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1.0 GENERAL DESCRIPTION 

1.1 INTRODUCTION 

I n  February 1995, the  U . S .  Department o f  Energy (DOE) approved the  Spent 
Nuclear Fuel (SNF) P r o j e c t ' s  "Path Forward" recommendation f o r  r e s o l u t i o n  o f  
t he  s a f e t y  and environmental concerns associated w i t h  the  d e t e r i o r a t i n g  SNF 
s to red  i n  t h e  Hanford S i t e ' s  K Basins (Hansen 1995). 
i nc luded  an aggress ive s e r i e s  o f  p r o j e c t s  t o  cons t ruc t  and operate systems and 
f a c i l i t i e s  t o  p e r m i t  t h e  safe re t r i :va l ,  packaging, t r a n s p o r t ,  cond i t i on ing ,  
and i n t e r i m  s to rage  o f  t he  K Basins f u e l .  The f a c i l i t i e s  t h a t  a re  c u r r e n t l y  
proposed i n c l u d e  a Cold Vacuum Dry ing  F a c i l i t y  (CVDF) i n  the  100 K Area o f  t he  
Hanford S i t e  and a Can is te r  Storage B u i l d i n g  (CSB) w i t h  a Hot Cond i t i on ing  
System (HCS) Annex i n  t h e  200 East Area. The i n t e n t  i s  f o r  t h e  K Basins '  SNF 
t o  be cleaned, repackaged i n  m u l t i c a n i s t e r  overpacks (MCOs), removed from t h e  
K Basins, and t r a n s p o r t e d  t o  t h e  CVDF f o r  i n i t i a l  d ry ing .  The MCOs would then 
be moved t o  t h e  CSB f o r  s tag ing  ( sho r t - te rm storage)  before h o t  c o n d i t i o n i n g  
i n  the  HCS Annex, f o l l o w e d  by i n t e r i m  storage (40 t o  75 years)  i n  t h e  CSB. 

development and maintenance o f  t h e  s a f e t y  documentation. 
meeting t h e  c o n s t r u c t i o n  needs f o r  no fewer than t h r e e  new s t r u c t u r e s ,  t h e  
s a f e t y  documentation f o r  each must be generated. A common th read  t h a t  was 
found t o  r u n  among and between each o f  t he  s t r u c t u r e s  was t h e  MCO. Each of 
t he  s t r u c t u r e s  w i l l  e x i s t  f o r  t h e  s p e c i f i c  purpose o f  accommodating t h e  MCO 
and i t s  con ten ts  i n  one way o r  another. Th i s  would normal ly  r e s u l t  i n  an 
ex tens i ve  amount o f  MCO documentation being generated f o r  each of t h e  f a c i l i t y  
r e p o r t s .  However, t h e  expedi ted schedule f o r  removing spent f u e l  from t h e  
K Basins r e q u i r e s  t h a t  e f f o r t  be minimized and r e p e t i t i o u s  a c t i v i t i e s  be 
e l im ina ted .  Therefore,  a t o p i c a l  r e p o r t  i s  be ing prepared t o  address those 
aspects o f  t h e  MCO t h a t  w i l l  be o f  i n t e r e s t  t o  each o f  t he  f a c i l i t i e s .  I n  
t h i s  way, t h e  MCO may be i nc luded  i n  each f a c i l i t y ' s  s a f e t y  documentation by 
re fe rence  f o r  a l l  b u t  t h e  f a c i l i t y - s p e c i f i c  aspects associated p r i m a r i l y  w i t h  
acc iden t  analyses and hand l i ng .  
s i n g l e  document, r e p e t i t i o n ,  inconsis tency,  and d u p l i c a t i o n  o f  e f f o r t  may be 
minimized. As changes are made t o  t h e  MCO, on l y  a s i n g l e  r e p o r t  may need t o  
be updated. By submi t t i ng  t h e  t o p i c a l  r e p o r t  f o r  e a r l y  rev iew and approval, 
i t  may be p o s s i b l e  t o  e l i m i n a t e  one s tep i n  t h e  f i n a l  rev iew process. 

Commission (NRC) has used a Topica l  Report Program f o r  q u i t e  some t ime,  
p r i m a r i l y  f o r  t h e  rev iew  and approval o f  hardware, methodology, o r  ana lys i s  
codes t h a t  vendors propose t o  market t o  a number o f  d i f f e r e n t  customers. 
concept i s  s imple:  rev iew and approve once and inco rpo ra te  by re fe rence  
t h e r e a f t e r .  Such an a p p l i c a t i o n  can represent  s i g n i f i c a n t  sav ings i n  the  
p repara t i on  o f  t h e  Path Forward s a f e t y  documentation. 

t he  pr imary s torage con ta ine r  was found i n  T i t l e  10, Code o f  Federa l  
Regulat ions,  Pa r t  72, "L i cens ing  Requirements f o r  t h e  Independent Storage o f  
Spent Nuclear  Fuel and High-Level Radioact ive Waste" (10 CFR 72), o r  i n  
Regulatory  Guide 3.48, Standard Format and Content f o r  t he  S a f e t y  Ana lys i s  
Report f o r  an Independent Spent Fue l  Storage I n s t a l l a t i o n  o r  Mon i to red  
R e t r i e v a b l e  Storage I n s t a 7 7 a t i o n  (Dry Storage) (NRC 1989b). However, NRC 
Regulatory  Guide 3.61, Standard Format and Content f o r  a Top ica l  S a f e t y  

The recommendation 

One o f  t h e  major  t asks  associated w i t h  t h e  Path Forward a c t i v i t i e s  i s  t he  
I n  a d d i t i o n  t o  

By c a p t u r i n g  the des ign o f  t he  MCO i n  a 

The t o p i c a l  r e p o r t  approach i s  no t  new. The U.S.  Nuclear Regulatory  

The 

Very l i t t l e  subs tan t i ve  guidance r e l a t i v e  t o  the  des ign o r  f a b r i c a t i o n  o f  
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A n a l y s i s  Repor t  f o r  a Spent Fue l  Dry Storage Cask (NRC 1989a), con ta ins  a 
s i g n i f i c a n t  amount o f  guidance t h a t  i s  app rop r ia te  f o r  t he  MCO. 
Guide 3.61 (NRC 1989a) t h e r e f o r e  has been used i n  prepar ing format and content  
guidance f o r  t h e  MCO Topica l  Report.  D i r e c t  a p p l i c a b i l i t y  t o  the  MCO i s  n o t  
a n t i c i p a t e d  i n  a l l  areas. Regulatory  Guide 3.61 (NRC 1989a) deals  w i t h  a d r y  
s torage cask des ign t h a t  i s  very much a complete system by i t s e l f .  The MCO, 
however, never f u n c t i o n s  independently, as i t  i s  c o n t i n u a l l y  dependent upon 
o t h e r  systems o r  f a c i l i t y  f ea tu res .  Despi te  t h e  d i f f e rences ,  t h e  r e g u l a t o r y  
gu ide does p r o v i d e  the  most d i r e c t  guidance o f  any o f  t he  documents reviewed. 
A t o p i c a l  r e p o r t  prepared u t i l i z i n g  such guidance, and i n c o r p o r a t i n g  p e r t i n e n t  
m o d i f i c a t i o n s  t h a t  w i l l  undoubtedly be for thcoming throughout  t h e  process, 
should r e s u l t  i n  a re ferenceable source o f  MCO-related i n fo rma t ion .  

Regulatory  

1.2 GENERAL DESCRIPTION OF THE MULTICANISTER OVERPACK 

The SNF MCO i s  a s ing le-use con ta ine r  t h a t  cons i s t s  o f  a c y l i n d r i c a l  
s h e l l ,  f i v e  t o  s i x  f u e l  baskets, a s h i e l d  p lug,  and fea tu res  necessary f o r  
m a i n t a i n i n g  t h e  s t r u c t u r a l  i n t e g r i t y  o f  t he  MCO w h i l e  p r o v i d i n g  c r i t i c a l i t y  
c o n t r o l  and f u e l  process ing c a p a b i l i t y .  These s t r u c t u r a l  f ea tu res  are 
dep ic ted  i n  F igu re  1-1. 

The s a f e t y  b a s i s  o f  t h e  MCO i s  t o  p rov ide  requ i red  confinement and 
containment o f  SNF and t o  ma in ta in  the  SNF i n  a c r i t i c a l l y  sa fe  c o n f i g u r a t i o n .  
The MCO p rov ides  "confinement" when i t  i s  vented and "containment" when i t  i s  
sealed. The MCO's s t r u c t u r a l  des ign has been developed t o  meet t h e  i n t e n t  o f  
t h e  Boiler and Pressure Vessel Code (ASME 1995a1, Sect ion 111, "Rules f o r  
Cons t ruc t i on  o f  Nuclear  Power P lan t  Components, Subsection NB. Any 
d e v i a t i o n s  f rom these r u l e s  i n  t h e  s t r u c t u r a l  design o r  analyses are 
documented and j u s t i f i e d .  
would a l l o w  f o r  a p p l i c a t i o n  o f  e i t h e r  Subsection NB o r  NC (NRC 1996), 
3 . I V . l . b ( l ) ( b ) )  o f  t h e  B o i l e r  and Pressure Vessel Code (ASME 1995a). 

NRC requirements f o r  a 10 CFR 72 l i c e n s e d  f a c i l i t y  

1.2.1 She l l  

t o p  end t h a t  i s  c losed w i t h  a carbon s tee l  s h i e l d  p lug .  The s h e l l  i s  
f a b r i c a t e d  f rom 61-cm- (24 - in . - )  diameter, schedule 80s p ipe  w i t h  a w a l l  
t h i ckness  o f  1.3 cm (0.5 i n . )  (F igu re  I -Z) ,  and i t  has an o v e r a l l  l e n g t h  o f  
406 cm (160 i n . ) .  The MCO c a v i t y  i s  approximately 58 cm (23 i n . )  i n  d iameter  
and 368 cm (145 i n . )  l ong .  
a constant  t h i ckness  o f  4.45 cm (1.75 i n . )  except i n  the  cen te r  reg ion ,  where 
i t  i s  2.2 cm (0.88 i n . )  t h i c k  (F igu re  1-3). 
suppor t  p l a t e s  a l l o w  f r e e  water t o  move t o  the  l ong  process tube p ickup p o i n t  
f o r  removal. The vessel ho lds t h e  f u e l ,  f u e l  fragments, f u e l  baskets, and 
i n c i d e n t a l  equipment. I n c i d e n t a l  equipment inc ludes c r i t i c a l i t y  c o n t r o l  
f ea tu res  such as t h e  support tube nes t i ng  f e a t u r e  on the  s h i e l d  p l u g  and 
bot tom p l a t e ,  two process tubes connected t o  s h i e l d  p lug  process po r t s ,  and 
s e a l i n g  fea tu res .  
requi rements f o r  normal ope ra t i ng  loads and se rv i ce  l e v e l  D requi rements f o r  
acc iden t  c o n d i t i o n s  under the  B o i l e r  and Pressure Vessel Code, Sec t i on  111, 
Subsection NB (ASME 1995a). 
normal and of f -normal  cond i t i ons  t o  meet se rv i ce  l e v e l  A a l l owab le  l i m i t s ,  
which are more s t r i n g e n t  than se rv i ce  l e v e l  B o r  C a l lowable l i m i t s .  

The MCO s h e l l  i s  a s t a i n l e s s  s tee l  c y l i n d r i c a l  vessel w i t h  access a t  t h e  

The MCO has a forged bottom c losu re  p l a t e  t h a t  has 

The MCO's bottom p l a t e  and basket 

The design o f  t h e  MCO vessel meets se rv i ce  l e v e l  A 

The MCO s p e c i f i c a t i o n  conserva t i ve l y  r e q u i r e s  a l l  
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1 . 2 . 2  Fuel Baskets 

A l l  baskets are annular  open-top con ta ine rs  w i t h  a maximum o u t e r  
dimension of 57.5 cm (22.6  i n . )  a t  25 "C (77 OF). A l l  baskets  w i l l  suppor t  
t h e  f u e l  a t  1.0 g w h i l e  a t  375 " C  (700 OF). A l l  basket des igns i n c o r p o r a t e  a 
c e n t e r  support tube f o r  a x i a l  support d u r i n g  l i f t i n g  and f o r  p r o t e c t i o n  o f  a 
l o n g  process tube.  

Each basket i s  loaded, i n  the  u p r i g h t  p o s i t i o n ,  by t h e  f u e l  r e t r i e v a l  
system equipment i n  the  K Basin pool ;  stored, s t i l l  u p r i g h t ,  i n  a l o a d i n g  
queue; and loaded i n t o  t h e  MCO. The loaded baskets can be e a s i l y  and s a f e l y  
handled i n  t h e  bas in  water, r e l i a b l y  loaded and nested i n t o  t h e  cask-MCO 
assembly i n  the  K Basin load-out  p i t s ,  and engaged w i t h  t h e  s h i e l d  p l u g  
sh ie ld /gua rd  p l a t e  and a x i a l  s t a b i l i z e r  ( t he  s h i e l d  p l a t e  and s t a b i l i z e r  are 
n o t  p i c t u r e d  i n  F igure 1-1). 

w i t h  t h e  MCO's c e n t e r l i n e .  While stacked i n s i d e  t h e  MCO, t h e  baskets  p rov ide  
f o r  i n s e r t i o n  o f  a l ong  process tube down the  MCO c e n t e r l i n e  f o r  water  
d r a i n i n g  and gas t r a n s p o r t ,  as needed. The baskets can d r a i n  f r e e l y  and w i l l  
n o t  capture o r  r e t a i n  excessive water du r ing  b u l k  water removal a t  t h e  CVDF. 

Basket des ign accounts f o r  d i f f e r e n t i a l  thermal expansion when sub jec ted  
t o  process ing temperatures i n s i d e  the  MCO. The baskets suppor t  heat  t r a n s f e r  
i n t o  and o u t  o f  t he  f u e l  w h i l e  i n  the  gaseous and vacuum environments i n s i d e  
t h e  MCO. The p r imary  heat t r a n s f e r  modes are r a d i a t i o n  and conduct ion d u r i n g  
t h e  s t a t i c  ( s to rage /s tag ing )  s t a t e .  Forced f l o w  (convect ive)  c o o l i n g  o f  t h e  
f u e l  i n  t h e  MCO baskets ( p a r t i c u l a r l y  t he  scrap baskets) i s  a ve ry  l a r g e  and 
e s s e n t i a l  component o f  heat  t r a n s f e r  du r ing  the  h o t  c o n d i t i o n i n g  process and 
i s  f a c i l i t a t e d  by t h e  basket design. 

i n t a c t  f u e l  and scrap f u e l  du r ing  the  vacuum d r y i n g  and h o t  c o n d i t i o n i n g  
processes. The baskets are compat ib le  w i t h  t h e  f u e l  and the  MCO containment 
m a t e r i a l s  d u r i n g  t h e  expected temperatures, pressures, and atmospheres i n s i d e  
t h e  MCO d u r i n g  handl ing,  sh ipp ing,  storage, and process ing.  

element baskets and scrap f u e l  (fragment) baskets (F igu res  1-4 through 1-7 
[ t h e  grapples are n o t  shown as they  w i l l  be one-piece c o n s t r u c t i o n  i n  
combinat ion w i t h  t h e  basket s t r u c t u r e  and w i l l  nes t  w i t h  a d j o i n i n g  baske ts ] ) .  
The Mark I A  f u e l  and scrap baskets meet the  i n t e n t  o f  t h e  B o i l e r  and Pressure 
Vessel Code, Sect ion 111, Subsection NG (ASME 1995a) under t h e  component 
sa fe ty  group as guided by the  NUREG/CR 3854, F a b r i c a t i o n  C r i t e r i a  f o r  Sh ipp ing  
Conta iners (NRC 1984). 
expected. Mark I A  f u e l  has a h ighe r  235U enrichment than Mark I V  f u e l .  
S t r u c t u r a l  i n t e g r i t y  i s  requ i red  o f  t he  Mark I A  basket f o r  c r i t i c a l i t y  c o n t r o l  
whereas s t r u c t u r a l  i n t e g r i t y  i s  n o t  requ i red  f o r  t he  Mark I V  f u e l  basket .  
Therefore,  t h e  more s t r i n g e n t  Sect ion 111, Subsection NG requi rements 
(ASME 1995a) are app l i ed  t o  t h e  c o n s t r u c t i o n  o f  t he  Mark I A  f u e l  and scrap 
baskets. The g rapp le  mat ing fea tu res  and basket i n t e r f a c e  fea tu res ,  however, 
a re  n o t  designed t o  Subsection NG (ASME 1995a) requi rements.  

The baskets s tack  i n s i d e  the  MCO w i t h  the  baske ts '  c e n t e r l i n e s  c o i n c i d e n t  

The baskets support t he  gas f l ows  needed t o  p r o p e r l y  d r y  and c o n d i t i o n  

The MCO f u e l  baskets are categor ized i n t o  two major  types:  i n t a c t  f u e l  

The design i s  be ing f i n a l i z e d  and except ions a re  n o t  

SARR-005.01 1-9 December 30, 1996 
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For c l a r i f i c a t i o n ,  t he  Mark I V  f u e l  and scrap baskets do n o t  have t o  be 
designed t o  meet the  i n t e n t  o f  t he  B o i l e r  and Pressure Vessel Code 
(ASME 1995a). 
Analyses i n d i c a t e  t h a t  t h e  Mark I V  f u e l  cannot achieve c r i t i c a l i t y  i n  an MCO 
under normal ope ra t i ng  c o n d i t i o n s  o r  acc iden t  scenar ios.  It f o l l o w s  t h a t  t he  
b a s k e t ' s  s t r u c t u r a l  i n t e g r i t y  i s  n o t  r e q u i r e d  f o r  Mark I V  c r i t i c a l i t y  c o n t r o l .  
Therefore, t he  s t r i n g e n t  Sec t i on  111, Subsection NG requirements (ASME 1995a) 
are no t  requ i red  f o r  t h e  c o n s t r u c t i o n  o f  t he  Mark I V  f u e l  and scrap baskets. 

Dur ing acc ident  c o n d i t i o n s  the  baskets designed f o r  Mark I A  f u e l  and f o r  
Mark I A  f u e l  scrap s h a l l  ma in ta in  t h e  c r i t i c a l i t y  c o n t r o l  f ea tu res  i n  
accordance w i t h  WHC-SD-SNF-CSER-005, C r i t i c a l i t y  Sa fe ty  E v a l u a t i o n  Report f o r  
Spent Nuclear  Fuel Process ing and Storage F a c i l i t i e s  (Schwinkendorf 1996). 
For the  hand l i ng  o f  both loaded and unloaded Mark I A  and Mark I V  baskets, t he  
des ign meets t h e  sa fe ty  f a c t o r s  r e q u i r e d  by ANSI N14.6-1986, F o r  Rad ioac t i ve  
M a t e r i a l s  - S p e c i a l  L i f t i n g  Devices f o r  Sh ipp ing  Conta iners Weighing 
10,000 Pounds (4500 kg) o r  More (ANSI 1986) f o r  n o n - c r i t i c a l  l oad ing .  

The baskets w i l l  ma in ta in  t h e i r  s t r u c t u r a l  i n t e g r i t y  ( w i t h  s p e c i f i e d  
except ions)  d u r i n g  expected i n t e r n a l  MCO environmental cond i t i ons ,  normal MCO 
hand l i ng  s i t u a t i o n s ,  and a f t e r  acc idents  (Mark I A  baskets o n l y ) .  Th i s  
s t r u c t u r a l  i n t e g r i t y  i s  r e q u i r e d  t o  ma in ta in  c r i t i c a l i t y  s a f e t y  i n  t h e  MCO 
when loaded w i t h  Mark I A  baskets as r e q u i r e d  i n  WHC-SD-SNF-CSER-005 
(Schwinkendorf 1996). The baskets are s u f f i c i e n t l y  s t rong  t o  preserve t h e  
process ing a b i l i t y  o f  t h e  MCO f o r  t h e  b u l k  water  removal, vacuum d ry ing ,  and 
h o t  c o n d i t i o n i n g  processes d u r i n g  normal MCO handl ing,  f o r  va r ious  i n t e r n a l  
MCO environments, and a f t e r  MCO des ign b a s i s  acc idents  (DBAs). 

The baskets w i l l  n o t  i n t roduce  any a d d i t i o n a l  gas-producing m a t e r i a l s  
i n t o  t h e  MCO t h a t  s i g n i f i c a n t l y  increase t h e  pressure i n  t h e  MCO d u r i n g  
s torage.  Nor w i l l  t h e  baskets i n t roduce  any m a t e r i a l s  t h a t  w i l l  apprec iab ly  
acce le ra te  co r ros ion  o f ,  o r  s i g n i f i c a n t l y  a l t e r  t h e  p r o p e r t i e s  o f ,  t h e  MCO 
containment boundary. 

Mark I V  f u e l  has a lower  235U enrichment than Mark I A  f u e l .  

1.2.3 S h i e l d  Plug 

end o f  t he  MCO s h e l l  (F igu re  1-8). 
photons and neutrons emanating f rom t h e  i n s i d e  o f  t h e  MCO. 
ma in ta ins  an average dose across t h e  t o p  o f  t h e  s h i e l d  p l u g  o f  0.3 mSv/h 
(30 mrem/h) on con tac t  (5  cm [ 2  i n . ] )  f o r  t h e  average MCO f u e l  i nven to ry .  The 
0.3 mSv/h (30 mremih) l i m i t  i nc ludes  r a d i a t i o n  streaming between t h e  MCO 
s h i e l d  p l u g  and MCO s h e l l  and streaming around pene t ra t i ons ;  s t reaming 
emanating from between t h e  MCO and cask i s  n o t  inc luded.  
minimized. 
s h i e l d  p l u g  on con tac t  (5  cm [ 2  i n . ] )  s h a l l  n o t  exceed 1.0 mSv/h (100 mrem/h). 

requi rements i n  accordance w i t h  T i t l e  10, Code o f  Federa l  Regulat ions,  
Pa r t  835, "Occupational Rad ia t i on  P r o t e c t i o n "  (10 CFR 835), Subpart K; 
DOE Order 5480.11, R a d i a t i o n  P r o t e c t i o n  f o r  Occupat ional  Workers, 
Paragraph 9a; HSRCM-1, Hanford S i t e  R a d i o l o g i c a l  Con t ro l  Manual, Sect ions 111 
and 311; WHC-IP-1043, WHC Occupat ional  ALARA Program (WHC 1995), Sect ion 8.0; 

The MCO s h i e l d  p l u g  i s  a s o l i d  c y l i n d e r  designed t o  mate w i t h  t h e  open 
The s h i e l d  p l u g  sh ie lds  workers aga ins t  

Th is  s h i e l d i n g  

Streaming s h a l l  be 
For t h e  worst-case MCO, t h e  average dose across t h e  t o p  o f  t h e  

The MCO s h i e l d i n g  des ign meets as l ow  as reasonably achievable (ALARA) 
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and Regulatory Guide 8.8, Information Relevant to Ensuring that Occupational 
Radiation Exposures at Iuclear Power Stations w i l l  be As Low as i s  Reasonably 
Achievable (NRC 1978), Section C.2.b, "Radiation Shields and Geometry," and 
Section C. 2. f, "Isol at ion and Decontamination. " 

The shield plug is closed using a mechanical closure assembly. The 
mechanical closure assembly holds the shield plug in place using a threaded 
locking ring that is put into the MCO neck extension after the shield plug is 
inserted. Once assembled, the eight jacking bolts in the locking ring are 
tightened down into the shield plug's back side to push the shield plug into 
the seal between the MCO shell and the shield plug. The MCO shield plug also 
mates with the end effector on the top SNF fuel basket. 
target height of 5.0 cm (2 in.) of free space between the top of the SNF 
materials and the bottom of the guard plate on the shield plug. 
may be less as allowed by the process needs of the CVDF and HCS. 

The shield plug provides access to the interior of the MCO via a minimum 
of three penetrations (Figure 1-9). The penetrations accommodate two process 
ports with valve mechanisms to permit processing connections, a rupture disk 
port, and a combination pressure relief valve and low-flow, high-efficiency 
particulate air (HEPA) filter port. The two process ports accommodate 
connections to external equipment and are integral to the shield plug. These 
process ports connect internally to two process tubes. 
(1.3 cm [0.5 in.] diameter) extends down the MCO's axis to the bottom, and the 
second (2.5 cm [l in.] diameter) extends to internal process filters mounted 
on the shield plug's underside. A third tube (2.5 cm [l  in.] diameter) 
extends from the rupture disk to the space between the bottom of the shield 
plug and the top of the guard plate. 
process tube and the short tube for the rupture disk have 2-mm debris 
strainers/screens around the ends (Figure 1-9). The connections leading to 
the long or short process tubes are designed to be easily differentiated by a 
worker looking at either the top or bottom of the shield plug. The design of 
the penetrations, ports, and valve mechanism implements the following 
criteria: 

The MCO has a minimum 

This distance 

One process tube 

The 1.3-cm- (0.5-in.-) diameter long 

Provisions for pressurizing the MCO interior with an inert gas 

Provisions for purging gas from the MCO interior 

Provisions for leak rate testing, where applicable 

Provisions for making or breaking all connections while continuing 
to maintain SNF containment with minimal spread of contamination 

Connections designed to facilitate their decontamination 

Ports and connections accessible to the operator from the top face 
of the MCO 

Penetrations and connections that do not appreciably reduce or 
impair MCO shielding 
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-9. Schematic Diagram of M u l t i c a n i s t e r  Overpack Passages. 
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Provisions for removal or reinstallation of sealing mechanisms as 
required to cover process connections, pressure relief devices, and 
a low-flow HEPA filter (these sealing mechanisms, including 
fasteners, cannot extend above the top of the shield plug) 

piping, internal MCO pressure after process connections are made 

Penetrations and connections designed to facilitate remote operation 
via long-handled tools and via a manipulator 

flow on ports for pressure relief devices when appropriate. 

Provisions for bleed down, in a controlled way into the process 

Provisions for orifice plates (0.6 cm [0.25 in.] to limit relief 

The shield plug features an integrally machined axisymmetric lifting ring 
with a 10.9-metric ton (t) (12-ton) lifting capacity when gripped with six 
equally spaced grippers. The ring facilitates handling of the MCO package 
when unloading from the transport cask, CSB storage tubes, and process cells 
with the MCO handling machine (MHM). 
the safety factors (for noncritical lifts) required by ANSI N14.6-1986 
(ANSI 1986). This standard requires that any handling or lift features 
required to perform non-critical lifts shall be capable of demonstrating a 
safety factor of three on material yield and five on material ultimate 
strength. 

The MCO lifting ring design must exhibit 

1.2.4 Additional Features 

The MCO has internal process filters to support the vacuum drying and hot 
conditioning outflows from the MCO. 
shield plug bottom and the guard/shield plate. 
prevent fuel particulate corrosion products from leaving the MCO (thereby 
reducing dose in the processing facility). 
be HEPA filters if adequate flow capacity is achieved through the filter bank 
to support process needs. 
requirements of DOE Order 6430.1A, General Design Criteria. 

mechanically sealed to a carbon steel shield plug. 
are four ports, three of which are valved to support process functions. 
ports access three penetrations, two of which terminate in screened process 
tubes. The long process tube allows water pickup and gas transport as needed. 
The short process tube port doubles as the location for the safety-class 
pressure relief device (rupture disk). 
to a bank of four internal HEPA filters. 
process port for filtered exit and for a non-safety class pressure relief 
device and a valved process location. The ports are all capable of being 
sealed using either bolted or threaded closure plates. Additional information 
is provided throughout this report. 

These filters are installed between the 
The internal process filters 

These internal process filters may 

These filters are not required to meet the 

To summarize the key features, the MCO is a stainless steel shell that is 
On top of the shield plug 

The 

The remaining two ports are connected 
These two ports are reserved for a 
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1.3 MULTICANISTER OVERPACK CHARACTERISTICS 

1.3.1 Design and Fabrication 

intent of the Boiler and Pressure Vessel Code (ASME 1995a), Section 111, 
Subsection NB, for all components except the plate and shell supports, which 
must meet Subsection NF, and the spent fuel basket assembly, which must meet 
Subsection NG for the Mark IA fuel. All MCO welds will be completed and 
examined in accordance with the Boiler and Pressure Vessel Code (ASME 1995a), 
Section 111, Subsection NB. Exceptions to NB and other Subsections are 
discussed in the exceptions report that will be released after the design is 
final. 

The MCO will be designed, fabricated, inspected, and examined to meet the 

The following structural materials are used to fabricate the MCO: 

ASME SA-108, type 1018 carbon steel for the shield plug and the 

ASME SA-312, type 304L stainless steel for the MCO shell 

ASME SA-182, type 304L stainless steel for the bottom forging 

Jacking bolts 

locking and lifting ring 

assembly 

Silver-plated stainless steel for Helicoflex' closure seal 

Grafoil' flexible graphite with 304L stainless steel retainers for 
the port covers. 

The MCO will have a maximum decay heat load of 835 W ,  plus any allowable 
margin . 

The mechanical properties of the MCO's structural materials are presented 
in Section 3.4. The listed properties are Boiler and Pressure Vessel Code 
(ASME 1995a) minimums and in some instances higher property usage may be 
justified. The expected weights and centers of gravity of the MCO, its 
contents, and ancillary equipment after drying are presented in Section 3.3. 
The operational features of the MCO will be limited to the lifting 
attachments, closure design, pressure relief connections, process connections, 
and the internal bank of four HEPA filters located on the underside of the 
shield plug. 

'He1 icoflex is a trademark of Helicoflex Corporation. 

'Grafoil is a trademark of Union Carbide Corporation. 
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1.3.2 Confinement/Containment Boundary 

The MCO i s  t o  be the  long- term storage con ta ine r  f o r  t he  spent f u e l  and 
i s  r e l i e d  upon as t h e  pr imary containment and confinement boundary ( s e e  
Sect ion 1 .2 ) .  The MCO confinement/containment boundary c o n s i s t s  o f  t h e  
f o l l o w i n g  i tems (F igu re  1 - 1 ) :  

S h i e l d  p lug  

MCO s h e l l  

MCO bottom 

Weld connect ing s h e l l  t o  bot tom 

S h i e l d  p l u g  t o  s h e l l  mechanical c l o s u r e  and H e l i c o f l e x  gasket 

Four p o r t  cover f l anges  and G r a f o i l  gaskets 

Por t  cover c losu re  b o l t s  

MCO cover cap (when t h e  MCO i s  seal welded as shown on F igu re  1-10). 

The MCO s h i e l d  p l u g  assembly w i l l  be mechanica l ly  sealed t o  ma in ta in  a 
l ow  leakage r a t e .  F igure 1-10 prov ides t h e  d e t a i l s  o f  t h e  mechanical c losu re  
assembly. A containment weld w i l l  be made t o  a t t a c h  t h e  MCO s h e l l  t o  t h e  MCO 
bottom f o r g i n g  assembly. 
t h e  B o i l e r  and Pressure Vessel Code (ASME 1995a), Sec t i on  111, Subsection NB. 
The s h e l l  t o  bottom f o r g i n g  assembly weld i s  examined i n  accordance w i t h  the  
i n t e n t  o f  t h e  B o i l e r  and Pressure Vessel Code (ASME 1995a), Sec t i on  111, 
Subsection NB-5300. D e t a i l s  o f  t he  MCO l o c k i n g  and l i f t i n g  r i n g  as w e l l  as 
t h e  MCO cover are prov ided i n  F igure 1-11. 

