h e  h y p o t h e t i c a l  acci-de-fit will n o t  r e s u l t  i n  a loss of primary con- 

taiotnent. However, the  secondary seals w i l l .  f a i l  as R r e s u l t  of the 

higli  t empera tures ;  and secondary cool-ant ( a i r ) ,  which is no t  contami- 

n a t e d ,  w i l l  b e  r e l e a s e d .  A s  i l l u s t r a t e d  in Fig .  2 - 3 ,  a p o r t i o n  o f  the 

l e a d  wi.thin the cask wi2.l. we1.t, and the corrseqclence of  t h i s  p o t e n t i a l  

s h i e l d i n g  l o s s  i.s d i s c u s s e d  i n  Sect .  4 .  The d e f l e c t i o n  of t h e  steel. 

o u t e r  s h e l l  of t h e  cask  rc su l - t i i ng  f r o m  expansion of the lead w a s  d i s -  

cussed  i n  Sec t .  1 .6 .3 .1 ,  It was concluded t h a t  exposure of t h e  OilNL 
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loop  t r a n s p o r t  ca sk  t o  t h e  thermal  c o n d i t i o n  of  t h e  h y p o t h e t i c a l  acci- 

d e n t  w i l l  n o t  r e s u l t  i n  a l o s s  of containment ,  r a d i a t i o n  doses  i n  

excess  of t h o s e  al lowed by t h e  r e g u l a t i o n s ,  o r  c a t a s t r o p h i c  f a i l u r e  of 

t h e  cask  s h e l l .  

3 .  CONTAINMENT 

The r e g u l a t i o n ~ l - ~  r e q u i r e  t h a t  packages i n  which f i s s i l e  o r  large 

q u a n t i t i e s  of r a d i o a c t i v e  materials are sh ipped  must ma in ta in  conta in-  

ment of r a d i o a c t i v e  con ten t s  under t h e  s t i p u l a t e d  normal and a c c i d e n t  

condi t i o n s  of t r a n s p o r t .  The containment boundar ies  and c a p a b i l i t i e s  of 

t h e  ORNL loop  t r a n s p o r t  ca sk  are d i scussed  i n  this s e c t i o n .  

3 1. Containment Boundaries 

The containment boundar ies  f o r  t h e  sh ipp ing  o p t i o n s  ava i l - ab le  ~7j.th 

t h e  ORNL loop  t r a n s p o r t  cask are d e s c r i b e d  i n  t h e  fo l lowing  paragraphs .  

3.1.1. I_c_- Secondary containment  

The cask  c a v i t y  and t h e  gaske ted  access p l u g s  form the secondary 

containment  boundary f o r  a l l  shipments  w i t h  t h e  OWL loop  t r a n s p o r t  cask .  

This containment  boundary i s  p r e s s u r e  t e s t e d  i n  accordance w i t h  t h e  

procedures  s e t  f o r t h  i n  Appendix E. 

3 .1 .2  Primary .I containment  

rThe f u e l  e lement  c l add ing  o r  experiment  s h e l l s  t h a t  s e rved  as a 

contaixunent boundary i n  t h e  r e a c t o r  du r ing  i r r a d i a t i o n  can a l s o  serve as 

the primary containment  f o r  shipments .  However, i f  i t  is known o r  

suspec ted  t h a t  t h e  containment  boundary h a s  been breached ,  the i t e m  t o  

b e  sh ipped  is  enc losed  i n  a S p e c i f i c a t i o n  2RLt c o n t a i n e r .  

For shipments  of  spec ia l .  f orm materials, t h e  pr imary containment 

boundary i s  fornied by t h e  welded encapsu la t ion .  A typical .  spec ia l  

form encapsu la t ion  i s  i l l u s t r a t e d  i n  F i g .  1.49 (Sec t .  1 . 7 ) .  I f  t h e  

material t o  b e  sh ipped  i s  enclosed  i n  a double  e n c a p s u l a t i o n ,  t h e  o u t e r  

welded capsu le  forms the secondary containment  boundary. These l i n e s  of 
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containment are l e a k  checked r o u t i n e l y  by us ing  mass spec t romete r  o r  

l e a k  d e t e c t i o n  t echn iques  w i t h  an e l eva ted - t empera tu re  solution-immersion 

bubble.  I r r a d i a t e d  metal specimens t h a t  conform t o  the requi rements  f o r  

s p e c i a l  form materials are sometimes sh ipped  i n  t h e  O W  loop t r a n s p o r t  

cask.  These specimens do n o t  have t r a n s f e r a b l e  s u r f a c e  contaminat ion  i n  

excess  of a l l o w a b l e  l i m i t s ,  and they t h e r e f o r e  do n o t  r e q u i t e  a primary 

containment v e s s e l .  

All o t h e r  materials which do n o t  conform to t h e  requi rements  f a r  

s p e c i a l  form materials are p laced  i n  S p e c i f i c a t i o n  2 R  c o n t a i n e r s ,  which 

form t h e  primary containment boundary, f o r  shipment.  Typ ica l  examples 

o f  t h e  2R c o n t a i n e r s  used a t  ORNL are i l l u s t r a t e d  i n  P igs .  1.50 through 

1 .53  (Sec t .  1.8). These c o n t a i n e r s  are des igned  t o  b e  l e a k - t i g h t  t o  t h e  

e x t e n t  t h a t  water w i l l  not l e a k  from them a t  t h e  a n t i c i p a t e d  maximum 

tempera tu re  and p r e s s u r e .  The c o n t a i n e r  i l l u s t r a t e d  i n  Fig.  1.51 is 

des igned  f o r  l e a k  checking and w i l l  b e  l e a k - t i g h t  t o  t h e  extent t h a t  

l e a k s  cannot b e  d e t e c t e d  by u s i n g  pressure-drop-over-t ime techniques.  

A l l  powders and o t h e r  d i s p e r s i b l e  materials are sh ipped  i n  2R c o n t a i n e r s  

t h a t  are l e a k  checked, w h i l e  s o l i d s ,  suck as metal specimens,  e tc . ,  can 

b e  sh ipped  i n  c o n t a i n e r s  t h a t  are not  des igned  f o r  l e a k  checking. 

3.2 Requirements €o r  Normal Condi t ions  of T ranspor t  

The S p e c i f i c a t i o n  2R c o n t a i n e r s  are des igned  (Sec t .  1.8) t o  wi th-  

s t a n d  tempera tures  and p r e s s u r e s  i n  excess  of t h o s e  encountered  du r ing  

normal t r a n s p o r t .  Thus, no release of r a d i o a c t i v e  material and no loss  

o r  contaminat ion  of c o o l a n t  w i l l  r e s u l t  from exposure  of t h e  f n n e r  2R 

c o n t a i n e r s  t o  t h e  normal c o n d i t i o n s  of t r a n s p o r t .  The test sequence f o r  

special  form materials is more severe than  the normal c o n d i t i o n s  of 

t r a n s p o r t ,  and no release of r a d i o a c t i v e  materials is expec ted  t o  r e s u l t  

from exposure  of t h o s e  conrainment v e s s e l s  t o  t h e  normal c o n d i t i o n s  of 

t r a n s p o r t .  The r e s u l t i n g  p r e s s u r e  i n c r e a s e s  w i l l  be less than  those  

exper ienced  i n  t h e  thermal  tes t  f o r  s p e c i a l  form materials, and t h e r e  

w i l l  b e  no l o s s  o r  contaminat ion  of c o o l a n t  ( a i r ) .  

Exposure of t h e  ORNL loop t r a n s p o r t  cask  t o  t h e  normal c o n d i t i o n s  

of  t r a n s p o r t  w i l l  n o t  r e s u l t  i n  a l o s s  of secondary containment.  The 
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p r e s s u r e  i n c r e a s e  i n  t h e  cask c a v i t y  w i l l  n o t  be i n  excess  of t h e  a l l o w -  

a b l e  p r e s s u r e ,  and the tempera tures  encountered w i l l  be w i t h i n  t h e  

o p e r a t i n g  1.i.inits of  t h e  materials forini.ng t h e  bouodary of secondary 

containment .  

3 .3  Requirements f o r  Accident Condi t ions 

i t  has been concluded t h a t  secondary c o a t a i o ~ ~ i e n t  ~ 1 3 . 1  b e  l o s t  as a 

r e s u l t  of exposure of t h e  ORNL loop  t r a n s p o r t  cask t o  t h e  h y p o t h e t i c a l  

a c c i d e n r  cond i t ions .  Thc Cree-drop c o n d i t i o n  of t h e  h y p o t h e t i c a l  acci-- 

dent. would rc,;ult i n  f a i l u r e  of  mechartical sea l s  and p o s s i b l y  i n  Liie 

r u p t u r e  of welds i n  t h e  secondary containment .  Exposure of t h e  cask  t o  

t h e  thermal c o n d i t i o n  of the h y p o t h e t i c a l  accidcnr. would r c s u l  t I n  

decomposi t ion of c l o s u r e  g a s k e t s .  [ k s p i t e  t h e  l o s s  of secondary conta in-  

ment i t  h a s  been concluded that  pr imary containment of r a d i o a c t i v e  

materials w i l l  be  main ta ined  du r ing  and a f t a n  exposure of t h c  cask t o  

t h e  h y p o t h e t i c a l  a c c i d e n t  conditiorrs . 

3.3 .1  - Special form materials 

The test  series f o r  s p e c i a l  Forin materials demonstrates  tliat t h e  

e n c a p s u l a t i o n  around these materials w i l l  n o t  f a i l  o r  leak conterits  as a 

r e s u l t  of t h e  s p e c i f i e d  f r e e  d r o p s .  PIP thermal  test  s t i p u l a t e d  Tor 

s p e c i a l  form materials r e s u l t s  i n  temperatures i n  excess of t h o s e  com- 

puted  f o r  t h c  cask  c o n t e n l s  du r ing  arrd a f t e r  exposure t o  the themal. 

c o n d i t i o n  of t h e  h y p o t h e t i r a i  a c c i d e n t  (Sect. 2 ) .  The water immersion 

t es t  f o r  s p e c i a l  form materials is  i d e n t i c a l  to that for the h y p o t h e t i c a l  

a c c i d e n t .  It was t h e r e f o r e  concluded t h a t  if s p e c i a l  f o m  materlals are 

sh ipped  i n  t h e  OKNE l oop  t r a n s p o r t  cask ,  primary. containmen; wtll h e  

main ta ined  du r ing  and a f t e r  exposure of t h e  cask  t o  the  cond i t ions  of 

the hypo t l ie i ical  a c c i d e n t .  

3.3.2 I n n e r  c o n t a i n e r s  

S p e c i f i c a t i o n  2R c o n t a i n e r s 4  are used. e x t e n s i v e l y  a t  OKNI, i n  con- 

j t inct ion w i t h  v a r i o u s  s h i e l d e d  casks  f o r  t h e  shipment of radiaacsive 

materials. The des ign  s t a n d a r d s  f o r  t h ~ s c ?  c o n t a i n e r s  are d i s c u s s e d  in 
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were n o t  exceeded du r ing  o r  a f t e r  exposure of t h e  ORNL loop  t r a n s p o r t  

c a s k  t o  the thermal. c o n d i t i o n  of t h e  h y p o t h e t i c a l  a c c i d e n t .  The com- 

putled t empera tu re  of t h e  i n n e r  c o n t a i n e r  primary seal  d i d  n o t  r each  

410'F (Fig.  2.2), and d a t a  p u b l i s h e d  by t h e  Pa rke r  S e a l  Companyl9 i n d i -  

c a t e  t h a t  t h e s e  s i l i c o n e  rubber  g a s k e t s  have a maximum service tempern- 

c u r e  o f  450°F. It w a s  t h e r e f o r e  concluded t h a t  p r i m a r y  containment 

a f f o r d e d  by i n n e r  2R c o n t a i n e r s  would n o t  be  l o s t  as a r e s u l t  o f  expo- 

sure  of  t h e  ORNL loop t r a n s p o r t  ca sk  t o  t h e  thermal  c o n d i t i o n  of t h e  

h y p o t h e t i c a l  a c c i d e n t  The tests o u t l i n e d  i n  S e c t .  3.3.3 w e r e  conducted 

t o  demonst ra te  t h e  a b i l i t y  of 2 K  c o n t a i n e r s  t o  ma in ta in  t h e i r  i n t e g r i t y  

and containment a b i l i t y  a f t e r  t h e  30-f t  f r e e  drop and subsequent  impact. 

The des ign  p r e s s u r e  and tempera ture  of the 2R c o n t a i n e r s  

3 .3 .3  -. I n n e r  c o n t a i n e r  drop test  

On August 21, 1974,  two S e p c i f i c a t i o n  2R c o n t a i n e r s  were drop 

tes ted a t  ORNL t o  e s t a b l i s h  t h e  adequacy of t h i s  t ype  of i n n e r  c o n t a i n e r  

as t h e  primary containment v e s s e l  for r a d i o a c t i v e  materi.als a These 

c o n t a i n e r s  are i l l u s t r a t e d  i n  Fig.  3.1. The 2R c o n t a i n e r s  are normally 

assembled by us ing  forged  caps f o r  b o t h  end c1osu res ,  and one cap i s  
o f t e n  welded t o  t h e  p i p e  t o  enhance s t r u c t u r a l  i n t e g r i t y .  Both mild 

steel  and s t a i n l e s s  steel  p i p e  and caps have been used f o r  2 R  c o n t a i n e r s .  

For t h e  drop rests d e s c r i b e d  h e r e S  cast s teel  (ma l l eab le )  caps w e r e  

used ar one end of t h e  c o n t a i n e r s  because  of a temporary s h o r t a g e  of 

fo rged  caps.  In each  of t h e  drop tests, t h e  fo rged  cap was n e a r e s t  t h e  

p o i n t  of impact.  'fie cast cap was nor  cons ide red  a p a r t  of t h e  t e s t  

excep t  t o  f aci li t a t e  leak tes t i n s .  Both c o n t a i n e r s  were soap-bubble 

l e a k  t e s t e d  w i t h  a i r  a t  a p r e s s u r e  of 10 p s i g  p r i o r  t o  impact t e s t i n g ,  

and t h e r e  w e r e  no d e t e c t a b l e  l e a k s .  

The f i r s t  c o n t a i n e r  t e s t e d  w a s  f i l l e d  w i t h  t a p  water, p l aced  i n  an 

e x i s t i n g  c a s i n g ,  as i l l u s t r a t e d  i n  F i g .  3.2,  and dropped through a 
d i s t a n c e  of 30 f t  t o  impact on t h e  ORNL test  pad a t  an a n g l e  of approxi- 

mate ly  17.3". The a n g l e  of  impact w a s  c a l c u l a t e d  from k h e  dinlensions of  

t h e  c a s i n g  deformat ion ,  

a f f o r d e d  by t h e  cask. The second c o n t a i n e r  was a l s o  f i l l e d  with t a p  

The c a s i n g  w a s  used t o  s i m u l a t e  t h e  p r o t e c t i o n  
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F i g .  3.1. S p e c i f i c a t i o n  2R c o n t a i n e r s  used i n  drop tests. 
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water, p l aced  i n  t h e  c a s i n g ,  and dropped t o  impact on i t s  end. The 

c o n t a i n e r s  were d r a i n e d  and soap-bubble t e s t e d  a t  a p r e s s u r e  of 10 p s i g ,  

and no l e a k s  were d e t e c t e d .  

Both c o n t a i n e r s  w e r e  t h e n  r e f i l l e d  w i t h  w a t e r ,  and t h e  f i r s t  con- 

t a i n e r  w a s  dropped through a d i s t a n c e  of 30 f t  on to  t h e  test pad wi thou t  

any o u t e r  p r o t e c t i o n .  The c o n t a i n e r  impacted a t  a ve ry  f l a t ,  o b l i q u e  

a n g l e .  Although no leakage  of water w a s  observed ,  t h e r e  were s i g n i f i -  

c a n t  l e a k s  a t  bo th  threaded  j o i n t s  when t h e  c o n t a i n e r  w a s  a i r - soap-  

bubble  t e s t e d  a t  a p r e s s u r e  of 10  p s i g .  The second c o n t a i n e r  w a s  a l so  

dropped w i t h o u t  any o u t e r  p r o t e c t i o n  so  t h a t  t h e  p l a n e  c o n t a i n i n g  t h e  

p o i n t  of impact and t h e  c e n t e r  of g r a v i t y  w a s  e s s e n t i a l l y  v e r t i c a l .  

Again, t h e r e  w a s  no v i s i b l e  loss  of  w a t e r  from t h e  c o n t a i n e r ,  b u t  t h e  

air-soap-bubble test a t  a p r e s s u r e  of 10 p s i g  r evea led  s i g n i f i c a n t  

l eakage  around t h e  lower ( n e a r e s t  t o  t h e  p o i n t  of impact) th readed  

j o i n t .  

It w a s  t h e r e f o r e  concluded t h a t  a S p e c i f i c a t i o n  2R c o n t a i n e r  made 

of th readed  s t a i n l e s s  o r  ca rbon- s t ee l  p i p e  and s t a i n l e s s  s teel  o r  fo rged  

s t e e l  caps is  adequate  t o  p rov ide  primary containment when i n s i d e  a 
s h i p p i n g  cask.  It w a s  also concluded t h a t  such a c o n t a i n e r  is n o t  

adequate  wi thou t  some e x t e r n a l  p r o t e c t i o n .  It is  obvious t h a t  t h e  

a c c e l e r a t i o n s  exper ienced  by t h e  test c o n t a i n e r s  w i t h i n  t h e  steel  c a s i n g  

were of g r e a t e r  magnitude than  would a c t u a l l y  b e  exper ienced  by an i n n e r  

2R c o n t a i n e r  i n  a s h i p p i n g  cask  s u b j e c t e d  t o  t h e  30-ft  f ree-drop  

c o n d i t i o n .  