The MCO w i l l  n o t  be vented d u r i n g  t r a n s p o r t a t i o n ,  w i t h  t h e  p o s s i b l e  
except ion o f  t he  t r a n s f e r  between the  K Basins and t h e  CVDF. 
be covered by a p o r t  cover f l ange  and a f l e x i b l e  g r a p h i t e  gasket t h a t  can 
ma in ta in  a l e a k t i g h t  seal i f  requ i red .  

Welds w i l l  be made i n  conformance w i t h  t h e  i n t e n t  o f  

Each p o r t  w i l l  

1.4 MULTICANISTER OVERPACK CONTENTS 

The f u e l  t o  be s to red  i n  t h e  MCOs i s  p r e s e n t l y  l o c a t e d  i n  t h e  K Basins 
s torage pools .  The 105 K East f u e l  s torage bas in  con ta ins  51,073 f u e l  
assemblies (which may o r  may n o t  be i n t a c t ) ,  elements, o r  p ieces.  The 
105 K West f u e l  s torage bas in  con ta ins  53,964 f u e l  assemblies, elements, o r  
p ieces.  The t o t a l  mass o f  t h e  f u e l  elements a t  t h e  105 K East f u e l  s torage 
bas in  i s  approx imate ly  1,233 t (1,359 t o n ) ;  t h e  t o t a l  mass o f  t h e  fue l  
elements i n  the  105 K West f u e l  s torage bas in  i s  approx imate ly  1,038 t 
(1,144 t o n ) .  Th i s  t o t a l  i nc ludes  approx imate ly  1,143,600 kg (2,521,200 l b )  o f  
uranium and 2,155 kg (4,750 l b )  o f  p lu ton ium i n  t h e  105 K East f u e l  s torage 
bas in  and approx imate ly  951,900 kg (2,098,500 l b )  o f  uranium and 1,875 kg 
(4,135 l b )  o f  p lu ton ium i n  t h e  105 K West f u e l  s torage bas in.  
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The c ladd ing  on a s i g n i f i c a n t  amount o f  t he  f u e l ,  due t o  normal handl ing,  
was damaged d u r i n g  d ischarge from t h e  r e a c t o r  o r  du r ing  subsequent f u e l  
hand l i ng .  
i n n e r  elements have breached c ladd ing .  As a r e s u l t ,  t he  uranium i n  some 
elements was exposed t o  water and has ox id i zed  du r ing  s torage.  Th is  o x i d a t i o n  
causes t h e  f u e l  elements t o  swe l l ,  l ead ing  t o  f u r t h e r  c ladd ing  damage, which 
exposes f r e s h  uranium t o  t h e  bas in  water and f u r t h e r  ox ida t i on .  The l o s s  o f  
c ladd ing  i n t e g r i t y  and the  o x i d a t i o n  o f  t he  uranium a l l ows  s o l u b l e  and gaseous 
f i s s i o n  products  t o  d i s s o l v e  i n t o  the Basin and c a n i s t e r  water .  
C h a r a c t e r i z a t i o n  i n  the  bas ins suggests t h a t  approx imate ly  3,800 kg (8,375 l b )  
o f  uranium i n  t h e  K East Basin and 700 kg (1,545 l b )  o f  uranium i n  t h e  K West 
Basin have corroded. 

Video imaging i n d i c a t e s  t h a t  t he  ou te r  elements as w e l l  as t h e  

The f u e l  assemblies and scrap (pieces g rea te r  than 0.6 cm [0.25 i n . ]  i n  
d iameter)  w i l l  be conta ined i n  one o f  f i v e  o r  s i x  baskets (depending on f u e l  
t ype ) ,  p laced  one on top  o f  another, i n  the  v e r t i c a l  MCO. The baskets  w i l l  
have an optimum c a r r y i n g  capac i t y  i n  terms o f  weight as w e l l  as c r i t i c a l i t y  
cons ide ra t i ons .  More i n f o r m a t i o n  regard ing the  basket s t r u c t u r a l  des ign and 
analyses i s  presented i n  Sect ion 3.0 o f  t h i s  r e p o r t .  

1.5 IDENTIFICATION OF AGENTS AND CONTRACTORS 

Agents and c o n t r a c t o r s  respons ib le  f o r  t h e  design and f a b r i c a t i o n  o f  t h e  
MCO and t h e  baskets  are as f o l l o w :  

Duke Engineer ing Serv ices Hanford 

R e s p o n s i b i l i t y :  
f o r  t h e  o v e r a l l  management and execut ion o f  t h e  MCO subpro jec t .  
Th i s  i nc ludes  development o f  t he  subpro ject  f unc t i ons  and 
requirements, performance s p e c i f i c a t i o n ,  s a f e t y  documentation, 
des ign rev iew and approval, q u a l i t y  assurance, procurement, budget, 
schedule, and coo rd ina t i on  w i t h  i n t e r f a c i n g  subpro jects  and w i t h  t h e  
DOE, R ich land Operations O f f i c e .  

Duke Engineering Serv ices Hanford i s  respons ib le  

Parsons I n f r a s t r u c t u r e  and Technology Group, I n c .  

R e s p o n s i b i l i t y :  Parsons I n f r a s t r u c t u r e  and Technology Group, Inc .  
i s  t h e  des ign agent f o r  t he  MCO subpro ject  and i s  tasked w i t h  
development o f  t he  MCO design i n  accordance w i t h  t h e  s p e c i f i c a t i o n  
c r i t e r i a .  Parsons i s  respons ib le  f o r  t he  p ro fess iona l  q u a l i t y ,  
t e c h n i c a l  accuracy, and cos t -e f fec t i veness  o f  t he  des ign media t o  be 
used f o r  f a b r i c a t i o n  o f  t he  MCOs. 

F a b r i c a t o r  - t o  be determined 

R e s p o n s i b i l i t y :  The MCO f a b r i c a t o r  i s  respons ib le  f o r  m a t e r i a l s ,  
f a b r i c a t i o n ,  welding, examination, shop t e s t i n g ,  q u a l i t y  assurance, 
documentation, packaging, and sh ipp ing  f o r  t h e  MCOs i n  accordance 
w i t h  t h e  requirements o f  t he  f a b r i c a t i o n  s p e c i f i c a t i o n .  
i nc ludes  development o f  a manufactur ing p lan,  schedule, f a b r i c a t i o n  
drawings, m a t e r i a l  c e r t i f i c a t e s ,  f a b r i c a t i o n  and weld ing procedures, 
examination r e p o r t s ,  and t e s t  r e p o r t s  t o  v e r i f y  t h a t  t h e  m a t e r i a l s  
and completed work conforms t o  t he  s p e c i f i c a t i o n  requi rements.  

Th is  
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2.0 PRINCIPAL DESIGN CRITERIA 

2.1 SPENT FUEL TO BE STORED 

Chapter 1 .O o f  t h i s  t o p i c a l  r e p o r t  prov ided background i n f o r m a t i o n  
r e l a t e d  t o  t h e  MCO and a d e s c r i p t i o n  o f  t h e  MCO and i t s  general 
c h a r a c t e r i s t i c s .  When f u l l y  loaded, each MCO w i l l  house f i v e  o r  s i x  baskets, 
each basket con ta in ing  p resc r ibed  amounts o f  SNF and i n c i d e n t a l  f u e l  co r ros ion  
products  t h a t  have been r e t r i e v e d  from the  K Basins. The f o l l o w i n g  m a t e r i a l s  
desc r ibe  t h e  f u e l  t h a t  w i l l  be conta ined i n  any one o f  those baskets a t  any 
g i ven  t ime.  A knowledge o f  t h e  f u e l  types and c h a r a c t e r i s t i c s  w i l l  enable t h e  
reader  t o  view h e a l t h  and s a f e t y  concerns i n  the  proper  pe rspec t i ve  as 
a d d i t i o n a l  d e t a i l s  p e r t a i n i n g  t o  the  MCO are presented i n  t h i s  r e p o r t .  The 
f o l l o w i n g  paragraphs and t a b l e s  con ta in  phys i ca l  d e s c r i p t i o n s  o f  t h e  f u e l  
c u r r e n t l y  i n  t h e  K Basins, g i v e  a f u e l  burnup summary, and p rov ide  d e t a i l s  o f  
t h e  chemical and r a d i o n u c l i d e  i n v e n t o r i e s  o f  SNF. The i n f o r m a t i o n  presented 
a l so  i s  use fu l  i n  suppor t ing the  chapters  i n  t h i s  r e p o r t  t h a t  d iscuss 
rad io1  o g i c a l  p r o t e c t i o n ,  sh ie ld ing ,  and c r i t i c a l  i t y  . 

N Reactor f u e l  assemblies c o n s i s t  o f  two concen t r i c  tubes made o f  uranium 
metal coextruded i n t o  Z i r ca loy -2  c ladding.  The two bas i c  types o f  f u e l  
assemblies are d i f f e r e n t i a t e d  by t h e i r  uranium enrichment. Mark I V  f u e l  
assemblies have a p r e - i r r a d i a t i o n  enrichment o f  0.947% 235U i n  both tubes and 
an average uranium weight o f  22.7 kg (50 l b ) .  The Mark I V  assemblies have an 
ou ts ide  d iameter  o f  6.1 cm (2.42 i n . )  and leng ths  o f  44.2 cm, 58.9 cm, 
62.5 cm, o r  66.3 cm (17.4, 23.2, 24.6, o r  26.1 i n . ) .  Mark I A  f u e l  assemblies 
have a p r e - i r r a d i a t i o n  enrichment o f  1.25% 235U i n  the  ou te r  tube and 0.947% 
235U i n  t h e  i n n e r  tube. The Mark I A  assemblies have an average uranium weight  
o f  16.3 kg (35.9 l b ) .  
6.1 cm (2.40 i n . )  and leng ths  o f  37.8 cm, 49.8 cm, 53.1 cm, o r  66.3 cm (14.9, 
19.6, 20.9, o r  26.1 i n . ) .  A small  amount o f  f u e l  w i t h  0.71% 235U content  was 
des ignated as Mark I V B  f u e l .  
weights  as the  66.3-cm- (26.1-in.-) l ong  Mark I V  f u e l .  Table 2-1 con ta ins  a 
d e t a i l e d  phys i ca l  d e s c r i p t i o n  o f  t he  f u e l .  

r a d i o n u c l i d e  content  o f  a f u e l  assembly o r  group o f  assemblies. The K Basin 
i nven to ry  o f  N Reactor f u e l  i s  composed o f  elements t h a t  experienced a range 
o f  exposure l e v e l s  and were discharged from the  r e a c t o r  between January 1971 
and A p r i l  1987. The exposure l e v e l s  ranged from unburned f u e l  ( 0  MW) t o  
approx imate ly  6,000 MWd per  m e t r i c  t o n  o f  uranium (MTU). 
t h e  weight  f r a c t i o n  o f  t h e  isotope 240Pu t h a t  e x i s t s  w i t h i n  the  t o t a l  q u a n t i t y  
o f  p lu ton ium i n  a p a r t i c u l a r  f u e l  element. The 240Pu content  i s  commonly used 
t o  i n d i c a t e  f u e l  burnup and ranges from approximately 0 w t %  240Pu up t o  
16.72 w t %  240Pu f o r  t he  N Reactor f u e l  i n  i nven to ry .  

Mark I A  f u e l  assemblies have an ou ts ide  d iameter  o f  

The Mark I V B  f u e l  has the  same dimensions and 

Exposure l e v e l ,  o r  f u e l  burnup, and t ime s ince  d ischarge determine t h e  

Burnup i s  r e l a t e d  t o  

A c c o u n t a b i l i t y  records have been used as the  bas i s  f o r  es t ima t ing  t h e  
r a d i o n u c l i d e  content  o f  N Reactor f ue l .  
dated November 17, 1994, inc ludes d ischarge date, f u e l  type,  240Pu content ,  
and o the r  i n fo rma t ion  f o r  497 groups o f  f u e l  elements ( t h e  groups are a l so  
known as keys). 
t he  same burnup, t h a t  were discharged from the  r e a c t o r  a t  t h e  same t ime .  

The a c c o u n t a b i l i t y  reco rd  r u n  data, 

Each group, o r  key, inc ludes elements o f  t he  same type, w i t h  
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5fg;irradiation enrichment of 

Type-length codea 

Length (cm) 

Table 2-1. 105-N Reactor Fuel Assembly Desc r ip t i on .  

0.947% enriched 1.25-0.947% enriched 

E S A C  E M ' T  F 

66.3 62.5 58.9 44.2 66.3 53.1 49.8 37.8 

Mark I V  

1. Outer of outer 

Mark I A  

6.15 6.10 

4. Inner of inner 1.22 1.11 

I 3. Outer of inner , I 3.25 I 3.18 I 

1. 0.947% 235U 16.0 15.0 14.1 10.5 

I 2. Inner element I 0.55 0.52 0.50 0.40 I 0.66 0.54 0.51 0.40 1 

2. 1.25% 235U I 13.8 11.1 10.4 7.85 I mass of u ran jeu in  inner element I 7.48 7.03 6.62 4.94 I 6.84 5.49 5.12 3.90 I 
(kg) 0.947% 

Ueighted average of urani? i n  
element ( kg) 

Ratio of Zircaloy-2 t o  uraniun 
(kg/MTU) 

22.7 16.3 

70.0 70.8 71.6 77.1 83.8 85.5 86.3 90.4 

I Ueighted average (kg/MTU) I 70.3 I 85.7 I 
% of t o t a l  elements 

X of length type of each fuel 

OisDlacement v o l m  (l/RTU) 

63 37 

78 10 7 5 0.03b 87 10 3 

67 67 

'Letter codes d i f ferent ia te the d i f ferent  lengths of the Mark I V  or Mark I A  fuel elements (i.e., a 

bThere are only 12 o f  the 66.3-cm Mark I A  assemblies. 

MTU = metric ton of uraniun. 

type "E" element i s  66.3 cm long). 
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>7 - 9 

>9 - 11 

>11 - 13 

>13 - 15 

> I 5  

T o t a l  

The mass o f  uranium assoc ia ted  w i t h  each key v a r i e s  f rom 2.37 x MTU t o  
67.4 MTU. The a c c o u n t a b i l i t y  database t h a t  forms t h e  i n v e n t o r y  bas is ,  and 
which takes  precedence over t h i s  t o p i c a l  r e p o r t  i n  f u e l  i n v e n t o r y  mat te rs ,  i s  
shown i n  Appendix A o f  WHC-SD-SNF-TI-009, 105-K Bas in  M a t e r i a l  Design B a s i s  
Feed D e s c r i p t i o n  f o r  Spent Nuc lear  F u e l  P r o j e c t  f a c i l i t i e s  ( W i l l i s  1995). 
Tables 2-2 and 2-3 present  breakdowns o f  t h e  f u e l  burnup l i s t e d  i n  t h e  
a c c o u n t a b i l i t y  database f o r  Mark I V  and Mark I A  f u e l .  

0.059761 0.00 

62.988 4.28 

270.56 18.39 

714.01 48.54 

131.29 8.92 

1471, l  100 

Table 2-2. N Reactor Mark I V  Fuel Burnup Summary. 

I Percent 2 4 0 ~ u  (range) I Mass (MTU) I Percent o f  t o t a l  mass I 

Percent 2 4 0 ~ u  (range) I Mass (MTU) 

I 55 ' .  I 166.94 I 11.35 I 

Percent o f  t o t a l  mass 

I >5 - 7 I 125.25 I 8.51 I 

<5 36.124 I 5.75 

MTU = metric ton o f  uraniun. 

>5 - 7 

>7 - 9 

>9 - 11 

>11 - 13 

>13 - 15 

>15 

T o t a l  

3.3729 0.54 

0 0.00 

68.008 10.83 

118.59 18.88 

401 .88 64.00 

0 0.00 

627.98 100 
~ 

MTU = metric ton of uraniun. 

The chemical con ten t  o f  t h e  f u e l  on a p r e - i r r a d i a t i o n  b a s i s  i s  d e r i v e d  by 
a p p l y i n g  t h e  r e p o r t e d  p r e - i r r a d i a t i o n  c o n c e n t r a t i o n  range t o  t h e  t o t a l  uranium 
(2,100,000 kg), z i rcon ium (145,000 kg),  and braz ing  f i l l i n g  (3,000 kg) i n  
N Reactor f u e l .  I n  t h e  p o s t - i r r a d i a t i o n  f u e l ,  a smal l  percentage o f  t h e  
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uranium w i l l  have been f i s s i o n e d  o r  converted t o  p lu ton ium, and some o f  t h e  
o the r  c o n s t i t u e n t s  w i l l  have been a c t i v a t e d  by neutron bombardment; t h i s  i s  
p a r t i c u l a r l y  t r u e  f o r  t h e  boron and hafnium, which have r e l a t i v e l y  h igh  
neutron capture cross sect ions.  Table 2-4 l i s t s  k i l og ram q u a n t i t i e s  o f  t he  
chemical i nven to ry  o f  N Reactor f u e l  c u r r e n t l y  s to red  i n  t h e  K Basins 
( W i l l i s  1995). 

Tables 2-5, 2-6, and 2-7 con ta in  the  r a d i o n u c l i d e  i nven to ry  o f  t he  
N Reactor f u e l  i n  s torage a t  t he  K Basins. Table 2-5 con ta ins  an i nven to ry  
es t ima te  f o r  t h e  combined t o t a l  f o r  bo th  basins. Table 2-6 con ta ins  an 
i nven to ry  es t ima te  s p e c i f i c  t o  the  K East Basin, and Table 2-7 con ta ins  an 
i nven to ry  es t ima te  s p e c i f i c  t o  t h e  K West Basin. The 85Kr data p rov ided  i n  
each t a b l e  assumes t h i s  gaseous n u c l i d e  has n o t  been re leased from the  f u e l  

2.2 DESIGN CRITERIA FOR ENVIRONMENTAL CONDITIONS 
AND NATURAL PHENOMENA HAZARDS 

Natura l  phenomena hazard (NPH) loads app l i cab le  t o  t h e  MCOs are s p e c i f i e d  
i n  t h i s  sec t i on .  The DOE NPH requirements are based on DOE Order 5480.28, 
N a t u r a l  Phenomena Hazards M i t i g a t i o n ;  and suppor t ing standards, 
DOE-STD-1020-94, N a t u r a l  Phenomena Hazards Design and E v a l u a t i o n  C r i t e r i a  f o r  
Department o f  Energy F a c i l i t i e s ;  DOE-STO-1022-94, N a t u r a l  Phenomena Hazards 
S i t e  C h a r a c t e r i s t i c s  C r i t e r i a ;  and DOE-STO-1023-95, N a t u r a l  Phenomena Hazards 
Assessment C r i t e r i a .  DOE r e g u l a t o r y  p o l i c y  f o r  SNF P r o j e c t  a c t i v i t i e s  a l s o  
r e q u i r e s  a l e v e l  o f  nuc lea r  s a f e t y  comparable t o  t h a t  o f  NRC-licensed 
f a c i l i t i e s  (Grumbly 1995). The NRC NPH requirements are based on 10 CFR 72. 

(SSC) be assigned t o  one o f  f i v e  performance ca tegor ies  based on s a f e t y  c lass  
and hazard category.  
t h a t  serves as a measure o f  t he  l e v e l  o f  p r o t e c t i o n  against  p o t e n t i a l  n a t u r a l  
phenomena. 
category 2 f a c i l i t y  (Kummerer 1995; S e l l e r s  1996). It i s  expected t h a t  t h e  
CVDF and HCS Annex a l s o  w i l l  be designated as hazard category 2 f a c i l i t i e s .  
Wi th  these c l a s s i f i c a t i o n s ,  sa fe ty -c lass  SSCs w i t h i n  these f a c i l i t i e s  w i l l  be 
des ignated performance category 3 SSCs. 

f o l l o w i n g  f u n c t i o n s  f o r  a l l  c r e d i b l e  events: 

DOE Order 5480.28 r e q u i r e s  t h a t  each s t ruc tu re ,  system, and component 

Each performance category has an associated NPH goal 

The CSB has been g i ven  an i n t e r i m  des igna t ion  as a hazard 

An MCO must ma in ta in  i t s  s t r u c t u r a l  i n t e g r i t y  so as t o  per form t h e  

L i m i t  t he  re lease  path f o r  p a r t i c u l a t e  ma te r ia l  t o  the  pene t ra t i ons  
associated w i t h  the  r u p t u r e  d i s k  and vent path ( f a c i l i t y  s p e c i f i c )  

L i m i t  t h e  path f o r  oxygen ingress t o  these same two paths (common t o  
a l l  f a c i l i t i e s  [see Sect ion 11.31) 

c r i t i c a l i t y  sa fe ty  eva lua t i on  r e p o r t  (common t o  a l l  f a c i l i t i e s  [see 
Chapter 6.01). 

Ma in ta in  t h e  geometry and phys i ca l  c o n t r o l s  assumed i n  the  

The SSCs requ i red  t o  ensure these MCO func t i ons  are mainta ined must be 
designed t o  performance category 3 requirements. 
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0.518 

_. 
_. 2,100,000 

87.2 
4,030 

Am 83.3 
Cm 0.171 

_. 
.. 

Table 2-4. Chemical Inventory o f  N Reactor Fuel 
Currently Stored in the K Basins. 

0.0113 2,100,000 
.. 87.2 
.. C.030 

.. 0.171 

.. 

Actinides 

Fission products 

'For the values with a range, the midpoint o f  the range i s  used (includes preturnup and postburnup 
(slues). 
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,sotope 
Heat Heat 

(U) ( C i )  (U) 
Act iv i t y  generation Isotope Activity 'ass (tg) generation ( C i )  

5.75 E-17 1.98 E-24 1.98 E-19 
1.02 E+07 7.48 E+Ol 1.19 E+04 
1.02 E+07 1.87 E-02 5.65 E+04 
1.33 E-13 5.42 E-21 4.78 E-16 

2s. 
90" 
91: 

234 
235' 
236" 
238: 

237 
23SNP 
239'" 
240;: 

6.41 E-14 1.68 E-22 8.46 E-17 
2.88 E+03 1.70 E+O2 1.44 E+OO 

0.00 0.00 0.00 
2.42 E+03 7.23 E-04 1.44 E-01 

E " k b  
103' 
106:: 

8.74 E+O2 1.40 E+02 2.47 E+01 ::>u 5.66 E+06 5.50 E+01 1.75 E+O2 
3.37 E+O1 1.56 E+04 9.14 E-01 5.49 E I O l  1.44 E+01 1.60 E+OO 
1.27 E+O2 1.96 E+03 3.40 E+OO ::$I 3.70 E+05 1.08 E+O2 1.22 E+04 
6.96 E+O2 2.07 E+06 1.73 E+01 1.95 E+O2 2.41 E-07 1.62 E+OO 

5.72 E101 8.11 E+01 1.65 E+OO 242mAm 1.96 E+O2 2.02 E-02 2.99 E-01 
1.12 E+05 6.54 E+OO 3.66 E+03 :::Am 1.20 E+O2 6.02 E-01 3.81 E+OO 
2.14 E+05 3.44 E+03 6.59 E+03 1.62 E+O2 4.90 E-05 5.86 E+OO 
1.19 E+05 5.22 E+O2 3.71 E103 2445: 1.47 E+03 1.82 E-02 5.04 E+01 

0.00 0.00 0.00 
2.42 E+03 6.80 E-10 2.31 E+01 
1.63 E+01 3.17 E+01 8.94 E-04 
4.32 E-04 1.04 E-16 3.25 E-09 

5.39 E-04 
1.67 E-02 3.98 E+OO 

0.00 0.00 0.00 
5.32 E-07 3.18 E-17 1.23 E-09 

1i;:Ag 3.25 3.62 E-02 E+03 6.84 E-09 
l15mCd 

'1%" 5.32 E-07 5.30 E-14 8.82 E-11 

:i% 4.54 E-01, 1.01 E-07 2.34 E-04 
8.00 E+O1 1.35 E-03 8.41 E-02 

Fission and act ivat ion Drcduct to ta ls  

Act I ni des 

3.91 E-05 4.76 E-12 
1.56 E+02 5.50 E+OO 
1.73 E-17 9.89 E-25 
3.72 E+04 3.60 E-02 

2.18 E + O ~  2.61 E-07 
1.56 E+O2 1.99 E-09 
6.61 E-11 7.45 E-18 
9.07 E+03 5.04 E-04 

2.48 E-06 9.40 E-16 
2.53 E-06 2.68 E-13 

0.00 0.00 
0.00 I 0.00 

6.37 E+OO 3.61 E+01 
1.83 E+04 1.41 E-02 
7.75 E+Ol 6.73 E+01 
1.33 E107 1.53 E+02 

1.30 E+03 1.72 E-08 
1.58 E+01 8.71 E-11 
5.15 E+05 5.55 E-01 

0.00 I 0.00 

~~ 

1.22 E-07 
4.78 E-02 
2.28 E-19 
1.17 E+02 

3.96 E-01 
2.00 E+OO 
9.58 E-14 
7.65 E+OO 

3.34 E-09 
1.25 E-09 

0.00 
0.00 

2.99 E-03 
1.87 E+02 
2.59 E-02 
1.34 E+04 

4.95 E+04 
0.00 

8.73 E-01 
0.00 

9.55 E+OO 
5.33 E-03 
1.89 E+02 

0.00 

0.00 
2.07 E+Ol 
4.37 E+OO 
9.96 E+02 

1.69 E+01 
1.78 E-07 
9.41 E-17 

1.34 E+05 

Actinide to ta ls  I 7.70 E+06 I 2.09 E+06 I 2.82 E+04 

Note: 2/12/96 RUN fo r  the N Fuel in the canbined K Basins, results decayed t o  12/31/97. Total 
mass 2.10 E+03 t uraniun; to ta l  a c t i v i t y  5.56 E+07 C i ;  t o ta l  heat generation 1.62 E+05 Y 
(5.53 E+05 Litu/h). 
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,EOtOpe Act ivi ty  Mess 
(Ci )  (kg) 

Table 2-6. Radionucl ide Inventory  o f  N Reactor Fuel 
C u r r e n t l y  Stored i n  t h e  K East Basin.  

Heat ,sotope Act ivi ty  Mass Heat 
(U) (Ci) (kg) (U) 

3.02 E+01 
6.07 E+04 
1.15 E+05 
6.38 E104 

Fission and activation products 

4.28 E+O1 8.70 E-01 1.14 E+O2 1.17 E-02 1.75 E-01 
3.55 E+OO 1.98 E+03 7.12 E+01 3.57 E-01 2.25 EIOO 
1.84 E103 3.54 E+03 9.42 E101 2.85 E-05 3.40 E+OO 
2.80 E102 1.99 E103 244E: 8.84 E102 1.09 E-02 3.05 E+O1 

1.84 E+04 1.90 E-03 
3.62 E102 8.12 E-02 E;;: I 4.32 E-04 

1.73 E-03 I 

Actinide totals 

1.58 E-24 I . 3.67 E+Ol 
5.01 E+06 9.21 E-03 

I 2:;; 

3.96 E+06 9.51 E+O5 1.52 E+04 

;iir 2.01 E+02 7.98 E+01 

1.07 E-13 4.36 E-21 

6.96 E-12 3.24 E-19 
$k 1.24 E+O2 4.39 E-04 

1.55 E-11 3.95 E-19 

5.16 E-14 1.35 E-22 I 1.45 E+03 I 8.55 E I O l  
0.00 0.00 

'"'Ru I 1.84 E+03 I 5.50 E-04 

6.19 E-01 3.29 E-05 4.00 E-12 
1.06 E-01 I i::: I 8.07 El01 I 2.84 EIOO 
3.57 E-02 ,,,:: 1.41 E-17 8.06 E-25 
3.02 E+Ol 1.88 E+04 1.82 E-02 

0.00 

7.40 E-14 

6.80 E-17 '37%a 6.25 E+06 1.16 E-05 
7.27 E-01 I 14' I 0.00 I 0.00 

0.00 !??E: 1.09 E+03 3.42 E-04 
1.10 E-01 I lr5Pr I 0.00 I 0.00 

4.72 E-04 
0.00 0.00 

Fission and activation product totals I 1.33 E+07 I 3.56 E+02 

Actinides 

1.03 E-07 
2.48 E-02 
1.87 E-19 
5.89 E+01 

2.05 E-01 
1.03 E+OO 
8.09 E-14 
3.86 E+OO 

2.79 E-09 
1.04 E-09 

0.00 
0.00 

1.52 E-03 
8.15 E+Ol 
1.32 E-02 
6.68 E+03 

2.45 E+04 
0.00 

7.21 E-01 
0.00 

7.91 E+OO 
4.40 E-03 
1.00 E+O2 

0.00 

0.00 
1.05 E+Ol 
2.16 E+OO 
4.92 E+O2 ~~ ~ 

8.61 E+OO 
1.33 E-07 
7.79 E-17 

6.79 E+04 

4.66 E+O2 7.46 E+Ol L54 

$ I 1.77 E+O1 1 8.19 E+03 
6.61 E+01 1.02 E+03 

238: 3.80 E+02 1.13 E+06 

1.32 E+01 2.60 E+06 2.52 E+O1 
4.81 E-01 I iik I 3.07 E+01 1 8.04 E+OO 
1.77 E+OO 2.03 E+05 5.91 E+O1 
9.46 E I O O  242:: 1.14 E+O2 1.41 E-07 

8.06 E+01 
8.94 E-01 
6.68 E+03 
9.46 E-01 
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Ac t i v i t y  
( C i )  

Table 2-7. Radionucl ide Inven to ry  o f  N Reactor Fuel 
C u r r e n t l y  Stored i n  the  K West Basin. 

Mass Heat ,sotope Ac t i v i t y  Mass Heat 
(kg) (U) ( C i )  (kg) (U) 

144 

144&r 147 

148;: 

0.00 

2.26 E*02 
2.74 E+OO 
2.42 E+05 

0.00 

0.00 
8.69 E+04 
4.87 E+02 
5.62 E+04 

1.15 E+04 
4.97 E-05 
2.03 E-15 

3.53 E+02 6.79 E104 

Fission and activation products 

6.39 E-01 
9.67 E-02 
3.25 E-02 
3.43 E+01 

7.53 E-13 .l.93 E-08 
2.64 E+OO 2.30 E-02 
1.77 E-25 4.10 E-20 
1.79 E-02 5.80 E+01 

7.88 E-04 
2.22 E-01 
1.32 E-02 
4.72 E+O2 

1.26 E-07 1.90 E-01 
9.55 E-10 9.61 E-01 
1.16 E-18 1.49 E-14 
2.50 E-04 3.80 E+OO 

1.17 E-17 4.03 E-25 
5.22 E+06 3.83 E+Ol 
5.22 E+06 9.59 E-03 
2.67 E-14 I '  1.09 E-21 

4.01 E-20 
6.07 E+03 
2.89 E+04 
9.55 E-17 0.00 0.00 

2.01 E+O2 7.98 E+01 
1.70 E-12 7.90 E-20 
1.20 E+O2 4.25 E-04 
3.77 E-12 9.63 E-20 

2.30 E-02 
8.55 E-15 
2.15 E-02 
1.80 E-14 

1.26 E-14 3.31 E-23 
1.43 E+03 8.43 E+01 

5.76 E+O2 1.72 E-04 
0.00 1 0.00 

1.66 E-17 
7.18 E-01 

0.00 
3.43 E-02 

0.00 0.00 
7.15 E-05 I 1.51 E-01 

0.00 0.00 

0.00 
5.51 E+OO 
4.22 E-04 
6.45 E-10 

2.99 E-09 1.66 E+OO 
1.51 E-11 9.20 E-04 
2.61 E-01 8.91 E+01 

0.00 I 0.00 

6.47 E-03 1.36 E-09 
1.78 E+03 8.21 E-03 

9.28 E-08 5.55 E-18 
0.00 I 0.00 

1.08 E-04 
1.96 E+OO 

0.00 
2.14 E-10 

2.47 E-02 8.32 E+OO 
1.41 E-11 4.48 E-08 
1.80 E-22 1.62 E-17 

1.54 E-11 
3.76 E-05 
4.18 E-02 

uct to ta ls  
I 

I 1.35 E+07 Fission and activation DI 
I 

Actinides 

4.08 EI02 6.53 E I O l  1.15 E+01 3.02 E+06 2.93 E+Ol 9.36 E+01 

6.11 EIOl 9.44 E+O2 1.63 E+OO 1.67 E+O5 4.87 E I O l  
3.16 E+O2 9.40 E+05 7.85 E+OO 242E 8.16 E+Ol 1.01 E-07 6.80 E-01 

234 

$ 
238; 

1 1.60 E+Ol I 7.40 E+03 I 4.34 E-01 I ::$: I 2.42 E+Ol I 6.34 E+OO 1 i::: 
~ _ _ _  

Actinide to ta ls  I 3.73 E106 I 9.51 E+05 I 1.30 E+04 

Note: 02/12/96 run f o r  K Vest Basin N Reactor fuels, results decayed t o  12131197. Total mess 
?.531 E+O2 t uranium; to ta l  ac t i v i t y  2.80 E+07 ti, to ta l  heat generation 8.09 E+04 U (2.76 E+05 Btulh). 
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The MCOs w i l l  per form t h e  above- l is ted sa fe ty -c lass  f u n c t i o n s  a t  t h e  
CVDF, t o  be l oca ted  i n  the  100 K Area, and a t  t he  CSB and HCS Annex, t o  be 
l o c a t e d  i n  t h e  200 East Area. 
loadings a t  both o f  these l o c a t i o n s  on t h e  Hanford S i t e .  