Two i n n e r  2R c o n t a i n e r s  similar t o  t h e  c o n t a i n e r s  used w i t h  t h e  

ORNL loop  t r a n s p o r t  cask  were drop t e s t e d  by members of t h e  ORNL Chemical 

Technology D i v i s i o n  t o  e s t a b l i s h  t h e i r  containment c a p a b i l i t y .  The 

r e s u l t s  of t h e s e  tests, which are g iven  i n  Appendix D ,  i n d i c a t e d  t h a t  

t h e  c o n t a i n e r s  w e r e  capab le  of ma in ta in ing  containment of t h e i r  c o n t e n t s  

a f t e r  b e i n g  s u b j e c t e d  t o  a 30- f t  f r e e  drop and impact.  
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4 e SHIELDING 

The r e g u l a t i o n s 2  9 governing the shipment of r a d i o a c t i v e  and 

f i ss i le  materials speci.fy maximum permissible r a d i a t i o n  dose rates f o r  

both normal and a c c i d e n t  c o n d i t i o n s  of t r a n s p o r t .  These p e r m i s s i b l e  

rates and how they  are m e t  by t h e  BRNL loop transport cask are discussed 

i n  the fo l lowing  sibsecttons.  

4 . 1  Normal Condi t ions  

For  normal. c o n d i t i o n s  of  t r a n s p o r t ,  t he  r e g u l a t i o n s  stipulate t h a t  

t h e  dose rate a t  the s u r f a c e  of t h e  package i s  not t o  exceed 200 millirems/ 

h r .  Also,  t h e  t r a n s p o r t  i ndex  is not. t o  exceed 10. This  l i m i t s  the  

dose race a t  3 f t  from obe s u r f a c e  of the package t o  10 m i l l i i - e m s / h r .  

The b i o l o g i c a l  s h i e l d i n g  f o r  t h e  ORNL loop t r a n s p o r t  cask is  formed 

by a mi.n:irnum t h i c k n e s s  o f  8.3 i n .  of lead and 0.805 in, of carbon s t e e l  

and s t a h l e s s  s teel .  

area, t h e  cask is  surveyed  f a r  conformance to dose rate reqhtirenients, as 

o u t l i n e d  i n  the o p e r a t i n g  procedures  (given i n  Appendix E ) .  This c a l -  

c u l a t i o n  of dose rates t o  show compliance with the requirements f o r  

normal condi t io .ns  of t r a n s p o r t  i s  not  necessary. 

A f t e r  l o a d i n g  b u t  p r i o r  to removal froin t h e  l o a d i n g  

4 2 Accident Conditiocls 

For the s t i p d a t e d  a c c i d e n t  conditioms of transpart, the regu1.a- 

t i  oris r e q u i r e  t h a t  any r e d u c t i o n  i n  package s h i e l d i n g  no t  be s u f f i c i e n t  

t o  increase the e x t e r n a l  radi-at ion (lose rate t o  iiionre than 1000 n i : i - l l i r e n z s /  

h r  at a d i s t a n c e  of 3 ft f rom the o u t s i d e  surface 05 the package. 

The 3&ft  .free drop and impact of t h e  ORNL Poop t r a n s p o r t  cask 

would r e s u l t  i n  some l o c d  reduct ion  of shiel.ding effectiveness ~ as 

d ihcussed  i n  Sec t .  1 5 e 7.. a 

1 . 3 4 ,  1.35,  l . 40 ,  and 1 .46 .  The mast significant reduction i n  s h i e l d i n g  

results from t h e  a-d.de impact, and t h e  effective thickness sf t h e  lead 

(d)  following the s ide  impac t  i s  approxirnateBy 7.0 i n .  Bowever, t h e  

calculations pre5ented herein demonst ra te  that the dose rate w i l l  n o t  be  

increased beyond the  limit allowed by the r e g u l a t i o n s  I 

These r e d u c t i o n s  are i l lus tsated i n  F igs  I 
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Exposure of t h e  ORNL loop t r a n s p o r t  cask  t o  t h e  s t i p u l a t e d  thermal 

c o n d i t i o n s  could r e s u l t  i n  a r e d u c t i o n  of s h i e l d i n g  e f f e c t i v e n e s s  i f  t h e  

o u t e r  s h e l l  of t h e  cask  were t o  r u p t u r e  and t h e  molten l e a d  w e r e  l o s t .  

S ince  r u p t u r e  of t h e  s h e l l  was deemed c r e d i b l e  because  of t h e  unknown 

q u a l i t y  of t h e  welds ,  i t  w a s  assumed f o r  t h e  a c c i d e n t  conditian s h i e l d i n g  

e v a l u a t i o n  t h a t  a l l  of t h e  l e a d  which m e l t s  will be  l o s t .  

It can b e  c o n s e r v a t i v e l y  assumed t h a t  a l l .  of the photon energy of 

t h e  cask  c o n t e n t s  ( sou rce )  will b e  conver ted  t o  h e a t .  I f  i t  is  f u r t h e r  

assumed that t h e  sou rce  decays by t h e  l i b e r a t i o n  of one 1-MeV photon p e r  

d i s i n t e g r a t i o n ,  t h e  photon s o u r c e  t h a t  w i l l  produce .IO00 W of h e a t  ( t h e  

cask  l imi- t )  i s  g iven  as fo l lows :  

1000 W [ ( 1  MeU/sec)/(l. 60206 x (1 p h o t a n / l  M e V )  

= 6.24 x pho tuns / sec  

It should  be noted here t h a t  no neu t ron  sources w i l l  be t r a n s p o r t e d  i n  

t h e  OIZNZ loop  t r a n s p o r t  cask.  

The s imple  s h i e l d i n g  model siiown i n  Fig.  4 . 1  w a s  used i n  t h e  dose 

ra te  c a l c u l a t i o n s  f o r  t h e  ORNL loop t r a n s p o r t  cask.  Assumption of a 

l i n e  soiirce and s l a b  s h i e l d ,  as 5 . l l u s t r a t e d  i n  F i g .  4 .1 ,  pe rmi t s  ca lcu-  

l a t i o n  of t h e  f l u x  ( 4 )  a t  t h e  dose p o i n t  by us ing  t h e  fo l lowing  

exp r F s s i o n  : 2 8  

where 

SL = photon s o u r c e  p e r  u n i t  l e n g t h ,  

a = d i s t a n c e  from l i n e  s o u r c e  t o  dose p a i n t ,  

A = c o e f f i c i e n t  i n  two-term e x p o n e n t i a l  expression for 

bu i ldup  f a c t o r  ( B ) ,  

P (8 ,b )  = geometric f u n c t i a n .  
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ORNL D W G  7'5-2315 

-0.925 0.6875 

2.875 d -- 

-4 

ALL DIMENSIONS 
GIVEN IN INCHES 

F i g .  4 .1 .  S h i e l d i n g  model used i n  dose rate calculations for ORNL 
loop transport cask. 



1.34 

The bu i ldup  f a c t o r  

4- (1 - -1iat B = Ae 

where 

11 = l i n e a r  a t t e n u a t i o n  c o e f f i c i e n t  f o r  the s h i e l d  material, 

t = t h i c k n e s s  of the  s h i e l d  material ,  

uSB -- e x p o n e n t i a l  c o e f f i c i e n t s  d e t e r n l u e d  experimen~al.1.y. 

Bu i ldup  i n  t h e  s t ee l  of  the cask was n e g l e c t e d ,  and no shielding c r e d i t  

was t aken  f o r  t h e  steel  l a y e r s  s i n c e  they are t h i n .  For I-MeV photons 

i n  l ead ,  t i le  fo l lowing  v a l u e s  were useci:29 

P. = 2 . 4 5 ,  

u = 0.776 cm-1, 

~1 5 -0.045, 

6 = 0.178. 

The geomtrtric f u n c t i o n  F(O,b) i s  g iven  by the equa t ion  

where 

0 := a n g l e  shown i n  P i g .  4 . 1 ,  

( 4 . 3 )  

The F f u n c t i o n s  are available i n  graphical f o r m  i n  ref. 28. 

To c a l c u l a t e  t h e  dose rate a t  a p o i n t  3 f t  from t h e  p o i n t  of s i d e  

impact ,  the photon s o u r c e  p e r  u n i t  l e n g t h  



The dis tance  from the line S Q U ~ C ~  to the dose p o i n t  

a = 3 + 5.9 + 0.6875 -f- 36 

= 46.59 in. = 118.34 cm. 

'Fne thickness of t h e  s h i e l d  m a t e r i a l  

t = 7 in. = 17.78 cm . 

The a n g l e  

3 = tane1(65.5 in./2)/a = 35" . 

For the geometric functions, 

u i  = u ( 1  f a )  = 0.776(1  - 0.045) = 0.74  , 

b l  = uit 0.74(17.78)  =: 1 3 - 1 6  

pi = p(l -+ 8) = 0.776(1 + 0.178) = 0.91. , 

b 2  = p i t  = 0.91(17,78) =: 16.18 e 

From re[. 28, 

F(O,bl) = F(35', 13.16) zz 7.2 x lomm7 , 

F(8 ,b2 )  = F(35' ,  16.18) 3.3 x . 
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S u b s t i t u t i o n  of t h e s e  v a l u e s  i n  Eq.  ( 4 . 1 )  y i e l d s  

= 8.66 x l o 4  photons/cm2*sec . 

To conve r t  t h i s  f l u x  t o  a dose  ra te ,  a convers ion  f a c t o r  f o r  1-MeV 

photonsz8 i s  

( 2  x l ow3  mK/hr)/(photons/cm2.sec) . 

A dose  ra te  of g a m a  r a d i a t i o n  of 1 K/hr is  approximately e q u i v a l e n t  t o  

a dose rate of 1 rem/hr, s i n c e  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  f o r  

gamma r a d i a t i o n  i s  u n i t y .  Thus t h e  dose ra te  (D) a t  3 f t  is  

D f; (8.66 x 1 0 4 ) ( 2  x = 1 7 3  m i l l i r e m s / h r  . 

This dose  rate i s  much less than t h e  allowed p o s t a c c i d e n t  dose rate of 

1000 m i l l i r e m s / h r .  

p rov ide  adequate  r a d i a t i o n  s h i e l d i n g  fo l lowing  any of t h e  a c c i d e n t s  

s t i p u l a t e d  by t h e  r e g u l a t i o n s .  

Thus t h e  O W L  loop t r a n s p o r t  cask is expec ted  t o  

5 .  CRITICALITY 

The r e g u l a t i o n s  r e q u i r e  that a F i s s i l e  Class I package b e  s o  

des igned  and c o n s t r u c t e d  and i t s  c o n t e n t s  so  l i m i t e d  that any number of 

such undamaged packages would h e  s u b c r i t i c a l  i n  any arrangement,  and 

250 such packages woiild b e  s u b c r i t i c a l  i n  any arrangement i f  each pack- 

age  were s u b j e c t e d  t o  t h e  sequence of t h e  h y p o t h e t i c a l  a c c i d e n t  condi- 

t i o n s .  Immersion i n  water must be cons idered .  

The ORNL loop t r a n s p o r t  cask  was approved by the ORNL C r i t i c a l i t y  

Committee (Appendix F) f o r  a maximum load ing  of 1250 g of f i s s i l e  

i s o t o p e s  (combinations of 2 3 5 U ,  233U, and pl.utoni.um) 

t i o n  t h a t  i f  t h e  m a s s  l oad ing  exceeds 800 g of f i s s i l e  i s o t o p e s ,  t h e  

material w i l l  b e  so  ar ranged  t h a t  t h e  f i s s i l e  l oad ing  w i l l  n o t  exceed 

w i t h  t h e  s t i p u l a -  
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250 g p e r  l i n e a r  f o o t  under normal and a c c i d e n t  c o n d i t i o n s  (Appendix I?). 

This requi rement  restricts t h e  c o n t e n t s  t o  a s a f e  mass p e r  f o o t  f o r  

i n f i n i t e l y  long w a t e r - r e f l e c t e d  c y l i n d e r s  and e n s u r e s  s a f e t y  du r ing  

l o a d i n g  and unloading  undeiwater .  

f i s s i l e  i s o t o p e s  and t h e  5-3/4-in. i n s i d e  d iameter  r ende r  t h e  cask  safe 

a g a i n s t  r e d i s t r i b u t i o n  of t h e  c o n t e n t s  i n  an a c c i d e n t .  The con ta ined  

f i s s i l e  material  s h a l l  b e  unmoderated, Also,  as shown i n  t h e  s t r u c t u r a l  

a n a l y s i s ,  t h e  c o n t e n t s  w i l l  remain i n s i d e  t h e  cavity d u r i n g  and a f te r  

exposure  of the cask  t o  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 s ,  t h e  cask  

w i l l  n o t  b e  e f f e c t i v e l y  changed i n  dimensions,  and i t  can be  concluded 

t h a t  any number of such casks i n  any arrangement would remain s u b c r i t i c a l .  

The o v e r a l l  mass l i m i t  s f  1.2.5Q g of 

6.  QUALTTY ASSURANCE 

The r e g u l a t i o n s '  9 r e q u i r e  packaging t o  b e  des igned ,  f a b r i c a t e d ,  

and o p e r a t e d  i n  compliance w i t h  an e s t a b l i s h e d  formal  qnaLi.ty a s su rance  

program. Compliance w i t h  t h i s  requi rement  i s  d i s c u s s e d  i n  c h i s  s e c t i o n .  

6 . 1  F a b r i c a t i o n ,  I n s p e c t i o n ,  and Acceptance Tests 

T h e  f a b r i c a t i o n  work on t h e  ORNL loop t r a n s p o r t  cask w a s  performed 

p r i o r  t o  t h c  requi rements  f o r  a foimal  q u a l i t y  assurance program. The 

f a b r i c a t i o n  was performed i n  ORNL Shops i n  accordance  w i t h  normal shop 

f a b r i c a t i o n  procedures .  

as "HR STL," any 300- se r i e s  s t a i n l e s s  s teel ,  and l e a d .  There are no 

i n s p e c t i o n  r e p o r t s  o r  material c e r t i f i c a t i o n s  i n  e x i s t e n c e  excep t  as 

o u t l i n e d  below. 

Material was s p e c i f i e d  on t h e  o r i g i n a l  drawings 

Minor r e v i s i o n s  t o  t h e  ORNL loop  t r a n s p o r t  cask w i l l  b e  made as a 
r e s u l t  of t h e  a n a l y s i s  techniques  used i n  t h i s  r e p o r t .  These r e v i s i o n s  

w i l l  be  completed a f t e r  t h i s  r e p o r t  i s  approved. The m o d i f i c a t i o n s  w i l l  

be done i n  accordance  w i t h  OWL Q.A. Procedures ,  and w i l l  b e  i n s p e c t e d ,  

and the i n s p e c t i o n  r e p o r t  will become p a r t  of t h e  cask's permanent 

QA E i l e .  

S p e c i a l  form materials are f a b r i c a t e d  t o  conform t o  alhe requi rements  

of the r e g u l a t i o n s ,  as d i s c u s s e d  i n  Secr .  1 . 7 .  Each e n c a p s u l a t i o n  i s  

leak checked by u s i n g  a p p r o p r i a t e  methods. Cladding f o r  f u e l  e lements  
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and experiments  is  f a b r i c a t e d  i n  accordance w i t h  e s t a b l i s h e d  procedures ,  

and  t h i s  c l add ing  is l e a k  checked r o u t i n e l y .  

%he S p e c i f i c a t i o n  271 i n n e r  c o n t a i n e r s  are des igned  as d i scussed  i n  

Sec t .  1.8 and f a b r i c a t e d  i n  accordance w i t h  OWL o r  e q u i v a l e n t  q u a l i t y  

a s su rance  procedures .  

a p p r o p r i a t e l y .  

s p e c i f i c a t i o n s  . 
formance t o  f a b r i c a t i o n  drawings,  and they are p r e s s u r e  t e s t e d  as 
s p e c i f i e d  by t h c  des igne r .  

p r i o r  t o  each use.  

Welds are made by q u a l i f i e d  we lde r s  and i n s p e c t e d  

Material i s  purchased i n  accordance w1.L-h ASTM o r  ASME 

The completed i n n e r  c o n t a i n e r s  are i n s p e c t e d  f o r  con- 

Reusable  i n n e r  c o n t a i n e r s  are i n s p e c t e d  

6 . 2  Opera t ing  Procedures  and Koutine I n s p e c t i o n  

Opera t ing  and r o u t i n e  i n s p e c t i o n  procedures  and s t a n d a r d  checkl-is ts 

t o  ensure t h a t  a l l  shipmcnts  are s a f e  and cornply w i t h  the r e g ~ l a t i o n s l - ~  

have been prepared  and are fo l lowed by the OKNL Opera t ions  Div i s ion .  

Copies of t h e  procedures  and t h e  cheekJ. is ts  are p resen ted  i n  Appendix E. 

When t h e  O W L  l o o p  t r a n s p o r t  cask i s  loaned  t o  o t h e r  o r g a n i z a t i o n s ,  

c o p i e s  of  t h e s e  procedures  and c h e c k l i s t s  are forwarded t o  t h a t  

o r g a n i z a t i o n .  