The f o l l o w i n g  d i scuss ions  address t h e  NPH 

2 . 2 . 1  Tornado and Wind Loadings 

According t o  the  DOE requirements and guidance prov ided i n  DOE 
Order 5480.28 and DOE Standard 1020-94, t he  Hanford S i t e  does n o t  have a 
des ign bas i s  tornado. 
i d e n t i f i e d  i n  WHC-SO-SNF-OB-003, Spent Nuclear  Fue l  P r o j e c t  Path Forward, 
A d d i t i o n a l  NRC Requirements (Garv in  1996), a des ign bas i s  tornado must be 
i d e n t i f i e d  and inc luded  i n  t h e  design f o r  t he  CVDF, CSB, and HCS Annex. 
Tornado p r o t e c t i o n  f o r  t he  MCO w i l l  be prov ided by t h e  f a c i l i t i e s  i n  which i t  
res ides .  
i s  n o t  requ i red .  

2 . 2 . 1 . 1  Forces on S t ruc tu res .  While the  MCO i s  l o c a t e d  w i t h i n  t h e  CVDF, CSB, 
and HCS Annex, i t  w i l l  n o t  experience an extreme wind o r  tornado wind l oad ing .  
Therefore,  t h e r e  i s  no need t o  conver t  such loadings t o  fo rces  on t h e  MCO. 

2 . 2 . 1 . 2  Tornado-Generated M i s s i l e s .  P ro tec t i ng  the  MCO from tornado- 
generated m i s s i l e s  i s  f a c i l i t y  s p e c i f i c .  The f o l l o w i n g  op t i ons  may be 
appl i ed: 

However, t o  implement NRC nuc lea r  s a f e t y  equiva lency as 

Tornado p r o t e c t i o n  f o r  t h e  MCO w h i l e  i t  i s  l o c a t e d  i n  t h e  K Basins 

Prov ide a s t r u c t u r e  o r  b a r r i e r  t h a t  does n o t  a l l o w  f o r  m i s s i l e  
p e n e t r a t i o n  t h a t  would p u t  t he  MCO a t  r i s k  

Show by ana lys i s  t h a t  none o f  t he  c r e d i b l e  o r  NRC pos tu la ted  
m i s s i l e s  w i l l  penetrate t h e  MCO o r  t he  sh ipp ing cask-MCO combination 

Show t h a t  t he  r i s k  o f  a s i g n i f i c a n t  r a d i o l o g i c a l  re lease  caused by 
m i s s i l e  imgact i s  acceptably low (acceptance c r i t e r i a  f o r  
t l . O  x 10- e v e n t s l y r  us ing conservat ive methods w i t h  a c lose  
acceptance c r i t e r i o n  o f  50 mSv (5 rem) (Tal lman 1996a, 1996b). 

For t h e  f i r s t  and second opt ions,  t he  l oad  combinations must be i n  
accordance w i t h  NUREG-0800, Standard Review Plan, Sect ion 3.3.2, "Tornado 
Loading" (NRC 1981). 

2 . 2 . 2  Design Basis  Flood 

against  t he  des ign bas i s  r u n o f f  f l o o d  l e v e l  f o r  t he  probable maximum 
p r e c i p i t a t i o n  (PMP). 
p r o v i d i n g  s u f f i c i e n t  r u n o f f  capaci ty .  
r i v e r  probable maximum f l o o d  (PMF) by l o c a t i n g  the  CVDF, CSB, and HCS Annex 
above t h e  PMF l e v e l .  S p e c i f i c  performance category 3 values f o r  t he  PMP and 
PMF are prov ided f o r  t he  CSB i n  WHC-SD-SNF-DB-009, Can is te r  Storage B u i l d i n g  
N a t u r a l  Phenomena Hazards (Tallman 1996a), and f o r  t he  CVDF i n  
WHC-SD-SNF-DB-010, Cold Vacuum D r y i n g  System Na tu ra l  Phenomena Hazards 
(Tal lman 1996b). 

W i th in  t h e  CVDF, CSB, and HCS Annex, t he  MCO w i l l  always be p ro tec ted  

Th is  w i l l  be accomplished through f a c i l i t y  design and by 
The MCO w i l l  be p ro tec ted  from the  

These performance category 3 NPH values s h a l l  be app l i ed  t o  
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the  sa fe ty -c lass  MCO and t o  those SSCs t h a t  f u n c t i o n  t o  p r o t e c t  t h e  MCO. 
PMP and PMF requi rements f o r  t h e  CSB a l so  apply  t o  t h e  HCS Annex. 
p r o t e c t i o n  prov ided f o r  t he  MCO by the  f a c i l i t i e s ,  t h e r e  i s  no need t o  per form 
analyses o f  t h e  l o a d i n g  t h a t  t he  PMP o r  PMF might  have on an MCO. 
p r o t e c t i o n  prov ided by each f a c i l i t y  i s  descr ibed i n  t h e  f a c i l i t y - s p e c i f i c  
s a f e t y  ana lys i s  r e p o r t  (SAR). 

The 
Wi th t h i s  

The f l o o d  

2 . 2 . 3  Sei smic-System Analyses 

A t  t h e  CSB, t he  des ign ground acce le ra t i on  f o r  t h e  des ign bas i s  
earthquake i s  0.35 g. Although t h i s  w i l l  be a m p l i f i e d  by the  p o s i t i o n  o f  t he  
MCOs w i t h i n  the  f a c i l i t y ,  t he  DBA drop acce le ra t i ons  bound any imposed 
earthquake acce le ra t i ons  from t h e  K Basins, CSB, CVDF, and HCS. 

2 . 2 . 4  Snow and Ice Loadings 

snow and i c e  l oad ings  by f a c i l i t y  designs t h a t  ensure t h a t  n e i t h e r  w i l l  make 
con tac t  w i t h  t h e  MCO. 
temperature t r a n s i e n t s  o r  extremes o r  by dead weight l oad ing .  
t r a n s p o r t ,  t h e  cask l i d  w i l l  p r o t e c t  t h e  MCO. 

I n  the  CVDF, CSB, and HCS Annex, t he  MCO w i l l  always be p ro tec ted  against  

As such, snow and i c e  w i l l  n o t  s t r e s s  t h e  MCO e i t h e r  by 
Dur ing 

2 . 2 . 5  Combined Load C r i t e r i a  

f a b r i c a t e d  t o  meet the  i n t e n t  o f  t he  l oad  combination c r i t e r i a  i n  the  B o i l e r  
and Pressure Vessel Code (ASME 1995a), Sect ion 111, Subsection NB. 

The confinement/containment fea tu res  o f  t he  MCOs are designed and 

2 . 2 . 6  Base l i ne  Load C r i t e r i a  

Th is  s e c t i o n  descr ibes the  c r i t e r i a  se lec ted  t o  p rov ide  t h e  base l i ne  
loadings,  i n c l u d i n g  temperatures, which when met w i l l  ensure t h e  mechanical 
and s t r u c t u r a l  i n t e g r i t y  o f  t h e  MCO. The loadings and c r i t e r i a  are those 
s p e c i f i e d  by WHC-S-0426, Performance S p e c i f i c a t i o n  f o r  Spent Nuclear  Fue l  
P r o j e c t ,  M u l t i - C a n i s t e r  Overpack (WHC 1996c), o r  unique t o  p a r t i c u l a r  
a p p l i c a t i o n s .  

c r i t i c a l l y  safe a r ray .  
discussed i n  Chapters 3.0 and 6.0. 

2 . 2 . 6 . 1  Performance C r i t e r i a  Loadings. The MCO cons is t s  o f  a s h e l l ,  a s h i e l d  
p lug,  a baseplate w i t h  lower  r a d i a l  support p la tes ,  a cen te r  i n s e r t  
c r i t i c a l i t y  o r  basket support tube, baskets designed t o  ho ld  p a r t i c u l a r  
s p e c i f i e d  f u e l s ,  process tubes, and i n c i d e n t a l  process equipment. These 
components, as an assembly, are subjected t o  t h e  f o l l o w i n g  performance 
c r i t e r i a  l oad ings .  

The purpose o f  t he  MCO i s  t o  conf ine,  conta in ,  and ma in ta in  SNF i n  a 
Use o f  t he  c r i t i c a l i t y  c o n t r o l  exc lus ion  v o i d  i s  
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The MCO s h a l l  ma in ta in  f u e l  elements o r  fragments t h e r e o f  i n  a 
c r i t i c a l l y  safe a r ray  throughout i t s  40-year des ign l i f e  and d u r i n g  
and a f t e r  be ing subjected t o  DBAs. 

The MCO s h a l l  r e l i e v e  i n t e r n a l  pressure i n  excess o f  1.0 MPa gauge 
(150 l b / i n 2  gauge). 
r u p t u r e  d i s k .  

MCO hand l i ng  fea tu res  and equipment s h a l l  be capable o f  ho ld ing  the  
maximum f u l l y  loaded weight o f  t h e  component i n  quest ion.  
case o f  t h e  t o t a l  MCO package, t h i s  inc ludes t h e  heav ies t  loaded 
f u e l  arrangement (Sect ion 3.2), p l u s  water, p l u s  a margin f o r  a 
s tuck  assembly, b r i n g i n g  the  t o t a l  handl ing l o a d  t o  10,900 kg 
(24,000 l b ) .  The fea tu res  and equipment must e x h i b i t  t h e  s a f e t y  
f a c t o r s  r e q u i r e d  by ANSI N14.6-1986, F o r  Rad ioac t i ve  M a t e r i a l s  - 
Spec ia l  L i f t i n g  Devices f o r  Shipp ing Conta iners Weighing 
10,000 Pounds (4500 kg) o r  More (ANSI  1986). 
t h a t  any hand l i ng  o r  l i f t  f e a t u r e  requ i red  t o  per form n o n c r i t i c a l  
l i f t s  s h a l l  be capable o f  demonstrat ing a s a f e t y  f a c t o r  o f  t h r e e  on 
ma te r ia l  y i e l d  and o f  f i v e  on ma te r ia l  u l t i m a t e  s t reng th .  

The MCO s h a l l  be capable o f  per forming i t s  f u n c t i o n  when exposed t o  
atmospheric temperatures ranging from -33 "C t o  46 "C (-27 "F t o  
115 "F) and r e l a t i v e  humid i t y  ranging from 5% t o  100%. 

Th is  c r i t e r i o n  i s  enabled through use o f  a 

I n  t h e  

Th is  standard requ i res  

2.2.6.2 Design Loadings. 
MCO. 

The f o l l o w i n g  loadings apply t o  t h e  des ign o f  t h e  

The thermal source term i n t e r n a l  t o  t h e  MCO from t h e  con f ined  SNF i s  
an average o f  396 W and a maximum o f  835 W p l u s  a l lowable margin. 

The r a d i o a c t i v e  source term f o r  worst-case s h i e l d i n g  and dos;35U 
consequences cons is t s  o f  270 Mark I V  f u e l  elements o f  0.95% 
i r r a d i a t e d  t o  16% 240Pu. 
WHC-SD-SNF-TI-009 ( W i l l i s  1995). 
considered f o r  polymers. 

The i n t e r n a l  design pressure i s  1.0 MPa gauge (150 l b / i n 2  gauge). 

The maximum design temperature i s  375-"C (700 'F) and the  maximum 
opera t i ng  temperature i s  350 "C (660 F ) .  For design fea tu res  
r e q u i r i n g  temperatures a t  t he  va r ious  MCO l i f e  c y c l e  stages, t he  
f o l l o w i n g  are appropr ia te:  

K Basin l oad ing ,  6 "C t o  38 "C (43 "F  t o  100 "F) 

Cold vacuum d ry ing ,  10 "C t o  75 "C (50 "F t o  167 " F )  

Transpor tat ion,  -17 " C  t o  75 "C (2 "F t o  167 OF) 

Hot cond i t i on ing ,  up t o  375 "C (700 OF) as the  maximum design 
temperature, 350 "C (660 OF) as the  maximum opera t i ng  
temperature 

Fuel s tag ing  and storage, up t o  205 "C (400 OF). 

A c t i v i t y  f o r  these f u e l s  i s  found i n  
Rad ia t i on  e f f e c t s  have been 

- 

- 

- 

- 

- 
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The des ign thermal t r a n s i e n t  i s  100 "C (122 O F )  per  hour from 20 "C 
t o  350 "C (68 'F t o  662 'F) f o r  a maximum o f  f i v e  cyc les .  

The f u e l  des ign temperature w i t h i n  t h e  MCO i s  300 "C (570 'F).  

The des ign temperature d i f f e r e n t f a l  between any p o r t i o n s  o f  t h e  MCO 
containment boundary ma te r ia l s ,  1 .e., t h e  s h e l l  and s h i e l d  p lug,  i s  
100 "C (180 O F ) .  

l i m i t a t i o n s  are associated w i t h  f a c i l i t y  management. 
I n  a d d i t i o n  t o  the  des ign l oad  l i m i t s ,  c e r t a i n  f u e l  and MCO s h e l l  

- Dur ing MHM handl ing,  s tag ing,  and s torage t h e  CSB, temperatures 
are a l lowed t o  go t o  132 'C  (270 OF). The f a c i l i t y  may l i m i t  
temperatures f u r t h e r  i f  they choose. The f u e l  temperature i s  
l i m i t e d  t o  205 "C (400 "F )  d u r i n g  normal s teady-state 
cond i t i ons .  

Dur ing HCS custody and HCS operat ions a t  t he  CSB, t h e  MCO s h e l l  
temperature i s  a l lowed t o  go t o  350 "C (662 O F ) .  There i s  an 
absolute c u t o f f  a t  375 " C  (707 O F )  f o r  t h e  h ighes t  a l lowed 
temperature on any p o r t i o n  o f  t he  MCO s h e l l  w i t h  no except ions.  
The f a c i l i t y  may l i m i t  t he  temperatures f u r t h e r .  The f u e l  
temperature i n s i d e  the  MCO i s  l i m i t e d  t o  300 'C (572 "C). 

2.2.6.3 Design B a s i s  Accident  Loadings. The f o l l o w i n g  DBA loadings are 
r e q u i r e d  t o  be s a f e l y  appl ied.  
requirements o f  t he  B o i l e r  and Pressure Vessel Code (ASME 1995a), Sect ion 111, 
Subsection NB, f o r  sa fe ty -c lass  i tems o r  lower  c lass  i tems r e q u i r e d  t o  prevent  
f a i l u r e  o f  t h e  sa fe ty -c lass  i tems.  

The MCO s h a l l  w i ths tand  a DBA f i r e  on the  ou ts ide  o f  t he  cask. Th is  
f i r e  w i l l  reach a temperature o f  800 "C (1,475 O F )  w i t h  an 
e m i s s i v i t y  c o e f f i c i e n t  o f  0.9 f o r  a pe r iod  o f  30 minutes. 
w i l l  r a i s e  t h e  MCO s h e l l  temperature t o  122 "C (220 'F) f o r  
180 minutes a f t e r  t h e  f i r e .  

While a t  t he  CSB and HCS Annex the  MCO s h a l l  ma in ta in  confinement, 
containment, and s u b c r i t i c a l i t y  d u r i n g  a design bas i s  earthquake 
hav ing a zero per iod,  5% damped, h o r i z o n t a l  ground a c c e l e r a t i o n  o f  
0.35 9. Response spect ra f o r  o the r  damping values are prov ided i n  
WHC-SD-W236A-TI-002, P r o b a b i l i s t i c  Seismic Hazard Analys is ,  DO€ 
Hanford S i t e ,  Washington (Geomatrix 1996). 

Whi le  a t  t h e  CVDF, t h e  MCO s h a l l  ma in ta in  confinement, containment, 
and s u b c r i t i c a l i t y  du r ing  a design bas i s  earthquake hav ing a zero 
pe r iod ,  5% damped, h o r i z o n t a l  ground acce le ra t i on  o f  0.26 g. 
Response spec t ra  f o r  o the r  damping values are prov ided i n  
WHC-SD-W236A-TI-002 (Geomatrix 1996). 

The MCO s h a l l  su rv i ve  acce le ra t i ons  created by the  f o l l o w i n g  DBA 
drops w h i l e  ma in ta in ing  confinement, containment, and s u b c r i t i c a l i t y  
( t h e  temperature range f o r  t h e  drops i s  25 "C t o  200 "C [75 " F  t o  

- 

They must meet t h e  Serv ice Level D 

The f i r e  
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390 "F]  and the  pressure range i s  0 Pa t o  1.0 MPa gauge [ 0  t o  
150 l b / i n 2  gauge]): 

- A 0.6-m ( 2 - f t )  v e r t i c a l  drop o f  t h e  loaded and sealed 
unconst ra ined MCO onto f l a t  r e i n f o r c e d  concrete 

- A drop w h i l e  loaded and con f ined  t o  the  sealed t r a n s p o r t a t i o n  
cask i n  t h e  worst  o r i e n t a t i o n  ( t h e  acce le ra t i on  l oad  has been 
t e n t a t i v e l y  se t  a t  100 g pending outcome o f  t h e  cask drop 
c a l c u l a t i o n s )  

- A drop i n t o  t h e  cask f o r  drop he igh ts  n o t  t o  exceed 4 m (13 ft) 
( t h e  acce le ra t i on  l oad  again should be near 100 g) 

- A v e r t i c a l  drop o f  t he  unconst ra ined MCO i n t o  a CSB tube w i t h  
and w i thou t  another MCO a l ready w i t h i n  t h e  tube ( t h e  tubes w i l l  
con ta in  impact absorbers t o  reduce t h e  impact a c c e l e r a t i o n  on 
t h e  MCO's i n t e r n a l s  t o  50 g when the  MCO's acce le ra t i on  i s  
l i m i t e d  t o  35 9); p r o t e c t i o n  f o r  t he  impacted sur faces as w e l l  
as t h e  i n t e r n a l s  o f  t he  MCOs must be i n  p lace (WHC-S-0426, 
Sect ion 3.3.2.2 [WHC 1 9 9 6 ~ 1 ,  requ i res  the  use o f  impact 
absorbers between the  upper and lower  MCOs t o  s a t i s f y  t h i s  
requirement) 

- A drop i n t o  HCS furnace w i t h  l oad  app l i ed  t o  CSB bottom impact 
absorber i n  bottom o f  furnace 

A loaded basket sub jec t  t o  c r i t i c a l i t y  c o n t r o l s  r e q u i r e d  i n  
WHC-SD-SNF-CSER-005 (Schwinkendorf 1996), such as t h e  Mark I A ,  must 
n o t  exceed s t r e s s  l e v e l s  h ighe r  than the  app l i cab le  s e r v i c e  l e v e l  
requirements a l lowed i n  the  B o i l e r  and Pressure Vessel Code 
(ASME 1995a), Subsection NG; any exceptions t o  t h i s  w i l l  be noted 
and def ined;  handl ing loads f o r  both loaded and unloaded baskets 
w i l l  meet the  design c r i t e r i a  f o r  n o n c r i t i c a l  loads de f i ned  i n  
ANSI N14.6-1986 (ANSI 1986). 

2.3 SAFETY PROTECTION SYSTEMS 

2.3.1 General 

The a c t i v i t i e s  associated w i t h  the  MCO and i t s  contents  have been 
reviewed from i n i t i a l  l oad ing  o f  t he  MCO through long-term storage.  
f o l l o w i n g  sec t i ons  d iscuss the  p r o t e c t i o n  a f fo rded  t h e  MCO throughout  i t s  l i f e  
cyc le .  The va r ious  forms o f  p r o t e c t i o n  range from the  phys i ca l  s t r u c t u r e s  
housing t h e  MCO t o  pressure r e l i e f  devices both i n t e r n a l  and ex te rna l  t o  t h e  
MCO t o  i ns t rumen ta t i on  associated w i t h  the  process ing f a c i l i t i e s .  

The 

2.3.2 P r o t e c t i o n  by Confinement B a r r i e r s  and Systems 

so le  b a r r i e r  aga ins t  r a d i o l o g i c a l  re lease.  This  i s  d i f f e r e n t  from most 
Wi th in  t h e  sh ipp ing cask, CVDF, CSB, and HCS Annex, an MCO i s  n o t  t he  
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facilities licensed under 10 CFR 72. 
equivalent but with integral shielding) is the only radionuclide barrier 
beyond the fuel cladding. 

For the SNF Project, radionuclide releases from an MCO are analyzed by 
considering facility-specific mitigation features, siting considerations 
affecting atmospheric dispersion, and the location of the onsite and offsite 
receptors. Credible oxygen ingress and vent paths are by design limited to 
those discussed in Section 2.2. As a radionuclide barrier, the MCO must not 
fail under any credible condition. 
following faci 1 i ty-speci fic considerations. 

Within the CSB, impact absorbers must be provided in the storage 
tubes as required to prevent failure of a dropped MCO (see 
Section 2.2.6.3). 

Within the CSB and HCS Annex, safety-class features must be provided 
to prevent the MHM from shearing an MCO by moving while the MCO is 
in an intermediate position in a tube (WHC 1996a). 
MCO in a thermally safe situation for prevention of fuel fire is 
also a safety-class function. 

In the CSB the structural integrity of the tube system, inclusive of 
the upper floor penetration and lower base plate support, is taken 
credit for as a safety-class item to prevent common mode failure of 
the MCOs and to maintain configuration for criticality prevention. 

practical level of radioactive release from an MCO to the facility during 
normal and off-normal conditions. 

In those facilities, the cask (the MCO 

However, maintaining this feature has the 

Maintaining the 

The following are MCO-specific features designed to achieve the lowest 

The MCO vent is provided with an internal bank of four HEPA filters. 
As these filters cannot be tested after MCO assembly, no credit is 
taken for their presence in accident analyses. However, the filters 
should remain effective during the staging period. 

Chapter 11.0). 

When required, the MCO is provided with a rupture disk designed to 
relieve at a preset pressure up to 1.0 MPa (150 lb/in2). With this 
protection, should the MCO overpressurize (caused, for example, by 
hydrogen generation together with an inoperative pressure relief 
device), the radionuclide release will be limited by relief through 
the rupture disk passage. 

During shipment from the K Basins to the CVDF, the MCO may be 
vented. During shipment to the CSB, the vent is inactive and 
the MCO is sealed. The vent is covered during processing in 
the CVDF and during processing in the HCS Annex. 
conditioning in the HCS Annex, the pressure relief device and 
the rupture disk are covered and remain covered during CSB 
interim storage. 

The MCO is designed to remain intact for all credible events (see 

After 
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The means by which the MCO is protected against off-normal operations and 
external loadings are facility-specific considerations and are addressed in 
each facility's SAR (WHC 1996a, WHC 19969). Each facility will be responsible 
for providing operators and equipment to address such considerations. 

2.3.3 Protection by Equipment and Instrumentation Selection 

2.3.3.1 Pressure Relief Equipment. When required, the MCO is provided with a 
rupture disk to relieve internal pressures in excess of the normal operating 
pressure (Goldmann 1996). This rupture disk shall meet the following design 
criteria (WHC 1996~). 

The rupture disk must relieve MCO internal pressures greater than 
1.0 MPa gauge (150 lb/in2 gauge). 

The rupture disk must perform the above functions in the design 
temperature range of 10 'C to 200 "C (50 "F to 392 OF). 

The rupture disk must perform the above functions after being 
subject to the DBAs. 

The rupture disk must perform the above functions in a humid 
environment (up to 100% humidity for short-term only) and a 
corrosive atmosphere. 

The rupture disk must perform the above functions without preventive 
maintenance. 

The rupture disk must be designed for contact assembly and 
replacement, if necessary, using appropriate handling equipment as 
required for working on the MCO. Design consideration shall be 
given to DOE Order 6430.1A. 

The exposed surfaces shall be such as to facilitate their 
decontamination. 

2.3.3.2 High-Efficiency Particulate Air Filter. The MCO is provided with an 
internal bank of four HEPA filters. The function of the HEPA filters is to 
provide the filter for flow through the penetration, connection, and pathways 
to vent the gas in the MCO on a periodic or continuous basis through the 
pressure re1 ief device (Goldmann 1996). 

2.3.3.3 Instrumentation. The MCO is not provided with any instrumentation. 
Process systems requiring pressure indication will attach necessary 
instrumentation to the process ports of the shield plug. If necessary, for 
the function being performed, the systems also provide temperature, flow, and 
constituent measurements. Measurement of the MCO environment for operational 
and safety purposes shall be conducted and recorded by the systems connected 
to the process ports. The following functions will be monitored in 
succession: 

Water, drain, and gas purge system at the K Basins 
Water, drain, vacuum drying, and gas purge systems at the CVDF 
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2.4 DECOMMISSIONING CONSIDERATIONS 

The intent of the SNF program is to ultimately ship the MCOs to a federal 
There will be no need to decommission the MCO itself repository for disposal. 

and there should be very little decontamination required for the MCO. 
event that decontamination processes are required, the extent of the process 
and the procedures to be followed will all be regulated by the specific 
facility in which the decontamination is to take place. 
decontamination and decommissioning efforts are beyond the project scope. 

In the 

However, 
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3.0 STRUCTURAL EVALUATION 

Limits 

Design 

Level A 

Level 0 

3.1 STRUCTURAL DESIGN 

'rn PL 'b 'L+'b PL+Pb+Pe+Q pconp Pcoll 
Sm 1.5xSm -xSm =xSm _ _  0.6xSm Sm _. 

- - - >  - - - >  -.., .--, 3xsm 0.6xSm - -  _ _  
<2.4xS or 1.5xPm l i m i t  - -  1.5xPm l i m i t  Appendix F of 0.42xSu 1.5~5, 0.9xS 
0.7?, ASME section I l l  

3.1.1 H u l t i c a n i s t e r  Overpack 

The MCO Performance S p e c i f i c a t i o n  (WHC 1996c) was w r i t t e n  t o  meet t h e  
i n t e n t  o f  t h e  B o i l e r  and Pressure Vessel Code (ASME 1995a). The code r e q u i r e s  
i n f o r m a t i o n  from which s e r v i c e  loadings can be i d e n t i f i e d  i f  t h e  s p e c i f i c a t i o n  
c a l l s  f o r  computations t o  demonstrate compliance w i t h  s p e c i f i e d  s e r v i c e  l i m i t s  
(ASME 1995a, Sect ion 111, NCA-2142.2). The Performance S p e c i f i c a t i o n  
(WHC 1996c) s t a t e s  t h a t  t he  MCO i s  t o  be designed t o  t h e  i n t e n t  o f  t h e  B o i l e r  
and Pressure Vessel Code, Sect ion 111, Subsection NB. 

The des ign loadings f o r  pressure, temperature, and mechanical loads as 
noted i n  t h e  Performance S p e c i f i c a t i o n  (WHC 1996c) must meet t h e  s t r e s s  
i n t e n s i t y  l i m i t s  f o r  t h e  s t r e s s  categor ies noted i n  Design Cond i t i on  F igure 
NB-3221-1 o f  t h e  B o i l e r  and Pressure Vessel Code (ASME 1995a) and summarized 
i n  Table 3-1. 
requirements o f  t he  approp r ia te  subsections o f  Sect ion NCA-2142.4 
(ASME 1995a), which are a l so  summarized i n  the  t a b l e .  

I n  add i t i on ,  t he  l i m i t s  f o r  design loadings s h a l l  meet the  

Table 3-1. St ress I n t e n s i t y  L i m i t s  Under Normal and Accident Condi t ions.  

Note: Design values are from ASME. 199%. Boiler and Pressure Vessel Code, section 111, 
paragraphs NB-3211 and 3221, American Society of Mechanical Engineers, New York, Neu York; Level A 
(normal conditions) service l im i ts  are from ASME (1995a). Section 111. paragraph NB-3222; Level 0 
(accident conditions) service l im i ts  are from ASME (1995a). Section 111, paragraph 116-3225 and 
Appendix F .  

Q = secondary membrane plus bending stress. 
Pb = primary bending stress intensity. I m a x i m  conpressive stress. 

cob, stat ic  o r  equivalent s ta t ic  loads as conpared to  collapse l imits. 
secondary expansion stress result ing from constraint of free end displacement. 

pe - primary local membrane stress intensity. 
pL i primary membrane stress intensity. 
Sm = code stress intensity base allowable. 
Sm = material ultimate strength. 
Su = material y ie ld  strength. 

= average primary shear stress. 

The des ign s p e c i f i c a t i o n  may des ignate se rv i ce  l i m i t s  as de f i ned  i n  
Table 3-1. The Performance S p e c i f i c a t i o n  (WHC 1 9 9 6 ~ )  does n o t  s p e c i f i c a l l y  
des ignate these s e r v i c e  l i m i t s ,  bu t  t h e  f o l l o w i n g  l i m i t s  are t o  be fo l lowed.  
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Level A (normal cond i t i ons )  se rv i ce  l i m i t s  are se ts  o f  l i m i t s  t h a t  
must be s a t i s f i e d  fo r  a l l  normal se rv i ce  l oad ings  t o  which t h e  
component o r  support may be subjected i n  t h e  performance o f  i t s  
s p e c i f i e d  se rv i ce  f u n c t i o n .  

l i m i t s  t h a t  must be s a t i s f i e d  f o r  a l l  acc ident  l oad ings  i d e n t i f i e d .  
These load ings  are t y p i c a l l y  off-normal drop o r  f i r e - i n d u c e d  
cond i t i ons .  
some consequent l o s s  o f  dimensional s t a b i l i t y  and damage r e q u i r i n g  
r e p a i r  and may r e q u i r e  removal o f  t h e  component from se rv i ce .  For 
l e v e l  D l i m i t s ,  t h e  r u l e s  conta ined i n  Appendix F o f  t he  B o i l e r  and 
Pressure Vessel Code (ASME 1995a) may be used i n  e v a l u a t i n g  t h e  
l e v e l  D se rv i ce  loadings,  independent o f  a l l  o t h e r  des ign and 
s e r v i c e  loadings.  

Level D (acc ident  cond i t i ons )  se rv i ce  l i m i t s  are those se ts  o f  

These se ts  o f  l i m i t s  pe rm i t  gross deformat ions w i t h  

The components used o r  immediately a f f e c t e d  by l i f t i n g  o f  components 
s h a l l  meet t h e  requirements o f  ANSI  N14.6-1986 (ANSI  1986), as s p e c i f i e d  f o r  
n o n c r i t i c a l  l i f t s .  The des ign o f  t h e  mechanical c losu re  was evaluated i n  
accordance w i t h  t h e  B o i l e r  and Pressure Vessel Code, Sect ion 111, 
Subsection NB (ASME 1995a). Resul ts  o f  t h e  eva lua t i on  are conta ined i n  
SCS-W-96-1606, ASME Sec t ion  I l l ,  Subsection NE,  Ana lys i s  o f  t he  M u l t i - C a n i s t e r  
Overpack Assembly wi th  the  Mechanical Closure Ring (Shr ivastava 1996). 

3.1.2 Fuel Baskets 

element baskets and scrap f u e l  (fragment) baskets. Fuel baskets must ma in ta in  
c r i t i c a l i t y  c o n t r o l  f o r  t h e  h ighe r  enr iched (Mark I A )  f u e l .  These bas i c  
requi rements l ead  t o  f o u r  d i f f e r e n t  basket types. 

The MCO fue l  baskets are categor ized i n t o  two major  types:  i n t a c t  f u e l  

Type 1 w i l l  h o l d  48 Mark I A  (h igher  enr iched)  i n t a c t - f u e l  elements 
and must have a c r i t i c a l i t y  c o n t r o l  exc lus ion  v o i d  b u i l t  i n t o  t h e  
basket. 

t he  exc lus ion  vo id .  
Type 2 w i l l  ho ld  54 Mark I V  i n t a c t - f u e l  elements b u t  does n o t  need 

Type 3 w i l l  h o l d  Mark I A  (h ighe r  enr iched)  scrap f u e l  (fragments) 
and must have a c r i t i c a l i t y  c o n t r o l  exc lus ion  v o i d  b u i l t  i n t o  t h e  
basket . 
Type 4 w i l l  ho ld  Mark I V  scrap f u e l  (fragments) b u t  does n o t  need 

S ing le  pass r e a c t o r  (SPR) f u e l  w i l l  be loaded i n t o  Mark I A  scrap baskets. 
Fuel baskets were designed t o  maximize payload, min imize movement o f  f u e l  
d u r i n g  t r a n s p o r t ,  and ma in ta in  c r i t i c a l i t y  c o n t r o l  w i t h i n  the  l i m i t s  s p e c i f i e d  
i n  Sect ion 3.3.2.3 o f  WHC-S-0426 (WHC 1 9 9 6 ~ ) .  
cons ide ra t i on  t h e  ease o f  l oad ing  f u e l  i n t o  the  baskets, t he  ease o f  l oad ing  
baskets i n t o  the  MCO s h e l l ,  and the  gas c i r c u l a t i o n  f o r  c o n d i t i o n i n g  
processes. 

t he  exc lus ion  vo id .  

The des ign should take  i n t o  
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The f u e l  baskets f o r  c r i t i c a l i t y  c o n t r o l  s h a l l  be designed t o  the  i n t e n t  
o f  t he  B o i l e r  and Pressure Vessel Code (ASME 1995a), Sect ion 111, 
Subsection NG, as guided by NUREG/CR 3854 (NRC 1984), which c l a s s i f i e s  a l l  
con ta ine r  components used t o  c o n t r o l  c r i t i c a l i t y  d u r i n g  the  t r a n s p o r t  o f  
f i s s i l e  m a t e r i a l s  as p a r t  o f  a second sa fe ty  group c a l l e d  c r i t i c a l i t y .  As 
such, a l l  con ta ine r  components o f  t h a t  d e s c r i p t i o n  and h o l d i n g  contents  o f  any 
category (based on t ype  and q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l  be ing 
t ranspor ted )  are t o  be designed t o  the  i n t e n t  o f  t he  B o i l e r  and Pressure 
Vessel Code (ASME 1995a), Sect ion 111, Subsection NG, w i t h  d e v i a t i o n s  from the  
code noted and descr ibed.  A l l  basket con f igu ra t i ons  w i l l  be designed t o  t h e  
c o n d i t i o n s  s p e c i f i e d  w i t h  d e v i a t i o n s  from these c o n t r o l s  noted i n  t h e  
f o l l o w i n g  paragraphs. 

The des ign temperature f o r  normal cond i t i ons  w i l l  be 200 " C  (400 O F )  

w h i l e  w i t h i n  t h e  MCO and 6 "C t o  38 " C  (43 "F t o  100 'F) w h i l e  be ing loaded 
w i t h  f u e l  and p laced i n t o  the  MCO. The design pressure i s  1.0 MPa gauge 
(150 l b / i n 2  gauge) around t h e  baskets w h i l e  w i t h i n  the  MCO. The Mark I A  
basket designs, when exposed t o  normal ope ra t i ng  loads,  s h a l l  meet t h e  
requirements o f  se rv i ce  l e v e l  A i n  t h e  B o i l e r  and Pressure Vessel Code 
(ASME 1995a), Sect ion 111, Subsection NG. I n  add i t i on ,  both the  loaded and 
t h e  unloaded baskets s h a l l  meet, as requ i red  f o r  handl ing,  t he  requirement o f  
demonstrat ing a s a f e t y  f a c t o r  o f  t h ree  on ma te r ia l  y i e l d  s t reng th ,  o r  a s a f e t y  
f a c t o r  o f  f i v e  on ma te r ia l  u l t i m a t e  s t rength,  whichever i s  most c r i t i c a l .  
The e f f e c t s  o f  ope ra t i ng  temperature on ma te r ia l  s t reng ths  w i l l  be taken i n t o  
account. 

The f u e l  baskets s h a l l  ma in ta in  the  c r i t i c a l i t y  c o n t r o l  f ea tu res  de f i ned  
f o r  t he  acc ident  cond i t i ons  l i s t e d  i n  Sect ion 3.3.2.2 o f  WHC-S-0426 
(WHC 1996c), w h i l e  ma in ta in ing  the  l i m i t s  imposed by the  B o i l e r  and Pressure 
Vessel Code (ASME 1995a), Sect ion 111, Subsection NG, se rv i ce  l e v e l  D. 
These c r i t i c a l i t y  c o n t r o l  f ea tu res  are de f i ned  i n  WHC-SD-SNF-CSER-005 
(Schwinkendorf 1996). Permanent deformat ion i s  al lowed i n  a l l  p o r t i o n s  o f  t he  
baskets n o t  necessary t o  c r i t i c a l i t y  c o n t r o l  and process operat ions.  The 
f o l l o w i n g  fea tu res  are considered necessary t o  c r i t i c a l i t y  c o n t r o l  and process 
operat ions.  

The Mark I A  baske t ' s  c r i t i c a l i t y  tube, when assembled i n  the  MCO, 
may n o t  s h i f t  more than 5.0 cm (2 i n . )  r a d i a l l y  from the  c e n t e r l i n e .  

The Mark I A  baske t ' s  c r i t i c a l i t y  tube, when assembled i n  the  MCO, 
may n o t  be crushed o r  permanently d i s t o r t e d .  

3.2  STRUCTURAL ANALYSES 

3.2.1 M u l t i c a n i s t e r  Overpack Buck l i ng  

Buck l i ng  c a l c u l a t i o n s  have been performed t o  show breach o f  t h e  MCO w i l l  
n o t  occur a t  drop loadings t h a t  could be produced by operat ions o r  acc idents  
pos tu la ted  f o r  t h e  SNF Pro jec t .  The bas i c  assumption made f o r  t h i s  ana lys i s  
i s  t h a t  b u c k l i n g  o r  s h e l l  i n s t a b i l i t y  w i l l  occur before t e a r i n g  o r  f a i l u r e  o f  
t h e  s h e l l  w a l l  can occur. The r e s u l t s  o f  these analyses show t h a t  y i e l d i n g  o f  
t h e  MCO s h e l l ,  considered t o  be the  s t a r t  o f  l i n e a r  buck l ing,  does n o t  occur 
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u n t i l  a va lue i s  reached w e l l  above 100 g, the  approximate maximum expected 
l oad ing  on t h e  MCO. 
t he  t r a n s p o r t a t i o n  cask occurs a t  loadings g r e a t e r  than 500 9. 
c a l c u l a t i o n  d iscuss ions and analyses are prov ided i n  Appendix A. 

Buck l i ng  o f  t he  MCO s h e l l  was evaluated i n  accordance w i t h  two t h e o r i e s  
based on e i t h e r  l i n e a r  o r  non l i nea r  e l a s t i c i t y  concepts. 
t h e o r i e s  adequately p r e d i c t  s t resses f o r  s h e l l s  e x h i b i t i n g  smal l  e l a s t i c  
deformat ions.  The ana lys i s  i n  Appendix A prov ided a lower  bound es t ima te  o f  
t h e  v e r t i c a l  s t a t i c  l o a d  f a c t o r  t h a t  may be app l i ed  t o  t h e  MCO s h i e l d  p l u g  and 
s h e l l  combined weights  t o  produce i n c i p i e n t  i n s t a b i l i t y  o f  t h e  s h e l l .  I t  i s  
shown t h a t  i n c i p i e n t  buck l i ng  ( y i e l d i n g )  occurs a t  206 g when t h e  MCO i s  
unpressurized. 

To ta l  i n s t a b i l i t y  o f  t he  MCO s h e l l  when encapsulated by 
The 

L inea r  s h e l l  

Nonl inear  l a r g e  d e f l e c t i o n  theo ry  was used t o  evaluate t h e  p o t e n t i a l  f o r  
breach of t h e  MCO s h e l l  because o f  acc ident  cond i t i ons  w h i l e  i n s i d e  t h e  
sh ipp ing  and hand l i ng  cask. 
c o n t r o l l e d  i n  the  outward d i r e c t i o n  by the  sh ipp ing cask w a l l  and i n  t h e  
inward d i r e c t i o n  by the  SNF baskets. I t  i s  shown t h a t  no breach w i l l  occur 
even i f  t h e  v e r t i c a l  s t a t i c  l oad  f a c t o r  exceeds 700 g (Appendix A ) .  

I n  t h i s  case the  s h e l l ' s  l a t e r a l  deformat ions are 

3.2.2 M u l t i c a n i s t e r  Overpack Storage Basket Ana lys i s  

S t r u c t u r a l  analyses were performed f o r  t he  SNF storage basket mock-up 
designs shown i n  F igures 1-5 through 1-8. 
performed i n  accordance w i t h  t h e  Performance S p e c i f i c a t i o n  (WHC 1996c), 
i n v e s t i g a t e d  t h e  hand l i ng  o f  t he  loaded baskets and t h e i r  usage i n  t h e  MCO. 
The c a l c u l a t i o n  d iscuss ions and analyses are prov ided i n  Appendix 6. 

These p r e l i m i n a r y  analyses, 

The f o l l o w i n g  s p e c i f i c  areas were addressed: 

The a b i l i t y  o f  t h e  basket cen te r  p ipe  t o  r e s i s t  buck l i ng  and l a t e r a l  
deformat ion d u r i n g  separate v e r t i c a l  and l a t e r a l  acce le ra t i ons  i n  
o rde r  t o  meet t h e  requirements imposed by c r i t i c a l i t y  cons ide ra t i ons  
and t o  prevent  i n t e r f e r e n c e  w i t h  the  l ong  process tube 

The a b i l i t y  o f  t h e  basket baseplates t o  support t he  f u e l  elements 
and t r a n s f e r  t he  r e s u l t i n g  l oad ing  t o  the  support rods and t h e  
cen te r  p i p e  

The a b i l i t y  o f  t he  MCO bottom cap and s idewa l l  t o  r e s i s t  p e r f o r a t i o n  
by f r a c t u r e d  f u e l  elements du r ing  an acc identa l  drop. 

For v e r t i c a l  acce le ra t i ons  the  center  p ipes were analyzed as pin-ended 
columns assuming a t i g h t  f i t  between baskets. 
cons idered a l l  t h e  baskets were accelerated un i fo rm ly .  
bottom basket prov ided support t o  the  lower  end o f  t he  column and the  upper 
end o f  t h e  cen te r  p ipe  was captured and supported by the  MCO 1 id .Th is  i s  an 
essen t ia l  f e a t u r e  o f  t h e  l i d  design a long w i t h  i t s  a b i l i t y  t o  p rov ide  v e r t i c a l  
r e s t r a i n t  f o r  t h e  s i x  ou te r  support rods. It i s  shown i n  Appendix B t h a t  t he  
Mark I A  cen te r  p ipe  meets c r i t i c a l i t y  requirements and i s  capable o f  
sus ta in ing  a v e r t i c a l  acce le ra t i on  o f  35 g ' s  s t i p u l a t e d  i n  t h e  Performance 
S p e c i f i c a t i o n  (WHC 1 9 9 6 ~ ) .  Since t h i s  i s  w e l l  above normal hand l i ng  loads o f  

These s t a t i c  analyses 
The baseplate o f  t he  
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t h r e e  f a c t o r s  t o  ma te r ia l  y i e l d  s t reng th  and f i v e  f a c t o r s  t o  m a t e r i a l  u l t i m a t e  
s t reng th ,  t he  design i s  judged adequate. 
capable o f  s u s t a i n i n g  a v e r t i c a l  acce le ra t i on  o f  more than 10 g. 
acc ident  cond i t i on ,  when h ighe r  v e r t i c a l  acce le ra t i ons  may be experienced, the  
Mark I V  basket baseplates are designed t o  separate from the  cen te r  suppor t  
tube. 
cen te r  p ipe  o f  excessive l oad ing .  Both scrap basket designs have s i x  
i n te rmed ia te  webs extending between the  cen te r  p ipe  and the  ou te r  s h e l l .  
These webs s t a b i l i z e  t h e  ou te r  s h e l l  and pe rm i t  i t  t o  s u s t a i n  v e r t i c a l  
acce le ra t i ons  t h a t  are a t  l e a s t  equal t o  those o f  t h e  s torage baskets. 

basket baseplates as w e l l  as the  l i d .  For t h e  pos tu la ted  l a t e r a l  loading,  t h e  
s t r u c t u r a l  deformat ion o f  both the  Mark I A  and Mark I V  cen te r  p ipes i s  
acceptable (see Appendix B). 
g iven,  t h e  e f f e c t  o f  t o le rances  between assemblies and w i t h  t h e  l i d  have n o t  
been inves t i ga ted .  
are a l s o  w e l l  w i t h i n  the  acc ident  ( l e v e l  D) a l lowable o f  t h e  B o i l e r  and 
Pressure Vessel Code (ASME 1995a). 

baseplates o f  t he  s torage baskets were analyzed w i t h  f i n i t e - e l e m e n t  models. 
These analyses show the  baseplates are s t r u c t u r a l l y  adequate f o r  normal 
hand l i ng  c o n d i t i o n s  and f o r  acc ident  acce le ra t i ons  i n  excess o f  those 
occu r r i ng  a t  t h e  t ime  o f  designed separat ion from the  Mark I V  cen te r  p ipe  and 
i n  excess o f  35 g f o r  t he  Mark I A  cen te r  p ipe.  

An e v a l u a t i o n  o f  t he  p o t e n t i a l  f o r  a f u e l  element p e r f o r a t i n g  the  bottom 
o r  s idewa l l  o f  t h e  MCO was a l s o  performed (Appendix 6) .  While the  maximum 
drop h e i g h t  o f  an unprotected MCO i s  0.6 m ( 2  f t), i t  can be dropped 9 m 
(30 f t )  when conta ined i n  the  t r a n s p o r t a t i o n  and handl ing cask. For these 
scoping c a l c u l a t i o n s  a m i s s i l e  w i t h  the  diameter o f  a f u e l  element was assumed 
t o  drop 9 m (30 f t ) .  It was found t h a t  f o r  t h i s  m i s s i l e  t o  j u s t  p e r f o r a t e  the  
bot tom cap would r e q u i r e  t h e  mass o f  n e a r l y  one-quarter o f  a l l  t h e  f u e l  i n  t h e  
MCO t o  be s tuck  t o  i t  and a c t i n g  w i t h  it. It was a l so  found t h a t  i t  requ i res  
a f r a c t u r e d  f u e l  element, w i t h  a n e a r l y  kn i fe-sharp edge, f a l l i n g  9 m (30 ft) 
t o  j u s t  p e r f o r a t e  the  s idewa l l .  
u n l i k e l y  g i ven  the  composite cons t ruc t i on  o f  t h e  f u e l  elements. 

t r a n s p o r t a t i o n  system, are i n  the  p r e l i m i n a r y  design stage, these c a l c u l a t i o n  
r e s u l t s  should be viewed as p re l im ina ry  and scoping i n  nature.  
w i l l  be reviewed a f t e r  completion o f  t he  f i n a l  design. 

The Mark I V  cen te r  support tube i s  
Dur ing an 

Th is  f e a t u r e  pe rm i t s  conso l i da t i on  o f  t he  f u e l  w h i l e  r e l i e v i n g  t h e  

For l a t e r a l  acce le ra t i ons  the  center  p ipes are supported by each o f  t he  

Note t h a t  on l y  s t r u c t u r a l  deformat ions are 

The r e s u l t i n g  s t resses i n  t h e  cen te r  p ipes o f  both baskets 

Because o f  t h e i r  complex geometry, t he  7.6-cm- (3 - i n . - )  t h i c k  pe r fo ra ted  

Both these scenarios are considered extremely 

Since the  MCO and i t s  s torage baskets, as we l l  as the  cask and 

Ca lcu la t i ons  

3.2.3 M u l t i c a n i s t e r  Overpack Drop and Related Analyses 

The requirements o f  t he  MCO Performance S p e c i f i c a t i o n  (WHC 1 9 9 6 ~ )  
s t i p u l a t e  t h a t  t h e  MCO s h a l l  w i thstand impacts from acc identa l  drop and 
ma in ta in  f u e l  confinement, containment, and s u b c r i t i c a l i t y .  These drops are 
pos tu la ted  t o  be bounded by the  f o l l o w i n g  design acc ident  scenarios. 

A 0.6-m ( 2 - f t )  v e r t i c a l  drop o f  t h e  loaded and sealed unconst ra ined 
MCO onto f l a t  r e i n f o r c e d  concrete 
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A 100 g (approximate) impact as f e l t  by the  MCO i n  i t s  worst-case 
o r i e n t a t i o n  when dropped w h i l e  loaded and cons t ra ined  i n  the  sealed 
t r a n s p o r t a t i o n  cask ( i . e . ,  t he  cask i s  con f igu red  t o  prevent  MCO 
escape; t h e  100 g requirement i s  n o t  absolute b u t  a g u i d e l i n e  va lue  
f o r  des ign)  

A v e r t i c a l  drop o f  an unconst ra ined MCO i n t o  a CSB s torage tube 
where t h e  s torage tube con ta ins  impact absorbers t h a t  l i m i t  t he  
impact f o rces  d e l i v e r e d  t o  t h e  MCOs ( t h e  impact f o rces  are l i m i t e d  
t o  35 g on t h e  MCO and 50 g on the  MCO's con ten ts ) .  

A d d i t i o n a l  analyses were conducted t o  v e r i f y  t h e  above l i m i t a t i o n s  were 
met when t h e  MCO wa5 dropped i n t o  t h e  cask and t h a t  t h e  MCO would s u r v i v e  when 
loaded. Analyses a l s o  were conducted t o  determine t h e  pneumatic r e s i s t a n c e  t o  
increased drop v e l o c i t y  when dropped back i n t o  the  cask. These analyses show 
t h a t  t h e  v e l o c i t y  a t  impact w i t h  t h e  present  "necked" d iamet ra l  c learance o f  
0.6 cm (0.25 i n . )  i s  ha lved from t h a t  o f  a f r e e  drop. 

The drop acc ident  analyses p rov ide  the  acce le ra t i ons  t h a t  are used t o  
produce s t r e s s  analyses f o r  showing conformance t o  the  a l l owab le  c r i t e r i a .  
The MCO confinement i s  produced t o  t h e  i n t e n t  o f  t h e  B o i l e r  and Pressure 
Vessel Code (ASME 1995a), Subsection NB, which a c r i t e r i o n  document. Parsons 
i s  per forming s t r e s s  analyses t h a t  w i l l  demonstrate compliance w i t h  t h e  i n t e n t  
o f  Subsection NB. 

The analyses and documentation f o r  t he  drop scenar ios are prov ided i n  
Appendix C and i n c l u d e  t h e  drops f o r  t he  cask i t s e l f ,  as the  MCO i s  d i r e c t l y  
coupled i n  most cases and t h e  analyses are eas ie r  t o  understand i f  they  are 
a l l  kept  t oge the r .  
su rv i ves  a l l  o f  t h e  pos tu la ted  and design bas i s  drops. Th is  a l l ows  t h e  l i f t  
o f  t he  MCO and/or cask t o  be c l a s s i f i e d  as a n o n c r i t i c a l  l i f t  accord ing t o  
ASME NOG-1-1995, Rules f o r  Cons t ruc t i on  o f  Overhead and Gantry  Cranes (Top- 
Running Br idge,  M u l t i p l e  G i rde r )  (ASME 1995b), o r  A N S I  N14.6-1986 (ANSI 1986). 
The analyses f o r  dropping an MCO d i r e c t l y  on top  o f  another MCO i n  a CSB 
s torage tube are prov ided i n  Appendix D. 

The r e s u l t s  o f  t he  analyses show t h a t  t h e  MCO success fu l l y  

3.2.4 M u l t i c a n i s t e r  Overpack Mechanical Closure 

another MCO t h a t  i s  be ing lowered i n t o  the  storage tube above it. Impact 
absorbers are prov ided a t  t h e  base o f  t h e  CSB storage tube and i n  t h e  space 
between t h e  two MCOs. The goal f o r  t he  mechanical c losu re  i s  t o  s u r v i v e  an 
impact o f  about 35 g from an overhead s t r i k e  by the  heav ies t  MCO. An upper 
MCO dropping onto a lower  MCO w i t h  t h i s  amount o f  force,  w i thou t  b e n e f i t  o f  
t h e  upper impact absorber, w i l l  cause the  mechanical seal t o  be compressed 
d u r i n g  the  drop; b u t  based on discuss ions w i t h  the  seal manufacturer, t h e  MCO 
mechanical c losu re  i s  expected t o  ma in ta in  the  MCO's sea l .  Separate analyses 
were conducted f o r  t he  overhead s t r i k e  on the  l o c k i n g  and l i f t i n g  r i n g  and f o r  
t h e  overhead s t r i k e  on t h e  s h i e l d  p l u g  body (see Appendix D). 
eva lua t i ons  are con t inu ing  i n t o  the  drop scenarios a t  t he  CSB storage tubes 
us ing  t h e  upper impact absorber between the  two MCOs. The case o f  an overhead 
s t r i k e  w i t h  no r e s u l t i n g  deformat ion i n  the  seal area would preserve t h e  
a b i l i t y  t o  disassemble t h e  MCO i n  t h e  same way i t  was assembled. 

The lower  MCO i n  a CSB s torage tube i s  sub jec t  t o  an overhead s t r i k e  by 

A n a l y t i c a l  
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A t  t h e  35 g l e v e l ,  t he  heaviest  MCO f a l l i n g  onto a l ower  MCO w i thou t  
bene f i t  of t he  upper impact absorber damages t h e  faces t h a t  bear on the  
compression l i m i t e r  o f  t he  H e l i c o f l e x  seal on the  lower  MCO. Options e x i s t  t o  
seal a l e a k i n g  MCO a f t e r  such a drop. 
s t r i k e  as t h e  seal face deformat ion a t  t h e  compression l i m i t e r  i s  c u r r e n t l y  on 
the  o rde r  o f  0.76 mm (0.030 i n . )  on t h e  s h i e l d  p l u g  p o r t i o n  face us ing  
137.9 Mpa (20,000 l b / i n 2 )  y i e l d .  On the  p roduc t i on  MCOs, h ighe r  y i e l d  
m a t e r i a l s  are a n t i c i p a t e d  f o r  use. 
l o c k i n g  and l i f t i n g  r i n g  would su rv i ve  s u f f i c i e n t l y  t o  p rov ide  adequate l oad  
path t o  l i f t  the  MCO from the  CSB s torage tube. 
c losu re  MCO might  be resealed e i t h e r  by t i g h t e n i n g  the  e i g h t  j a c k  b o l t s  i n  the  
l o c k i n g  and l i f t i n g  r i n g s  o r  by i n s t a l l i n g  the  welded cover cap, which adds 
approx imate ly  8.6 cm (3.38 i n . )  t o  the  MCO's l eng th .  I n  the  case o f  t h e  cover 
cap i n s t a l l a t i o n ,  t he  r e s u l t i n g  completed mechanical c losu re  assembly 
robustness i s  e s s e n t i a l l y  t he  same as the  welded c losu re  assembly. 

The MCO i s  recoverable a f t e r  such a 

The threads o f  t h e  MCO neck and o f  t he  

I f  needed, t h e  mechanical 

3.3 WEIGHTS AND CENTERS OF GRAVITY 

The SNF from the  K Basins i s  p laced i n t o  baskets t h a t  are loaded i n t o  the  
MCO. F i ve  baskets loaded w i t h  Mark I V  f u e l  assemblies, which are 
approx imate ly  66 cm (26.1 i n . )  long, o r  s i x  baskets loaded w i t h  Mark I A  f u e l  
assemblies, which are approximately 53 cm (20.9 i n . )  long, can be stacked 
w i t h i n  the  MCO. The smal ler  SPR f u e l  assemblies w i l l  be loaded i n t o  scrap 
baskets and p laced i n t o  MCOs. Also, fue l  fragments g rea te r  than 0.6 cm 
(0.25 i n . )  i n  cross sec t i on  w i l l  be loaded i n t o  the  MCO us ing  "scrap baskets." 
The p l a n  i s  t h a t  no more than one scrap basket, t oge the r  w i t h  i n t a c t  f u e l  
baskets, w i l l  be loaded i n  any MCO. However, WHC-SD-SNF-CSER-005 
(Schwinkendorf 1996) a l l ows  up t o  two scrap baskets, one a t  each end o f  t h e  
MCO. Although two scrap baskets are acceptable from a c r i t i c a l i t y  
pe rspec t i ve ,  t he  l i m i t  o f  300 kg (660 l b )  o f  p a r t i c u l a t e  i n  an MCO prec ludes 
ac tua l  use o f  more than one scrap basket. I n  add i t i on ,  no scrap basket can be 
loaded t o  a weight exceeding t h a t  o f  a maximum weight normal f u e l  basket. 
Table 3-2 shows the  weights  and the  center  o f  g r a v i t y  l o c a t i o n s  f o r  these 
i n d i v i d u a l  baskets, both empty and loaded w i t h  f u e l  assemblies. It a l s o  shows 
t h i s  i n fo rma t ion  f o r  va r ious  con f igu ra t i ons  o f  t h e  MCO. 

3.4 MECHANICAL PROPERTIES OF MATERIALS 

3.4.1 M a t e r i a l s  Discuss ion 

The MCO Performance S p e c i f i c a t i o n  (WHC 1996c), Subsection 3.3.4, s t a t e s  
t h a t  t h e  MCO s h a l l  be designed f o r  f a b r i c a t i o n  from type 304L s t a i n l e s s  s t e e l .  
Th i s  means t h a t  those p a r t s  welded and necessary t o  ma in ta in  confinement and 
containment should be designed f o r  f a b r i c a t i o n  from 304L s t a i n l e s s  s t e e l  w h i l e  
some i n t e r n a l  components might  be b e t t e r  designed f o r  f a b r i c a t i o n  from carbon 
s t e e l .  The use o f  t he  mechanical c losu re  has r e s u l t e d  i n  the  s h i e l d  p l u g  
being made from carbon s t e e l .  
candidate carbon s t e e l  i s  shown i n  Table 3-3 as we l l  as the  ma te r ia l  
p r o p e r t i e s  f o r  s t a i n l e s s  s t e e l .  A l l  m a t e r i a l s  l i s t e d  i n  Table 3-3 s a t i s f y  the  
s p e c i f i c a t i o n  requirement t h a t  they be ASME/ASTM-certified m a t e r i a l s .  

A l i s t i n g  o f  t he  ma te r ia l  p r o p e r t i e s  f o r  one 
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Mark I V  basketb*c 

MCOdse 

Locat ions.  

-Loaded - 54 f u e l  assembl ies  

Empty 
Without upper s h i e l d  p lug  
D r  v 

Table 3-2. Summary o f  Weights and Center  o f  Grav i  
I 

MCOdSe Empty 
With upper s h i e l d  p lug  
D r v  

MCOdSe F i v e  loaded Mark I V  baskets 
With upper s h i e l d  p lug  
Dry 

Center o f  
g r a v i t y  

( i n . )  
I t e m  Condit ion 

(Mark I A  basketb 
Mark I A  basketbsc 

7.9 
10.5 

Empty 
Loaded - 48 f u e l  assembl ies  

247 
2,153 

IMark I V  basketb I E m D t v  147 5.6 
3,137 
1,900 

3,257 

13.1 
70.2 

104.6 

16,275 70.8 MCOdte S i x  loaded Mark I A  baskets  
Without upper sh ie ld  p lug  
F i l l e d  w i t h  w a t e r  

MCOd*e 

MCOdPe t With upper s h i e l d  p l u g  

S i x  loaded Mark I A  baskets 
Wi th upper s h i e l d  p l u g  
F i l l e d  w i t h  w a t e r  

S i x  loaded Mark I A  baskets 

17,487 

16,175 

76.8 

77.0 

18,945 72.2 MCOd*e F i v e  loaded Mark I V  baskets 
Wi thout  upper s h i e l d  p lug  
F i l l e d  w i t h  water  

MCOdse F i v e  loaded Mark I V  baskets 
With upper s h i e l d  p lug  
F i l l e d  w i t h  wa te r  

77.4 

77.6 

20,157 

18,942 

em, vertically above 

'The l i s t e d  ueights u i l l  change uith final iterations on the  fuel baskets. The final ueights u i l l  
be corrected as designs are finalized. The sunned total ueights u i l l  stay uithin allouable pick load 

unc-sD-~NF-Tl-015, Rev. 0, Uestinghouse Hanford Company, Rlchland, 
Parsons Infrastructure and Technologv. Inc.. lnterofflce Correspondence IOC-1196. 

U. E. 5 heneuerk t o  R. Bastar, March 3, 1996. 
'Drawing SK-2-300370, Rev. 0, MCO Prototwe S h e l l  Bottm Machined Forginq, dated March 19, 1996. 

MCO = nulticanister overpack. 
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3.4.2 Hydrogen Effects on Mechanical Properties 

MCO. 
Fuel Conditioning Product Criteria (Miska 1996), show the sum of the total 
water and hydrogen plus the contingency put an upper 1 imit on the hydrogen 
pressure of 0.85 MPa absolute (124 lb/in absolute) at a temperature of 200 "C 
(392 "F). An extensive compilation of the effects of hydrogen on the 
mechanical properties of 304L stainless steel is provided in DP-1643, Hydrogen 
Compatibility Handbook for Stainless Steels (Caskey 1983). 
hydrogen effects on the shield plug materials will be performed. Much of the 
experimental information was obtained for a pressure of 69 MPa 
(10,000 lb/in2), either as an external environment during the test or as a 
pressure for charging hydrogen internally into the steel at elevated 
temperatures. Experimental results for this high pressure conservatively 
bound effects for the MCO. 
sufficient data available to determine values for the MCO pressure. 
of information from DP-1643 (Caskey 1983), with parenthetical reference to 
specific figures or pages of that document follows. 