6 . 3  P e r i o d i c  Maintenance and 1nspect:ion 

Annual i n s p e c t i o n s  of  t h e  ORWL loop t r a n s p o r t  cask  are performed by 

pe r sonne l  of H o t  C e l l  Opera t ions  and I n s p e c t i o n  Engineer ing ,  and an 

i n s p e c t i o n  is  performed at. t h e  t i m e  of each shipment by o p e r a t i n g  per- 

s o n n e l  i n  a rcordance  w i t h  t h e  procedures  i n  Appendix E. Upon r e t u r n  t o  

ORNL, t h e  cask is  a g a i n  v i s u a l l y  i n s p e c t e d  t o  ensu re  t h a t  i t  i s  i n  good 

r e p a i r .  Maintenance is  r e q u i r e d  on ly  when an  i n s p e c t i o n  i n d i c a t e s  

damage. 
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I N T R A - L A B O R A T O R Y  C O R R E S P O N D E N C E  
O A K  R I D G E  N A T I O N A L  L A B O R A T O R Y  

October  9 ,  1975 

TO : .I. I-I. Evans/E. M. K i n g  

FROM : T r a n s p o r t a t  i o n  Commit t e e  

SUBJECT: Approval  o f  SAW - OR1.IL Loop T r a n s p o r t  

The ORNJ, T r a n s p o r t a t i o n  Cormi t t ee  h a s  re-viewed t h e  s u b j e c t  SAW i n  l i e h t  
o f  the r e q u i r e n e n t s  ( i n t e r n a l  review) of paragraph  R o f  AEC Immediate 
Ac t ion  D i r e c t i v e  5201-3. P a r t i c u l a r  a t t e n t i o n  was g iven  t o  t h e  a r e a s  
o f  s t r u c t u r a l  i n t e g r i t y ,  t he rma l  r e s i s t a n c e ,  r a d i a t i o n  s h i e l d i n g ,  n u c l e a r  
c r i t i c a l i t y  s a f e t y ,  and quality a s s u r a n c e .  This review did.  riot n e c e s s a r i l y  
cons ider  e d i t o r i a l ,  t y p o g r a p h i c a l ,  o r  computa t iona l  c o r r e c t n e s s ,  t h e s e  
matters b e i n g  t h e  r e s p o n s i b i l i t y  of  t h e  a u t h o r s  and t h e i r  sponsor s .  

It has been  de termined  t h a t  t h e  c o n t a i n e r  meets t h e  r equ i r emen t s  of E R D M  
0529 and the SARP i s  approved f o r  s u b m i s s i o n  t o  t h e  EKDA r e a u e s t i n g  a 
c e r t i f i c a t e  of compliance and approva l  o f  t h e  cask  f o r  u s e  51% o P P s i t e  
shipments  of f i s s i l e  and r a d i o a c t i v e  mater ia ls .  

3NX : bb 
r- c : Trans po r t a t  i o n  Coriuni t t e e 
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Form AEt-618 
(12-711 

LO C F R 7 l  
AECM5201 

US. ATOMIC ENERGY COMMISSION 

CERTIFICATE OF COMPLIANCE 
For Radioactive Materlalr Pa&- 

l a .  Cartifirate Number I lb. Revision No. 1 l c  Package Ident i f iat ion No. 1 Id. Page No. 1 le.  Total No. Paps. 

Za. Thls certificare IS  m u e d  to satisfy Sections 173.333a. 173 384. 173.395. and 173.396 of rhe Department of Transportation liazardous 
Materials Regulations (49 CFR 170-189 and 14 CFR 103) and Sectinns 146-19-loa and 146-19-100 of the Department of Transpot tation 
Dangerous f.rgocs Regulations 146 CFR 146-1491. as aminled. 

The packaging and contents described in item 5 below, #wets the u fe ty  rtarslards xet forth in Subpart C o f  Title 10. Code of Federal 
Regulations. Part 71, "Packaging of Radioactive Marerial for Transport and Transportation of Radioactive Material Under Certain 
Condrt:ons." 

This certificate does not relie- the consignor from, compliance with any requirement of the regulation$ of the U.S. Department Of 

Tramporration or other applicable rqlulatory agencies, including the govwninent of any country through or into which the pnckage 
will be transported. 

20.  

2c. 

........_I_ ..... ....... _ _ _ _ . _ _ . . ~  .... ___.___ ~ ....... 
3. Thn certificate i s  issued on the basis of a safety analysir repon Of the pack- darign or appllmtion- 

(3) Date: 

November 1977 
g 1, (2) Title and Identification of report or applicarion: 

S a f e t y  Ana lys i s  Repor t  f o r  Packag 
ORNL Loop Transpor t  Cask 

Report  No. : ORNL/ENG/TM- 11 
~ _ . . _ _ _ _ _  -. ... .- .... .L _ _ _ . - ~ _ _ _ _  

(1) Piepared by /NamandaddmssJ: 

Oak Ridge Na t iona l  Labora tory  
P o s t  O f f i c e  Box X 
Oak Ridge, Tennessee 37830 

4 CONnlTlONS 
Thus ceittfirate 15 condttional upon ;he fulfilling of the requirements of Subpart D of 10 CFR 71, as applicable, and the conditions spcified 
In item 5 below. 

..... ....... .._-.._I___ 
5. Dercrlptlon of Packaging and Authorized Contents, Model Number, Fiisile Class, Other Conditions. and Refemnms: 

( a )  Packaging: 

(1) Model No,: ORNL Loop Transpor t  Cask 

(2)  Desc r ip t ion :  

Packaging f o r  i r r a d i a t e d  expe r imen ta l  capsu le s  and s p e n t  f u e l  e lements .  
Containment c o n s i s t s  of t h e  c l add ing  o r  j a c k e t s  of f u e l  e lements  or 
capsu le s  o r  an  i n n e r  c o n t a i n e r  meet ing  DOT S p e c i f i c a t i o n  2R o r  s p e c i a l  
form. The i n n e r  c a v i t y  i s  5 314 i n .  d iameter  x 68 i n ,  long. The out- 
s i d e  dimensions are 2 4  i n .  d i ame te r  x 89 318 in. long .  S h i e l d i n g  c o n s i s t s  
of a minimum th i ckness  of 8 5/16 in.  l e a d  w i t h  a 118 i n ,  t h i c k  i n n e r  
s t a i n l e s s  s t e e l l i n e r  and an  o u t e r  s h e l l  c o n s i s t i n g  of  a 24 i n .  s chedu le  40 
carbon s tee l  p ipe .  Access t o  t h e  c a v i t y  i s  through: 

( i )  A s l i d i n g  door having  8 112 i n .  c l o s u r e  b o l t s ,  

( i i )  

Each opening is gaske ted  w i t h  a neoprene gaske t .  
ca sk  is 16,150 l b .  The s k i d  weight  I s  abou t  1000 l b .  

A p lug  on t h e  o p p o s i t e  end having  8 112 i n .  c l o s u r e  bolts. 

The g r o s s  weight  of t h e  

- ........ ~. _l_l_ 

......____ 6b. Expiration Date. ____ 6a. Rate of  Issuance October 1 7 ,  1977 

7a. Address of lsrurng Office: T : d t q n a t u r e ,  Name, and Title of Approving Official; 

_ ......... ______ll_l_l___ 

-___ ....... FOR ....... THE U~S:&OMMlSSION ~. ....... .- 

Department of  Energy 
Pos t  O f f i c e  Box E 
Oak Ridge, Tennessee 37830 

U - h T d  
W i l l i a m  H. T r a v i s ,  D i r e c t o r  
Sa fe ty  & Environmental  C o n t r o l  D i v i s i o n  
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(2)  D e s c r i p t i o n  (cont inued)  

A f i r e  s h i e l d  c o n s i s t i n g  of 30 i n .  d iameter  n i l d  steel  cover  118 i n .  
t h i c k  and pa in t ed  w i t h  in tumescent  p a i n t  su r rounds  t h e  cask .  

(3)  Drawings : 

T'ne cask w a s  cons t ruc ted  and modi f ied  i n  accordance w i t h  ORNL Drawings 
?,i-l1109-EL-008-D through -013-D, -020-E, and -021-0. 

(b)  Contents  : 

(1)  Type and Form of Material 

S o l i d ,  l a r g e  q u a n t i t y  of r a d i o a c t i v e  materials, f i s s i l e  and n o n - f i s s i l e ,  
i n c r e a s e d  i n  metal c l add ing ,  meet ing  s p e c i a l  form or  packaged i n  DOT 
S p e c i f i c a t i o n  2R. i n n e r  c o n t a i n e r  and 51hose decay h e a t  l oad  does n o t  
exceed 450 watts when sh ipped  by Common C a r r i e r .  -When sh i?ped  hy ex- 
c l u s i v e  u s e  v e h i c l e ,  t h e  decay hea t  w i l l  no t  exceed 1,000 srat ts ,  

i4axinum Quan t i ty  of l fa ter ia l  pe r  Package 

F i s s i l e  material  is l i m i t e d  t o  1250g. p e r  sh ipment ;  however, i f  t h e  t o t a l  
q u a n t i t y  of f i s s i l e  na te r ia l  exceeds 8OOg., the d i s t r i b u t i o n  of f i s s i l e  
mater ia l  i s  f u r t h e r  l i m i t e d  t o  200g. p e r  l i n e a r  f t ,  

(2) 

2 
_II 

( c )  F i s s i l e  Class 





Appendix C 

DERIVATION OF EQUATIONS AND COMF'UTER LISTINGS 

Equations are derived and l i s t i n g s  are given herein f o r  the 1001 

CASK, 1005 CASK, and 1014 CASK computer programs. A l i s t h g  is also 

presented far t he  1018 CASK program. 
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C.1 Program 1001 CASK 

The 1001 CASK computer program w a s  w r i t t e n  t o  compute an acce l -  

e r a t i o n - d e f l e c t i o n  energy h i s t o r y  of the impact r e s u l t i n g  from a f r e e  

drop of a c y l i n d r i c a l  cask  c o n s t r u c t e d  of a homogeneous material onto  

its top  co rne r .  The equa t ions  necessa ry  f o r  t h i s  computation are de r ived ,  

and t h e  program l i s t i n g  is  p resen ted  i n  t h e  fo l lowing  s u b s e c t i o n s .  

C. 1.1 Equat ion d e r i v a t i o n  

When a cask  c o n s t r u c t e d  of a s i n g l e ,  i d e a l l y  p l a s t i c  material 

impacts  on i t s  top co rne r ,  t h e  major p o r t i o n  of t h e  k i - n e t i c  energy w i l l  

be  d i s s i p a t e d  through displacement  o f  material i n  t h e  impact area. An 

i .deally p l a s t i c  material i s  one which has a s t r e s s - s t r a i n  re1at ionshi .p  

t h a t  can b e  r ep resen ted  by a h o r i z o n t a l  l i n e .  

can be  used as a b a s i s  f o r  de te rmining  t h e  e f f e c t  of a top-corner  impact 

on the cask: 

The fo l lowing  expres s ion  

dU = S dV , 

where 
u = energy absorbed,  

S = q u a n t i t y  of energy r e q u i r e d  t o  d i s p l a c e  a u n i t  volume of 

material o r  stress d iv ided  by s t r a i n ,  
V = volume of material d i sp laced .  

The l a c k  of an  a c c u r a t e  numer ica l  v a l u e  f o r  t h e  tern S i n  Eq. (C.l) 
n e c e s s i t a t e s  a conse rva t ive  e s t ima t ion .  

t i o n a l  diagram s h a m  i n  Fig.  C . 1 ,  i t  can b e  s a i d  t h a t  

With r e f e r e n c e  t o  t h e  computa- 

dV = (XY d Z ) / 2  , (c.2) 

where, by t r igonometry ,  

X = R(COS B - COS A) ,  

Y = X(tan a) = ( t a n  a) I< (cos B - COS A ) ,  

dZ = R cos B dB. 
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F i g .  C.1. Computational diagram f o r  top-corner impact of cask. 
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It fo l lows  t h a t  

dU = ( S X Y  dZ)/2 (C.  3 )  

Equat ion ( C . 4 )  can  b e  so lved  r e a d i l y  by us ing  t h e  computer. A v a l u e  f o r  

t h e  a n g l e  A ( i l l u s t . r a t e d  i n  F i g .  C . l - )  can b e  assumed, and t h e  a n g l e  B 

can b e  incremented from -A t o  A,  o r  Irom 0 t o  A i f  t h e  r e s u l t  i s  m u l t i -  

p l i e d  by 2 ,  and t h e  energy r e q u i r e d  f o r  t h e  assumed deformat ion  can b e  

computed. The v a l u e  f o r  t h e  a n g l e  A i s  s t a r t e d  small and i n c r e a s e d  i n  

s m a l l  increments ,  and t h e  energy  r e q u i r e d  f o r  deformat ion  a t  each 

increment  is  compared w i t h  t h e  p o t e n t i a l  energy of t h e  cask ,  'Cn t h i s  

manner, a computed impact h i s t o r y  i s  produced. 

The 1001 CASK computer program a l s o  computes o t h e r  var iabI .es  by 

u s i n g  the fo l lowing  expres s ions .  The maximum deformat ion  

A = K(s in  a ) ( l  - cos A) . 

The a p p l i e d  f o r c e  

F = dU/dA . 

A c c e l e r a t i o n  

( C . 5 )  

where 
= g r a v i t a t i o n a l  c o n s t a n t  ( l b m * f t / l b f * s e c  2 ) , 

gc 
W = weight  (Ib). 
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The v e l o c i t y  (VI a t  any increment  i.s found by us ing  t h e  k i n e t i c  energy 

(KE) r e l a t i o n s h i p  

o r  

where 
vo = i n i t i a l -  v e i o c i t y  ( f p s ) ,  

IU = mass of cask  ( l b * s e c 2 / f t ) ,  

h = drop height:  ( f t ) .  

The t i m e  i s  computed by u s i n g  sumnary techniques and t h e  r e l a t i o n s h i p  

a = dv /d t  

o r  

a t  = dv/a  - (C. LO) 

The fo rego ing  r e l a t i o n s h i p s  are v a l i d  r e g a r d l e s s  of the a n g l e  a t  

which t h e  cask  impacts  t h e  s u r f a c e  on to  wkich i t  f a l l s .  I f  t h e  impact 

i s  d i r e c t e d  through t h e  c e n t e r  of  g r a v i t y  of t h e  cask ,  t h e  drop i s  a 

center -of -gravi ty  drop,  and a1.l t h e  energy wil.1. b e  d i s s i p a t e d  on the 

i n i t i a l  impact.  If t h e  drop a n g l e  i s  o t h e r  t han  t h e  a n g l e  r e q u i r e d  f o r  

a center of  g r a v i t y  drop ,  t h e  cask w i l l  r e t a i n  a p o r t i o n  of i t s  p o t e n t i a l .  

energy  as k i n e t i c  energy and r evo lve  about  t h e  iinpact p o i n t .  The k i n e t i c  

energy w i l l  b e  d i s s i p a t e d  on secondary impact of t h e  cask .  This  case 

can b e  c a l c u l a t e d  by us ing  t h e  b a s i c  t h e o r y  of impulse and momentum. 
s i m i l a r  case was handled by Beer atid .Johnston on p .  695 of Mechan-ics f o r  

Eflgineers, and t h e i r  approach w a s  used i n  t h i s  a n a l y s i s .  

A 
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From a p p l i c a t i o n  of t h e  p r i n c i p l e s  of impulse and momentum, as 

i l l u s t r a t e d  i n  Fig.  C.2, i t  can b e  s e e n  t h a t  the only impu l s ive  f o r c e s  

e x t e r n a l  t o  t h e  cask are impu l s ive  r e a c t i o n s  F and f r i c t i o n  (R) .  

moments about  t h e  impact p o i n t  Q ,  
Taking 

Tine cask is  r o t a t i n g  about  p o i n t  Q. Therefore, 

- 
v2 = Pw2 . 

S u b s t i t u t i o n  of Eq. (C.12) i n t o  (C.11) y i e l d s  

(c. 11)  

(C. 12)  

(C. 13) 

There fo re  , 

The k i n e t i c  energy of t h e  cask  after impact i s  g iven  by t h e  e x p r e s s i o n  

It can  be  concluded t h a t  t h e  energy absorbed on t h e  i n i t i a l  impact 

i s  t h e  d i f f e r e n c e  between the  i n i t i a l  p o t e n t i a l  energy at t h e  drop 

h e i g h t  and t h e  k i n e t i c  energy i n  t h e  sys tem af ter  impact ,  

as follows: 

This i s  shown 

U absorbed  l n i t i a l l y  = Wh - KE2 . 
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The p reced ing  f o r m u l a t i o n s  were coded i n  FORTW and are a p a r t  of t h e  

1001 CASK computer program. 

C. 1 . 2  Program l i s t i n g  

The 1001 CASK computer program l i s t i n g  is  given here.  



+*FTN , L  , E ,  G .  
C PROG3AR N U R B E P  1 0 0 1 - C A S K  - K O D I F I E D  
C T!IIS  PRCGRAfl COPIFUTES ??E F.Z-'PONSE O F  h CASK HAPITG S I G I I T  CYLINDRICAL 
: G E O I I E T R Y  ON T H E  I!:ITIAT. I!lP:tCT ON ITS C O R N E S .  T H I S  F R O G R A f i  hSSUMf,S 
C TFIE CBSK 15 MAGE C!F A H 0 t O G E ; H E O U S  NATEKIAL H A V I N G  A N  IDEAL S T R E S S -  
C S T R A I N  R E L A T T G Y S B I P .  THeJ IHPACT SURI'ACF I S  A S S U N R D  T O  9 E  A N  XNFINITELY 
C H A R D  UIIYlELI)T!IG SUi7PP.CE UITH A N  I N P I ! I I T E L Y  H I G H  COEFYICEIIT O F  F R I C T I O N  
C WITH T H Y  CASK.  
C BY J O H N  EVANS P.E. ,  GFNFEAL EHGINEERING D T V I S I O N ,  OAK R I D G E  NATIONAL LA8 
c 
C GLQSSLRY O F  NOTATION 
C R = R A D I U S  O F  CASK 
C C=CASK LENGTH 
C S = Y I E L B  S T R E S S  O H  FLOW PRESSURE 
c H=CASK WEIGHT 
C H-DSOP H E I G R T  
C O=ANGLE AT WHICH CASK 'TPfFACTS 
C THETA=A!JGLE RETHEEN VERTICAL A N D  IMPACT PT-C.G. 
c ZETA=TWE CHANGING THETA A N G L E  AFTER IHFACT 
C U=ENER G Y  
C P=FORC E 
C T = T I R E  

C OT::TOTAL ENERGY 
C V =  VELOCITT 
C X = D Z F O  R M A T I O N  
C AN=AIIGI,P I N  CONTACT / THE SUHPACE 
C 

C AG=ACC EL ER ATION 

D I R S N S I D N  V ( 7 5 0 ) ,  AI? (750) ,F ( 4 5 0 )  ,U ( 7 5 0 )  , T ( 9 5 0 )  ,AN (750) , 
P I = 3 . 1 4 1 5 9 6 2 5 4  
s=o. 0 
A N A  = 0.0 

1 X ( 7 5 0 ) ,  A G  (750)  ,ZE'I'AD (750)  

C I N P U T  MATERIAL CONSTANT 
C I N P U T  ChSK GEOKETRY 

5;=16000 
C = 8 9 . 3 8  
R z 1 2 . 5  
O= ATAN (2.  *R/C) 

H=36.0 
DO 2 0  N N = 1 , 2  
I F ( N N  .NE. 1 )  A=350. 

C INPUT ANGLE INCREHENTS 

C I N P U T  TEST COXDITION 

30 BB=.O1 
A A = .  01 
DO 326 K C - 1 , 2  
S=G300.0 
I P ( K C , E Q .  2) S=14OCo.O 
WRITE (51 ,1002)  
WRITZ (51,  1002)  
WRITE (51 ,1010)  fI 

WRITE ( 5  1 , 1 0 0  2) 
WRIT3 (5 1 , 1 0 0  2)  

DO 111 I=1,750 

1010 F O R M A T C l H  ,3OX,'LOOP TRANSPORT CASK,  DROP H T . = ' , 5 X , P 8 . 2 )  

C ZERO SVBSCKIPTED VARIABLES 
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A N ( I )  ~ 0 . 0  
AG(1)  =O. 0 
v (I) 20.0 
x ( I )  =o.o 

F (I) =o.o 
0 (I) 1.0.0 

T (I) =O.O 

A R  (I) =O.  0 
1 4  CONTINUE 

C ZERO NONSURSC2TI'TED VARTAELES 
TA-0.0 
A%=O.  0 
A = O . O  
A R = O  0 
T K = O . O  
u = o ,  0 
xx=o.  0 
X A = O .  0 

C THE POLLOWING CALCULATES THE AMOUNT OF ENERGY A B S O R B E D  O N  
C I N I T I A L  IMPACT FOR A PERFECTLY P L A S T I C  CASK 

GRAV=32.2*12.  
XMASS = U/GRAil 
X I M A S S = ( X l & S S / l 2 .  ) * (3 .  *R**2 .+C*+2 .) 
UPOTEN=W* H 

C PDIST I S  THE DISTANCE FROM I f lPACT P O I N T  T O  C G  
PDIST-SQRT ( ( C / 2 . )  **2.  + R 4 * 2 . )  

C THETA I S  THE ANGLE OF THE C G  H I T H  R E S P E C T  TO VERTICAL 
THETA=O-ATAN ( 2 ,  *R/C) 

C CALCULATE VELOCITY I ;EFOVR T E P A C T  
VELl-GRAV"SQRT(2. *H/GHAT)  

C CALCULATE ANGULAR A N D  VECTOR VELOCITY APTER I K P A C T  
O M E G A Z = X M A S S *  VEL1 *SIN (T NETA) + P D I S T /  ( X A A S  S*PDIST**2.  +X IEASS) 
TEL2=OME G A3*P CIST 

UKINT2= (XMASS *VEL 2+*2.  ) /2. + ( X I M  AS S*OM EGA 2** 2.  ) / 2 .  

UT=UPQTEN-UKI XT2 

DO 1 1=1,750 
A R = O .  0 

C INCREPIFNT ANGLE: A 
9 A = A + A A  

CW=COS ( A )  
B-0.0 
AE=O. 0 
SUMU=O.O 

C CALCULATE KINETIC SHERGY REHAINING AP'IZR IMPACT 

C CALCULATE ENERGY A E S O R B E D  O N  I N T I A L  I R P B C T  

V V = S Q R T (  (64-*r: ; / i  2 . )  

10 DO 2 5 4 , 9 5 0  
C I N C R E # E N T  ANGLE E 

B = B * B B  
CB=COS ( E )  

C CALCULATE V O L U R E  DISPLACED 
11 CC- (CB-CA) 

BY=TAN (0 )  *R*CC 
BX=R*CC 

1 2  DZ=R*CB*ER 
DU=BY*BX*DZ*S 

C CALCULATE ENERGY A B S O R B E D  



s U n u =  SUR u+  D O  
C CALCULATE AREA 

13 DA=2.+BX*DZ/CCS (0)  
A E= A E +DA 
1 P f B . G E . A )  GO TO 3 

2 CONTINUE 
3 O ( 1 )  =SUMU 

A R  (I)  =AE 
C CALCULATE FORCE 

P(1) = A R ( I ) * S  
C CALCULATE VELOCITY 

I P ( U ( I ) . G E . U T )  GO TO 16  
5 VA =SQRT ( (611 ./ ( 1  2 .  *W) ) * (UT-U (I] ) ) 

16 IP ( U ( T )  .GE.UT) V A = O . O  
C CALCULATE ACCELERATION 

A G  (1) = P ( I )  /IJ 
C CALCULATE DEPOHHATION 

X A  
X (I) = X A  

TX=(XA-XX) / ( (VV+VA) "6.) 
7 TA=TA+TX 

T (I) = T A * 1 0 0 0 .  
X X = X A  

6 V ( I ) = V A  
8 V V = V A  

= (TAN (0) *COS (C) *R* ( 1. - C A I  ) 

C CALCULATE TIME 

A N  (I) =A*57.3 
T F ( U ( I ) . G E . U T )  GO T O  U 

1 CONTINUE 
U COATINUE 

C T H I S  SECTION CALCULATES ANGULAR ACCELERATION A N D  ANGULAR 
C SOSITION WITH RESPECT TO T I N E  

TIME = TA 
ALPHA = OMEGA2/TIHE 
DO 101  J J= l , I  
ZETA =THETA + (ALPHA/2.) * ( T ( J J ) / l o o 0 . ) * * 2 .  
Z E T A D ( J J )  = ZETA*57 .3  

101 CONTINUE 

K =I 
WRITE ( 5 1 , 1 0 0 2 )  
WRITE ( 5 1 , l O O U )  

WRITE (5 1 ,100 2) 
WRITE ( 5 1 , 1 0 0 5 )  

C OUTPUT-WRITE LOOP 

100& FORMAT ( l H ,  9X,37UCASK GEOKETRY AND HATERIAL EROPERTIES)  

1005 FORKAT ( l H ,  U X , 6 H R A D I U S , 8 X , 6 H L E N C ! ' f H , l O X , 6 H U E I G H T , 6 X ,  
1 1 5 H S P E C I F I C  ENERGY, 7 X ,  ISHENZRGY ABSORBED, 6X, 1 6 H P O T E N T I A L  ENERGY) 

W R T T E ( 5 1 , 1 0 0 6 )  
1 0 0 6  FORMAT (111, U X , 6 H I N C A E S , 8 X , 6 A I N C H E S ,  l o x ,  6HPCONDS,8X 

1 13HLB-IN/CU IN -I 8X, 6HIN. LB. , l u x  , 6 H I N .  LB. 1 
WRITE (51 ,1002)  

WRITE ( 5 1 , 1 0 0 7 )  R,C,W,S, OT,UPOTEN 

WRITE ( 5 1 , 1 0 0 2 )  
WRITE (51 ,1000)  

1 0 0 2  PORHAT (1HO) 

1007 PORK AT ( P 1 1 . 3  ,P 1rC. 3 , P  16,1, F 1 8 . 1 ,  P 18.1, P2 2- 1) 

1000 FORM AT ( 1 H. , UX, 1 1 UDEFOR HATION, rl X, 8 H  VELOCITY ,7 X, QHTI HE, 1 3 X ,  SHFORCE, 
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1 1 O X ,  6 HENERGY, FIX, 12HACCELERATI O N ,  10 X ,5 H A  NGLE) 
W R I T E  ( 5 1 , 1 0 0 1 )  

1001 FORMAT (1 H ,  6 X , G B I N C A E S  ,7X, BHPT./SEC. , 4 X ,  1 2IIGILLISXONDS, E X ,  
1 6HPOWNDS, l o x ,  6HLB-IN. , 1 G X , 3 H X  G I  12X,-;aDEGREES) 
WRITE ( 5 1 , 1 0 0 2 )  
DO 15 I = l , R  
WRITE(SI , IOO~)  X(I) , V [ I ) , T ( I ) , P  ( I ) , ~ ( I )  , E G ( I )  ,ZETAD(I)  

1 0 0 3  PORMAT(1H ,F14.4, F13.2,P16. S , P 1 5 . 2 , P 1 6 . 2 , Y 1 2 . 2 , P l 6 . 2 )  
15 CONTINUE: 

3 2 6  CONTINUF 
2 0  CONTINUE 

STOP 
END 

CALL Q W I K P L ( X , A G , K , ' L I N E A R ' ~ ' J . H . ~ V A N S $ ' )  
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C . 2  Program 1005 CASK 

omputer program was w r i t t e n  t o  ompute t h e  accel- 

e r a t i o n - d e f l e c t i o n  energy h i s t o r y  of t h e  impact r e s u l t i n g  from a f r e e  

drop of a c y l i n d r i c a l  cask o n t o  i t s  s i d e .  The equa t ions  necessa ry  f o r  

t h i s  computat ion are d e r i v e d ,  and t h e  program l i s t i n g  is presen ted  i n  

t h e  fo l lowing  s u b s e c t i o n s .  

C. 2 .  I Equat ion d e r i v a t i o n  

Mhen a c y l i n d r i c a l  cask f a b r i c a t e d  from a homogenous mater ia l  

impacts  on i ts  s i d e ,  t h e  deformat ion  can be approximated as shown i n  

Fig .  C.3.  The volume (V)  of mater ia l  displ .aced,  shown shaded in Fig.  

C . 3 ,  can be expres sed  as f o l l o w s :  

(c. IS) 

= R ~ L [ O  - sin e (COS o)] . 

For t h i s  d e r i v a t i o n ,  i t  w a s  assumed t h a t  t h e  cask  is f a b r i c a t e d  from a n  

i d e a l l y  p l a s t i c  material, t h a t  i s ,  a material which has a s t r e s s - s t r a i n  

r e l a t i o n s h i p  t h a t  can b e  r e p r e s e n t e d  by a h o r i z o n t a l  line. For such  a 

material, t h e  product  of t h e  s p e c i f i c  energy ( S ) ,  t h e  q u a n t i t y  of ene~gy 

r e q u i r e d  t o  d i s p l a c e  a u n i t  volume of material, and t h e  volume (V) of 

material d i s p l a c e d  is e q u a l  t o  t h e  energy absorbed ( U ) ,  as expressed  by 

t h e  fo l lowing  equa t ion :  

U = SV = SR"L(8 - s i n  0 cos 8) . ( e .  1 9 )  

Equat ion (C.1.9) can b e  solved by t r i a l  and e r r o r  by assuming v a l u e s  

of  8 and c a l c u l a t i n g  u n t i l  

u = m ,  ( C .  2 0 )  
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where 

W = weight  of t h e  cask  ( l b ) ,  

h = drop h e i g h t  (f  t) . 

The d e f l e c t i o n  

A = R ( l  - COS 0 )  , 

and t h e  area (A) a t  t h e  s u r f a c e  

A = 2LR s i n  8 . 

It fo l lows  t h a t  t h e  f o r c e  

F = S A ,  

and t h e  a c c e l e r a t i o n  

a = F/m = Fg /W , 
C 

(c. 21)  

(C" 22) 

(C.  2 3 )  

(C. 24)  

where 

m = m a s s  of cask ( l b * s e c 2 / f t ) ,  

gC m = g r a v i t a t i o n a l  c o n s t a n t  ( l b  * f t / l b f * s e c 2 ) .  

A computer program w a s  w r i t t e n  t o  s o l v e  t h e s e  equa t ions  f o r  in-  
c r e a s i n g  va lues  of 8 u n t i l  the deformat ion  is  s u f f i c i e n t  f o r  t h e  absorbed 

energy (U) t o  e q u a l  the p o t e n t i a l  energy (Wh) of t h e  cask.  Ve loc i ty  (v) 

can also be  computed from t h e  k i n e t i c  energy r e l a t i o n s h i p  

U = AKE , 

and t h e  l apsed  t i m e  can b e  computed from t h e  r e l a t i o n s h i p  

( C . 2 5 )  

a t  = dv/a . (C .  26)  
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C. 2.2 Program l i s t ing  

The 1005 CASK computer program l is- lng is given on the fo l lowing  

pages. 
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**FTN, l ,E ,G.  
C FROGEAE NU?ISER 1 0 3 5 - C A S K  
C 

~ T H I S  DROGSAN ANALYZES THE I n P A C l  OF A CASK H A V I R G  FIGHT 
C C Y L I N D a I C A L  GEOEETRP, IMPACTING WITH I T S  A X I S  HORIPONTAX , COPED BY 
C J O H N  EVAVS P.E., GEN-ENGR. D I V .  CBKL, JUNE 1973.  
C 
C LOOP TRANSPORT CASU 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
c 
C 
C 
C 

e 

C 

c 
c 

C 

GLOSSARY C F  VCTATION 

X=DEFtECTION [ I H C A ? S )  
U= EN E &CY ( L  E - I  NCH FS) 
P=FOECE (POUNDS) 
AG=ACCELFFATION ( G ' S )  
V=VEPOCI TY (FT/SEC)  
U=VElGHT O F  THE CASK ( 2 O U N E S )  
FI=DRCP KEIGHT ( I N C H E S )  
C=CA SK LTNGTH [ I N C H E S )  
R=CASK R A D I U S  ( I N C H E S )  
O=ANGLE SUBTENDED EY THE D S P 0 B ; I E T  ARE4 (RACIANS)  
UT=TCTAL P C T P N T I A L  E N E R G Y  O F  THE CASK (LE-INCHES) 
T=SBELL T S I C R N F S S  ( I N . )  
TH=HFAD THICKNZSS,FZCG E N D  ( I N . )  
TAH= E E A D  T AICKNESS , EOTTOF! END ( I N .  9 
W=CASK HETGHT ( P O U N D S )  
S L r S P E C I F I C  ENERGY CF S H I E L D I N G  FATElfiIAL (IN-LB/CU. TU) 
S C = S F E C I F I C  ENERGY OF CLACDING IN CGMPBESSION (IN-LA/C'J 11:) 
OO=IIiCREYEKT OF A I G Z E  0 
TF!=TIME ( S F C , )  
G=ACCElERATION (P'T/SEC/SFC) 
V L = V C L U H E  OP S H I E L C I N G  C I S P Z A C E C  ( C U - I N . )  
OH=ENERGY DISSIPATED IN LEPOQNINE THE HYADS (IN.LB.) 
UL=ENERGY D I S S I P A T E D  I N  C I S T L B C I K G  S B I Z L D I N G  ( 1 N . L E . )  
ZZ=IENEFGY C I S S I P A T E C  I N  LEPORMING COOLING PINS (IN-IS) 

DIMENSION U (1000) ,X (1000) , P (1000)  ,G (1 C O O ]  , A C  ( l O O C ) ,  TY (1 000)  

zz=o * 

T=.688 
TAR=. 395 
TA=l .  375 
8= 16 0 00. 
R=12.5 
CL=89.38 

1, AP (1000)  * v ( 1  000) 

I N P O T  CASK GEOMETBY 

I N P U T  T E S T  CONDITION 
66 DO 20  NN=1,2 

R=36. 
I F ( N N  .FQ. 2) A=360. 

U'I=W*A - 22 
oc=. 0 1  

sc=120000. 

CALCULATE CASK POTENTIAL ENERGY 

INPUT INCRENENS OF A N G L E . 8  

INPUT MATL. PROPERTIES 
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c 

c 

e 
C 

c 
C 

c 

C 

c 

DO 3 2 6  R C = 1 , 2  
SL=60 00. 
f lP (KC.EQ.  2) SX=14COO 

DO 1 I = l , 1 0 0 0  
Z E R O  SUBSCRTPTED VARIABLES 

x (I) =o.o 
0 (T) =o.o 

P (I) =o. 
A G ( 1 ’ )  =o.o 

v (I) =o.o 

TM [I) - 0 . 0  
G [I) =O.O 

AF (1) = O .  0 

1 COXTINWF 

u L = o  IO 
OH-0.0 
D T = O  - 0 
TS=O. 0 
PU=O. 0 
vv=o.o 
uu=o  - 0 
PF=O* 0 
x x = o * o  
01-0.0 
V ( 1 )  =SQRT((64.*8/12.)) 
V V - v  ( 1 )  
DO 2 I=1,1000 

SC=SIN (0 )  
SOO=SIt? (2. *O) /2. 
CO-ICO s (0 )  

ZERO NONSUBSCRIPTEC V A R T  ABLES 

IF(I.EQ,l) GO TU 21 
o=o*oo 

CALCULATE VOLUME O F  S H I E L D I N G  DISPLACED 
EQUATION 1 

CALCULATE P N E P G Y  D f S S I P A T E D  I N  D I S P L A C I N G  S B I E t D T N G  
VL-; (R*R*CL* ( C - S U O ) )  

EQUATTON 2 
0Z=SL*VL 

E Q U A T I O N  6 
c C = O - S O O  

EQUATTON 12 
VU= ( T H s T A B )  *i?*R*QC 

E Q U A T T O H  13 
OH= SC*VB 
ARL=2.*8*SO*CL 
FOR L- A BL* s L 
ARH=2.*R*SO* [TI! + TAR) 
PORH=ARH*SC 
D ( l ) = U F 1  + WL 

x(I)=R*(~.-co~ 
COMPUTE DEP(3RN A T I O N  

CONPWTE APPLIED P O K E  

COMPUTE ACCELERATION 
P ( I ) = F U R L  + PCEA 

G ( T ) =  (P(?:)*32.) /W 
A G ( I ) = P ( I ) / W  
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iF(U(I).GT.OT) GO T O  7 
C COYPUTE VELOCITY 

8 V(I)= S Q R T \ ( U T - U ( I ) J * ( 6 4 . /  (W*12.))) 
7 CON?Il :O? 

DT-0 .  
I I F ( G ( 1 )  . N E .  0.) E T = ( V V - V ( I ) ) / G ( I )  
T S=T S +DT 
TM ( I ) = T S h l O O O .  