Hydrogen gas is a principal contributor to the internal pressure in the 
The allowable gas amounts defined in WHC-SD-SNF-OCD-001, Spent Nuclear 

An evaluation o f  

Only in the case of tensile ductility are 
A summary 

Ductility. The most commonly used index of hydrogen damage in 
stainless steels has been the change in reduction-of-area as 
measured for a fractured tensile specimen. The reduction-of-area is 
a measure of plasticity calculated from the original cross-sectional 
area (A,) and the final cross-sectional area at the fracture (Af). 

RA = 100 (A, - A,)/A, 

Another measure of ductility that is used extensively in 
DP-1643 (Caskey 1983) is plastic strain to failure (Ef). 

E, = In (AJA,). 

High hydrogen pressure can reduce reduction-of-area from a 
starting value of about 80% to a value of about 22% at a 
temperature of about -53 "C (-63 OF), which corresponds to a 
minimum in reduction-of-area. However, for a hydrogen pressure 
of about 1 MPa (145 lb/in'), the reduction-of-area would only 
be reduced to about 64% at about 22 'C (72 OF). This level of 
reduction-of-area is typically more than adequate to ensure 
ductile structural behavior in engineering components. At a 
service temperature of 200 "C (392 'F), the reduction-of-area 
value would be even higher than 64% (Caskey 1983, Figures 12 
and 13, pages 81, 83, 86). 

about 10% to 15% in the yield strength of 304L stainless steel 
(Caskey 1983, pages 24, 31, 81, 82, 83). 

Tensile Strength. High-pressure hydrogen typically produces small 
decreases of about 10% to 15% in the tensile strength (Caskey 1983, 
pages 31, 81, 82). These small reductions do not influence design 
allowable stress intensity because this parameter is governed by 
yield strength for conditions applicable to MCO storage. 

Yield Strength. High-pressure hydrogen produces small increases of 
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Notch Strength. Stainless steels like 304L are typically 
strengthened by notches in the absence of hydrogen. High-pressure 
hydrogen produces a reduction of less than 20% in the notch strength 
(Caskey 1983, pages 47, 88, 89). 

Elastic/Plastic Fracture Toughness. High-pressure hydrogen produces 
reduction in the J-integral at maximum load of about 30%, and in the 
tearing modulus of about 20% (Caskey 1983, pages 84, 85). These 
changes are much too small to be of practical engineering 
significance for the MCO. 

Static Crack Growth. 
occur in fracture mechanics tests of thin specimens of 304L 
stainless steel. 
loaded to 85% of the notch tensile strength (Caskey 1983, 
pages 50, 51, 52). 

Impact Energy. 
only a small decrease in absorbed energy for tests in hydrogen at 
room temperature. Even at -196 "C (-321 O F ) ,  absorbed energy values 
did not indicate brittle fracture. 

Slow crack growth under static loads did not 

Crack growth did occur in notched specimens 

Impact tests o f  a dynamic tear test specimen showed 

Stress State. Burst testing of disks produces a biaxial stress 
state in the test specimen. 
pressurizing gas show little change in burst pressure relative for 
helium tests for solution-annealed 304 stainless steel, but a 
reduction of about 45% in burst pressure for samples that were 
sensitized or welded (Caskey 1983, page 46). 

Tests using hydrogen as the 

The information above shows no significant loss in strength, ductility, 
or resistance to crack propagation that would adversely affect the design, 
analysis, or structural performance of the MCO. 

3.5 GENERAL STANDARDS FOR MULTICANISTER OVERPACKS 

3.5.1 Chemical and Galvanic Reactions 

This assessment of chemical and galvanic reactions between the MCO and 

The first stage occurs when the 
its environments is divided into three subsections that correspond to the 
three stages or time periods of operation. 
MCO is submerged in the K Basins or later when it still contains liquid water. 
The second stage covers the MCO during the process of water removal and cold 
vacuum drying. The third stage begins after the removal of liquid water and 
extends through staging, hot conditioning, and interim storage. 

external to the MCO are predicated on effective control o f  cleanness during 
fabrication, handling, and storage of MCO components before and during use. 
Standards such as ASTM A 380-94, "Standard Practice for Cleaning and Descaling 
Stainless Steel Parts, Equipment, and Systems" (ASTM 1996a), and ASME NQA-1, 
Quality Assurance Requirements for Nuclear Facility Applications (ASME 1994), 
are followed for cleanness control. 

Assessments of chemical reactions with the environments internal and 
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MCOs are fabricated using welded construction without post-welding heat 
treatment. As a consequence, residual stresses in and adjacent to the welds 
may reach yield strength levels. The MCO could be susceptible to stress 
corrosion cracking near the welds in the presence of aggressive environments. 
The selection of low carbon stainless steel was made to minimize the potential 
for stress corrosion cracking. The following paragraphs provide additional 
support as to why stress corrosion cracking is not anticipated to be a problem 
with the MCO. 

3.5.1.1 Multicanister Overpack Containing Liquid Water. The time period 
during which an MCO is immersed in or is filled with liquid water is less than 
2 days. 
environments discussed below. 

This period is far too short for significant corrosion in the benign 

The 304L stainless steel material selected for the MCO spontaneously 
levelops a passive oxide film in air. A properly fabricated and cleaned MCO 
herefore has a passive layer that protects against corrosion as it goes into 
>ervice. For submerged service, the steel needs oxygen for the repair of 
damage to the film. This passivity is typically retained in natural waters, 
whether hot or cold, even those with relatively high pollution levels (Butler 
and Ison 1966). According to WHC-S-0453, Fabrication Specification for the 
Multi-Canister Overpack (WHC 1996b), the conductivity of water in the K Basins 
ranges from 1 pS/cm to 5 pS/cm, which is only slightly higher than that of 
good quality distilled water, but significantly lower than that of excellent 
quality raw water (ASTM 1996b). 
uniform corrosion that precludes any damage to the MCO, even for a time period 
of many years. Common sources of corrosion resistance information do not list 
typical values for the very low uniform corrosion rate associated with 
passivity. WHC-SD-W236A-TRP-001, Multi-Function Waste Tank Facility Corrosion 
Test Report (Phase 1 )  (Carlos 1993), reports one example of such a corrosion 
rate in 304L stainless steel at 97 "C (207 " F )  in water containing small 
amounts of anions (i.e., 7 x mol/L chloride, 3 x mol/L fluoride, 
1 x mol/L nitrite, and 1 x mol/L nitrate) at pH levels of 5 and 8. 
The maximum corrosion rate measured by weight loss (specimens were stripped of 
corrosion product layer) in a 120-day test was 5 x 10.' mm/y (2 x 10.' inlyr). 
At this corrosion rate, the predicted corrosion in 75 years would be 0.038 mm 
(1.5 x loA3 in.). A design corrosion allowance is not required at this level 
of corrosion. 

The MCO is susceptible to localized corrosion processes (e.g., pitting, 

The passive layer ensures a very low rate of 

crevice corrosion, or stress corrosion cracking if certain aggressive species 
are present in the water. The most important aggressive species for stainless 
steels is the chloride ion. Chloride ion content in the K Basins is below the 
detection limit (WHC 1996b), which is 0.083 p/M by weight. This level is well 
below that needed for protection against attack in fully submerged service. 
The fluoride ion also is typically of concern for localized corrosion. The 
fluoride ion content of K Basin water is 0.248 p/M (WHC 1996b). 
water typically used for mixing cleaning solutions, rinsing, and flushing of 
nuclear components would contain less than 1 p/M fluoride ion (ASME 1994). 
Therefore, the fluoride ion should not cause localized corrosion during the 
water-containing stage. Elevated temperature water containing dissolved 
oxygen can cause stress corrosion cracking of sensitized stainless steel 
(Sedricks 1992). However, the relatively low temperature of the water in the 
MCO and the use of 304L stainless steel to avoid sensitization (i.e., reduced 

High-quality 
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co r ros ion  res i s tance  due t o  carb ide p r e c i p i t a t i o n  a t  g r a i n  boundaries, which 
t y p i c a l l y  does n o t  occur below -500 "C) prec lude t h i s  t ype  o f  s t r e s s  co r ros ion  
crack ing.  

t h e  K East Basin. 
concern f o r  thermal o r  r a d i o l y t i c  decomposit ion t h a t  might  contaminate the  
water i n  t h e  MCO w i t h  c h l o r i n e  and thereby produce co r ros ion  damage. 
co r ros ion  r a t e  o f  316 s t a i n l e s s  s t e e l  i n  water sa tu ra ted  w i t h  c h l o r i n e  a t  room 
temperature was determined t o  be 0.008 mm/yr (ASM 1987, pp 1170-1174), a va lue 
t h a t  would be acceptable f o r  t he  s h o r t  d u r a t i o n  o f  submerged se rv i ce .  
A s p e c i f i c  c o r r o s i o n  r a t e  f o r  304L s t a i n l e s s  s t e e l  was n o t  a v a i l a b l e ;  however, 
i t  i s  n o t  expected t o  be s i g n i f i c a n t l y  d i f f e r e n t  than t h a t  f o r  316 s t a i n l e s s  
s t e e l .  I n  add i t i on ,  PCBs decompose s low ly  and l e v e l s  are ve ry  low, so PCBs i n  
t h e  K East Basin do n o t  present  a co r ros ion  t h r e a t .  A d d i t i o n a l l y ,  PCBs are 
n o t  expected t o  be conta ined i n  the  MCOs because t h e  f u e l  i s  cleaned be fo re  
l o a d i n g  i n t o  the  MCO. 

I o d i n e  i s  a f i s s i o n  product  generated i n  t h e  i r r a d i a t i o n  o f  N Reactor 
f u e l ;  each MCO w i l l  con ta in  about 180 g (0.4 l b )  o f  i o d i n e  ( W i l l i s  1995). The 
i o d i n e  i n  l i g h t - w a t e r - r e a c t o r  ox ide f u e l  i s  t i e d  up by the  f i s s i o n  product  
cesium as cesium i o d i d e  (Koh l i  1982). Th i s  compound can vapor ize i n  ox ide 
f u e l  and move t o  t h e  fue l - c ladd ing  gap by vapor t r a n s p o r t  a long p e l l e t - t o -  
p e l l e t  i n t e r f a c e s .  Th is  behavior i s  u n l i k e l y  i n  N Reactor f u e l ,  which has no 
f u e l  p e l l e t s  o r  fue l -c ladding gap. I od ine  ( o r  CsI) cou ld  be re leased t o  the  
water as t h e  uranium f u e l  corrodes. 
i o d i n e  t h a t  might  be re leased assumes the  i o d i n e  would be d i s t r i b u t e d  r a t h e r  
u n i f o r m l y  i n  t h e  f u e l .  An upper bound t o  the  i o d i n e  re lease  t o  the  water i s  
c a l c u l a t e d  assuming t h a t  t he  c ladd ing  does n o t  e x i s t ,  t h a t  t h e  t o t a l  uranium 
su r face  o f  t h e  o r i g i n a l  f u e l  i s  exposed t o  co r ros ion  f o r  48 hours, and t h a t  
t he  c o r r o s i o n  r a t e  o f  uranium i n  water i s  0.57 x g/cm2/h (ASM 1987, 
p 814). 
(130 g a l )  o f  water  i n  t h e  MCO was 0.7 p/M. 
i d e n t i f y  i o d i n e  o r  i o d i d e  i o n  as an aggressive species f o r  s t a i n l e s s  s t e e l .  
However, t h e  low l e v e l  c a l c u l a t e d  above would be acceptable even f o r  t he  
aggress ive c h l o r i d e  i on .  Therefore, t he  conservat ive c a l c u l a t i o n  shows i o d i n e  
contaminat ion i s  n o t  a co r ros ion  concern. 

Po lych lo r i na ted  b iphenyls  (PCBs) were i d e n t i f i e d  i n  sludge samples from 
The l e v e l s  o f  PCBs were low, b u t  t h e i r  d e t e c t i o n  r a i s e s  a 

The 

The f o l l o w i n g  est imate o f  t h e  q u a n t i t y  o f  

The r e s u l t i n g  est imate o f  maximum iod ine  content  i n  the  500 L 
The co r ros ion  l i t e r a t u r e  does n o t  

Cesium i s  a l s o  a f i s s i o n  product  i n  N Reactor f u e l  and each MCO w i l l  
Experience a t  t h e  con ta in  about 1.2 kg (2.6 l b )  o f  cesium ( W i l l i s  1995). 

K Basins show t h a t  cesium i s  the  major source o f  r a d i o a c t i v i t y  i n  bas in water. 
Using the  same co r ros ion  r a t e ,  sur face area, and t ime f o r  uranium co r ros ion  as 
app l i ed  above f o r  i od ine ,  an est imate o f  maximum cesium content  i n  the  MCO 
water a f t e r  48 hours o f  co r ros ion  i s  about 4 p/M. There i s  no evidence i n  the  
co r ros ion  l i t e r a t u r e  o r  i n  K Basin ope ra t i ona l  experience w i t h  f u e l  c a n i s t e r s  
t h a t  cesium i n  t h e  water i s  de t r imen ta l  t o  the  co r ros ion  res i s tance  o f  
s t a i n l e s s  s t e e l .  

Other f i s s i o n  products  are present  i n  N Reactor f u e l  i n  ve ry  small  
q u a n t i t i e s  ( W i l l i s  1995). 
t hey  are n o t  recognized as enhancing co r ros ion  o f  s t a i n l e s s  s t e e l .  

The Z i r ca loy -2  f u e l  c ladding w i l l  con tac t  t he  MCO s t a i n l e s s  s t e e l  baskets. 

Even i f  these elements are d i sso l ved  i n  t h e  water, 

Only f o u r  p o s s i b i l i t i e s  f o r  d i s s i m i l a r  metal con tac t  e x i s t  i n  t h e  MCO. 
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Both t h e  c ladd ing  and t h e  s t a i n l e s s  s t e e l  e x h i b i t  pass ive ox ide  l a y e r s  on 
t h e i r  sur faces.  The a l l o y s  e x h i b i t  s i m i l a r  ga l van ic  c o r r o s i o n  p o t e n t i a l s  i n  
seawater (ASM 1987, p 717-718). There should t h e r e f o r e  be no acce le ra ted  
ga lvan ic  co r ros ion  f o r  t h i s  a l l o y  combination. 
f u e l  a l s o  w i l l  be i n  con tac t  w i t h  the  s t a i n l e s s  s t e e l  baskets i n  a few 
l o c a t i o n s .  
l a y e r ,  t h i s  ga l van ic  couple w i l l  n o t  l ead  t o  accelerated c o r r o s i o n  o f  t he  
s t a i n l e s s  s t e e l  baskets. Also, i t  i s  poss ib le  t h a t  t he  carbon s t e e l  s h i e l d  
p l u g  w i l l  come i n  con tac t  w i t h  t h e  s t a i n l e s s  s t e e l  s h e l l .  Very l i t t l e  
co r rod ing  i s  expected from t h i s  i n t e r f a c e .  
s i l v e r  and carbon s t e e l .  There i s  expected t o  be i n s u f f i c i e n t  water a v a i l a b l e  
t o  pose a concern f o r  t h e  seal area. 

3.5.1.2 M u l t i c a n i s t e r  Overpack d u r i n g  Removal o f  L i q u i d  Water. Less than 
48 hours i s  needed t o  remove l i q u i d  water f rom t h e  MCO and e s t a b l i s h  a l o w  
water vapor pressure i n s i d e  i t  (WHC 1996b). 
s i g n i f i c a n t  co r ros ion  i n  the  benign environment. 

near  t h e  end o f  t he  process t o  ensure t h a t  acceptable water vapor p a r t i a l  
pressure has been es tab l i shed .  The water vapor pressure (< 0.5 t o r r )  prevents  
condensation i n s i d e  the  MCO. The s i n g l e  we t ld ry  c y c l e  prec ludes s i g n i f i c a n t  
b u i l d  up o f  aggress ive species such as c h l o r i d e  i o n  t o  l e v e l s  t h a t  would cause 
l o c a l i z e d  co r ros ion .  
precluded, l i q u i d  co r ros ion  processes cease. 

Water i s  a l s o  removed from the  annulus between t h e  sh ipp ing  cask and t h e  
MCO. Any remain ing mois ture i n  the  annulus w i l l  n o t  produce c o r r o s i o n  damage 
on t h e  e x t e r i o r  o f  t h e  MCO d u r i n g  the  sho r t  t ime  r e q u i r e d  f o r  shipment t o  t h e  
CSB and removal from the  sh ipp ing cask. 

3.5.1.3 M u l t i c a n i s t e r  Overpack a f t e r  Removal o f  L i q u i d  Water. The pass ive 
f i l m  on 304L s t a i n l e s s  s t e e l  t h a t  p r o t e c t s  against  l i q u i d  c o r r o s i o n  a l s o  
p r o t e c t s  aga ins t  gaseous o x i d a t i o n  by i m p u r i t i e s  (e.g., oxygen o r  water  vapor) 
i n  the  i n e r t  gas environment es tab l i shed  i n  t h e  MCO (Adams 1983). 
o f  s t a i n l e s s  s t e e l  o n l y  becomes obvious a t  temperatures above about 400 "C 
(ASM 1987, pp 351-353). The h ighe r  p a r t i a l  pressures o f  gases such as 
hydrogen, water vapor, and oxygen t h a t  may e x i s t  be fo re  h o t  c o n d i t i o n i n g  
present  no t h r e a t  o f  s i g n i f i c a n t  gaseous reac t i ons  w i t h  the  MCO. 
t h a t  occurs a f t e r  c o l d  vacuum d r y i n g  enhances the  p r o t e c t i o n  against  
condensation o f  water vapor i n s i d e  the  MCO. 

by r a d i o l y s i s  o f  bound water i n  the  MCO w i l l  n o t  reduce the  chromium ox ide 
pass ive l a y e r  on the  s t a i n l e s s  s t e e l ,  a l though i t  may reduce t h e  i r o n  ox ide  
t h a t  may co -ex i s t  i n  mixed ox ide l a y e r s  (Adams 1983). 
hydrogen on the  mechanical p r o p e r t i e s  o f  304L s t a i n l e s s  s t e e l  are discussed i n  
Sect ion 3.4.2. 

It i s  poss ib le  t h a t  uranium 

Since the  uranium i s  a c t i v e l y  co r rod ing  w i t h  a nonpro tec t i ve  ox ide 

The f i n a l  i n t e r f a c e  i s  t h a t  o f  

Th i s  p e r i o d  i s  t o o  s h o r t  f o r  

The vacuum d r y i n g  opera t i on  inc ludes mon i to r i ng  o f  pressure increases 

Once the  l i q u i d  water i s  removed and condensation i s  

Ox ida t i on  

The hea t ing  

Hydrogen generated by reac t i ons  o f  t he  uranium f u e l  w i t h  water vapor o r  

E f f e c t s  o f  gaseous 

Thermal o r  r a d i o l y t i c  decomposit ion o f  PCBs a f t e r  water removal cou ld  
produce c h l o r i n e  gas i n s i d e  the  MCO. 
weight detected i n  the  sludge, and a maximum co r ros ion  product  content  i n  an 
MCO of 300 kg ( a f t e r  c o l d  vacuum d r y i n g  and h o t  cond i t i on ing )  (Miska 1996), 
t h e  maximum c h l o r i n e  p a r t i a l  pressure i n  the  MCO (assuming t h e  PCB t o  be 100% 

For the  maximum PCB l e v e l  o f  220 p/M by 
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c h l o r i n e )  i s  about 0.3 kPa ( 2  t o r r ) .  Dry c h l o r i n e  i s  compat ib le  w i t h  
s t a i n l e s s  s t e e l s  a t  normal pressures, b u t  c h l o r i n e  gas sa tu ra ted  w i t h  water 
vapor a t  ambient temperature i s  extremely c o r r o s i v e  t o  these a l l o y s  
(Brown e t  a l .  1947). Since t h e  c h l o r i n e  content  from r a d i o l y s i s  would 
increase g radua l l y ,  and water vapor pressure w i l l  be ve ry  l ow  a f t e r  h o t  
cond i t i on ing ,  t he re  i s  l i t t l e  l i k e l i h o o d  o f  co r ros ion  damage. 

Fuel co r ros ion  and the  thermal environment could l e a d  t o  re lease  o f  
i o d i n e  gas i n t o  t h e  MCO. 
t h e  f u e l  i n  an MCO were released, the  i o d i n e  p a r t i a l  pressure would be 3.5 kPa 
(26 t o r r )  a t  atmospheric temperature. I n  a c t u a l i t y ,  o n l y  a small  f r a c t i o n  o f  
t he  i o d i n e  would be expected t o  be re leased.  
pressure t o  be about the  same as t h a t  f o r  ch lo r i ne ,  t h e  f a c t  t h a t  i o d i n e  i s  
l e s s  aggress ive means t h a t  co r ros ion  damage i s  very u n l i k e l y .  

poss ib le .  However, d i r e c t  con tac t  between the  f u e l  and baskets cou ld  l ead  t o  
l i q u i d  metal embr i t t lement  o f  t he  s t a i n l e s s  s t e e l  (Old 1980) by f i s s i o n  
products .  Cesium and t i n  are the  low m e l t i n g  p o i n t  ( i .e . ,  <205 "C) f i s s i o n  
products  generated i n  the  g rea tes t  amounts. L i q u i d  cesium would be expected 
t o  be f u l l y  compat ib le  w i t h  s t a i n l e s s  s tee l  based on t h e  demonstrated 
c o m p a t i b i l i t y  f o r  s i s t e r  elements sodium and l i t h i u m .  T i n  i s  present  i n  
amounts o f  about 0.1 g per  fue l  element ( W i l l i s  1995), so t h e  amount present  
i n  a con tac t  area i s  f a r  t o o  small  t o  cause s i g n i f i c a n t  damage t o  an MCO 
basket. I f  e u t e c t i c  l i q u i d  could form because l o c a l i z e d  f u e l  r e a c t i o n s  
produced small  reg ions  o f  very  h igh  temperature, a t t a c k  on s t a i n l e s s  s t e e l  
cou ld  be severe. Estimates o f  temperatures requ i red  f o r  l i q u i d  e u t e c t i c  
format ions obta ined from b i n a r y  phase diagrams are 725 "C (1,336 O F )  f o r  
iron-uranium, 950 'C (1,742 O F )  f o r  i ron-z i rconium, and 1,135 "C (2,075 'F) 
f o r  uranium-zirconium (ASM 1986). 

and oxygen ( e i t h e r  as a i r  o r  as an i m p u r i t y  i n  i n e r t  gas). 
l a y e r  on t h e  s t a i n l e s s  s t e e l  w i l l  p revent  s i g n i f i c a n t  r e a c t i o n  w i t h  these 
gases. 
condensation on t h e  e x t e r i o r  o f  t h e  MCO. 
a d m i n i s t r a t i v e  fea tu res  p r o t e c t  against  acc identa l  i n t r u s i o n  o f  water i n t o  the  
s torage tubes a t  t he  CSB: 

If the  t o t a l  180 g (0.4 l b )  o f  i o d i n e  conta ined i n  

Assuming t h e  i o d i n e  p a r t i a l  

With t h e  l i q u i d  removed from the  MCO, ga l van ic  co r ros ion  i s  no l onger  

The environment a t  t he  e x t e r i o r  o f  t he  MCO w i l l  con ta in  both water vapor 
The pass ive ox ide 

The i n t e r n a l  heat generat ion i n  the  MCO ac ts  t o  prevent  mois ture 
The f o l l o w i n g  engineered and 

A d r y  r o o f  t h a t  does no t  c o l l e c t  water 

Absence o f  s p r i n k l e r s  f o r  f i r e  p r o t e c t i o n  

P r o h i b i t i o n  against  washing the  deck 

O-ring seals  i n  t h e  storage tube s h i e l d  p lug  w i t h  p o s i t i v e  gas 
pressure i n  the  tube. 

3.5.2 P o s i t i v e  Closure 

The MCO i s  loaded, shipped, handled, and s to red  i n  the  v e r t i c a l  p o s i t i o n .  
The MCO i s  c losed w i t h  a s h i e l d  p lug  t h a t  i s  i n s e r t e d  i n t o  the  expanded neck 
o f  t h e  MCO. The s h i e l d  p lug  assembly weighs approximately 600 kg (1,350 l b )  

SARR-005.03 3-15 Decenhr  30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

and i s  r e t a i n e d  i n  t h e  MCO neck a f t e r  t he  MCO i s  loaded. The mechanical 
c losu re  i s  se t  i n t o  t h e  expanded neck of t he  MCO, which i s  threaded on t h e  
i n s i d e .  The neck o f  t h e  MCO i s  a l l  304L s t a i n l e s s  s t e e l  and has a 1.3-cm- 
(0.5-in.-) wide ledge i n  which the  mechanical seal can seat .  The H e l i c o f l e x  
seal ,  w i t h  an Inconel '  h e l i c a l  w i r e  and s i l v e r - p l a t e d  s t a i n l e s s  s t e e l  j a c k e t ,  
has an i n t e g r a l  compression l i m i t e r  t h a t  i s  approx imate ly  0.64 cm (0.25 i n . )  
wide. The ac tua l  seal i s  s t a i n l e s s  s t e e l  w i t h  s i l v e r  p l a t i n g .  The mechanical 
seal i s  secured t o  the  sea l i ng  sur face on the  bottom o f  t he  s h i e l d  p l u g  w i t h  
small  machine screws. The p l u g  p o r t i o n  o f  t h e  mechanical c losu re  uses carbon 
s t e e l  t h a t  i s  p l a t e d  i f  necessary t o  meet co r ros ion  requi rements and has a 
corresponding ledge t o  capture the  mechanical seal .  
by a carbon s t e e l ,  threaded, l o c k i n g  and l i f t i n g  r i n g  t h a t  threads i n t o  t h e  
MCO's expanded neck and pushes on the  p lug  once the  e i g h t  j a c k  b o l t s  are 
torqued t o  560 f t - l b f  each. The p l u g  and l o c k i n g  and l i f t i n g  r i n g  may be 
p l a t e d  w i t h  n i c k e l  o r  o t h e r  s u i t a b l e  ma te r ia l  t o  reduce co r ros ion  p o t e n t i a l .  

G a l l i n g  o f  t h e  threads between the  c o l l a r  and t h e  l o c k i n g  and l i f t i n g  
r i n g  i s  min imized by choosing m a t e r i a l s  t h a t  are s u f f i c i e n t l y  d i f f e r e n t  i n  
p r o p e r t i e s  t h a t  reduce t h e  p o t e n t i a l  o f  g a l l i n g  between t h e  metal threads. 
The threaded neck on the  MCO i s  made o f  304L s t a i n l e s s  s t e e l ,  which i s  
r e l a t i v e l y  s o f t .  The l o c k i n g  and l i f t i n g  r i n g  w i l l  be made o f  a l ow-a l l oy  
carbon s t e e l  s i m i l a r  t o  4142, which was used success fu l l y  on t h e  p ro to type  
t h a t  was machined from a forged b lank.  
i s  a l s o  poss ib le  as i s  t he  use o f  acceptable low-gassing l u b r i c a n t  d u r i n g  
assembly t o  f u r t h e r  reduce t h e  p o t e n t i a l  f o r  g a l l i n g .  

would be s i m i l a r  t o  opening up a welded MCO i n  t h a t  t he  top  end o f  t he  MCO 
surrounding t h e  l o c k i n g  and l i f t i n g  threads would have t o  be c u t  away, t h e  
s h i e l d  p l u g  assembly removed, and the  f u e l  removed from the  MCO s h e l l .  
Removal o f  t h e  s h i e l d  p l u g  would r e q u i r e  r i g g i n g  and a h o i s t  t o  l i f t  the  
s h i e l d  p lug  from t h e  neck o f  t he  MCO. 

Connections t o  the  i n s i d e  o f  t he  MCO are accomplished through the  p o r t s  
on t h e  t o p  o f  t he  s h i e l d  p lug .  
pressure r e l i e f  dev ice,  t h e  low- f low HEPA f i l t e r ,  and t h e  l o n g  and s h o r t  
process tubes v i a  t h e  process connection. 
removing a p o r t  cover t h a t  exposes t h e  device. Tools are requ i red  t o  remove 
t h e  sealed p o r t  cover. Once access i s  gained t o  these devices, a d d i t i o n a l  
t o o l s  are r e q u i r e d  t o  remove t h e  i n -p lace  pressure r e l i e f  dev ice o r  low- f low 
HEPA f i l t e r ,  o r  t o  open the  process connections. 
these dev ices i n t o  the  i n t e r i o r  o f  t he  MCO make double t u r n s  t o  prevent  a 
d i r e c t  path f o r  nonattenuated r a d i a t i o n  from the  i n t e r i o r  SNF t o  t h e  e x t e r i o r  
o f  t he  MCO. 

The p lug  i s  h e l d  i n  p lace  

Hardening o f  t h e  threads o f  t h e  r i n g  

Recovery f rom a g a l l i n g  s i t u a t i o n  w i t h  locked-up ring-to-MC0-neck threads 

The p o r t s  o f  t he  MCO are connected t o  t h e  

Access t o  these p o r t s  i s  made by 

The passageways l e a d i n g  from 

3.5.3 L i f t i n g  Devices 

The l i f t i n g  t o o l s  are s t i l l  i n  t h e  des ign process as o f  t h i s  w r i t i n g .  

' lnconel  i s  a trademark o f  I nco  A l l o y s  I n t e r n a t i o n a l .  

SPiRR-005.03 3-16 Decenkr  30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

3.6 FUEL RODS 

At no time in the retrieval, packaging, transportation, or conditioning 
process is the fuel cladding relied upon for confinement of radionuclides. 
Fuel movements in the fuel segregation campaign, and more recently during the 
fuel characterization work, have shown that even the most visibly damaged fuel 
can be moved and handled. For criticality purposes, it is assumed that the 
cladding remains mixed with the fuel. 

3 .7  SUPPLEMENTAL DATA 

3.7.1 Computer Code,Description 

was analyzed for structural strength and dynamic characteristics using finite- 
element codes described in the following paragraphs. The computer codes are 
those commonly used in the nuclear industry and particularly at the Hanford 
Site. 
answers by the user groups onsite. 

K Basin transportation cask, MCO, and baskets were analyzed and modeled with a 
second generation, nonlinear, finite-element program called ABAQUS. ABAQUS 
uses finite-element formulation for the stress and strain domain and finite- 
difference formulations for the dynamic time domain. There are two versions 
of ABAQUS: ABAQUS/Standard, the implicit formulation, is best for static 
nonlinear solutions; and ABAQUS/Explicit is best for dynamic problems. In 
particular, ABAQUS/Explicit 5.4 was used for this analysis effort. 
ABAQUS/Explicit 5.4 uses a lumped-mass formulation with explicit central 
difference integration for the time domain solution of displacements, 
velocities, and accelerations. 
independent lumped mass with an initial position and velocity. External 
forces are applied to generate accelerations. Employing very small time steps 
(typically 0.5 microsecond), new positions and velocities are calculated, then 
finite-element reaction forces are calculated for each individual element and 
contact surface conditions are checked. The new updated forces produce new 
accelerations and the process repeats. ABAQUS also allows nonlinear modeling 
of the materials and material failure. The nonlinear material properties are 
defined versus strain. The ABAQUS finite-element formulation uses numerical 
integration to construct element stiffness matrices that relate internal 
element reaction forces produced by element boundary displacements. The 
repeated numerical integration allows the material properties to be updated 
based on the strain history at each element integration point through the 
element vol ume. 