PU=U (I) / U T  

L' COYPUTE LAPSED TIME 

C COWPUTE PERCPlTbGE ENERGY STORED 

2 1  CCNTIWUE 
5 X X = X f I )  

oo=u (I) 
vv=v  (1) 
P F  = P ( 1 )  
I F ( U ( T ) . G E . U T )  G O  TC 4 

2 CONTINUS 
4 CONTIFOE 

J=I - 1 

WRITE ( 5 1 , 1 0 0 9 )  
WRITE ( 5 1 , 1 0 0 9 )  
WRITE ( 5 1 , 1 0 0 2 )  
WFTT E ( 5 1 , 1 0 0 8  H 

URITE (51 , 1 0 0 2 )  
KRITE ( 5 1 , 1 0 0 9 )  
H R I T F ( 5 1 ,  1CO9) 
URITE ( 5 1 , 1 0 0 2 )  
WRITE ( 51,! 604)  
WRTl'F(51 , 7 0 0 2 )  
U R I T E ( 5 1 ,  1 0 0 5 )  
WRITE ( 5 1 , 1 0 0 6 )  
WRITE (51 , 1 0 0 2 )  

C OUTPUT-WRITE LCOP 

1 0 0 8  PORMAT(1H ,25X, 'LCOP TRANSPORT CASK' ,F10.3)  

1 0 0 2  FORMAT(1HO) 
1 0 0 4  FORMAT (1H ,30X,13PCASK G E O S E T E Y )  
1005 FORMAT ( 1 H  ,4X, 6HZADT flS ,9X,68LEEG'IH , 8 X  ,1 ORSAEIL THY., 5X, 

1 9 H H E A D  TBR. , 5X ,  SHHEAC THK.,7X,6HWEIPHT, 5 X ,  
2 1 SHSPECIFIC EN? B G Y )  

1 8 X ,  6HINCHES,8X, 6HP3UHDS ,7X,1 l A I N - I E / C U  76) 
1006 FORMAT (1H , UX, 6 H I N C H E S  , 9X  6AINCH ES, 9X, 6 HIM CHES , SX, 6HINCHES, 

U R I T E ( 5 1 , 1 0 0 7 )  R,CI,T,TH,TAH,B,SL 

WRITE ( 5 1 , 1 0 0 2 )  1 1 A  1f 
WRITE ( 5 1 , 1 0 0 9 )  
WRITF ( 5 1  1039) 
WRITE ( 5 1 , 1 0 0 2 )  
WRITE ( 5 1 , 1 0 0 0 )  

1007 FORM AT (1 A , F l O .  3, W 1 5 . 3  , F 1 5 .  l ,P  12.0) 

1 0 0 0  FORH AT ( 1 R , Y X ,  1 1 FDEFOR flATION, U X ,  8HVELOC ITY ,7 X, 4 HTIHE , 1 3 X I  SRFOCCE , 
1 1 OX ,6BENEFGY, 5 X ,  1 ZHACCELERATTON) 

WRITE ( 5 1  , 1 0 0 1 )  
1 001 P O R E  AT ( 1 H , 6 X  ,6 HINCBES , 7 X ,  8 HFT . /,CEC. 4K 1 2 H f l  I L L I S E C O  ND S, 8X, 

1 6APOUUDS, 10X,6HLB-IN. ,10X,3HX G) 
URITE ( 5 1 , 1 0 0 2 )  1 1 A  1' 

1009 FGRMAT (1 H ,  X, 49H+*****+****$*++t****i"atn***xt*+*******~**~******, 
1 5 5 H * * * * * * * * * * * $ * * w * * * * ~ * * * ~ * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * ,  

1 1 A  I f  
1 1 B  1' 
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2 14H** * S S f *  * * * * *e* )  
CO 1 1  T = l , J  
W 9 I T F f 5 1 , 1 0 0 3 )  X ( I )  , V [ I ) , T H ( I ) e F ( T )  , U ( T )  s A G ( 1 )  

1003  FOf(MAT(1K ,Y12.4,F13.2,~15.0,F18.2,F16.2,F12.2) 

CALL Q~~TKFL(X,AG,J,'LINEhR' . ' J . H . E V A N S S ' )  
11 CONTIPUT 

326 CONTINUT 
20 CONT'Ifl'IT;.: 

STOP 
END 
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C . 3  Program 1014 CASK 

The 1014 CASK computer program w a 5  w r i t t e n  t o  compute the  response 

of a r i g i d  cask equipped wi th  an energy absorber  to impact r e s u l t i n g  

from a f r e e  drop of t h e  cask onto i t s  energy absorber .  The equat ions 

necessary f o r  t h i s  computation are der ived ,  and t h e  program l i s t i n g  i s  

presented  i n  t h e  fol lowing subsec t ions .  

C.3.1 Equation d e r i v a t i o n  

"he gene ra l  case  of a cask equipped wi.th an energy absorber  which 

deforms i n  pure  compression is  i l l u s t r a t e d  by t h e  computational made1 

shown i.n Fig.  C . 4 .  I f  t h e  force-defarmation curve f a r  t h e  absorber i s  

as shown i n  Fig. 6 .5 ,  t h e  fol lowing express ion  represents t h e  energy 

expended as the  cask moves from XO t o  X and deforms the absorber  an 

amount 6 : 
n 

n 

It fol lows t h a t  

n=n n=n 
= 1 A U =  1 F 6 .  

ll=Q n=O un 

( C . 2 7 )  

(C.283 

The s u m a t i o n  can be s impl i f i ed .by  hold ing  t h e  magnitude of t he  incre-  

mental  deformation ( 6 )  of t h e  absorber  cons tan t  and s a t i s f y i n g  t h e  

express ion  

N 6  = Xn , (C. 29) 

where N = number O F  increments.  The equat ion f o r  t h e  absorber  defoma- 

t i o n  a t  p o i n t  n (X ) can be w r i t t e n  as fol lows:  n 

Xn = E*L = N 6  (C. 30) 
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ORNL D W 6  74-97f4 

CASK 

L 

/ Fn 
LORlGlNAL SHAPE 

h 

sect A-A 

F i g .  C . 4 .  Computational model f o r  impact of cask equipped w i t h  
energy absorber  which deforms i n  pure compression. 
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Equation (C.30) can be solved f o r  t h e  s t r a i n  (E)  a t  p o i n t  n as fol lows:  

E = N 6 / L  n (C.  31) 

The s tress-s t r a i n  equat ion f o r  t h e  material  from which t h e  energy 

absorber  i s  cons t ruc ted  is as f o l l o s ~ s :  

( C .  32) (5 = f(Ei) Y i 

where 

o = stress, 

E = s t r a i - n .  

The f o r c e  (F) can b e  determined :From t h e  expression 

F = o a ,  (C.33) 

where A = o r i g i n a l  c ros s - sec t iona l  area of t h e  energy i3bsorber. 

The preceding r e l a t i o n s h i p s  form the  b a s i s  f o r  t h e  1014 CASK com- 

p u c c r  program. The deformation of t he  energy absorber  i s  increased i n  

s t e p s  of cons tan t  magnitude. S t r a i n ,  s tress,  and f o r c e  are computed f o r  

deformation va lues ,  and t h e  energy f o r  each step is determined. The 

energy is  added t o  t h e  sum of t h a t  for previous s t e p s  and compared wi th  

t h e  p o t e n t i a l  energy of the cask. 

p o t e n t i a l  energy, t h e  computations a r e  ended. 

When t h e  d i s s i p a t e d  energy equals  the  

The program i s  c u r r e n t l y  suppl ied  wi th  s t r e s s - s t r a i n  equat ions 

[o = f ( ~ ) ]  f o r  s t a i n l e s s  s tee l  and m i l d  steel, and i t  can be used f o r  

energy absorbers  w i th  any c ross - sec t iona l  shape. It: i s  equipped t o  

compute t h e  area f o r  c i r c u l a r  absorbers  wi th  r ec t angu la r  c ros s  s e c t i o n s ,  

as i l l u s t r a t e d  i n  F ig .  C.6(a),  as w e l l  as absorbers of o t h e r  shapes w i t h  

cons tan t  c ros s  s e c t i o n s ,  as i l l u s t r a t e d  i n  F i g .  C.6(b) and (c) .  For the  

absorber  type  i l l u s t r a t e d  i n  Fig.  C .  6 ( a ) ,  the r a d i u s ,  th ickness ,  and 

depth must be  i n p u t  t o  t h e  program i n  s ta tement  numbers 70, 7 1 ,  and 7 2 ,  

wh i l e  t h e  th ickness ,  depth,  and l eng th  f o r  t h e  types i l l u s t r a t e d  in Fig. 

C.6(b) and (c )  must be  inpu t  as s ta tement  numbers 7 1 ,  72,  and 73. For 
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( e )  
F i g .  C . 6 .  T y p i c a l  energy absorber configurations 
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absorbers of o t h e r  geometr ies ,  t h e  area must be  c a l c u l a t e d  manually and 

i n p u t  as s ta tement  74.  Those s t a t emen t s  no t  3ppLicable t o  the ahsorbcs 

be ing  analyzed must  be  left as 0.0 .  

I n  a d d i t i o n ,  the weight  of  t h e  cask i n  pounds must be  inpu t  as 

s ra tement  80, t h e  drop h e i g h t  i n  inches  i n  s ta tement  81, and t h e  absorber 

material must be i n p u t  as s t a t emen t  88. The material imfo~matian is  

i n p u t  as SST f o r  annealed 300-series s t a i n l e s s  steel  and as STL f o r  mild 

s teel .  If a f i n e r  o r  coa r se r  mesh is desired, t h e  value of DE i n  state- 

ment 60 can b e  decreased o r  increased .  ‘he 1000 forinat should be  altered 

t o  i d e n t i f y  t h e  cask being  analyzed. 

C.  3.2 Program l i s t i n g  

The 101.4 CASK computer program l i s t i n g  is given on the fol lowing 

pages. 
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*+PTN,L,R,E,G,  A .  

C THIS PXOGRAI! COffDnTES THE RESPONSE O F  A R I G I D  CASK EQUIPPED WITH A N  EMERGP, 

C \ T I O N & L  LABOaATORY, JUIJE 1 9 7 4  
c GLOSSARY OF NOTATION 

b PROGZAN 1 0 1 4  CASK 

c ~ ~ S Q R B E R  WHICH er:oRns IN PnRE COKPRESSION C O D E D  nr JonN E V A N S  PE , O A K  R I D G E  

P 

C 
c 
C 
C 
e 
C 
c 
C 
C 
e 
c 
C 
C 
C 
C 
C 
C 
c 
C 
c 
C 
c 

C 
- 
L 

EE=P'I OUHT STF? AI N rS IHCREf lENTED-IN,  /IN. 
S=STRYSS P S I  
DEP=ABSORBER DEEOHHATION I N .  
DU= D T  r!'?? 9 UTI 4L E l i  E RGY I N  . L B . 
FORC=PORCE LE. 
ENER=ENERGY D I S S I P A T E D  IY DEFORHING THE ABSORBER IH.LR. 
ACC=RCCELERATID N X G 
STL=STEEL HILD OR LOW CARFON 
SST=STBYXLESS STSEL 300 S E R I E S  
ALUt4.r L L U Y  INUP3 'P YP E 6 0 6 1 -T6 
DE=STRAIN IN./IN. 
DS=STRAIN IN./IN. 
AUATL=ABSORBER MATERIAL 
WT=CBSK KETGHT LB. 
RAD=BBSORRES R9DIUS IN. 
TAK=hBSOEBEX T K I C K N E S S  I N .  
TLEN= BBSOSDER LSHGTH I N .  
DEPR=ABSOEEER DEPTH IN. 
AREA=ABSOPBZR AREA SQ.IN.  
DL=CAANGE I N  ABSORBER LENGTH IH. 
A ,  B, C , D, E ,  E,G , tI .@, P, Q ,  R =C OS S T  ANT S I N  TR E STRESS E QUAT10 N 
HT=DROP ACIGHT I N .  
UT=CASKS TOTAL F 3 T E N T I A L  ENERGY IN.LB.  

DIMENSI3N DE(200),S(20O),DEF ( 2 0 0 ) , D U ( 2 0 0 )  , F O R C ( 2 0 0 )  ,EHER(ZOO),  
2 A C C ( 2 0 0 )  

1 0 0 1  FORERT ( 1 H O )  
1 0 0 2  FORffAT ( 1  H , 1X ,49H*b*a4a+++*+,*a*+*~*~~***++""+*""'******~~*~***, 

5 5H't** ++64r*h*r*%d + * + * + * * t * * b t * t * * *  * * * * * * 4 * ~ * $ * * 0 * * * * * * * * ~ * ~  , 1 
2 1 &H*****+**C*****) 

1 0 0 3  PORRAT(1H ,23X,24HTNERGY ABSORBER GSOKETRY) 
1 0 0 4  PQRRAT ( 1  K , ~ ~ X , S R R A D I ~ S  , j X 8 9 H T H I C K N E S S , 3 X , 5 H U E P T W , 4 X ,  6EILENGTA,5Xp 

1 UHAREA) 
1005 FORflAT(1H , F 1 8 . 3 , 4 F 1 0 . 3 )  
1 0 0 6  YORPlAT ( 1 H  #T6X,33HCASK GEOXETRY A N D  TEST CONDITIONS) 
1007 POREAT(1 B , 1 2 X , l I H C A S R  WEIGHT,3X, l lHDROP HEIGHT,3Xp98POTE!ITIAL, 

1 X I 6HSNPRGX) 
1008 FORHAT(1H , F 2 1 .  1 , ? 1 4 . 1 , F 1 7 . 1 )  
1009 FORKAT ( 1 A  , TX,12fiRCCELERATIOtT,2X,  1 lHDEFORtlATXON,6X 5 H P O B C E , 6 X ,  

1 

1 SHIN/IN,9X,5HLa-I !4)  

6 HSI RES S, 6 X ,  6 HSPR AS ! I ,  8 X, 6HEHE RGY) 
1010 F O R H A T  (1H # SX,3HX G, l O K , 6 3 f N C H E S ,  9 X 8 U H L B S , # 7 X , Y H P S I - ,  9 X p  

1 0 7 1  FORH2IT (1H , F 1 0 . 1 , P 1 3 . 3 , F 1 6 .  1 , P 1 2 . l 8 F I l . 3 , F ~ ~ . 1 )  
DO 7 ,  I = 1 , 2 0 0  
DE (I) =O. O 
s (I) =o.o 
DEP (I) =O . O  
DU (I) =o. 0 
PQRC ( I )  = 0.0 
ENER ( I )  = O .  0 



185 

7 A C C ( I ) = O . O  
S S T = l . O  
S T L = 2 . 0  
ALUB=3 .O 

6 C  EE=.005 
DS=O .O 

C I N P U T  ABSORBER R A T E R I A L  
88 AHATL=STL 

C I N P U T  RADIUS 
7 F  R A D = O . O  

C XNPUT ABSORBER LENGTH 
73  T L E N = 2 . * 8 .  

C I N P U T  CASK WEIGHT 
80 W T = 1 6 0 0 0 .  

C I N P U T  T H I C R N E S S  
71 T H K z 2 . 0  

C INPUT ABSORBER DEPTH 
72 DEPHz5.5 

C T N P U T  ABSORBER A R E A  
74 AREA=O.O 

C INP'JT CASK I D E N T I F I C A T I O N  

C INCREAENT DEFORMATION 
1900 PORMAT(1 H ,8X,'O. R. N. 1. L O O P  TRANSPORT CASK INPACT O N  SIDE()  

DL=EE*DE PH 
PHI=3.14 159265 
I P ( R A D  . GT. 0 . )  AREA=2.  *9AD*PBI*THK 
I F ( T E E N  .GT. 0.) IREA=TLEN*THK 

I P ( A N A T L . N Z . 2 . 0 )  GO T O  6 

A=-& - 3 6 3  3772U E+02 

C I N P U T  DROP HEIGHT 

C K I L D  STEEL C O E F F I C I E N T S  

B=3.52674012E+06 
e=-5.843 a 4 9 1 2 ~ + 0 7  
D = 8 . 4 1 1 7 5  2080E +OB 
E=-l. 007 90838 E* 10 
F = B .  3220 1264E+lO 
G=-U. 428 7 5 8 6 4  E+11 
H-I. 5 0 6 3 5 4 8 U E t 1 2  
0=-3 .25535392E+12 
P=O. 3175427 2E+12 

R = l  . 01 3 1 0658E + 12 
A A = O  - 5  
A B = 3 4 5 0 0 0 .  
A C - 7 3 0 0 0 .  

I F ( A t I A T L . N E . 1 , O )  GO TO 5 

A=-6.600 4682U E+02 

~=-3.20~87a84~+12 

6 CONTINUE 

C S T A I N L E S S  S T E E L  C O E F I C I E N T S  

8=3.27884020??*O6 
e=-i  .74360076~+00 
D=5.782800722+09 
E=-9.291 1 6 0 9 6 E + l Q  
F = 8 . U 6 5 0 9 0 4 8 E + l l  
G=-U .79173260E+?2 
H=l. 7 5 7 6 Q l 4 6 E + 1 3  
0=-4 .20115552E+13 
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Pz6.3357 9656E+ 1 3  

Hz2.0790 15UOE+13 
AA=0.35 
AB=642000. 
AC=50 300. 

I P ( A G A T L . N E . 3 . 0 )  GO TO 12 
A=-;!. 3 75 2999 2 E+  02 
B=8.772222162+05 
C=-2.10395908E+07 
D-7.32526976E+08 
E=-1. 19710816F+10 
T=9.285227285 + l o  
G::-4.24976496E+ll 
H = l .  2 191 969UE+l2  
0=-2.22U03Y24E+12 
P=2.51118460E+12 
Q=-1 .603320622+12 
R4.4 328  6881dE+11 
AAz0.5 
RB=2 09 10 0. 
ACz27901). 

UTA= 48. 
IF(b!T.GS. 10000 . )  H T A z 3 6 . 0  
IY(WT.GE.20000.) fiTA1.24 .O 
XF(WT.GE . 3 O O o O . )  [ITA= 12 .O 
HTi3=360. 
DO 2 0  W--1,2 
HT=HTA 
I P ( N  .E2. 2) HT-IITB 
UT=WT*Hl' 
SuHu=O.O 
DS=O. 
DO 1 T=1,200 
DE (T) =DS 
DEF (I) = D E  ('11 *meR 

Q=-5.Q9U327682+13 

'5 C O N T I N U E  

12  eoNTrNuE 

IF(DS.GT.AA) GO T O  21 

S(1) =A+(B*DS)  +(C*DS*DS) 4 ( D * ( D S * * 3 . ) )  +(E* (CS**4.))+(P*(DS**5.))+ 
t STRESS E Q U A T I O N  

1 
2 (Q* (DS**10. )  ) + ( R * ( D S * *  1 1 . ) )  

(G* ( D S * * 6 . ) )  +(H* (DS**7 .) ) + (09: (DS**B,) )  4 (P* (DS**9 . )  ) + 

2 1 CONTINUE 
IP(DS.LE.AA) GO T O  22 
STl?S= ( A B * D S )  + AC 

2 2  CONTINUE 
C COHPUTE FORCE 

PORC (1) =§(I) * A R E h  
C COMPUTi? A C C E L Z R A T I U N  

R C C ( 1 )  = P O R C ( I ) / U T  
C COMPOTE E N E R G Y  

DU(1) = F 3 R C ( I )  *DL 
SURU=SUXU+DU (I) 

DS=DS+F,P 
I F ( E N E R ( I )  .GS.CIT) GO TO 2 

E u E a  (I) =si inu  
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1 C O H T I N U E  
2 CONTINL'E 

a=T 
WRITE ( 6 , 1 0 0 2 )  
WRITE ( 6 , 1 0 0 2 )  
WRITE ( 6 , 1 0 0 1 )  
URTTP, ( 6 , 1 0 0 0 )  
W R I T E  ( 6 , 1 0 0 1 )  
WRITE ( 6 , 1 0 0 2 )  
WRITE ( 5 , 1 0 0 2 )  
WRTTE ( 6 , 1 0 0 1 )  
WRITE ( 6 , 1 0 0 3 )  
WRITE ( 6 , 1 0 0 1 )  
WRITE (6 , l o o & )  
WRITE ( 6 , 1 0 0  1 )  
WRITE ( 6 , 1 0 0 5 )  , R A D , T W K , D E P H  ,TLEN A R E A  
W R I T E  ( 6 , 1 0 0  1 )  
Y R I T E  ( 6 , 1 0 0 2  ) 
WRTTE ( 6 , 1 0 0 1 )  
WRITE ( 6 , 1 0 0 6  1 
WRITE ( 6 , 1 0 0  1 )  
WRITE ( 6 , 1 0 0 7 )  
WRITE [h, 1 0 0 1 )  
WRITE ( 6 , 1 0 0 8 )  WT,AT,UT 
WRITE ( 6 , 1 0 0 1 )  
WRITE ( 6 , 1 0 0 2 )  
WRITE ( 6 , 1 0 0 2 )  
WRITE ( 6 , 1 0 0 1  1 
WRITE ( 6 , 1 0 0 9 )  
WRITE ( 6 , 1 3 0 1 )  
WRITE ( 6 , 1 0 1 0 )  
WRITE ( 5 , 1 0 0  1 ) 
DO 10 I = 1 , 2 0 0  
WRITE ( 6 , 1 0 1  1) ,ACC 
XP(1.GE.J) GO TO 

10 C O N T I N U E  
1 1  C O N T I N U E  

W R I T E  ( 6 , 1 0 0 1 )  
WRITE ( 5 , 1 0 0  1 ) 
WRITE ( 6  , 1002)  
WRITE ( 6 , 1 0 0 2 )  
B R I T E  ( 6 , 1 0 0 2 )  
WRITE ( 6 , 1 0 @ 2 )  
WRITE ( 6 , 1 0 0 2 )  
WRITE ( 6 , 1 0 0 2 )  
WRITE ( 6 , 1 0 0  1 ) 
WRITE ( 6 , 1 0 0  l \  

(I , D E P ( I  
11 

, FOBC (I 

C A L L  Q ~ I K P L  ( D E P , A C C , J , *  L T N E A R ~ ,  ' J . u .  EvaHsS;'i 
C b L L  QWXKPL ( D E P , E N E R , J ,  ' L I N E A R '  , ' J . H . E V k N S $ ' )  
CALL Q U I  KPL (RCC,E N E R I  J, ' L I N E A R '  , ' 3. H e  EVA NSS ' 1  

STOP 
END 

20 C O N T I N U E  



C . 4  Program 1018 CASK 

The 1018 CASK computer program w a s  w r i t t e n  t o  compute t h e  response 

of  a c y l i n d r i c a l  cask wi th  l ead  b i o l o g i c a l  s h i e l d i n g  clad wi th  steel t o  

impact on p ro t rus ions ,  such as l i f t i n g  lugs ,  l oca t ed  r a d i a l l y  on t h e  

o u t e r  she11 of t h e  cask. The l i s t i n g  f o r  t h i s  computer program i s  given 

here .  
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+*FTM,L,E,G. 
C PROGRAfl 1 0 1 8  CASK 
c" 

TTHIS PROSRAN EOliPUTES THE RESPONSE OP A CLAD LEAD SHIELDEC CRZ,; 
,, I f lPCACTING ON A PROTRUSION SUCH AS A L I F T I N G  CUG THE PROTRUSIONS 
C ARE LCICATED RADIALLY O N  THE CASK SHELL kllD REMOVED PROM RRACIBG 
," CODED DY JOHN EVANS P.Z. O A K  RIDGE NATIONAL LABXOTORY J A N U A R Y  1975 
c 
C GLOSSARY OF NOTATION 
e 
e STEEL=LOU CARBON OR HILD STEEL 

C T=S HELL THICKNESS I N .  
c DX= DEFLECT10 N INCR EUE NT IN . 
C W = C A S K  WEIGHT LB. 
c G=GRAVITATIONAL CU NSTANT 
c A=LUG LENGTH I N .  
C C=LUG WIDTti IN. 
e BeD=DFFQBKED D I K Z M S I O N S  I N .  
c H=DROP HEIGHT IN. 
c UTZCASK POTZNTIONAL ENZBGY IN-LB. 
C CA, CB=CO EFTCIENTS TW T E E  STRESS EQUATIONS 
c S = I D E B L  DYNAMIC COMPRESSIVE YEILD S T R E S S  FOR LEAD @ S I  
C X=DEPLEC TION I N .  
c QI=IUJf iBER OF LUGS 
C Y=DEPLEC'TEDN IN. 
C ACC=ACCELERATION X G 
C QL=VOLUEE OP LEAD DISPLACED CU. I N .  

c ssr=3oo swres S T a n i L E s s  STEEL 

U L = E N E R G Y  A B S O B B E D  IN T H E  L E A D  IN. LE. 
XP, XX=ELOMGhTIOK OF T!IE SfIELL IN. 

c EY,EX=STRAIN IN THE S R Z L L  IN./II{. 
C SX,SY=STRESS I N  THE SMELL P S I  
c A Y , A X = C R O S S  S F c T I o n a r ,  SHZLL A R E A  BEING STRESSED SQ. IN,  
C US=EMERGY D I S S I P A T E D  X N  D&FOPiTING THE SHELL IN.. LB. 
C U=%NERGY I N .  LB. 
C F=FORCE LD. 
C OX,OY=ANGLES OP DZFORMATXON I N  TIIE SHELL 
C PK,PY=PORCES ON THE S H E L L  LB. 
C PL=FORCE I N  TBE LEAD LB, 
e P=TOTAL FORCE LB. 
C 

1 
b 

D t E E N S I 3 N  Y ( 2 0 0 )  , U ( 2 0 0 )  . F ( 2 0 0 )  , A C C ( 2 0 0 )  , P ( Z O O )  
1 0 0 0  FORMAT (1ti  ,30X, ' O.R. N.L. LOOP TRANSPORT CASK') 
l o 0 1  FORHAT (1HO)  
1002 FOPKAT [ 1 H ,  @ X I  'CA SK* 
1003 FORMAT f I H ,  3X, 'HEIGHT'  , 8 X , ' T H I C R N E S S E , 5 X r  'LENGTH',BX,'WIDT€i" ? 7 X ,  

1004 FORMAT ( l H ,  3R,'PODKSS' ,9X. ' INCRES'  ,7X,( INCHES'  ,7X,'IWCHES') 
1050 FORMhT (P I  0.1 , F93. 3 , 2 F 1 3 . 2 , 8 X e  ' S T E E L ' )  
1 0 5 1  FORMAT (F 10.1 ,  F13. 3,2F13.2,6X,'STAINLESS@) 

1 0 0 7  PORKAT ( l H , l O X , ' H E I G H T '  ,lOX,'STRESS O F  b E A I ) ' ~ l l X , ' P O T E E I T I A L  ENERGY 

1 1 X, * SHELL' ,  9X, ' LUG ' , 1 O X ,  * LUG' , 1 OX, SHELL'  1 

1 ' MATERIAL' ) 

io06  FOW AT ( i n ,  i 1 x, 'DROP ' ,  12x,  9 DY H A K ' L C  YIELD' , 17x,  3 CASK*)  

1 ' )  
*ooa FORHAT ( i t i I i o x , * I w . x E s '  ,15x, 'PSIS J ~ X ~ Q I N - L B ' )  

009 FORMAT ( F 1 6 . 1  , P 1 9 . 1  ,P28 .l) 
1010 FORRAT (1 8,9I, e DEPLECTION' , 3X, 'DEF.  ENERGY' ,9X,' FORCE' I 1 lX, 

1 'ACCELERATION' ) 
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1 0 1  1 FGRRAT(1 H ,  1 l X , * I N C H E S ' ,  RX'XN-LB', 12X, 'POUNDS' , l Q X t a X ( G )  *)  
10 1 2 PORfl AT ( F 1 6 . 2 ,  P 1 6 . 1 , 3 P l 7 . 1 )  

S T E E L =  1- 0 

C 

C 

C 

C 

C 

C 

SST=2.0 

S NATL=Sl'EEL 

T = . 6 9  

DX=. 0 5  

U=16000. 
G = 3 2 .  

A = l 2  
C=U. 
B=.8*A 
D=. 8*C 

QC=2.0 

HTA=48.  
IF ( U . G E . 1 0 0 0 0 . )  HTA=36.0 
IF (t?.GE.20000.) h'Tk=ZU.O 
IP ( U . G E . 3 0 0 0 0 . )  RT.4=12.0 
HTB=360 .  

L I N P U T  S H E L L  MATL., HOT RQLLED,LOW'CARBON ECT.=STEEL,  S T A I N L E S S  S T E E L - S S T  

I N P U T  SHELL T H I C K N E S S  

I N P U T  DEFLECTION I N C E U E N T  

I N P U T  CASK UEIGi lT  

I N P U T  LUG DIEIENSIONS ( L E N G T W A  G WIDTH=C) 

IlPUT NO. OF LUCS 

I N P U T  DROP HZLGHT 

I F ( S f l A T L . N E . l . 0  ) GO T O  8 
N I L D  S T E E L  C O E P I C I E N T S  

C A 1 7 3 0 0 0 .  
C E = 3  4500 0. 

I F ( S M A T L . N E . 2 . 0 )  G O  TO 9 
S T A I N L E S S  S T E E L  CCEFICIENTS 

8 COWTINUE 

CA = 50300.0 
CR = 6 U 2 0 0 0 . r )  

W R I T E ( 6 , l O O l )  
# R I T E  (6, 1 0 0 1 )  
URITE(6,lOOO) 
WRITE ( 6 ,  100 I )  
R R I T E  (6, 1 0 0 2 )  
WRITE (6,  loo31 
WRITE(6 ,  1003) 
I F ( S M A T L . N E . 1 . 0  ) GO T O  31 
W R I T E ( 6 ,  1050) K,T,A,C 

9 CONTINUE 

3 1  I F ( S N A T L . N E . 2 . 0 )  G O  TO 32 

32 CONTINUE 
DO 4 N=1,2 
H=HTA 
I P ( N  .EQ. 2 )  H=ATB 

UT= W*H 
DO U 14=1,2 

S=6000. 
IF(H.EQ. 2) S=lUOOo, 

WRITE(6,  1051) W,T,A,C 

CkLCULATE CASK POTENTIAL ENERGY 

INPUT I D E I G  DYNAtl IC Y I E L D  STRESSES POR LEAD 
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c 

c 

c 

c 

C 

c 

c 

c 

xx=o * 0 
X Y = O . O  
W R I P E ( 6 ,  1001) 
W R I T E  (6 ,1006)  
WRITE(6, 1 0 0 7 )  
WRITE (6, 1 0 0 8 )  
W R I T E  (6, 1009) H, S,UT 
DO 6 I = 1 , 2 0 0  
Y [I) =0.0 
u (r) =o.o 
P (I) =o.o 
F (I) =O.O 

6 A C C ( I ) = O . O  
DO 1 I=1,200 
X= ( D X * I )  -DX 

X-DELTA 
Y (I) =x 

CALCULATE VOLUHE DISIlLAC ED 

CALCfJLATE ENERGY RBSORRZD I N  LEAD 
V L = X *  ( (A * C )  4 (C*B) 4 ( A*D) f ( ((I. *B*D9 1 3 .  ) ) 

UL=5*VL 
IP(X.EQ.O.0) GO T O  2 

X Y = 2  .* ( (  SQST( (D*D) 4 ( X t X ) ) )  -D) 
XX=Z.*((SQRT( ( B * B ) + ( X * X ) ) )  -8) 

CALCULATE ELONGATION OF THE CASK SHELL IN X A N D  Y DIRECTIONS 

2 CONTINUE 
CALCULATE STRAIN I N  CASK SHELL IF? X A N D  Y DIRECTTONS 

E Y  = X Y / ( 2 . * D )  
EX=XK/( 2. *R) 

SX=CA+ (EX*CB) 
SY=CA+ ( E Y W B )  

AY=T* ( A *  B) 
AX=T* IC+ D) 

US= (CA*(CB/Z. ) *EY) *XY*AY+ (CA+ (CB/2.) *EX) *XX*AX 

U (I) =QL* (ULaUS)  
I F ( X . E Q . O . 0 )  GO TO 3 

CRLCULATB FORCE 
P(1) = ( U ( I ) - U U ) / D X  

ChLCULATE STRESS I N  THE CASK SHELL IN THE X AND Y D I R E C T I O N S  

CALCULATE HEAN CROSS S E C T I O N B L  AREA U N D E R  S T R E S S  

CALCULATE ENERGY ABSORBED E N  S H E L L  

SUN S H E L L  ENERGY & L E A D  ENERGY 

3 CONTINUE 
UO=U (I) 

ACC(1)  =P (I) /H 
CALCULATE ACCELERATION 

I P ( U  (I) . G E . U T )  GO TO 5 
1 CONTINUE 
5 CONTINUE 

WRITE (6, 10 10) 
YRITE (6,101 1) 
K = I  
DO 7 I=l,K 
W R I T E  (6 , 10 1 2 )  Y (I) ,U(I) +P (I) ,ACC(X) 

9 CONTINUE 
CALL Q V I  KPL (U , ACC , K , * L I  NEAR' , * J. H.EVA tXS$ '1  
CALL QWIRPL ( 8  , Y , R ,  * L I N E A R *  ,* J . H .  EVAN5$') 
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U r Q N T I N U l ?  
STOP 
END 
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SPECIFICATION 2R CONTAINER TEST REPORT 

The design and f a b r i c a t i o n  of t y p i c a l  S p e c i f i c a t i o n  2R conta iners  

used a t  ORNL are d iscussed  i n  Sec t .  1.8. Two S p e c i f i c a t i o n  2 K  i nne r  

con ta ine r s  of t he  type used i n  t h e  ORNL sh ipping  cask D-38 were t e s t e d  

t o  e s t a b l i s h  the  adequacy of t h i s  type of conta iner  as the  primary 

containment v e s s e l  f o r  r a d i o a c t i v e  materials. These tests and t h e i r  

r e s u l t s  were o u t l i n e d  by L. B. Shappert  and B. B. K l i m a  i n  t he  SAW f o r  

cask D-38 (ORNL/TM-2200), and an  excerp t  from t h a t  r e p o r t  is presented  

he re .  The f i g u r e  numbers were changed f o r  compa t ib i l i t y .  

Two S p e c i f i c a t i o n  2R con ta ine r s  were drop t e s t e d  t o  e s t a b l i s h  t h e i r  

a b i l i t y  t o  main ta in  containment a f t e r  a 30-ft f r e e  drop and impact. 