ANSYS is a finite-element program that has acceptance as a linear elastic 

The SNF primary containment and confinement boundary structure, the MCO, 

The codes have all been validated and inputs verified for quality 

For dynamic solutions, in particular the cask-MCO drop scenarios, the 

Each degree of freedom is idealized as an 

design tool for mechanical and civil engineers. It is known for its early 
develqpment and use as a robust pre- and postprocessor. 
expanded to nonlinear analysis, but it is still viewed as a standard for 
linear elastic structural analysis in the nuclear industry. ANSYS was used 
extensively in the structural static analysis of the MCO and its components. 
The code has the ability to develop stresses related to thermal growths and 

ANSYS is being 
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restraints in structures. In particular, the code was used to assess the 
specification requirement of 100 Celsius degrees (180 Fahrenheit degrees) 
difference between the shield plug (coolest) and the shell (hottest) on heatup 
and then in cooldown. 

as design analysis tool. 
preliminary sizing tool, but it also is used for linear static analysis and 
for simple dynamic solutions. The program is a three-dimensional, general 
purpose, finite-element analysis program for use on IBM' personal computers 
or compatible microcomputers. IMAGES-3D performs three types of analyses: 
static, modal, and dynamic. 

IMAGES-3D is a code well known for its user-friendliness and common use 
The trait of user-friendliness makes it popular as a 

'IBM i s  a trademark of International Business Machines, Incorporated. 
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4.0 THERMAL EVALUATION 

The thermal-hydraul ic  aspects o f  t h e  MCO and i t s  payloads t h a t  are 
impor tant  t o  s a f e t y  are presented i n  t h i s  chapter .  
bas i s  f o r  t h e  des ign c r i t e r i a  and r e s u l t s  o f  t he  thermal-hydraul ic  analyses 
f o r  t he  normal cond i t i ons  o f  t ranspor t ,  vacuum d ry ing ,  s tag ing,  h o t  . 
cond i t i on ing ,  and i n t e r i m  storage.  Response t o  of f -normal  events and acc ident  
cond i t i ons ,  such as equipment f a i l u r e  and f i r e  acc idents ,  i s  addressed w i t h i n  
t h e  i n d i v i d u a l  SARs f o r  t he  f a c i l i t i e s  o r  t he  t r a n s p o r t a t i o n  cask. 

A lso presented are the  

4.1 DISCUSSION 

The thermal eva lua t i on  addresses f o u r  d i s t i n c t  thermal c o n d i t i o n s  w i t h i n  
t h e  MCO; wet, vacuum, dry ,  and h o t  cond i t i on ing .  Wet thermal cond i t i ons  e x i s t  
d u r i n g  l o a d i n g  a t  t h e  K Basins, t r a n s p o r t  between t h e  K Basins and t h e  CVDF, 
and i n i t i a l  process ing a t  t h e  CVDF. Under wet cond i t i ons ,  t he  MCO i s  f i l l e d  
w i t h  water t o  a h e i g h t  approximately 10.2 cm ( 4  i n . )  below the  MCO s h i e l d  
p lug .  
t h e  t ime  o f  l oad ing  t o  y i e l d  an i n i t i a l  pressure o f  122 kPa (17.7 l b / i n 2  
absolute) .  
cask. 
thermal c o n d i t i o n s  e x i s t .  

The remain ing v o i d  space w i t h i n  t h e  MCO i s  f i l l e d  w i t h  he l ium gas a t  

The pressure boundary under wet cond i t i ons  i s  t he  t r a n s p o r t a t i o n  
The MCO i t s e l f  i s  unsealed, and t h e r e f o r e  unpressurized, whenever wet 

A combination o f  wet, vacuum, and d r y  thermal c o n d i t i o n s  e x i s t s  d u r i n g  
t h e  va r ious  s teps o f  t he  c o l d  vacuum d r y i n g  process. A maximum vacuum o f  
0.4 kPa ( 3  t o r r )  e x i s t s  i n  the  MCO du r ing  the  d r y i n g  process. The MCO i s  
b a c k f i l l e d  w i t h  he l ium gas t o  a t a r g e t  pressure o f  122 kPa (17.7 l b / i n 2  
absolute)  a f t e r  complet ion o f  c o l d  vacuum d r y i n g  and be fo re  t r a n s p o r t  t o  t h e  
CSB. 

Dry thermal cond i t i ons  e x i s t  f o l l o w i n g  completion o f  t he  c o l d  vacuum 
d r y i n g  process, d u r i n g  t r a n s p o r t  between the  CVDF and t h e  CSB, and du r ing  
s tag ing  and long-term i n t e r i m  storage i n  the  CSB. 
d r y i n g  and be fo re  h o t  cond i t i on ing ,  t he  water content  cons i s t s  p r i m a r i l y  o f  
chemica l l y  bound water. Under d r y  thermal cond i t i ons ,  t h e  v o i d  space w i t h i n  
the  MCO i s  f i l l e d  w i t h  e i t h e r  helium, argon, o r  n i t r o g e n  gas, depending on 
where i n  t h e  process ing c y c l e  the  MCO i s .  

Hot c o n d i t i o n i n g  o f  t he  SNF payload i s  designed t o  remove t h e  chemical ly  
bound water and decompose a p o r t i o n  o f  t he  uranium hydr ide.  
process purge gases i s  used t o  accomplish the  ho t  cond i t i on ing .  
process s tep  b a c k f i l l s  t he  MCO w i t h  he l ium gas t o  a t a r g e t  pressure o f  138 kPa 
(20 l b / i n 2  absolute)  a t  50 "C (122 OF). 

Table 4-1 presents  a summary o f  t he  p e r t i n e n t  thermal f ea tu res  associated 
w i t h  t h e  t r a n s p o r t a t i o n  o f  t he  MCO between the  K Basins, CVDF, and CSB. 

Fo l lowing c o l d  vacuum 

A v a r i e t y  o f  
The f i n a l  
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Design parameter I Wet transfer 

Table 4-1. Thermal Aspects of Wet and Dry Transfer o f  
K Basin Spent Nuclear Fuel. 

Dry transfer 
Water volume in MCOa 

Gas volume in MCO 

0.528 m3 o m3 
(18.64 ft3) (0 ft3). 
0.027 m3 0.56 m3 
(0.96 ft3) (19.6 ft3) 

Initial MCO gas backfill 

Allowed MCO leakage rateb 
Water volume in cask 

Gas volume in cask 

Initial cask gas backfill 

Allowed cask leakage rateC 
Nominal transfer timed 
Fire accident scenario 
(cask exDosurel 

Ngtes: 
Yater voLune refers to l iquid, free v o l w .  Chemically b o d  Mater and water absorbed i n  

Leakage rate  i s  ver i f ied at  time of fabrication. 

Transfer time i s  defined as f r m  time of  closure at  the shipping s i t e  to  the time of venting 

sludge, gracks, and crevices i s  not included. 

*kage rate  i s  ver i f ied at  fabrication and annually thereafter.  

a t  the receiving s i te .  

MCO = w l t i c a n i s t e r  overpack. 

Helium at 122 kPa He1 ium at 122 kPa 
(17.7 lb/in2 absolute) 

Open to cask 
(17.7 lb/in2 absolute) 
10 E-4 std cm3/s, air 

0.107 m3 o m3 
(3.79 ft3) (0 ft3) 
0.015 m3 0.122 m3 
(0.54 ft3) (4.33 ft3) 

Helium at 122 kPa Helium at 122 kPa 
(17.7 lb/in2 absolute) 
10 E-7 std cm3/s, air 

(17.7 lb/in2 absolute) 
10 E-7 std cm3/s, air 

8 hours 14 hours 
6 minutes at 800 " C  6 minutes at 800 " C  

(1.475 O F )  (1.475 "F) 

4.1.1 General Thermal Design Approach 

The safety analysis of the thermal-hydraulic performance for the MCO 
assembly and its payload under the various SNF Project process flow steps is 
based on a combination of bounding assumptions for heat generation, 
conservative heat transfer conductances, and the application of administrative 
rules (technical safety requirements) governing the loading of the MCO, the 
allowable time to accompl ish individual process steps, process performance 
criteria that must be met before certain process steps can be completed, and 
specific recovery steps to be undertaken should off-normal conditions arise. 
The combination of these elements will ensure that the MCO assembly is 
maintained in a safe, stable, and secure operating condition. A safe, stable, 
and secure operating condition is defined as either (1) an energy balanced, 
steady-state condition in which the energy gains to the system equal the 
energy losses from the system and the system is within its temperature and 
pressure limits or (2) a transient operating condition in which energy gains 
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may t e m p o r a r i l y  exceed t h e  losses, b u t  where a d m i n i s t r a t i v e  c o n t r o l s  o r  
sa fe ty -c lass  systems are implemented t o  ensure t h e  system i s  p laced i n t o  a 
s t a b l e  s teady-state c o n d i t i o n  before exceeding the  system temperature and 
pressure l i m i t s .  

4.1.2 Thermal Design Features 

The MCO i s  designed t o  s a f e l y  con ta in  a v a r i e t y  o f  SNF i n  f i v e  o r  s i x  
baskets. Chapter 1.0 o f  t h i s  r e p o r t  presents  a d e s c r i p t i o n  and des ign 
drawings o f  t h e  MCO and i t s  f u e l  baskets, w h i l e  Chapter 2.0 prov ides a 
d e s c r i p t i o n  o f  t h e  spent f u e l  t o  be p laced w i t h i n  t h e  MCO, t h e  general des ign 
c r i t e r i a ,  and t h e  design loads.  An MCO i s  a 61-cm- (24-in.-) outer-d iameter  
s t a i n l e s s  s t e e l  p ipe  approx imate ly  406 cm (160 i n . )  l ong  w i t h  a bottom endcap 
f o r g i n g  and upper s h i e l d  p lug.  
designed t o  p o s i t i o n  t h e  lower  f u e l  basket j u s t  above t h e  bottom o f  t he  MCO. 
Th i s  p o s i t i o n  promotes d r a i n i n g  and creates a lower  plenum t o  a i d  the  
d i s t r i b u t i o n  o f  process f l ows  evenly  across the  bottom o f  t h e  lower  basket .  
The s h i e l d  p l u g  serves as t h e  access p o i n t  f o r  va r ious  system pene t ra t i ons  and 
process connections. A l l  pene t ra t i ons  through the  s h i e l d  p l u g  are 2.54 cm 
(1.0 i n . )  i n  diameter o r  l e s s  and are l a b y r i n t h e d  t o  min imize r a d i a t i o n  
streaming. The MCO s h e l l  and bottom f o r g i n g  are f a b r i c a t e d  p r i m a r i l y  o f  t ype  
304L s t a i n l e s s  s t e e l .  The s h i e l d  p lug  i s  made o f  carbon s t e e l  and i t  w i l l  be 
mechanica l ly  sealed. 

The SNF assemblies are p laced w i t h i n  s t a i n l e s s  s t e e l  f u e l  baskets, which 
are then loaded i n t o  t h e  MCO. Because o f  he igh t  d i f f e r e n c e s  between t h e  f u e l  
assembly types, e i t h e r  f i v e  Mark I V  f u e l  baskets o r  s i x  Mark I A  f u e l  baskets 
can be stacked a x i a l l y  w i t h i n  the  MCO. Each f u e l  basket t ype  i s  p rov ided  i n  
an i n t a c t  f u e l  and a scrap f u e l  con f i gu ra t i on .  The MCO i s  designed t o  support 
i n t e r n a l  f o rced  f l ows  f o r  purg ing and i n e r t i n g  o f  t he  f r e e  volume w i t h  e i t h e r  
hel ium, n i t rogen ,  o r  argon. The MCO and i t s  i n t e r n a l  basket arrangement are 
designed t o  d i s s i p a t e  the  heat from the  SNF assemblies pass i ve l y  through a 
combination o f  conduct ive and r a d i a t i v e  heat t r a n s f e r  w i thou t  i n t e r n a l  
convect ive f l ows .  F igu re  4-1 presents  a schematic cross-sect ional  view o f  t he  
MCO and the  i n t e r n a l  MCO components w i t h  the  Mark I V  f u e l  baskets. 

The bottom endcap f o r g i n g  o f  t he  MCO i s  

A cen te r  p i p e  on each basket i s  designed t o  con ta in  a grapple adapter f o r  
s tack ing  t h e  f u e l  basket w i t h i n  the  MCO. The grapple i s  designed w i t h  a 
cen te r  p e n e t r a t i o n  l a r g e  enough t o  a l l ow  i n s e r t i o n  o f  t h e  cen te r  process tube 
when t h e  upper s h i e l d  p lug  i s  i n s t a l l e d .  The process tube, bottom s t r a i n e r ,  
and l o c a t o r  cones have t h e  same con f igu ra t i ons  f o r  a l l  basket types. 
undergoing processing, gas f l ows  from ex te rna l  sources, through a connection 
t o  a f i t t i n g  a t  t he  top  o f  t he  MCO s h i e l d  p lug,  and i n t o  the  MCO v i a  the  
cen te r  process tube. 
MCO, passes r a d i a l l y  outward through t h e  bottom s t r a i n e r ,  and then  f l ows  up 
through the  baseplate o f  t he  scrap o r  f u e l  baskets o r  i s  bypassed between the  
ou te r  edge o f  t h e  baskets and the  MCO w a l l .  Some o f  t he  gas e x i t i n g  t h e  
process tube can f l o w  back up through the  annular space between t h e  cen te r  
ho le  i n  t h e  baskets and the  process tube. The center  p ipes used f o r  t he  
i n t a c t  fue l  and scrap baskets are designed t o  i n t e r s e c t  and seal w i t h  each 
o the r .  Th i s  n o t  on l y  prov ides a d d i t i o n a l  support,  b u t  a l so  prevents  t h e  f l o w  
t h a t  bypasses around t h e  l o c a t o r  cones from mix ing w i t h  the  gas f l o w  i n s i d e  
t h e  baskets a t  each l e v e l .  

When 

The gas f l o w  e x i t s  the  process tube a t  t h e  bottom o f  t he  
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F igu re  4-1. Cross-Sectional View and Con f igu ra t i on  
o f  t he  M u l t i c a n i s t e r  Overpack. 
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The i n t a c t  f u e l  basket i s  designed t o  v e r t i c a l l y  support f u e l  assemblies 
i n  i n d i v i d u a l  sockets bored i n t o  the  7.6-cm- (3- in . - )  t h i c k  "socket"  
baseplate. A 27.9-cm- (11-in.-) h igh  pe r fo ra ted  o u t e r  s k i r t  prov ides 
a d d i t i o n a l  l a t e r a l  support and confinement f o r  sma l le r  sec t i ons  o f  f u e l  
assembly. Only those p o r t i o n s  o f  a combined fue l  assembly ( i . e . ,  an o u t e r  and 
an inne r  element) t h a t  w i l l  f i t  i n  the  baske t ' s  baseplate socket w i l l  be 
loaded i n t o  an i n t a c t  f u e l  basket. Solo ou te r  o r  i n n e r  elements e i t h e r  w i l l  
be combined t o  make up a f u e l  assembly ( f o r  c r i t i c a l i t y  reasons) o r  w i l l  be 
p laced i n  the  scrap basket. Those p o r t i o n s  o f  t he  f u e l  assemblies t h a t  are 
g r e a t e r  than 0.6 cm (0.25 i n . )  i n  s i ze ,  bu t  are l e s s  than approx imate ly  20 cm 
( 8  i n . )  i n  l eng th ,  o r  are t o o  broken up t o  stand u p r i g h t  i n  t h e  i n t a c t  f u e l  
basket, o r  w i l l  n o t  f i t  i n  the  baseplate socket because o f  s w e l l i n g  caused by 
damage o r  co r ros ion  a l so  w i l l  be placed i n  t h e  scrap basket. 

i n t e n t i o n a l l y  loaded i n t o  an MCO; ins tead,  t hey  w i l l  be handled i n  a separate 
ope ra t i on .  
may be loaded u n i n t e n t i o n a l l y  o r  created as a r e s u l t  o f  l oad ing  i n t o  t h e  
basket. 
ensure t h a t  t he  presence o f  small  p ieces i s  n o t  a f f e c t i n g  t h e  assembly o f  t h e  
MCO. 

The des ign o f  t h e  f u e l  basket f o r  Mark I A  f u e l  i s  shown i n  F igure 4-2.  
The basket cons i s t s  o f  a cen te r  support tube, a 7.6-cm- (3- in . - )  t h i c k  socket 
baseplate,  a 27.9-cm- (11-in.-) h igh  pe r fo ra ted  ou te r  s k i r t ,  and s i x  0.95-cm 
(0.375-in.) support rods.  The f u e l  elements are v e r t i c a l l y  r e t a i n e d  i n  the  
sockets by a 0.6-cm- (0.25-in.-) wide bar  welded across t h e  bottom o f  each 
socket. 
e i t h e r  up through t h e  i n t e r i o r  o f  the f u e l  elements o r  around t h e  ou ts ide .  
The ou te r  s k i r t  i s  pe r fo ra ted ,  which a l lows mix ing o f  t he  gas t h a t  f l ows  
around the  ou ts ide  r i n g  o f  f u e l  elements w i t h  the  bypass f l o w  between t h e  
baseplate and t h e  MCO w a l l .  The f u e l  baskets are stacked one on top  o f  
another. Each f u e l  basket i s  supported by s i x  support rods t h a t  f i t  i n t o  
p r e d r i l l e d  recesses i n  t h e  bottom o f  t he  f u e l  basket above i t .  
3.8 cm (1.5 i n . )  o f  c learance e x i s t s  between the  top  o f  t h e  f u e l  assemblies 
and t h e  lower  sur face o f  t h e  basket above. Before e n t e r i n g  the  nex t  basket 
above, some m ix ing  o r  r e d i s t r i b u t i o n  o f  t he  process ing gas f l ows  t h a t  t r a v e r s e  
the  f u e l  elements can occur w i t h  the  gas f l ows  t h a t  bypass the  basket a long 
i t s  o u t e r  edge. The scrap baskets are designed w i t h  a s o l i d  s k i r t  and a sheet 
metal seal on t h e i r  o u t e r  edge t o  minimize t h e  amount o f  gas f l o w  t h a t  i s  
bypassed. The des ign o f  t h e  scrap baskets i s  discussed f u r t h e r  below. 
Because o f  i t s  h ighe r  i n i t i a l  enrichment, t he  Mark I A  f u e l  i s  l i m i t e d  t o  48 
fue l  assemblies per  basket; t he  use o f  a l a r g e  diameter cen te r  p ipe  p h y s i c a l l y  
excludes an innermost c i r c l e  o f  s i x  f u e l  assemblies. 

The f u e l  basket socket design f o r  Mark I V  f u e l  i s  shown i n  F igure 4-3. 

Por t i ons  o f  t he  SNF 0.6 cm (0.25 i n . )  i n  s i z e  o r  sma l le r  w i l l  n o t  be 

It i s  assumed t h a t  p ieces smal ler  than 0.6 cm (0.25 i n . )  i n  s i z e  

The basket he igh ts  w i l l  be gauged be fo re  s h i e l d  p l u g  i n s e r t i o n  t o  

The socket diameters are l a r g e  enough t o  a l l ow  process ing gas t o  f l o w  

Approximately 

Mark I V  f u e l  assemblies have a lower  i n i t i a l  enrichment, thus a l l o w i n g  54 
Mark I V  f u e l  assemblies t o  be loaded per  f u e l  basket. The cen te r  p ipe  on the  
Mark I V  basket i s  smal ler  than t h a t  on the  Mark I A  basket. The o the r  design 
features o f  t he  Mark I V  f u e l  basket are s i m i l a r  t o  those discussed f o r  t h e  
Mark I A  basket. 
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F i g u r e  4-2. Socket  Design f o r  Mark I A  Fuel Basket .  
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F i g u r e  4-3. Scrap and Mark I V  Fuel Assembly Baskets 
( P e r f o r a t e d  Baseplate  and Socket D e s i g n ) .  

1 ~ ., 
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The basic scrap basket design is presented in Figure 4-3. As discussed 
above, the scrap baskets are designed to contain partial fuel elements and 
debris larger than 0.6 cm (0.25 in.) in diameter. As a consequence, the scrap 
basket baseplate is designed with numerous 0.6 cm (0.25 in.) holes that allow 
the passage of process gas but also contain the scrap material. The scrap 
basket baseplate has been intentionally designed with a relatively large 
pressure drop to prevent flow channeling from occurring because o f  an uneven 
or partial loading of scrap. Because of the relatively high pressure losses 
associated with the scrap basket baseplate, a full height outer skirt with 
peripheral flow restrictors is used. The solid skirt and flow restrictors are 
intended to minimize the amount of process flow bypassing the scrap baskets. 
The flow restrictors are fabricated of thin sheets of stainless steel tack 
welded to the outer diameter of the basket skirt. 

4 .2  SUMMARY OF THERMAL PROPERTIES OF MATERIALS 

The thermodynamic properties for density, specific heat, thermal 
conductivity, viscosity, and emissivity for the various materials occurring in 
the MCO, the fuel baskets, and the SNF payload are summarized in Appendix E. 
Thermal properties are provided for materials that constitute a significant 
heat transfer path or that are important for the determination of temperatures 
for temperature sensitive materials. Properties for minor components such as 
fittings and seal materials are not provided. 
properties are based on material presented in WHC-SD-SNF-TI-015 (Short 1995). 
References for additional material properties not obtained from 
WHC-SD-SNF-TI-015 (Short 1995) are presented in Appendix E. 

cover are fabricated of type 304/304L austenitic stainless steel. The body of 
the MCO shield plug, its access port cover plates, and the locking and lifting 
ring are fabricated of mild carbon steel. 
the HEPA filter, rupture disk, and internal screen are fabricated of 304/304L 
stainless steel. 
sealed using a Grafoil ring gasket. The main seal between the shield plug and 
the canister collar uses a Helicoflex seal. 

The Mark IV and Mark IA fuel assemblies are fabricated of uranium metal 
with a Zircaloy-2 cladding. While the fuel assemblies will be cleaned prior 
to placement in the fuel baskets, residual uranium oxides may remain adhered 
to the surfaces of the assemblies, lodged under defects in the cladding, or 
plugged in the interior gaps of the fuel assemblies. 
Nuclear Fuel Project Gas Generation from N-Fuel in Multi-Canister Overpacks, 
(Cooper 1996b), includes an estimate that up to 9% o f  this corrosion product 
consists of uranium hydride. 
total amount and distribution of the corrosion product in an MCO. 

with water, water vapor, air, nitrogen, dilute oxygen, helium, or argon. As a 
result of radiolysis and chemical reactions involving the uranium metal and 
uranium hydride, a variable amount of hydrogen gas may be generated and mixed 
with the other fluids or gases filling the void spaces. 

Where possible, the thermal 

The MCO shell, fuel baskets, process tube, canister collar, and canister 

Miscellaneous components such as 

The HEPA filter and shield plug access port covers are 

WHC-SD-SNF-TI-028, Spent 

Section 4.2.1.3 provides an estimate of the 

Depending on the operation, the void spaces within the MCO are filled 

The presence of 
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hydrogen and i t s  concen t ra t i on  w i l l  be a f u n c t i o n  o f  t he  opera t i on  i n  
quest ion,  t h e  makeup o f  t he  payload w i t h i n  t h e  MCO, and the  amount o f  mois ture 
a v a i l a b l e  t o  d r i v e  the  r e a c t i o n .  

basket i s  an unknown. The unce r ta in  makeup and s t r u c t u r e  o f  t he  m a t e r i a l  t o  
be loaded i n  a scrap basket r e q u i r e s  t h a t  t h e  thermal p r o p e r t i e s  f o r  t h e  scrap 
be der ived.  The approach used i s  t o  t r e a t  t he  scrap as a homogeneous, porous 
medium. For  porous media, t he  e f f e c t i v e  thermal c o n d u c t i v i t y  ( k , )  and t h e  
e f f e c t i v e  heat  capac i t y  @C ) can be est imated based on t h e  thermal p r o p e r t i e s  
f o r  t h e  s o l i d  p o r t i o n  and tRe f l u i d  o r  gas f i l l i n g  the  v o i d  volumes, and v i a  
t h e  p o r o s i t y  o f  t h e  porous medium. The s o l i d  p o r t i o n  assumes t h e  p r o p e r t i e s  
associated w i t h  uranium meta l .  The f l u i d  o r  gas p r o p e r t i e s  f o r  water, a i r ,  
hel ium, n i t rogen ,  or argon are assumed, depending upon t h e  opera t i on  under 
cons ide ra t i on .  

us ing  Hadley 's  c o r r e l a t i o n ,  as shown by Equation 1 and documented i n  Table 3.1 
o f  P r i n c i p l e s  o f  Heat T rans fe r  i n  Porous Media (Kaviany 1995). 

The exact  geometry and makeup of t he  ma te r ia l  conta ined w i t h i n  t h e  scrap 

The e f f e c t i v e  thermal c o n d u c t i v i t y  f o r  t he  porous medium was c a l c u l a t e d  

where 

f, = 0.8+(0.1)P 
P = p o r o s i t y  
k, = s o l i d  phase c o n d u c t i v i t y  
k, = c o n d u c t i v i t y  o f  t h e  f l u i d  phase 

and 

l o g  oro = -1.084 -6.778(P -0.298) , 

logo,, =0.405-3.154(P-O.O827) , 0.0827<P<0.298 

0.298 5 P 5 0.580 

logao=-4.898P , O<P<O.O827 

Th is  r e l a t i o n s h i o  orov ides the  r a t i o  between the  e f f e c t i v e  conduc f i t y  (k, 
and the  c o n d u c t i b i t v  o f  t h e  f l u i d  fk,) f i l l i n g  the vo id  volume w i t h i n  the  
scrap as a f u n c t i o n " o f  t he  p o r o s i t y  kf the  mh ium and the  thermal c o n d u c t i v i t y  
o f  t h e  s o l i d  and f l u i d  phases (uranium f u e l  and water, a i r ,  hel ium, and o t h e r  
gases) present .  According t o  Table 3.2 o f  Kaviany (1995), t he  p o r o s i t y  o f  a 
porous medium comprised o f  p a r t i c l e s  w i t h  a un i fo rm s i z e  w i l l  range from 
0.26 t o  0.476. As an a l t e r n a t i v e  c a l c u l a t i o n ,  t he  p o r o s i t y  o f  t h e  Mark I V  
scrap basket i s  computed based on the  basket con ta in ing  the  equ iva len t  o f  54 
i n t a c t  f u e l  assemblies evenly packed over the  volume o f  t he  basket. Given 
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that the total volume of a Mark I V  fuel assembly is approximately 1,470 cm3 
(90 in3) and that the total volume in the scrap basket is approximately 
165,600 cm3 (10,100 in3), the porosity ( P )  of the scrap basket is computed as 
follows: 

P = (basket void volume) + (total volume of the basket) 
= (165,600 cm3 - 54 assemblies 
= 0.52. 

1,470 cm3) + (165,600 cm3) 

Because the effective thermal conductivity within the sludge basket 
decreases with increasing porosity, the use of porosity values of 0.476 to 
0.52 is conservative. 
mean density of the scrap basket with helium gas backfill is approximately 
9.043 kg/cm (0.326 lbm/in3). 
approximately 6% higher. 

provides the best fit to the available test data for the range of parameters 
associated with the current analyses. 
effective thermal conductivity versus temperature based on Hadley's 
correlation for a uranium metal matrix with helium, nitrogen, or argon purge 
gases for porosities of 0.259 and 0.476. 
conductivities for a scrap basket with a uranium metal matrix are decreased 
significantly from the values associated with the thermal conductivity of the 
uranium metal. Uranium metal has a thermal conductivity ranging from 
approximately 26.8 J/m-s-K at 100 K to 39.1 J/m-s-K at 1,040 K. 
effective thermal conductivities are obtained with increased porosities and 
with either nitrogen or argon as the void volume gas. 
thermal conductivities are obtained with decreased porosities and with helium 
as the void volume gas. 

following equation. 

Based on this porosity and the density of uranium, the 

A water-filled scrap basket has a mean density 

Based on the presentation given in Kaviany (1995), this correlation 

Figure 4-4 presents a comparison of the 

As seen, the effective thermal 

Minimum 

Maximum effective 

The effective heat capacity of the porous entity is determined by the 

where 

pf = density of the fluid 
Cp, = specific heat of the fluid 
p, = density of the solid 
Cp, = specific heat of the solid 

P = porosity of the porous media. 

4.2.1 Thermal Source Term 

radiolytic decay and the heat of chemical reaction. 
define each of these source terms and their bases. 

The heat dissipation from the SNF payload arises from two sources: 
The following sections 
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F i g u r e  4-4.  E f f e c t i v e  Thermal C o n d u c t i v i t y  o f  Uranium Meta l  
M a t r i x  f o r  Var ious Purge Gases and P o r o s i t i e s .  
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Payload 

4 . 2 . 1 . 1  The r a d i o l y t i c  decay heat source 
term i s  based on t h e  est imated MCO i nven to ry  (Cowan 1995) f o r  t h e  va r ious  MCO 
loadings.  
(average) and worst-case (maximum) MCO. The minimum decay heat  i s  expected t o  
be on the  order  o f  one - th i rd  o f  t h e  nominal value, o r  0.489 W pe r  SNF 
assembly. 
o f  computing t h e  minimum temperatures. 

R a d i o l y t i c  Decay Heat Source Term. 

Table 4-2 presents  the  r a d i o l y t i c  decay heat f o r  t h e  nominal 

However, a va lue o f  zero wa t t s  should be assumed f o r  t he  purposes 

Maximum MCO Maximum MCO 

assemblies assembl i e s  

Ayerage o f  390 w i t h  270 w i t h  288 SPR f u e l ,  
MCOs Mark I V  Mark I A  1 MCO 

To ta l  decay 
heat 

Decay heat p e r  
f u e l  assembly 

396 W 835 w 630 W 329 W 

1.467 W 3.093 W 2.188 W -- 
(assuming 270 

Mark I V  
assemblies) 

MCO = multicanister overpack. 
SPR = single pass reactor. 

These values f o r  r a d i o l y t i c  decay heat are cons is ten t  w i t h  an e a r l i e r  
es t ima te  ( W i l l i s  1995) t h a t  i n d i c a t e d  values o f  3.375, 1.58, and 0.53 W f o r  
t h e  maximum, nominal, and minimum decay heat pe r  SNF assembly, r e s p e c t i v e l y .  