Each con ta ine r  w a s  placed i n s i d e  a s l e e v e  t o  s imula t e  t h e  condi t ion  of 

t h e  con ta ine r  i n s i d e  t h e  cask during t h e  f r e e  drop and subsequent impact. 

The sleeves cons i s t ed  of a l eng th  of sched-40 s t a i n l e s s  steel p ipe  wi th  

a 0.280-in.-thick p l a t e  welded over one end. The inne r  con ta ine r s  and 

t h e i r  s l e e v e s  are shown i n  Fig.  D . 1 .  be fo re  t e s t i n g .  

P r i o r  t o  drop t e s t i n g ,  both conta iners  were l e a k  t e s t e d  and found 

t o  be  l eak - t igh t  a t  a p res su re  of 25 ps ig .  Both conta iners  weighed 

19 l b  when empty, and each w a s  loaded wi th  25 l b  of s o l i d s  t o  b r i n g  the  

t o t a l  weight of t h e  dropped u n i t  t o  44 lb. Test ing  of t h e  con ta ine r s  

cons i s t ed  of two 30-ft drops.  The f i r s t  drop w a s  made i n  such a manner 

t h a t  the bottom of t h e  con ta ine r  and sleeve impacted f l a t  on t h e  drop 

s u r f a c e .  The inne r  con ta ine r  and drop s l e e v e  a f t e r  t h e  f i r s t  test are 

shown i n  Fig.  D . 2 .  This con ta ine r  impacted a t  an angle  of 0"  wi th  t h e  

drop s u r f a c e  and sus t a ined  almost no v i s i b l e  damage. 

The second drop w a s  made wi th  t h e  bottom of the conta iner  and drop 

sleeve a t  an  ang le  of 20' from t h e  h o r i z o n t a l  so t h a t  t h e  c e n t e r  of 

g r a v i t y  of t h e  conta iner  w a s  d i r e c t l y  above t h e  impacting corner .  

i n n e r  con ta ine r  and drop sleeve used i n  che second drop are shown i n  
F igs .  D . 3  and D . 4 .  This s l e e v e  and con ta ine r  impacted at an angle  of 

20" w i t h  t h e  drop s u r f a c e ,  and a f l a t t e n i n g  of t h e  drop s l e e v e  is evi- 
den t .  Although t h e  inne r  conta iner  w a s  po l i shed  a l i t t l e  below t he  weld 

area as a r e s u l t  of t h e  impact,  i t  sus t a ined  no damage. 

The 
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1 

F i g .  D . l .  I nne r  con ta ine r s  and s l e e v e s  b e f o r e  t e s t i n g .  
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PHOTO 3075-74 b 

Fig. D . 2 .  Model after f i r s t  t e s t .  
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Both con ta ine r s  were l e a k  t e s t e d  a f t e r  t h e  drop tests and were 
found t o  b e  l eak - t igh t  a t  a p res su re  of 25 ps ig .  It w a s  t h e r e f o r e  

concluded t h a t  t h e s e  inne r  con ta ine r s  m e t  t h e  requirements of t h e  

r e g u l a t i o n s  f o r  t h e  30-ft free-drop acc iden t  cond i t ion  and were adequate 

t o  provide  primary containment of r a d i o a c t i v e  materials t o  be  shipped i n  

t h e  ORNL sh ipping  cask  D-38. 
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~ ! : I s ' d ~ c  t!::1i a l l  p a r t s  t ,  t l j r  f o l l o ' d i n ; ;  L 

r : l y  a t t :1chc<l ,  anii 
I n d  i-cn: r '  

w i t l i  ( v )  
S a t  i s f < i c  t or) 

a. vlsllcil  c h ~ c l i  o f  s e a l i : i i ;  ~ ~ r i a c c  o:? c ; I d  i ~ l : ~ ~ ;  ( i tc i .1  ( b ) .  

b .  G s s k e r  ( i te i .1  2 )  i n  g o o ~ l  c o i i d l l i o n .  . . -__ 
c .  A l l  c a p  s c r e i ' s  (iLciii 3 )  ate ~ ; ~ l f - I ~ ~ c ~ : ~ n ~ :  Lyj le .  -. . . . . .. 

d .  Tairpcr s ea1  h o l e s  i n  a t  least two c a p  :;cre:Js o f  f i r e  s l r i e l d .  

e .  I'ire s h i e l d  i n  good c o n d i z i o n ,  i r i c l u i i n g  c a p  s c r w s  

2 .  S l i d i n g  Door Cover  ( i t r : , i  10) 

t ( i t e m  11) good c o n t l i t l o n .  

b. All cap  s c r e : ~ s  ( i t e m  12)  i n  posltion a n d  t i g h t .  

c .  P:pe c a p  ( i t e m  2 9 )  g z s k e t  i n  g o o d  c o n d i t i o n .  _.._.__^ 

3 .  P l u g  End ( i t c m  1 7 )  

a .  V i s u a l  c h e c k  of  s e a l i n g  s u r f n c e  on c a s k  and ei1.d p l u g  ( i t e n  1 7 ) .  

b .  G a s k e t  (iLem 15) i n  good c o n d i t i o n .  ___ 

c .  Lead f i l l e r  p l u s  g a s k e t  ( i t c a  19)  i n  good c o c d i t i - o n . .  

d .  A l l  cap  s c r e w s  ( i tc i i :  16)  ai-e , s e l l - l o c k i : i z  t y p e .  
. . . . - 

e .  Tamper s e a l  h o l e s  i n  a t  least L.L+'o c a p  scrc:!s of f i r e  s h i e l d .  ___ 

f .  F i r e  s h i e l d  i n  good c o n d i t i o n ,  i n c l u d i n g  ca;) screws ~ [ I C !  i i o l c s .  -. . . 

4 ,  E o o r  plcJg l o c k  ( i t e n  4 )  seated f i r i , i1y  and cap s c r e x s  (item 3 )  tislit.  -. . . . . .. 

A b-'m R I,O:?!) I ::c ____ _- 

5. p i p e  c a p  (iLe:n 2 0 )  s e a t e d  f i r n l y .  

6 .  E n d  p l u g  ( i t e m  1 7 )  s e a t e d  f i r m l y  and cap sc~-e:.:s ( i tcrn 1 6 )  tisllt. __ 

7 .  Lead f i l l e r  plug ( i t e m  2 0 )  i n  p l a c e  anti c a p  scre'c's (item 18) t i g h t .  .. . . .. - 
8. P r e s s u r e  t e s t :  !;iLh 5 p s i  a i r  on  c a v i t y  of  cask, s o a p - b u b b l e  c l~ccl i  a l l  

gaske:ed i l a n s e s  f o r  1enk.s :  

a ,  h'o l e a k s  a t  d o o r  p l u g  l o c k  ( i t m i  4 ) .  

b .  No l e a k s  a t  s l i d i n g  d o o r  c o v e r  ( i t e m  1 0  and 2 9 ) .  

c. I!o l e a k s  a~ e n d  p l u g  ( i t e m s  17 and 2 0 ) .  

d .  ' p r e s s u r e  b l e d  o f f ;  p i p e  plu[;  n i id  p i p e  c a p  of p i ' cssurc  test c i n r i e c t i o n  
(i tcrn 3 > )  ir. p l ace  and ti&:iLi.iicd. 

9 .  Cask !)ol!etl securely ( i t c m  7 )  t o  s!rid. 

10 .  F i l l e r  b l o c k s  ( i t e m  1 4 )  i n  pasition. 

11. czsk clesi :cd,  r n c l i a t i a n  t a g  a tLac l i c t l :  c,tsk mcecs s h i p p i r ; q  t o l i r n n c c s  
I?. F i r e  s h i e l d  a t  e a c h  eritl b o l t e d  i n  p l a c e  ( 1 4  cc?p sc~-c;r ls  i n  c n c l ~  e n t l ) .  

--- 
-I-.- 



LOOP TP32:;SPOR;T CASK 

Annual I n s p e c t i o n  Shee t  

Date: 

The f o l l o w i n g  annun i  i n s p e c t  i on  s h a l 1  be  perforined t o  a s s u r e  t h e  cask  m p e f s  
t h e  requirl=ii ients as  s p c c i f i e d  b y  t h e  DOT approval. .  Annual  i n s p e c t i o n  is t o  be  
performed b y  Hot C e l l  OpernLions and l n s p c c t i o n  Crigineering pc r sonnc l .  

1. P r e p a r e  c a s k  f o r  i . n s p e c t i o n  by  rciiiovinr; ei iJsand t o p  c f  f i r e  s h i e l d .  
( Ga s k should  b e  checked by  Ilealth Phys ic s  s o  co:nponcutc handled a r e  a t  
ac ce  p t a b  1 e r at1 i a  t i o n  and con t a n i  i n a t  i o n  1 i mi t S . ) 

Cond i t ion  

2 .  F i r e  s h i e l d ,  sc rews  and holes, 

3 .  S l i d i n g  Door S e c t i o n  

a ,  Cap screws  ( s e l f - l o c k i n g  t y p e - i t e m  3 )  and capscrew h o l e s .  - I_ 

- - b .  Gasket: ( i tern 2). 

C. Gasket s e a l i n g  s u r f a c e  on c a s k .  
_I_ - 

d .  Door p l u g  lock ( i t e m  4 )  s e a l i n g  s u r f a c e .  - -. 

when s l i d i n g  door  i s  c l o s e d .  
I_ -. 

e .  Door p l u g  ( i t em 2 4 )  s l i d e s  f r e e l y  i n t o  p o s i t i o n  i n  c a v i t y ,  

f .  Door p lug  l o c k  ( i t em 4 )  s l i d a f r e e l y  i n t o  p o i s i t i o n  and sea ts  
- - f i r m l y  aga ins t :  ca sk .  

4 #  S l i d i n g  Door Cover (item 10) SeLt ion  

a. Gasket ( i t em 11).  

b. Cap s c r e k s  ( i t e m  12) a n d  cap  screw h o l e s .  

c .  S l i d i n g  door  ( i t c m  5) opens and closes f r e e l y .  

d .  P i p e  cap  ( i t em 29)  s e a t i n g  s u r f a c e .  

- - e, P i p e  cap gaske t .  

5. End P lug  ( i t e m  1 7 )  S e c t i o n  

a. 

b .  

C .  

d.  

e. 

f. 

e. 
h. 

Gasket  ( i t em 1 5 ) .  

Cap screws  ( s e l f - l o c k i n g  t y p e  - i t em L6)and cap screw h o l e s  

End Plug  (item 1 7 )  s e a t i n g  s u r f a c e .  

Gasket s e a t i n g  s u r f a c e  on cask  * 

End p lug  s l i d e s  f r e e l y  and seats f i r m l y  i n t o  cask .  

F i l l e r  p l u g  g a s k e t  : i t em 19) .  

F i l l e r  p l i i c  cap  screws (item 1s) arid cap screw h o l e s .  

‘Lead f i l l e r  p l u g  ( i t e m  20) f i L s  f r e e l y  and f i r m l y  i n t o  cask.  



2QG 

Cond i t  i o n  
Goad Bad 

6 .  W i t h  s l i d i n g  door  opcn  and  e n d  p l u g s  rclilclved, p r e s s u r e  t e s t  
t h e  s h e l l  a t  5 p s i .  

Leak cl ieck ( soap  b u b b l e )  s c r e w  l io les  a t  b o t h  ciidc a n d  w e l d s  
at e a c h  end nC c a v i t y .  R e p a i r  a n y  l e a k s .  

7 .  V i s u a l l y  i a s p e c t  a l l  w e l d s  f o r  c r a c k s  a n d  o t h e r  damagc.  

8. R e a s s e m b l e  components  of c a s k  when t h e y  meet  a c c e p t a b l e  
s t a n d a r d s .  A p p l y  3 t o  5 I b s  p e r  sq .  i n .  p r e s s u r e  t e s t  on 
c a s k  c a v i t y .  S o a p - b u b b l e  c h e c k  f o r  l e n i t s  a t  a l l  g o s k e t e d  
a r e a s .  Make a n y  n e c e s s a r y  r c p 3 i r s  i n  n manncr  t o  a s s u r e  
t h a t  c a s k  c a n  b e  s u c c e s s f u l l y  l e a k  t e s t e d  c o n s i s t e n t l y .  

9. R e p l a c e  f i r e  s h i e l d ,  t o p  and  e n d s  

10. A l l  n e e d e d  r e p a i r s  a n d  f i n a l  i n s p e c t i o n  c o m p l e t e d .  

Cask deemed t o  b e  i n  good c o n d i t i o n  a n d  c e r t i . f i e d  f o r  u s e  by:  

I- 

(Hot  Cel l  0Fcrator) Date 

---_.. _...___ ._-- 
( I n s p e c t i o n  En&.  n e e r i n g  D e p t . )  Date 

__-. _...... . . .. . . . _I_.. 

(Hot  C e l l  O p e r a t i o n s  S u p e r v i s o r )  Date 
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DOT S p e c i a l  Perillit  5753 
Weizlrt : 16,000 l b  

Nornnl ly ,  thc cask i s  loaded  v e r t i c a l l y  i n  a p o o l  w i t h  t h c  p l u g  end ; I t  the  t o p  and t-hc 
orawer end a t  tlic boLtoui. R e f c r n r i c e s  a r c  madc t o  Or\:dL b g .  IICO-1068-517. 

1 .  

7.. 

3 "  
4 .  

5 .  

6 .  

7. 

?. 
1.0. 

1 

12 I 

13. 

14 

? 5 .  

16 * 

17. 

18. 

19. 

70. 
2 1 "  

21" 

2rk. 

Remove t h e  f i l l e r  b l o c k s  ( i t em 14) from t h r  v e r t - i c a l  l i f t i n g  t r u n n i o n s .  
(Save b l o c k s  f o r  r e i n s t a l l a t i o n  l i i t c r ) .  

Remove t o p  and end f i r e  s h i e l d s .  

Renovc t h c  cap  scrcws  ( i t e m  3) on t h e  drawer  crid. (Cap screws  axe s e l f - l o c k i n g  t y p e ) .  

P u l l  door p l u g  lock  ( i t e m  4 )  back as f a r  .as i t  w i l l  go; l i F t  f.he d o o r  p l u g  lock  u p w a r d  
t o  unhook t h c  lock  bolt from t h e  s l i d i n g  door- p l u g  ( i t e m  2 & )  and p u l l  s t r a i g h t  o u t  
t o  remove. Removi? p l a g  (itcm 4 )  arid i;a.sltct ( j  Len 2 ) .  (This  al].ot.Js t h e  cask t o  d r a i n  
when i t  i s  removed from t h e  p o o l . )  

Remove n u t s  ( i t em 7 )  h o l d i n g  cask t o  s k i d ,  remove cask from s k i d  and  lotier f i r e  s h i e l d .  

T i l t  t h e  cask  t o  t i e  v e r t j c a l  p o s i t i . o n  and move it t o  t h e  pool .  

Remove the  C A P  screws  ( i t e m  16) that: fester1 t h e  end p l u g  b e f o r e  lower ing  the  c a s k  i n t o  

LOWX the  cask  i n t o  t h e  p o o l  arid rcinove the end p lug  and g a s k e t  ( i t e m  17 and 1 5 ) .  

t h e  pool.. (Cap screws a re  s e l f - l o c k i n g  t y p e . )  

Keep t r a c k  of t h e  g a s k e t .  

L i f t  l iner  oiut b y  t h e  b a i l ;  renovc 1i.d from t h e  l i n e r .  

Load t h e  i r r a d i a t e d  m a t e r i a l s  i n t o  t h e  l i n e r .  

Replace t h c  l i d  on  t h e  1- iner .  

Load l i n e r  coti!:nini.ng t h e  i r r a d i a t c d  m a t e r i a l s  i n t o  t h c  cask. 

Replace  the g a s k e t  and end p lug  ( i . t cns  15 and 1 7 )  arid r a i s e  t h e  cask  u n t i l  t h e  cap  

I n s t a l l  t h e  cap screws t o  f a s t e n  t h e  end p lug  i n t o  p lace .  

Raise t h e  c i s k  o u t  of t'nc p o o l  and a l l o w  it t o  d r a i n  f o r  15 minu tes .  

i*:osre t h e  cask  t o  t h e  s h i p p i n g  area and t i l t  it t o  a h o r i z o n t a l  p o s i t i o n .  

(The l i d  i s  necessa ry  f o r  h o r i z o n t a l  un loEding  a t  ORNL.) 

sc rews  can be  i n s t a l l . e d .  

E l e v a t e  the  

(CAUTION -- a l l  w a t e r  must be d r a i n e d  from the c a s k  f o r  
p l u g  end of Lhe c a s k  a b o u t  6 in. a n d  a l low a n y  r e s i d u a l  water t o  d ra i i ?  o u t  t h e  s l i d i n g  
door  eitd f o r  a b o u t  15 n1i.n. 
shipirient .) 

Push fo rva rd  a s  f a r  as i . t  will go. Replace cap screws. 
l?.eplaic g a s k e t  ( i t em 2). 

T i g h t c n  cap SCYC\IS  ( i t e m  3 and 16) i n  f l a n g e s  on  b o t h  ends of cask. (Cap screws nust 

I n s e r t  door  p l u g  l o c k  b o l t  ( i t c m  4 )  i n t o  d o o r  p l u g  (item 2 4 ) .  

b e  s e l f -  l o c k ~ ~ i g  t y p e . )  

Using t h e  press r r re  t e s t  connc:tion (',tern 351, p r e s s u r e  the. cssk w i t h  z i r  t o  abcu t  3 to I 
0,2p bubble t c s t j  311 g.i.skttcd .flzn!;cs io]: l caks .  
k-, b leed  o f f  p r e s s u r e ,  r e p l a c e  p i p c  p lug  and c a p  011 pressure-test  

Acter  del -e rwioing  t h a t  

connec t i an  31id t i x i i t en .  
Eiake r a d i a t i o n  and smear su rvey  t o  conf i rm a c c e p t a b i l i t y  for  s h i p p i n g .  
Rcplace cask  on s k i d  w i t h  Lower f i r e  5hiel.d i n  p l ace ,  repl;.ce ntrts ( i t en  7) .  

Replace t o p  and end f i r e .  s h i e l d s .  
Sec!rre f i l l e r  b locks  ( i t m  14) i n  p l a c e  a raund v c r t i c a l  J.j.Cting t r u n n i o n s .  (These b locks  

must be  i n  place t o  meet t h c  d rop-punc tu re  requirenierits  ciutl ined i n  AECN-0529j.  

I n s t a l l  tar:,per wires t1,rouy;h !ioler, i n  cap s c r c v s  of  f i r e  :il!ield on  each end o f  cask .  
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T h e s e  i n s L r u c t i o n s  a r c  f o r  l i o r i z o u t n l  lo,?diti>: of  t!iis c a s k   at^ f a c i l i t i e s  c q u i p p e d  f o r  
p o r t  l o a d i q .  Ri.fe.;encc.- a r c  ~, ,a( l ( .  t o  Gi'~:J, i h c .  IlCO-1068-517. Tlic s k i d  r,iny be  retroved o r  
l e f t -  a L t a c l i r d  c ! u r i i i g  1o.q. i l in~.  I f  d e s i . r e d ,  re!:iovc sk id  f c o n r  c a s k  by  removing t h e  Lop f i r e  siiic 
and  t l i e  eii;lit hex i i u L s  ( ~ ~ C Y I I  7 ) .  

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7 .  

. 8 .  
9 .  

111. 

11. 

1 2 .  

13. 

14.  
15. 
1 6 .  

1 7 ,  

18. 

1 9 .  

2 0 .  

'21. 

2 2 .  

2 3 .  

Reiiiovc f i r e  s h i e l d  a t  c n c l i  e n d  o f  C a s k  (lit cap s c r e u s  o n  each c n d ) .  

Remove t h e  c a p  screws ( i t c n i  3) on  t h e  tlra:icr e n d .  

P u l l  d o o r  p l u g  l o c k  (itcm 4 )  bacl: a s  f a r  a $  i t  w i l l  g o ;  l i f t  t h e  d o o r  p l u g  l o c k  up'ward 
t o  u n l o c k  t h e  lock b o l t  f rom t h e  s l i d i n : ;  dool-  p l u g  (1t.c.n 24) a n d  pi111 s t r a i g h t  o u t  
t o  remove .  Remove p l u g  (iLciii 4 )  aiid g a s k e t  ( i t e m  2 ) .  (This opprc- i t ion p u l l s  e x t e n d e d  
p o r t i o n  of d o o r  p l u g  f r o n  i n s i d e  c a v i t y .  Clreck t o  make s u r e  exposed  s u r f a c e  of  d o c r  
p l u g  i s  f l u s h  u i t l - i  s l i d i n g  d o o r ;  i t  nust b e  f l u s h  b e f o r e  a t t e m p t i n g  t o  o p e n  s l i d i n g  
door ,  o r  d o o r  p l u g  w i l l  b i n d  i n s i d e  c a v i t y ) .  

Move c a s k  i n t o  p o s i t i o n  a t  l o a d i n g  p o r t .  

Remove p i p e  c a p  ( i t e m  2 9 )  f r o m  d r a w e r  e n d .  

Open s l i d i n g  d o o r  ( i t e m  5) by t u r n i n g  door s c r e w  ( i t e m  25)  c o u n t e r c l o c k w i s e .  

Remove s c r e w s ,  g a s k e t ,  l e a d  f i l l e r  p lug , ,  and O - r i n g  ( i t e m s l 8 ,  19,  a n d  2 0 )  f r o m  p l u g  e n d .  

T a k e  n e c e s s a r y  s t e p s  t o  o p e n  l o a d i n g  p o r t  t o  c e l l .  

[ k i n g  a p p r o x i m z t e l y  3 / 3  i n .  d i a m  r o d  inserted i n t o  plug h o l e ,  p u s h  empty  i i n e r  i r , t o  c e l l .  
( I f  l i n e r  i s  o u t s i d e  of c a s k ,  i t  may b e  p l a c e d  i n  c e l l  a s  a s e p a r a t e  o p e r a t i o n . )  

Retrove l i d  fron l i n e r ;  l o a d  n i a t e r i a l  t o  b e  s h i p p e d  i n t o  l i n e r .  

R e p l a c e  t h e  l i d  on the  l i n e r .  (The l i d  i s  n e c c s s a r y  f o r  uri:ondine, a t  ORNL. )  

R e m o t e l y  p u s h  o r  p u l l  l i n e r  i n t o  c a s k ;  ensure l i - n c r  c l e a r s  s l i d i n g  d o o r .  

, R e p l a c e  g c s k e t ,  l e a d  f i l l e r  p l u g ,  a n d  screiis  ( i t e m s l 8 ,  19,  a n d  2 0 ) .  

C lose  s l i d i n g  d o o r  ( i t e m  5) by t i t r r i ing  d o o r  screw ( i t e m  25)  c l o c k w i s e .  

R e p l a c e  p i p e  c a p  ( i t e m  29)  o n  d r a w e r  end. 

C l o s e  c e l l  l o a d i n g  p o r t  a n d  m o ~ e  c a s k  ah'ay f r o n  l o a d i n g  p o r t .  

R e p l a c e  g a s k e t  ( i t e n  2 ) .  I n s e r t  d o o r  l o c k  t o l t  ( i t e i n  4 )  i n t o  d o o r  p l u g  (item 2 4 ) .  Push 

T i g h t e n  c a p  s c r e w s  ( i t e i ~ 3 ,  16 ,  a n d  18) i n  f l a n g e s  on b o t h  e n d s  of c a s k .  

Usin; t h e  p r e s s u r e - t e s t  connection (itcm 35),  p r e s s u r i z e  llie c a s k  wJ. th  air t o  3 t o  5 

f o r w a r d  u n t i l  i t  s e a t s .  Replace  c a p  screws; e a c h  s c r e w  ciust  h a v e  ;I l o c k  w a s h e r .  

p s i  and  c h e c k  ( s o a p  ! > u b 5 l c  t e s t )  211  gasl :e ted T l a n g c s  f o r  1ccl:s. After  d e t c r n i n i n g  
t h a t  tllerc a r e  n o  l e a k s ,  b ' c e d  o:f p r e s s u r e ,  r e p l a c e  p i . , e  p l u g  a n d  cilp on  p r e s s u r c -  
t e s t  c o n n e c t i o n  a n d  t i g l i k - n .  

p e r f o r m  a r a d j a t  i o n  s u r v r y  t o  t le t -c?rmi~e the  a c c n F t a b i l i t y  f o r  sk i ip? ing ,  deco::tar;iinotc as 
n e e d e d .  

fie s u r e  f i l l e r  5 l o c k s  ( i t e n  1:tj a r e  i n  p l a c e  a r o u n d  v c : r t i : a l  j . i J t i n g  t r u a n i - o n s .  (Thcsc 
b l o c k s  r;vJst b e  i n  p l a c e  durFi:g s i i i pn icn t  L O  m e e t  tlic d~o?.-p: i i i ' rLt i re  requirenents o u t -  
l i n e d  in AEC!.:-0520). 

R e p l a c e  f i r e  s h i e l d  on e a c h  end ( 1 4  c,?.p s c ~ e i r ' 5  on  e,?ch e n d ) .  

I n r , t . ? l l  Lamper v i r e s  t l ; rougb h o l c s  i i i  c a p  SCI-CI::. of f i r c  : h j c ] d  02 each  end of c.!s\:. 
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To : Ilot C e l l  !!ern0 f!ook 

S u b j e c t :  P r e p a r a t i o n  o f  R a d i o a c t i v ?  k t e r i a l s  P a c L i g i n ;  L n f o m t i o n  
f o r  O f f s i t e  S h i p a e n t s  

The f i l l e d - i n  ( t o  t h i s  p o i n t )  fora i s  t o  be  t r a n s m i t t e d  t o  t h e  I s o t o p e s  
S a l s s  D:pt. i n  tile I s o t o p . - j  D i v i s i o n  - -  .:lor15 w i t h  t n e  l o a d e d  c o n t a i n e r ! -  
1 1 2 2  Is3top:s D i 1 ; i s i c n  i s  r ? s p o n ; L b l ?  r‘or p r o v i t l i n =  t h e  tz:i?sr s , a l  
a r r a n g i n g  t i e - d s b x  i n s ? ? c t i 2 o ,  a n d  : i n 2 1  a p p r o v a l  o i  t h e  s h i p r , a n t .  

,.- I 

5 A c o p y  of t k  f o r m  i s  attached. 



~. .. __ .. ...... 
....... .- ........ 
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Om% C r i c i c a l i t y  
Committee 

.... .... ............ .......... . . . . . . . . . . . .  . . . .  ............ 

O L  TR 
( T o  bo cornploiod bv the Contro l  Aroa  h p e r r 8 s o r j  -. l__.__l_l_ 

T1TI .E I F O R  i l t r f U F S i r  P U Q P O S L S i  

Loop T r a n s p o r t  Carrier . .  ..... ......... .... 
CON 7 G O  L A R E  A 

up t o  100% ~ ~ S I J ,  2 3 3 ~ ,  o r  P lu tonium.  15OTOPlC ENRICHMENT (Wt. " 0 )  

-. ........... 

.................. ___ I_ __.__~.__ 

9 2 5 0  g A l s o ,  i f  t o t a l  i s  1800 8 ,  linear d e n s i t y  n o t  to exceed 250 g/f:. FISSILE -. ................. ......... ~ - 

......... ___..______I___ .. ___.~ ......... r -  Coriccnlrjlion or Gerrsi ly 
cf Fissile Mdter ia l  

Spacing of Fissile Units -7- ............................. ._ ............... ~ .... ................... 

Limit on Keutron P.b;orbeis I - 

........... C a v i L d i m e n s i o n s  ... _ ............. d i a m  x G 9  in,-_logp. 

_1-. 

Limit on Volume or Dln!ensiOns 
of Coiifainers 

-I 

TI(1S R E Q U E S T  '2HRX.ak R E P L A C E S 1  N S R I S I  tic. 

RECOMMENDATIONS 
ITo  ba comoieted bv the C r i t i c o l i t r  t a m m o t t e e )  

Tiiis endorsement 1s based  on our present unde r s t and ing  of the operation (whether acquired verbal!y or in wri t ing) snd  i s  
sub;ec t  tu  rev iew  and cancellation. 

IkLs request is approved. Tlie 8 i n .  o f  l e a d  s h i e l d i n g  renders subcritica.1 

an i n f i n i t e  array of such cas'ks. 
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~ - -  ~ ~~ - ~ _ _  __ ~. ... . ... ..... -.-~ ~ - ~~ .~ - 
PROVISIONS FOR N U C L E A R  C R I  T l C A L l T Y  S4FETY 

.-__-- (To  bo c o m p l e t e d  by ihz  Con>ro l  Avca S v ~ e r v o , o , i  
~ .__-_-l_l_____ l_.l........_.._-l I__ _._.._ -- 

Provisions for n u c l e a r  criticality safety s h a l l  b e  d e s c r i b e d  below i n  a c c o r d a n c e  u.i!Ii A p p e n d i c e s  I1 and 111 of Ihc , I C ~  
'' M a n u a l  C h a p t e r  0530. T h i n  s h a l l  i n c l u d e  brief d e s c r i p t i o n s  of the p r o c e s s  a n d / o r  a l l  o p e r a t i o n s  to be  ?e. .armc*d, p l d n s  a l l f i  

p r o c e d u r e s  for  t h e  o p e r a t l o n s  for  n u c l e a r  c r i t i c a l i t y  s a f e l y ,  a n d  [ h e  b a s i c  c o n t r o l  p a r a m e t e r s .  Please a t tach  11 copies 0 1  

r e f e r e n c e d  d i a w i n g s  a n d  d o c u i n r n t s .  

N e  r e q u e s t  approva l  f o r  u se  of t h i s  gene rn l -pu rpose -use  cask  f o r  f i s s i l e  

C las s  I shipment of used r e a c t o r  f u e l  elemrrrrs and i r r a d i a t e d  exper iments  ( f u e l e d  and 

nonfue led)  from o t h e r  s i tes  (such  as ETR i n  Idaho)  t o  t h e  O i w L  h o t  c e l l s  f o r  metal- 

l u r g i c a l  examinat ion .  And, a f t e r  examinat ion ,  f o r  t h e  shipmcnt of t h e  same i t ems  to 

Savannah River  o r  Idaho f o r  f u e l  recovery .  '1Xe f u e l  e lements  have inc luded  L I T & ,  ORR, 

PM-1, and SM-1A elementis. 

t a i n i n g  MSRE f u e l ,  UOz, Th02, PuOz, and o t h e r  fuel.s, 
Fueled exper iments  have  inc luded  c a p s u l e s  o r  loops con- 

Th i s  c a r r i e r  may be  loaded and unl.oaderl under  water. 

The load ing  05 t h e  cask w i l l  n o t  exceed 1250 g of  f i s s i l e  m a t e r i a l  ( co ih i .na t ious  

of 235U, 233 t i ,  and p lu tonium) .  

I n  a d d i t i o n ,  i f  t he  load ing  exceeds  800 g, t h e  materj.al. w i l l  b e  s o  a r r anged  

t h a t  t h e  f i s s i l e  l oad ing  w i l l  n o t  exceed 250 g per l i n e a r  f t  under normal and hypo-- 

t h e t i c a l  a c c i d e n t  c o n d i t i o m .  

Shipment w i l l  b e  by r a i l  f r e i g h t ,  motor v e h i c l e ,  cargo  a i r c r a f t ,  or  ocean  

v e s s e l .  Th i s  r e q u e s t  i s  f o r  use w i t h  a submiss ion  f o r  approva l  by t h e  EJEC under  t h e  

requi rement  of AELT-0529. 

< 

ORNL C r i t i c a l i t y  
Cammi t t ee 
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I N 1'R A - L AB 0 HAT OR Y C OR R ESP 0 N D EN C E 
O A K  R I D G E  N A T I O N A L  L A B O R A T O R Y  

October 22, 1975 

-To: C r i t i c a l i t y  Committee 

Sub jec t :  Loop T ranspor t  Cask 

NSK 371 Rev. 1 e x p i r e s  in October 1976. This NSR has been 
reviewed; t h e r e  have been no changes in t h e  use of  t h e  c a s k  o r  i n  
t h e  need for con t inued  use a t  t h e  approved con ten ts  level. 
Ex tens ion  o f  t h i s  NSR i s  requested. 

A. A. Walls/E. M. King I 

EMK:AAW: j r  

cc:  J .  A. Cox 
E. M. King 
A .  A. Walls 

_I ._. 
November 15, 1 9 7 6  

To:  E .  M. K i n g  J 

Sul:,ject: NSR 371, Rev. 1 

Rased on y o u r  s t a t e m e n t  above, a p p r o v a l  f o r  c o n t i n u e d  u s e  of  t h i s  
c a s k  i s  extended f o r  two y e a r s ,  t o  e x p i r e  

C C :  B .  I,. Corbett 
J .  A .  Cox 
C r i t i c a l i t y  Committee 
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INTRA-LABORATORY CORRESPONDENCE 
OAK RIDGE NATIONAL LABORATORY 

June !9, 1975 

To f R. G .  AffcP 

From: J. W. Waehter 

Subject: N u c l e a r  S a f e t y  o f  Loop Transpor t  Cask (NSR 371, R19 

The Director's Review Committee on Transpor t a t ion  has noted in its 
review of t h e  Loop Transpor t  cask t h a t  t h e  nuc lear  s a f P t y  approval  imposes 
a r e s t r i c t i o n  on t h e  l i n e a r  d e n s i t y  o f  f i ss i le  i s o t o p e  i n  t h e  c a v i t y  of t h e  
cask. 
a n a l y s i s  was der ived  from data i n  TID-7016, it does n o t  appear e x p l i c i t l y .  
I have therefore used my notes on t h i s  review t o  prepare  the fo l lowing  
explanation f o r  i n c l u s i o n  i n  your f i l e s  as back-up f o r  t h e  SAR'P. 

Although t h e  va lue  of "safe mass per fool"  used t h e  n u c l e a r  sa fe ty  

The r e s t r i c t t o n  of 250 grams o f  fissile i so tope  p e r  f o o t  was a r r i v e d  
at by u t i l i z i n g  the r e l a t i o n s h i p  between f i s s i l e  material s o l u t i o n  d e n s i t y  
and t h e  d iameter  of t h e  safe  infinitely long w a t e r - r e f l e c t e d  cyl.i.radcr. In 
t h e  a t t a c h e d  f igu re ,  the s a f e  c y l i n d e r  d iameters  of TIP7016 ( F i g u r e s  3,  7, 
and 11) have been used t o  c a l c u l a t e  t h e  mass of f i s s i l e  i s o t o p e  i n  each 
centimeter l eng th  05 t h e  c y l i n d e r  as a f u n c t i o n  of s o l u t i o n  c o n c e n t r a t i o n ,  
Thls "safe" l i n e a r  density passes through a minimum f o r  each isotope,  and 
t h e  lower bound of these is e s t a b l i s h e d  by t h e  23% i s o t o p e  as 8.I.g/cm, 
o r  0.25 k g / f t .  

b-d. Wachter 
Engineering Coordination and 

Chemical Technology Div i s ion  
Analys is  S e c t i o n  

Jww: :r 
Attachment 

ccs J. E. Evans/ 
E. M. King 
J. P. Nichols 
F i l e  
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