4 . 2 . 1 . 2  Chemical React ion Heat Source Term. The heat o f  chemical r e a c t i o n  
a r i s e s  when t h e  exposed uranium surfaces o f  t he  damaged SNF f u e l  assemblies, 
scrap, and sludge r e a c t  w i t h  the  environment w i t h i n  t h e  MCO. 
temperature l e v e l s  seen d u r i n g  t ranspor t ,  t h i s  r e a c t i o n  cons is t s  p r i m a r i l y  o f  
t h e  o x i d a t i o n  o f  uranium w i t h  mois t  a i r  (oxygenated water reac t i ons ) ,  oxygen- 
f r e e  water, d r y  a i r ,  o r  i n e r t  gases w i t h  an oxygen content .  A secondary, bu t  
n o t  s i g n i f i c a n t ,  source o f  heat  and hydrogen gas r e s u l t s  from t h e  
decomposit ion o f  t h e  uranium h y d r i t e  conta ined i n  any sludge loaded w i t h  the  
f u e l .  The r e l a t i v e l y  low temperature l e v e l  and t ime  t o  t r a n s p o r t  combine t o  
l i m i t  t h e  c o n t r i b u t i o n s  from t h i s  source. The reac t i ons  w i t h  t h e  hydrates are 
n o t  i nc luded  because t h e  temperature l e v e l s  seen du r ing  t r a n s p o r t a t i o n  w i l l  
n o t  support s i g n i f i c a n t  r e a c t i o n  w i t h  these compounds (F rye r  e t  a l .  1996). 

represented by 

A t  t he  

The r e a c t i o n s  o f  uranium i n  a i r  o r  i n  a water/water vapor environment are 

U t 0, + UO, t 259.3 kcal /mole o f  U 
and 

(3) 

U t 2H,O + UO, t 2H, t 143.7 kcal /mole o f  U. (4) 

It i s  est imated i n  WHC-SD-SNF-TI-028 (Cooper 1996b) t h a t  9% o f  t he  co r ros ion  
product  c o n s i s t s  o f  uranium hydr ide.  The hyd r ide  i n  the  co r ros ion  product  
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at tached t o  t h e  uranium metal i s  accounted f o r  as p a r t  o f  t h e  uranium r e a c t i o n  
r a t e s  g i ven  i n  Equations (6) through (15) below. However, t he  hyd r ide  
conta ined i n  t h e  sludge i s  n o t  accounted f o r  and can p rov ide  a s i g n i f i c a n t  
hydrogen gas source. 
i s  g i ven  by Equation (15) and represented by 

The r a t e  o f  r e a c t i o n  between uranium hyd r ide  and water 

ZUH, + 4H20 * 2U0, + 7H2 + 287.4 kcal /mole o f  U. ( 5 )  

The r a t e  a t  which t h e  i n d i c a t e d  uranium-water o r  uranium-oxygen r e a c t i o n s  
occur i s  a f u n c t i o n  o f  t h e  temperature o f  t h e  uranium, the  p a r t i a l  pressure o f  
water ( i f  present) ,  and the  sur face area invo lved.  The r e l a t i o n s h i p s  f o r  t he  
chemical r e a c t i o n  r a t e s  are taken from the  recommendations made i n  
WHC-SD-SNF-TI-033, Spent Nuclear  Fue l  P r o j e c t  Est imate o f  V o l a t i l e  F i s s i o n  
Products  Release f rom M u l t i - C a n i s t e r  Overpacks (Cooper 1996a), f o r  t he  
c o r r o s i o n  o f  N Reactor f u e l .  
Law-type equat ions developed by Pearce (1989) and R i t c h i e  (1981, 1986) f o r  t he  
r e a c t i o n  r a t e  o f  u n i r r a d i a t e d  uranium i n  va r ious  environments and temperature 
ranges. 

The r e l a t i o n s h i p s  c o n s i s t  o f  Arrhenius Rate 

The recommended equations are as fo l l ows :  

For d r y  a i r  ( 4 0 - 1 5  vppm H20) 

T< 597 K, Log K = 8.9464 - 4638.2/T 

T> 597 K, Log K = 28.381 - 7Log(T) - 4638.2/T 

For mo is t  a i r  

T< 373 K, 11-75% RH, Log K = 13.6780 - 5290.9/T (8) 

T< 373 K, 100% RH, Log K = 8.333 - 3730/T (9) 

373 K < T< 463 K, <loo% RH, Log K = 10.566 - 4990/T t 0.3Log(P) (10) 

T> 463 K, 4 0 0 %  RH, Log K = 6.1931 - 2963/T + 0.3L0g(P) (11) 

For  oxygen-free water vapor 

T< 373 K, 

373 K < T< 523 K, 

Log K = 7.364 - 3016/T 

Log K 4.33 - 2144/T + 0.5Log(P) 

523 K < T< 735 K, Log K = -22.915417 t 30066.5/T - 9.119078 x 106/T (14) 

735 K < T< 923 K, Log K = -23.905197 t 42718.8/T - 1.787581 x 107/T2 (15) 

where K i s  t h e  p r e d i c t e d  weight ga in  from the  r e a c t i o n  i n  mg/cm2/h ( i . e . ,  
m i l l i g r a m s  o f  oxygen pe r  cubic  cent imeter  per  hour), P i s  t he  p a r t i a l  pressure 
o f  t he  water  vapor i n  kPa, and T i s  t he  temperature i n  degrees Ke lv in .  

(Cooper 1996b), i s  as f o l l o w s :  
The r e a c t i o n  r a t e  o f  uranium h y d r i t e ,  as prov ided i n  WHC-SD-SNF-TI-028 

x 1000/241) x 0.09 x Exp[10'5.69034 2644.11'T) X A t ]  (16) = (10(5.69034 - 2644.11/T) 
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where K is the number of gram moles of hydrite that react per hour per 
kilogram of sludge, T is the temperature in degrees Kelvin, 241 is the 
molecular weight of UH,, and at is the time in hours since the MCO was loaded. 

4.2.1.3 Surface Area Estimate. The chemical corrosion of the uranium metal 
occurs at the solid surface and not within the solid volume. As such, an 
estimate of the exposed surface area is needed. The amount of uranium metal 
with surfaces exposed to the MCO environment will vary from shipment to 
shipment depending upon the amount and extent of damaged fuel loaded in each 
MCO, the presence or absence of a scrap basket, and the amount and composition 
of sludge contained in any shipment. 

An estimate of the amount and distribution of exposed surface area is 
presented in WHC-SD-SNF-TI-026, Spent Nuclear Fuel Project Surface Area 
Estimates for N-Reactor Fuel in the K East Basin (Cooper and Johnson 1996). 
Based on chemical and visual observations of the storage poo l s ,  Cooper and 
Johnson (1996) recommend as a worst-case scenario an MCO that contains 
66,000 cm' (10,230 in2) of exposed surface area in the form of  fuel assemblies 
with split cladding. The damaged fuel assemblies are assumed to be equally 
divided over four intact fuel baskets. In addition to the fuel with split 
cladding, the worst-case MCO contains a single scrap basket holding portions 
of fuel assemblies with the equivalent of 54,000 cm (8,370 in') of exposed 
surface area. The total apparent corroding area in the worst-case MCO is 
120,000 cm' (18,600 in'). 

Since the reaction rate relationships provided above were developed for 
unirradiated uranium samples, an adjustment to the apparent exposed surface 
area is required to account for the increased surface area and reactivity of 
the N Reactor fuel caused by combination of corrosion and irradiation. This 
adjusted surface area, termed a "reactivity product factor," is obtained by 
multiplying the apparent surface area by 10 as recommended in Cooper (1996~). 
Thus , the reactivity product factor to be used with the reaction rate 
equations for the worst-cast MCO is 1,200,000 cm' (186,000 in'). Laboratory 
characterization and additional storage pool survey work are being performed 
to validate these assumptions. 

Since the majority of the fuel assemblies stored in the K Basins storage 
pools are undamaged, the average or nominal shipment will contain 
significantly less corroded or damaged fuel than that predicted for the 
worst-case scenario. WHC-SD-SNF-TI-026 (Cooper and Johnson 1996) includes an 
estimate that the surface area of the exposed uranium metal in the average MCO 
containins K East fuel will be slightly less than 3,000 cm' (465 in'), or 
30,000 cm (4,650 in') with inclusion of the area adjustment factor. 

The chemical reaction equations, Equations 3, 4, and 5, together with the 
reaction rate equations, Equations 6 through 15, and the total exposed surface 
area estimates are used to predict the surface heat flux on each fuel assembly 
or scrap section and the rate of hydrogen gas generation. 
calculations are based on a total void volume of 0.0425 m3 (1.50 ft3) during 
transport from the K Basins to the CVDF and of 0.555 m3 (19.60 ft3) during 
transport from the CVDF to the CSB facility. 
include the absorption of hydrogen gas in the water. 
additional detai 1 s. 

Pressure 

The pressurization calculations 
See Appendix E for 
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Scrap baskets 

Table 4-3 presents a summary of the chemical reaction source term assumed 
for the worst-case and nominal MCO fuel loadings in this analysis. 

Intact fuel baskets 
Pay1 oad 

Worst case 

Reactivity Reactivity 

factor factor* 
# product Sludge # product Sludge* 

1 540,000 cm2 54.4 kg 4 660,000 cm' 87.6 kg 

4.3 SPECIFICATIONS FOR MULTICANISTER OVERPACK COMPONENTS 

The specifications for MCO components are documented in WHC-S-0426 

The materials utilized in the MCO design that are considered temperature 

(WHC 1996~) and summarized below. 

sensitive are the Helicoflex seal used between the MCO shield plug and the MCO 
vessel wall, the composite gaskets if used for the port access covers, and the 
rupture disk and its seal. The Helicoflex metallic seal (P/N H-304868) is 
composed of a close-wound Inconel helical spring surrounded by a type 300 
stainless steel inner lining and a 0.051-cm- (O.OZO-in.-) thick silver outer 
lining. According to the manufacturer, the seal has a maximum design 
temperature rating of 370 "C (698 'F) at a pressure of 1.0 MPa 
(150 lb/in' gauge). 

Continental Disc Corporation rupture disk, model 0196-042 (P/N CD30760). The 
disk is fabricated from type 316L stainless steel and has a rupture pressure 
rating of 1,034 kPa (150 lb/in2 gauge) at 190 "C (375 'F). 

significantly higher temperature capabilities. 
steel has a melting temperature above 1,400 "C (2,550 OF) and a maximum 
service temperature rating of 427 'C (800 'F)  in accordance with Section 111, 
Subsection NE, of the ASME Boiler and Pressure Vessel Code (ASME 1995a). The 
carbon steel used for the MCO shield plug has a melting point above 1,400 "C 
(2,550 O F )  and a maximum normal service temperature of 371 "C (700 "F) in 
accordance with Subsection NB, Section I11 of the ASME Boiler and Pressure 
Vessel Code (ASME 1995a). 

Although the uranium metal in the spent nuclear fuel assemblies has a 
melting temperature of 1,090 "C (1,994 OF), the eutectics between uranium and 
iron occur at 725 "C (1,337 OF). 
temperature above 1,800 "C (3,272 OF). The zirconium-beryllium end caps have 

The MCO rupture disk is specified as a 25.4-mm (I-in.) diameter 

The remaining materials used in the fabrication of the MCO have 
The type 304/304L stainless 

The Zircaloy-2 cladding has a melting 
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a melting temperature of 980 'C (1,800 OF). 
limit for the uranium metal depends on the MCO process under consideration, 
the amount of exposed surface area, and the amount of water retained in the 
MCO to drive the chemical reaction rate. Process controls are to be 
implemented to ensure that temperature excursions do not occur in the metal. 

The maximum service temperature 

4.4 THERMAL EVALUATION FOR NORMAL CONDITIONS 

The SNF Project was established to expedite the removal, stabilization, 
and storage of SNF and sludge from the K Basins at the DOE'S Hanford Site. 
Figure 4-5 illustrates the SNF Project process steps from the retrieval of the 
fuel at the K Basins through fuel staging and interim storage in the CSB. The 
thermal-hydraulic evaluations performed for the SNF Project process flow steps 
to date include WHC-SD-WM-ER-525, Therma7 Hydraulic Feasibility Assessment for 
the Spent Nuclear Fuel Project (Heard et al. 1996a), WHC-SD-SNF-ER-012, 
Thermal Hydraulic Feasibility Assessment o f  the Hot Conditioning System 
Process (Heard et al. 1996b), and WHC-SD-SNF-ER-014, MCO Pressurization 
Analysis o f  Spent Nuclear Fuel Transportation and Storage (Fryer et al. 1996). 

This section summarizes the thermal models developed to evaluate the 
thermal-hydraulic performance of the SNF Project process flow steps and the 
results for the normal conditions under each of these steps. The impact of 
off-normal or accident conditions, such as equipment failure or fire, and 
specific details of the thermal models are addressed in the individual 
facility SARs. 
environmental and process conditions expected and to determine the process 
controls required to obtain a safe, stable, and secure operating condition. 
A safe, stable, and secure operating condition is defined as either (1) an 
energy balanced, steady-state condition where the energy gains to the system 
equal the energy losses from the system and the system is within its 
temperature and pressure limits or (2) a transient operating condition where 
energy gains may temporarily exceed the losses, but where administrative 
controls are implemented to ensure the system i s  placed into a stable 
steady-state condition before exceeding the system temperature and pressure 
1 imits. 

Table 4-4 lists the load combinations considered for wet and dry 

The thermal models are used to investigate the range of 

transportation. 
normal conditions of transport (NCT) for the hot ambient case is the assumed 
starting temperature for the SNF and cask. 
probable minimum NCT and the worst case is that the probable minimum condition 
assumes nominal fuel loading and heat dissipation while the worst-case NCT for 
the cold ambient condition assumes a zero heat load. This latter load 
combination leads to the analytically trivial result under steady-state 
conditions of a uniform -33 "C ( - 2 7  OF) temperature. 

The SNF, MCO, and cask temperatures are expected to be on the order of 
10 "C (50 OF) at the time of loading at the K Basins and following cold vacuum 
drying. To allow for process variations or additional heatup, such as that 
resulting from operational delays, a nominal value of 15 "C (59 OF) is assumed 
for the purposes o f  this report. In addition, an initial temperature of 25 "C 
( 7 7  "F) is also considered for the worst-case NCT hot ambient load 
combination. 

The difference between the worst-case and probable maximum 

The difference between the 
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F i g u r e  4-5. Process Flow for t h e  Spent Nuclear  Fuel P r o j e c t .  

Fuel in K Basin 

overpack loading 
and transDortation 

Transportation 

Fuel staging 

Hot conditioning * 
Interim storage I 
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load c h i n a t i o n s  
Normal transport 

Hot ambient* Uorst case 

46 'C Probable 
(115 "F) m a x i m  

Nominal 

Cold ambient Probable 

-33 o c  Uorst case 

m i n i m  

(-27 "F) 

Table 4-4. Load Combinations For Normal Conditions of Transport. 
Applicable conditions 

I n i t i a l  spent 
nucleer fuel Insolation Fuel Loading 
tenperatwe 

25 'C 15 'C 10 'C Max im'  Zero M a x i m  Nominal Zero 

X X X 

X X X 

X X X 

X X X 

X X X 

*Diurnal cycle for arblent tenperature and insolation i n  accordance u i th  J. G. Fadeff, 1992, 
Envi romnta l  Conditions for On-Site Hazardous Materials Packages. UHC-SO-TP-RPT-004, Rev. 0, 
Uestinghouse Hanford Company, Richland, Washington. 

4.4.1 Thermal Models 

A number of one-, two-, and three-dimensional, lumped-parameter, finite- 
element, and subchannel thermal models of the MCO and its payload have been 
developed. 
performance of MCOs, together with the payload of intact assemblies and scrap 
fuel, under transport, cold vacuum drying, staging, hot conditioning, and 
interim storage conditions. The models vary in the level of temperature 
resolution provided within the MCO, the complexity of the heat transfer modes 
modeled, and the presence or absence of algorithms for modeling the chemical 
reaction heat, water retention, and vacuum drying. They vary also in their 
steady-state and transient modeling capabilities. The models developed are 
based on either the HUB' engineering spreadsheet program, the FIDAP' computer 
program, the COBRA-TF computer program, or the SINDA/FLUINT computer program. 
While some of the process steps have been evaluated by using more than one 
thermal model, the results presented here are selected from the model 
considered the most current and representative of the process under 
consideration. 
the results obtained. 

The thermal models are used to investigate the thermal-hydraulic 

The other models serve to provide code-to-code Val idation of 

For the purposes of simulation, the MCO is assumed to contain a total of 
five storage baskets loaded axially end-to-end. 
been used to analyze a variety of loading configurations, the design basis 
loadings for safety purposes are defined in Section 4.2.1.3. The material 
thermal properties assumed for the models are summarized in Appendix E. 

While the thermal models have 

'HUB is a registered trademark of J. Marvin, Incorporated. 

'FIDAP is a registered trademark of Fluid Dynamics, Incorporated. 
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Outer element OD 
Outer element ID 
Inner element OD 
Inner element ID 

Cladding thickness (mils) 
Outer element, outer cladding 
Outer element, inner cladding 

Inner element, inner cladding 
Inner element, outer cladding 

Nominal maximum length (inches) 

Table 4-5 presents the N Reactor fuel dimensions, while Figures 4-6 and 4-7 
present cross-sectional and isometric views of a Mark IV fuel assembly. 

Table 4-5. N Reactor Fuel Dimensions. 

2.404 2.425 
1.767 1.701 
1.246 1.279 
0.440 0.479 

25 25 
25 20 
40 30 

25 20 

I Fuel type I Mark IA I Mark IV'.I 

I Overall nominal dimensions (inches) I I I 

I Outer element I 20.88 I 26.10 I 
I Inner element I 20.82 I 26.04 I 
I Assumed end cap thickness (inches) I I I 
I Outer element I 0.200 I 0.200 I 
1 Inner element 1 0.200 1 0.200 1 

I D  = inner diameter. 
OD = outer diameter. 

Comparisons between the Mark IA and Mark IV temperature results 
demonstrated that the thermal results for the Mark IA fuel assemblies are 
encompassed by those seen for the Mark IV assemblies. This occurs because of 
the Mark IV fuel basket's inherently higher thermal resistance, which is due 
to the additional inner ring of fuel assemblies present in the Mark IV fuel 
basket. Because of criticality concerns associated with the Mark IA fuel, a 
15.2-cm (6-in.) Schedule 40 pipe centered within each Mark IA fuel basket 
provides a mechanical mechanism to prevent the loading of more than 48 Mark IA 
fuel assemblies in each basket. 
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F i g u r e  4-6. Cross-Sect ional  View o f  Mark I V  Fuel Assembly. 
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F i g u r e  4 -7 .  I s o m e t r i c  View o f  Mark I V  Fuel Assembly. 
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The primary system dimensions assumed for the analyses are as follows. 

The overall axial lengths of the Mark I V  fuel elements range from 
44.2 cm (17.4 in.) to a maximum of 66.3 cm (26.1 in.). 

The overall axial lengths of the Mark IA fuel elements range from 
36.3 cm (14.3 in.) to a maximum of 53.1 cm (20.9 in.). 

The MCO's outer diameter is assumed to be 61 cm (24 in.) with a wall 
thickness of 1.27 cm (0.50 in.). 

A 1.51-cm (0.595-in.) diametrical gap is assumed between the MCO's 
outer diameter and the transportation cask's inner diameter. 

The transoortation cask's outer diameter is assumed to be 
approximately 102 cm (40 in.) with a wall thickness of approximately 
18.6 cm (7.3 in.). 

For the models involving the CSB storage tube, a 7.6-cm (3-in.) 
diametrical gap is assumed between the MCO's outer diameter and the 
storage tube's inner diameter. 

The storage tube is assumed to be 71 cm (28 in.) in diameter with a 
1.27 cm (0.50 in.) wall thickness. 

4.4.2 Thermal Model Descriptions 

4.4.2.1 HUB. HUB is an integrated, spreadsheet format, computational 
notebook program. Equations can be written into the document or embedded in 
tables and graphs and computationally linked throughout a document. 
for the heat transfer from the fuel to the environment through the MCO and 
tube or cask walls are entered into the HUB program, along with the chemical 
and decay heat generation rates, convective heat transfer coefficients, and 
the thermal properties of the materials, to obtain the solution for the 
temperatures of each surface. 

The HUB computer program i s  used to provide one-dimensional, steady-state 
and transient representation of a single fuel basket within the MCO, with the 
MCO in the transportation cask, and within a CSB storage tube. 
illustrates the lumped mass approach used by HUB to simulate the heat transfer 
,between the fuel assemblies and the MCO wall. This modeling approach assumes 
that the fuel region can be modeled as alternating rings of fuel and fill gas 
gaps, conserving the total surface area of the fuel and the fuel volume. The 
volume of fill gas in the gaps also is conserved and is equal to the volume of 
fill gas surrounding the actual fuel assemblies. The annular fuel rings of 
the model are shown superimposed on the actual fuel arrangement. The MCO wall 
and the cask or storage tube walls are also modeled as cylinders. 
transfer between each of the fuel ring surfaces and between the outer fuel 
ring and the MCO wall is simulated as radiant heat transfer when the MCO is at 
a vacuum and by conduction, convection, and radiation when a fill gas (i.e., 
helium, air, or argon) is present. 

Equations 

Figure 4-8 

Heat 
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F i g u r e  4-8. One-Dimensional Ring Model.  

Fuel Volume and outer element ,outer f Y 4  element 
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The analytical solution performs an energy balance across the outer 
surface o f  the transportation cask or storage tube to obtain a converged 
temperature solution for the outermost surface, wherein the energy losses from 
convective and radiative heat transfer equal the energy gains from the 
incident solar heat flux, chemical reactions, and nuclear decay heat. The 
resulting surface temperatures are then used as a boundary condition to derive 
the temperature drop across the transportation cask or storage tube based on 
applying Fourier's Law to an infinitely long cylinder with a known inner and 
outer diameter. 
across each of the gaps and solid components results in a series of coupled 
equations. Equations for the heat transfer from the fuel to the environment 
through the MCO and tube or cask walls are entered into HUB, along with the 
chemical and decay heat generation rates, convective heat transfer 
coefficients, and the thermal properties of the materials. HUB solves these 
equations analytically to determine the successive temperature drops and 
corresponding surface temperatures for each of the cylindrical elements. 

4.4.2.2 FIDAP. FIDAP (Fluid Dynamic Analysis Package) is a commercially 
available, general purpose, computer package that uses finite element methods 
to simulate many classes o f  single- or multiphase compressible or 
incompressible flows, including heat transfer and mass transport of chemical 
species in both nonreacting and reacting flows as discussed below. The 
simulation can be either steady-state or transient and can model flows in 
complex arbitrary geometries that are axisymmetric, two-dimensional, or 
three-dimensional. 
supported. The program modules provide all aspects of the model generation 
and automatic meshing or paving, problem setup, view factor calculations, 
solution, and postprocessing of a flow and/or thermal analysis. 

models, such as the Arrhenius Rate Law, in which the reaction rate is 
determined from chemical kinetic considerations, and mixing-controlled 
reactions in which the mixing action of a turbulent velocity field determines 
the rate o f  reaction. Both mass fraction and molar concentration forms for 
the reaction models are supported. Simple one-step, competing, controlling, 
and mu1 ti step chemical models a1 so are supported. 

The corresponding HUB and COBRA-TF models have been compared against the FIDAP 
results. 

The FIDAP results presented herein address the performance o f  the MCO 
Two detailed 

Successive energy balances and applications of Fourier's Law 

Mixed coordinate or moving or rotating systems are 

FIDAP supports reactions based on both chemical kinetic-controlled 

FIDAP has been validated and verified for use at Hanford (Heard 1994). 

concept under the hot conditioning process (see Figure 4-9). 
three-dimensional FIDAP models of a single fuel basket and a single scrap 
basket tier within an MCO within the HCS were constructed from Figures 4-10 
and 4-11. 
tier models are shown in Figures 4-12 and 4-13. 

The resulting nodalization patterns for the fuel and scrap basket 
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F i g u r e  4-9. Mark I V  Geometry f o r  M u l t i c a n i s t e r  Overpack 
S e c t o r  Model W i t h i n  t h e  Hot C o n d i t i o n i n g  System. 
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Figure 4-11. Scrap Basket Geometry and Configuration for a 
Single-Tier Porous Media Model of a Scrap Fuel Basket. 

CENTER - 
TUBE 
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Figure 4-12. Nodalization Pattern for the Single-Tier Model o f  a 
Fuel Basket and Multicanister Overpack Within a Storage Tube. 
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Figure 4-13. Nodalization Pattern for the Single-Tier Model o f  a 
Scrap Basket and Multicanister Overpack Within a Storage Tube. 
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Each of the following three-dimensional thermal-hydraulic models was 
developed to investigate the range of temperatures and heatup rates for the 
scrap and the fuel baskets during the HCS process: 

tier containing the equivalent of 54 Mark IV fuel assemblies within 
an MCO positioned within the HCS 

basket or tier within an MCO positioned within the HCS. 

Computer limitations prevented the development of a full-length, detailed, 
finite-element, three-dimensional model of an MCO. All three modes of heat 
transfer (i.e., conductive, convective, and radiative) are incorporated by 
means of specialized surface or continuum elements and are available for use. 

The calculation of radiative heat transfer is automated within FIDAP. 
View-factor calculations performed by FIDAP include the effect of full or 
partially obstructing surfaces. The view factors are calculated on an 
individual element basis for all elements comprising radiative surfaces. 
A gray-body approach without participating media is assumed for each of the 
radiating surfaces within the model. The outer surface of the system is 
assumed to be radiating to a user-determined black-body temperature. 

domains, the radiating surfaces must be fully enclosed. For the small gaps 
associated with the basket skirt-MCO inner dimension and the MCO outer 
dimension-jacket inner dimension, this enclosure is provided by the two 
radiation surfaces, the two reflective surfaces associated with the lines of 
symmetry, and the upper and lower planes associated with the inlet and outlet 
flow boundaries. The first four surfaces are automatically handled within 
FIDAP. However, for "windows" and "openings" (e.g., an inlet or outlet flow 
boundary), a reference temperature for calculating the radiative heat transfer 
must be supplied as a boundary condition by the user. 

temperature and flow distribution can be assumed. 
especially with chemical reactions, is more difficult to estimate, thus 
requiring an iterative approach where T,,, is updated based on the mean outlet 
temperature from the previous run. 
iteration to obtain agreement within five degrees of the mixed mean outlet 
temperature and the assumed T,,,. 
T,,, is always slightly greater than the mixed mean temperature. 

of the interior surfaces. Both forced and natural convection are handled. 

4.4.2.3 COBRA-TF. 
Northwest Laboratory for the NRC to perform analyses of thermal-hydraulic 
transients in various components of light water reactors. 
three-dimensional, finite difference model for two-phase, multi-species fluid 
flow and heat transfer. The code was originally developed for simulating 
single- or two-phase flows within a variety of geometries associated with 
reactor components. 

A three-dimensional, 30" sector model of a single fuel basket or 

A three-dimensional, 30" sector model of a fully loaded single scrap 

For the correct treatment of thermal radiation within three-dimensional 

For the inlet flow boundary, this is fairly simple. A uniform inlet 
The outlet temperature, 

This treatment usually requires a single 

A slight conservatism is imposed such that 

Convective heat transfer coefficients can be applied separately to each 

The COBRA-TF computer code was developed by the Pacific 

COBRA-TF is a 

The basic code is therefore suitable for modeling fluid 
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f l o w  and heat t r a n s f e r  w i t h i n  t h e  MCO. Add i t i ona l  m o d i f i c a t i o n s  were made t o  
the  code t o  accommodate geometry and processes unique t o  t h e  MCO pass i va t i on  
operat ion.  These i n c l u d e  an a d d i t i o n  t o  the  r a d i a t i o n  subchannel model t o  
i nc lude  t h e  geometry o f  t h e  f u e l  s torage baskets, a rev i sed  heat  t r a n s f e r  
model f o r  rubb le  i n  the  scrap baskets, and t h e  a d d i t i o n  o f  t h e  s p e c i f i c  
hyd r ide  and o x i d a t i o n  reac t i ons  f o r  uranium. 

i n t e r n a l s  was const ructed us ing  the  COBRA-TF s imu la t i on  code. 
COBRA-TF model considered both momentum ( f l ows)  and energy ( temperature) .  The 
model was prepared i n  o rde r  t o  v e r i f y  proposed des ign and opera t i ng  cond i t i ons  
f o r  t h e  ho t  c o n d i t i o n i n g  and pass i va t i on  process. 
descr ibed below. 

A three-dimensional i n t e g r a t e d  thermal-hydraul ic  model o f  t h e  MCO 
The i n t e g r a t e d  

D e t a i l s  o f  t h e  model are 

For  purposes o f  design eva lua t i on ,  t he  MCO was assumed t o  con ta in  a t o t a l  
o f  f i v e  s torage baskets loaded a x i a l l y  end-to-end. 
were assumed t o  con ta in  scrap, one p laced a t  t he  t o p  o f  t he  MCO and t h e  o t h e r  
a t  t h e  bottom. The remain ing t h r e e  f u e l  s torage baskets a t  t h e  cen te r  o f  t he  
MCO were assumed t o  con ta in  i n t a c t  Mark I V  f u e l  elements. Depth o f  t h e  
r u b b l i z e d  f u e l  i n  the  scrap baskets was taken t o  be 63.5 cm (25 i n . ) ;  t h e  f u e l  
s torage baskets conta ined 54 f u e l  elements each. The assumed MCO a x i a l  
con f i gu ra t i on  i s  shown on F igure 4-14. The MCO c o n f i g u r a t i o n  and dimensions 
were obta ined f rom drawing SK-2-300379. 
obta ined f o r  t h e  Mark I V  f u e l  basket from drawing SK-1-80209 and f o r  t he  scrap 
baskets from drawing SK-1-80210. 

S t a r t i n g  a t  t he  bottom o f  t he  MCO, these inc lude  an i n l e t  plenum, a bottom 
r u b b l e  basket, t h r e e  f u e l  baskets, a top  rubb le  basket, and an o u t l e t  plenum 
(see F igu re  4-14). Because o f  symmetry about the  MCO c e n t e r l i n e ,  o n l y  a 30" 
sec to r  o f  t he  MCO i s  modeled e x p l i c i t l y .  
number o f  v e r t i c a l  and l a t e r a l  f l o w  channels t h a t  are de f i ned  by t h e  s e c t i o n  
geometry. F igu re  4-15 i l l u s t r a t e s  the  v e r t i c a l  f l o w  channels assigned t o  a 
f u e l  basket con ta in ing  Mark I V  f u e l  assemblies. The l a t e r a l  f l o w  channels f o r  
t h i s  same sec to r  are shown i n  F igure 4-16. 
those channels i n t e r n a l  t o  the  f u e l  elements and those ex te rna l  t o  t h e  f u e l  
elements can occur o n l y  i n  the  reg ion  between the  top  o f  t h e  f u e l  elements and 
t h e  bottom o f  t he  nex t  basket. The v e r t i c a l  channels w i t h i n  each a x i a l  
sec t i on  are d i v i d e d  i n t o  the  same se r ies  o f  a x i a l  l eng ths  as shown i n  
F igure 4-14. 

process tube a t  t h e  cen te r  of t he  i n l e t  plenum a t  a s p e c i f i e d  r a t e .  
gas i s  then a l lowed t o  f low downward through the  process tube i n t o  t h e  lower  
plenum and f i n a l l y  upward through and around the  baskets w i t h i n  t h e  MCO. The 
purge gas e x i t s  v i a  the  o u t l e t  plenum through the sho r t  process tube i n  the  
MCO s h i e l d  p lug .  Flow d i s t r i b u t i o n  w i t h i n  the  MCO i s  c a l c u l a t e d  based on the  
f r i c t i o n  and momentum l o s s  between nodes. F r i c t i o n  l o s s  i s  c a l c u l a t e d  by the  
code based on the  wet ted sur face areas and the  f l u i d  Reynolds number. 
Momentum l o s s  between nodes i s  c a l c u l a t e d  based on loss c o e f f i c i e n t s  i n p u t  t o  
t h e  code. 
va r ious  types o f  geometry. 

O f  t h e  f i v e  baskets, two 

Basket dimensions and d e t a i l s  were 

The COBRA-TF model d i v i d e s  t h e  MCO i n t o  seven v e r t i c a l  sec t i ons .  

Each sec t i on  i s  d i v i d e d  i n t o  a 

Note t h a t  l a t e r a l  f l o w  between 

For t h e  ana lys i s  o f  HCS operat ions,  a purge gas i s  in t roduced i n t o  the  
The purge 

The l o s s  c o e f f i c i e n t s  are based on emp i r i ca l  c o r r e l a t i o n s  f o r  t he  
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F igu re  4-14. Ax ia l  Model o f  M u l t i c a n i s t e r  Overpack 
Conta in ing Three Fuel and Two Scrap Baskets. 
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F i g u r e  4-15. H o r i z o n t a l  Flow Subchannels f o r  Fuel Basket .  
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Figure 4-16 .  Lateral Flow Subchannels for Fuel Basket. 
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The i n l e t  plenum i s  t r e a t e d  as a f r e e  volume w i t h  pressure l o s s  f o r  t he  

The i n l e t  plenum a l s o  prov ides connect ion t o  the  v e r t i c a l  f l o w  
l a t e r a l  f l o w  through the  i n l e t  s t r a i n e r  and along the  MCO baseplate and t h e  
spacer bars. 
channels through t h e  scrap basket, between the  scrap basket and MCO w a l l ,  and 
between the  process tube and the  s torage basket cen te r  p ipe.  

m o d i f i c a t i o n  t o  COBRA-TF. Pressure l o s s  across the  rubb le  bed i s  c a l c u l a t e d  
us ing  an emp i r i ca l  c o r r e l a t i o n  ( I d e l c h i k  1994) t h a t  i s  a f u n c t i o n  o f  t h e  
h e i g h t  o f  t h e  bed, t h e  mean p a r t i c l e  s ize,  t he  bed p o r o s i t y ,  and t h e  f l u i d  
temperature r i s e  across t h e  bed. The c u r r e n t  c a l c u l a t i o n s  assume t h a t  t h e  
r u b b l i z e d  f u e l  i n  t h e  scrap basket has a mean diameter o f  1.90 cm (0.75 i n . ) ,  
a p o r o s i t y  o f  0.46, and a bed h e i g h t  o f  63.5 cm (25 i n . )  ( s i m i l a r  t o  a basket 
o f  hard c o a l ) .  
c o e f f i c i e n t s  f o r  t h e  p e r f o r a t e d  bottom p l a t e  and f o r  an assumed f l e x i b l e  f l o w  
r e s i s t o r  between t h e  ou ts ide  w a l l  o f  t he  scrap basket and the  i n s i d e  w a l l  o f  
t he  MCO. 

The scrap basket i s  t r e a t e d  as a porous media rubb le  bed and represents  a 

The h y d r a u l i c  model f o r  t he  scrap basket a l s o  i nc ludes  l o s s  

The design o f  t h e  f u e l  s torage baskets a l lows t h e  purge gas e n t e r i n g  a 
basket from below t o  f l o w  d i r e c t l y  through the  i n t e r i o r  channels o f  each f u e l  
element. 
ou ts ide  o f  t h e  f u e l  elements. The f i r s t  path i s  next  t o  the  f u e l  elements and 
i s  produced by t h e  c learance between the  ou ts ide  diameter o f  each f u e l  element 
and t h e  i n s i d e  diameter o f  t he  baseplate socket. The second bypass channel i s  
around t h e  ou ts ide  sur face o f  t h e  storage basket through the  c learance between 
t h e  basket and i n s i d e  w a l l  o f  t he  MCO. Th is  passage could p o t e n t i a l l y  prevent  
oxygen i n  the  purge gas from r e a c t i n g  w i t h  the  uranium metal on t h e  sur face o f  
t he  f u e l  elements d u r i n g  the  pass i va t i on  process. However, because t h e  
ou ts ide  s k i r t  on the  basket i s  pe r fo ra ted  and on ly  p a r t i a l  h e i g h t  (28 cm 
[ll i n . ] ) ,  t h e  bypass f l o w  can mix w i t h  the  gas f l o w i n g  past  t he  ou ts ide  
su r face  o f  t h e  f u e l  elements and p o t e n t i a l l y  w i t h  the  i n t e r i o r  gas f l ows  i n  
t h e  space between the  t o p  o f  t he  f u e l  elements and bottom o f  t h e  nex t  s torage 
basket. F l u i d  f r i c t i o n  losses f o r  f l o w  through and around the  f u e l  s torage 
baskets i s  c a l c u l a t e d  w i t h i n  COBRA-TF based on the  i n p u t  geometry and t h e  
f l u i d  Reynolds number. 
c o e f f i c i e n t s  i n p u t  t o  t h e  code. The l o s s  c o e f f i c i e n t s  are based on emp i r i ca l  
c o r r e l a t i o n s  f o r  t he  va r ious  types o f  geometry ( I d e l c h i k  1994). 

The i n t e g r a t e d  COBRA-TF model inc ludes t h r e e  energy sources. The f i r s t  
heat  source i s  nuc lea r  decay heat .  The second heat source i s  chemical and 
r e l a t e d  t o  t h e  r a t e  o f  f u e l  o x i d a t i o n  (Cooper 1 9 9 6 ~ ) .  The t h i r d  heat source 
i s  t h a t  supp l i ed  t o  o r  removed from the  MCO by opera t i on  o f  t h e  ho t  
p a s s i v a t i o n  s t a t i o n .  Th is  t h i r d  source i s  t r e a t e d  as a temperature boundary 
c o n d i t i o n  t o  t h e  model. 

The r a d i o l y t i c  decay heat used i n  the  analyses conserva t i ve l y  assumes a 
t o t a l  o f  929 W f o r  an MCO con ta in ing  270 Mark I V  f u e l  elements (0.0446 W/in3 
of f u e l )  versus the  835 W presented i n  Table 4-2. For the  model o f  i n t a c t  
fue l  elements, t h i s  va lue i s  volume weighted over the  i nne r  and o u t e r  f u e l  
a n n u l i .  For the  scrap basket model t h i s  va lue i s  app l i ed  t o  t h e  nonporous 
volume o f  t he  scrap. With a p o r o s i t y  o f  0.46, t he  r e s u l t i n g  decay heat i n p u t  
t o  the  scrap basket i s  very  s i m i l a r  t o  t h a t  o f  a 54-element f u e l  s torage 
basket .  Chemical energy from the  r e a c t i o n  between uranium metal and oxygen 
a l s o  i s  i nc luded  i n  the  analyses. 

The des ign a l so  i nc ludes  two paths t h a t  bypass f l o w  around t h e  

Momentum losses are c a l c u l a t e d  based on l o s s  

The r e a c t i o n  r a t e  r e l a t i o n s h i p  used i s  

SARR-005.04 4-35 December 30. 1996 



HNF-SD-SNF-SARR-005 REV 0 

based on a mod i f i ed  form o f  t h e  R i t c h i e  r e a c t i o n  r a t e  r e l a t i o n s h i p  based on 
oxygen concen t ra t i on  (Heard e t  a l .  1996b). 

Heat t r a n s f e r  between the  f u e l ,  t he  purge gas, and the  i n s i d e  w a l l s  o f  
t h e  surrounding MCO i s  c a l c u l a t e d  w i t h i n  the  code as a combination o f  
conduction, convect ion,  and thermal r a d i a t i o n .  Heat t r a n s f e r  c o e f f i c i e n t s  f o r  
convect ive f l ows  are c a l c u l a t e d  by the  code as a f u n c t i o n  o f  t h e  l o c a l  
Reynolds number, wet ted per imeter  o f  t he  f l o w  passages, and thermodynamic 
p r o p e r t i e s  o f  t he  purge gas. I n  t h e  l i m i t ,  as f l o w  goes t o  zero, t h e  
convect ive heat t r a n s f e r  becomes simple heat conduction. Convective heat  
t r a n s f e r  w i t h i n  t h e  scrap basket rubb le  bed i s  c a l c u l a t e d  i n  a manner s i m i l a r  
t o  t h a t  f o r  t he  i n t a c t  f u e l  elements except t h a t  t h e  heat t r a n s f e r  area i s  
determined from t h e  f u e l  volume and an est imated surface-to-volume r a t i o  
assoc iated w i t h  t h e  assumed p o r o s i t y  o f  t h e  rubb le .  

Radiant heat t r a n s f e r  i s  determined between sur face nodes a t  t h e  same 
a x i a l  l o c a t i o n .  Rad ia t i on  i n  t h e  a x i a l  d i r e c t i o n  i s  neglected because o f  
geometry e f f e c t s  ( a x i a l  view f a c t o r s  are genera l l y  sma l l )  and because a x i a l  
temperature g rad ien ts  are genera l l y  smal l .  The r a d i a t i n g  sur faces w i t h i n  the  
model are assumed t o  be g ray  and the  i n t e r v e n i n g  gas t ransparen t .  E m i s s i v i t y  
i s  i n p u t  f o r  each sur face as a f u n c t i o n  o f  t h e  ma te r ia l  type.  Sur face view 
fac to rs  are c a l c u l a t e d  by t h e  code based on subchannel templates (geometry 
surrounding a p a r t i c u l a r  f l o w  channel).  Add i t i ona l  templates were added t o  
t h e  code t o  accommodate the  socket-type f u e l  s torage baskets. 
t r a n s f e r  was n o t  e x p l i c i t l y  app l i ed  t o  the  rubb le  bed i t s e l f  because t h e  
c o r r e l a t i o n s  f o r  m a t e r i a l  c o n d u c t i v i t y  i m p l i c i t l y  i n c l u d e  the  e f f e c t s  o f  
r a d i a t i o n .  
basket and i n s i d e  w a l l  o f  t he  MCO was inc luded however. 

4.4.2.4 SINDA/FLUINT. The SINDA/FLUINT heat t r a n s f e r  code (SINDA 1995) i s  
used t o  evaluate t h e  thermal performance o f  t h e  MCO assembly i n  t h e  
t r a n s p o r t a t i o n  cask. SINDA i s  a f i n i t e  d i f f e rence ,  lumped parameter code 
developed under t h e  sponsorship o f  t he  NASA Johnson Space Center. The SINDA 
code has been evaluated and v a l i d a t e d  f o r  s imu la t i ng  the  thermal response o f  
t r a n s p o r t a t i o n  packages (Glass 1988) and has been used f o r  t he  ana lys i s  o f  
severa l  t r a n s p o r t a t i o n  packages f o r  nuc lea r  ma te r ia l ,  i n c l u d i n g  t h e  r e c e n t l y  
l i c e n s e d  Radio isotope Thermoelect r ic  Generator T ranspor ta t i on  System 
( F e r r e l l  1995) f o r  DOE. 

The SINDA code (SINDA 1995) prov ides the  c a p a b i l i t y  t o  s imu la te  
s teady-state and t r a n s i e n t  temperatures us ing temperature-dependent m a t e r i a l  
p r o p e r t i e s  and heat t r a n s f e r  v i a  conduction, convection, and r a d i a t i o n .  
Complex a lgo r i t hms  may be programmed i n t o  the  s o l u t i o n  process f o r  such 
purposes as computing convect ive heat t r a n s f e r  c o e f f i c i e n t s  as a f u n c t i o n  o f  
t h e  l o c a l  geometry, gas thermal p roper t i es ,  and temperatures o r  t o  compute the  
chemical r e a c t i o n  heat as a f u n c t i o n  o f  t he  l o c a l  temperature and pressure 
cond i t i ons .  

Rad ia t i on  heat 

Rad ia t i on  heat t r a n s f e r  between the  ou ts ide  sur face o f  t h e  scrap 

A major  feature o f  t he  SINDA/FLUINT code ( S I N D A  1995) i s  i t s  a b i l i t y  t o  
use submodels t o  represent  common geometry sec t i ons  o f  t h e  cask, f u e l  baskets, 
and o t h e r  components, and then, by the rma l l y  connecting the  i n d i v i d u a l  
submodels, t o  form a complete model o f  t he  cask and MCO assembly. 
approach n o t  o n l y  s i m p l i f i e s  t h e  modeling bu t  reduces the  v e r i f i c a t i o n  process 

Th is  
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by m in im iz ing  the  amount o f  o r i g i n a l  coding requ i red  t o  p rov ide  a complete 
thermal rep resen ta t i on  o f  t he  system. 

assuming the  standard gray-body r e l a t i o n s h i p .  
assumed are l i s t e d  i n  Appendix E. 
w i t h i n  t h e  MCO were computed us ing  the  V I E W  program (Emery 1991) w h i l e  view 
f a c t o r s  f o r  simple geometries were computed us ing  standard r e l a t i o n s h i p s  o r  
v i a  the  s t r i n g  method ( K r e i t h  1973). 

MCO cask and t h e  MCO assembly. 

The r a d i a t i o n  heat t r a n s f e r  between the  va r ious  sur faces i s  computed 
The sur face e m i s s i v i t i e s  

The view f a c t o r s  f o r  complex geometries 

F i ve  thermal submodels were used t o  analyze t h e  performance o f  t he  e n t i r e  

The t y p i c a l  a x i a l  midsect ion o f  t he  MCO cask 

A 3-dimensional model o f  t he  c losu re  l i d  end r e g i o n  o f  t he  MCO cask 

A 3-dimensional model o f  the Mark I V  i n t a c t  f u e l  basket w i t h i n  the  

The bottom end reg ion  o f  t he  MCO cask and MCO assembly 

and MCO s h i e l d  p l u g  

MCO assembly 

A scrap basket w i t h i n  the  MCO assembly. 

The dimensional data and ma te r ia l  s p e c i f i c a t i o n s  used i n  the  thermal 

The MCO assembly and MCO s h i e l d  p lug  dimensions and 

S i m i l a r  i n fo rma t ion  f o r  t h e  Mark I V  and Mark I A  i n t a c t  

model o f  t h e  cask were taken from Transnuclear, I nc .  Drawing 3035-3, Rev. 1, 
dated June 24, 1996. 
m a t e r i a l  s p e c i f i c a t i o n s  were obta ined from Drawing SK-2-300461, dated 
September 18, 1996. 
f u e l  baskets and scrap baskets were obta ined from Drawings H-2-827589 t o  
H-2-827592, dated October 24, 1996. 

F igure 4-17 i l l u s t r a t e s  t h e  l ayou t  o f  t he  var ious thermal submodels used 
t o  evaluate the  thermal performance o f  t he  MCO cask and MCO assembly. Th is  
l a y o u t ,  showing the  MCO arrangement w i t h  the  Mark I V  f u e l ,  cons i s t s  o f  f i v e  
i d e n t i c a l  submodels ( i . e . ,  submodels BSKTI, BSKT2, BSKT3, BSKT4, and BSKTS), 
t oge the r  w i t h  submodels f o r  t he  l i d  and end reg ions  o f  t he  cask and MCO. As 
an a l t e r n a t i v e ,  f o u r  i n t a c t  f u e l  baskets and one scrap basket were modeled 
w i t h i n  t h e  MCO c a v i t y .  

As seen from the  f i g u r e ,  t h e  END submodel encompasses t h e  lower  23.8 cm 
(9.38 i n . )  o f  t he  cask and end p lug  o f  t he  MCO s h e l l .  Above the  END submodel 
are f i v e  submodels o f  t h e  MCO f u e l  baskets and t h e  associated s e c t i o n  o f  t he  
cask w a l l .  Each o f  these submodels span the  68.2-cm (26.85-in.) l e n g t h  o f  t he  
fue l  baskets. Above the  l a s t  f u e l  basket i s  a thermal submodel o f  t h e  MCO 
s h i e l d  p lug ,  t h e  v o i d  space below the  s h i e l d  plug, and a 27.2-cm (10.69-in.) 
s e c t i o n  o f  t h e  cask w a l l .  The LID submodel encompasses the  upper 40.1-cm 
(15.79 i n . )  s e c t i o n  o f  t he  cask w a l l .  Add i t i ona l  d e t a i l s  o f  t h e  thermal model 
o f  t he  t r a n s p o r t a t i o n  cask w i l l  be prov ided i n  the  sa fe ty  ana lys i s  r e p o r t  f o r  
packaging. 
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F i g u r e  4-17. Overview o f  SINDA Thermal Submodels Layout .  
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Heat t r a n s f e r  through and from t h e  t y p i c a l  midbody s e c t i o n  o f  t h e  cask 
wa l l  i s  s imulated us ing  an axisymmetric rep resen ta t i on  o f  t he  cask. An 
axisymmetric model i s  app rop r ia te  g iven t h a t  t he  cask th i ckness  and t h e  
r e l a t i v e l y  small  v a r i a t i o n  i n  heat f l u x  from the  MCO i n  t h e  c i r c u m f e r e n t i a l  
d i r e c t i o n  r e s u l t s  i n  a minimal v a r i a t i o n  o f  cask w a l l  temperatures i n  the  
c i r c u m f e r e n t i a l  d i r e c t i o n .  Modeling o f  t he  MCO assembly used a t h r e e  
dimensional approach because o f  t he  v a r i a t i o n  i n  heat f l u x  and t h e  r e l a t i v e l y  
low thermal mass o f f e r e d  by t h e  MCO s h e l l  and f u e l  baskets. The MCO s h e l l  i s  
d i v i d e d  i n t o  t h r e e  a x i a l  sec t i ons  over t h e  a x i a l  l e n g t h  o f  t h e  f u e l  basket and 
i n t o  30" segments i n  the  c i r c u m f e r e n t i a l  d i r e c t i o n .  

t h e  MCO cask s h e l l  and a three-dimensional thermal model o f  t h e  cask l i d  and 
o f  t he  MCO assembly. Heat t r a n s f e r  between the  cask 's  i n n e r  sur face and t h e  
MCO i s  assumed t o  be v i a  s t r a i g h t  conduction ( i . e . ,  Nu = 1) through e i t h e r  a 
water o r  he l ium gas medium, as approp r ia te  f o r  t he  t r a n s p o r t a t i o n  mode under 
cons ide ra t i on .  
t h i s  ana lys i s  ( t h e  thermal c o n d u c t i v i t y  o f  hydrogen i s  20% t o  30% g r e a t e r  than 
hel ium).  
those sec t i ons  w i t h  a he l ium b a c k f i l l .  Heat t r a n s f e r  from the  ou te r  sur face 
o f  t he  cask i s  v i a  convect ion and r a d i a t i o n  t o  the  ambient environment. The 
presence o f  t h e  t r a n s p o r t  t r a i l e r  i s  ignored f o r  t he  purposes o f  t h i s  
ana lys i s .  
t h e  NCT and hypo the t i ca l  acc ident  cond i t i ons  ana lys i s .  

The bas i c  thermal submodel o f  t he  f u e l  baskets and the  f u e l  elements 
represents  a 90" segment o f  a s i n g l e  l e v e l .  The p lan  view o f  t he  Mark I V  f u e l  
basket assembly shown i n  F igure 4-18 i l l u s t r a t e s  t h e  placement o f  t he  thermal 
nodes used t o  model t he  baseplate o f  t h e  Mark I V  f u e l  basket and t h e  l ower  
6.6 cm (2.6 i n . )  s e c t i o n  o f  each f u e l  assembly t h a t  f i t s  w i t h i n  t h e  sockets o f  
t h e  f u e l  basket baseplate. W i th in  t h e  90" segment, 11 complete f u e l  
assemblies and 5 p a r t i a l  f u e l  assemblies are represented. Symmetry cond i t i ons  
are assumed a t  t he  model boundaries. The enlarged view o f  a rep resen ta t i ve  
f u e l  assembly w i t h i n  the  basket i l l u s t r a t e s  the  placement o f  t he  thermal nodes 
used t o  s imu la te  each f u e l  assembly and the  surrounding basket s t r u c t u r e .  

Thermal r e s o l u t i o n  w i t h i n  each f u l l  f u e l  assembly i s  prov ided through the  
use o f  24 thermal nodes, 12 f o r  each element, over f o u r  a x i a l  segments w i t h i n  
the  f u e l  elements. 
c i r c u m f e r e n t i a l  d i r e c t i o n .  The lowest  a x i a l  segment (shown i n  F igure 4-18) i s  
6.6 cm (2.6 i n . )  h igh .  The th ree  o the r  a x i a l  segments n o t  shown are 27.94 cm 
(11 i n . ) ,  23.88 cm (9.4 i n . ) ,  and 7.62 cm (3 i n . )  high, r e s p e c t i v e l y .  
t r a n s f e r  from the  i nne r  t o  the  ou te r  element i s  t r e a t e d  as conduct ion and 
r a d i a t i o n  ( f o r  d r y  t r a n s p o r t )  across the  0.53-cm (0.21-in.) gap separat ing the  
elements. Convection from the  ou te r  sur face o f  t he  ou te r  element i s  assumed. 
While t h e  presence o f  hydrogen gas i s  conse rva t i ve l y  ignored ( t h e  thermal 
c o n d u c t i v i t y  o f  hydrogen i s  20% t o  30% higher  than t h a t  f o r  he l ium),  t h e  
b e n e f i c i a l  e f f e c t  on convect ive heat t r a n s f e r  caused by the  d e n s i t y  increase 
o f  t he  f i l l  gas i s  inc luded.  

Taken together ,  t h e  submodels p rov ide  an axisymmetric thermal model o f  

The presence o f  hydrogen gas i s  conse rva t i ve l y  ignored f o r  

Gray-body r a d i a t i o n  in terchange across t h e  gap i s  a l s o  i nc luded  f o r  

Th is  assumption maximizes the  heat i n p u t  i n t o  t h e  cask d u r i n g  both 

Each a x i a l  segment i s  represented by t h r e e  nodes i n  the  

Heat 
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F i g u r e  4-18. SINDA Thermal Model o f  I n t a c t  Fuel Basket 
and Lower Fuel Element S e c t i o n .  
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The Mark I V  scrap basket i s  modeled as a homogeneous, porous medium us ing  
20 thermal nodes t o  p rov ide  a two-dimensional, axisymmetric rep resen ta t i on  o f  
t he  heat  genera t i on  and temperatures w i t h i n  the  scrap bed. An a d d i t i o n a l  14 
thermal nodes p rov ide  a two-dimensional, axisymmetric thermal rep resen ta t i on  
o f  t he  scrap baske t ' s  s ide  wa l l s ,  base, and cen te r  tube. 

t r a n s i e n t  pressure r i s e  w i t h i n  the  MCO and cask. 
pressure r i s e  e f f e c t s  from f o u r  sources: 
changes i n  temperature, ( 2 )  t he  pressure r i s e  caused by hydrogen gas 
generat ion from chemical reac t i ons ,  (3) t he  expansion o f  t h e  water, and 
(4) t h e  amount o f  hydrogen d i sso l ved  i n  t h e  water volume f o r  t h e  wet t r a n s f e r  
phase. The v o i d  volumes and i n i t i a l  b a c k f i l l  pressures assumed are l i s t e d  i n  
Table 4-1. The pressure r i s e  caused by hydrogen gas generat ion i s  computed 
us ing  t h e  chemical r e a c t i o n  and gas generat ion r a t e s  l i s t e d  i n  Sect ion 4.2, 
w h i l e  the  amount o f  hydrogen d i sso l ved  i n  t h e  water d u r i n g  t h e  wet t r a n s p o r t  
phase i s  determined us ing  Henry 's  law, the  volume o f  t h e  water, and the  
p a r t i a l  pressure o f  hydrogen gas. 

I n  a d d i t i o n  t o  computing temperatures, t he  thermal model computed t h e  

(1)  t he  i d e a l  gas expansion w i t h  
The c a l c u l a t i o n  inc luded the  

4.4.3 Maximum and Minimum Temperatures 

4.4.3.1 Wet Transfer o f  MCO. 
cask between the  K Basins and the  CVDF i s  evaluated us ing t h e  SINDA/FLUINT 
thermal model and a t r a n s i e n t  s imu la t i on  o f  t h e  t r a n s f e r  process. The thermal 
e v a l u a t i o n  i s  based on assumptions l i s t e d  i n  Tables 4-1, 4-2, 4-3 and 4-4. 
The nominal, probable maximum, and worst-case NCT loadings f o r  h o t  ambient 
c o n d i t i o n s  are evaluated us ing  a t r a n s i e n t  s imu la t i on  o f  t he  t r a n s p o r t  process 
w i t h  a d i u r n a l  c y c l e  f o r  ambient temperature and i n s o l a t i o n  based on the  
Hanford peak summer day. 
heat  f l u x  p o r t i o n  o f  t h e  d i u r n a l  c y c l e  du r ing  the  p r o j e c t e d  t r a n s p o r t a t i o n  
t ime  frame, an 8:OO a.m. s t a r t  t ime i s  assumed f o r  t he  s imulated 
t r a n s p o r t a t i o n  process. 

s imu la t i on  based on t h e  nominal case f u e l  l oad ing  w i t h  a s teady-state ambient 
a i r  temperature o f  -33 "C (-27 OF) and no s o l a r  r a d i a t i o n .  The a n a l y t i c a l l y  
t r i v i a l  case o f  no decay o r  chemical r e a c t i o n  heat t oge the r  w i t h  t h e  minimum 
ambient c o n d i t i o n s  o f  -33 " C  (-27 O F )  and no s o l a r  r a d i a t i o n  i s  a l s o  
considered t o  ensure ma te r ia l  compliance w i t h  worst-case minimum temperatures. 

The r e s u l t s  o f  t he  thermal eva lua t i ons  o f  t he  maximum temperatures 
expected under normal cond i t i ons  o f  wet t r a n s p o r t  are i l l u s t r a t e d  i n  
F igures 4-19 through 4-22. A l l  o f  t he  temperatures are w i t h i n  the  a l lowable 
l i m i t s  o f  t he  associated component. I n  add i t i on ,  t he  sur face temperature o f  
t he  cask remains below 85 "C (185 'F)  as requ i red  fyr exc lus i ve  use packages 
by T i t l e  10, Code o f  Federa l  Regulation;, Pa r t  71, 
T ranspor ta t i on  o f  Radioact ive M a t e r i a l ,  

cask over a 24-hour p e r i o d  fo r  t he  same payload c o n f i g u r a t i o n  b u t  w i t h  
d i f f e r e n t  assumed s t a r t i n g  temperatures f o r  t he  payload, MCO, and cask. 
e f fec t  o f  t he  s inuso ida l  d i u r n a l  c y c l e  f o r  ambient a i r  temperature and 
i n s o l a t i o n  are apparent i n  the  f i g u r e s .  

The wet t r a n s f e r  o f  t he  MCO and t r a n s p o r t a t i o n  

To ensure t h a t  t he  cask i s  exposed t o  t h e  h ighes t  

The minimum expected temperature i s  a l so  evaluated us ing  a t r a n s i e n t  

Packaging and 
Sect ion 71.43(g). 

F igures 4-19 and 4-20 i l l u s t r a t e  the  t r a n s i e n t  response o f  t he  MCO and 

The 

The cask l i d  c losu re  seal temperature 
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Figure 4-19. Wet Transfer Transient with 
Probable Maximum Multicanister Overpack. 
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F i g u r e  4-20. Wet T r a n s f e r  T r a n s i e n t  w i t h  
Worst-case M u l t i c a n i s t e r  OverDack. 

Wet Transfer From Basins To CVD. Worst Case MCO 
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F i g u r e  4-21. Off-Normal Wet T r a n s f e r  T r a n s i e n t ,  
Probable  Maximum M u l t i c a n i s t e r  Overpack. 

Wet Transfer From Basins To CVD, Worst Case MCO 
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Figure 4-22. Wet Transfer Transient with 
Nominal Multicanister Overpack. 

Wet Transfer From Basins To CVD, Nominal Case MCO 
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begins a t  20 "C (68 "F) s ince  the  l i d  i s  assumed t o  be a t  room temperature 
be fo re  being p laced on t h e  cask. S t a r t i n g  t h e  t r a n s p o r t  w i t h  a 25 "C (77 "F) 
SNF temperature r e s u l t s  i n  a 21% increase i n  cask pressure a f t e r  8 hours and a 
62% increase a f t e r  24 hours over t h a t  seen w i t h  a 15 "C (59 OF) SNF 
temperature. However, i n  both cases t h e  expected cask pressure a f t e r  24 hours 
remains below t h e  1.0 MPa (150 l b / i n 2  gauge) pressure l i m i t a t i o n  on t h e  cask. 

While t h e  t r a n s f e r  from the  K Basins t o  t h e  CVDF w i l l  r e q u i r e  l e s s  than 
8 hours under normal cond i t i ons  and l e s s  than 24 hours d u r i n g  most o f f -normal  
events, a major  f a i l u r e  i n  the  t r a n s p o r t a t i o n  system w h i l e  en r o u t e  cou ld  
r e q u i r e  up t o  48 hours t o  remedy. 
extended t r a n s p o r t a t i o n  delay, a 48-hour t r a n s p o r t  t r a n s i e n t  i s  evaluated 
us ing  t h e  probable maximum case NCT load  combination. 
a d d i t i o n a l  54,000 cmz (8,370 in2 )  o f  c o r r o s i o n  area i s  added t o  t h e  cen te r  
f u e l  basket. The r e s u l t s  f o r  t h i s  extreme load  combination encompass t h e  
e f f e c t  o f  t r a n s p o r t i n g  two scrap baskets and a l so  address t h e  s e n s i t i v i t y  o f  
t r a n s i e n t  r e s u l t s  t o  t h e  d i f f e r e n c e s  i n  t h e  thermal res i s tance  posed by i n t a c t  
f u e l  baskets versus scrap baskets. 

As seen from F igu re  4-21, t he  48-hour t r a n s i e n t  i s  success fu l l y  completed 
w i t h o u t  a thermal excurs ion i n  the  SNF payload. However, t he  cask pressure i s  
p r e d i c t e d  t o  exceed i t s  1.0 MPa (150 l b / i n 2  gauge) pressure l i m i t a t i o n  a f t e r  
35 hours. Therefore, under t h i s  extreme load  combination, i t  w i l l  be 
necessary t o  r e l i e v e  the  cask pressure t o  remain w i t h i n  s a f e t y  l i m i t s  i f  t h e  
t ime  t o  accomplish t h e  t r a n s f e r  i s  more than f o u r  t imes t h a t  expected f o r  
nominal t r a n s f e r .  The recovery mode a v a i l a b l e  f o r  t h i s  o f f -normal  t r a n s p o r t  
scenar io  d u r i n g  the  wet t r a n s f e r  phase i s  t o  open the  cask vent  p o r t .  
C i r c u l a t i n g  a source o f  cool  o r  c h i l l e d  water  i n  the  cask-MCO annulus t o  cool  
t h e  MCO and reduce the  chemical r e a c t i o n  r a t e  i s  n o t  recommended s ince  t h e  
cont inued genera t i on  o f  hydrogen gas w i l l  pose opera t i ona l  and s a f e t y  problems 
w i t h  a c losed loop  c o o l i n g  system. 

While F igures 4-19 through 4-21 address the  bounding t r a n s p o r t  
combinations as requ i red  f o r  s a f e t y  ana lys i s  purposes, t he  m a j o r i t y  o f  t h e  
shipments between the  K Basins and the  CVDF are expected t o  be w i t h i n  t h e  
de f i ned  nominal NCT l o a d  combination. F igu re  4-22 i l l u s t r a t e s  t h e  t r a n s i e n t  
thermal response expected f o r  t h i s  l oad  combination. As seen from t h e  f i g u r e ,  
no temperature excurs ions o r  excessive pressures w i l l  occur w i t h i n  t h e  cask 
d u r i n g  a t ime  frame t h a t  i s  n ine  t imes t h a t  nominal ly  expected t o  accomplish 
t h e  t r a n s f e r .  

Table 4-6 presents  t h e  minimum temperatures f o r  t he  probable minimum NCT 
load  combination, as de f i ned  i n  Table 4-4. A l l  temperatures are w i t h i n  t h e  
thermal c a p a b i l i t i e s  o f  t h e  associated component. I n  a d d i t i o n  t o  t h i s  
a n a l y t i c a l l y  de r i ved  minimum cond i t i on ,  t h e  worst-case minimum temperature o f  
-33 " C  (-27 OF) based on assuming s teady-state cond i t i ons ,  no s o l a r  r a d i a t i o n ,  
and no r a d i o l y t i c  o r  chemical r e a c t i o n  heat, i s  a l so  w i t h i n  t h e  thermal 
c a p a b i l i t i e s  of a l l  m a t e r i a l s  used i n  t h e  MCO and cask. Obviously, a water- 
f i l l e d  cask w i t h  l i t t l e  o r  no heat l oad  cannot be l e f t  exposed t o  f r e e z i n g  
temperatures w i t h o u t  r i s k i n g  damage. 

To assess t h e  thermal e f f e c t s  r e l a t e d  t o  an 

For  conservatism, an 

SARR-005.04 4-46 December 30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

Rubble basket fuel, maximum 
MCO sidewall, average 

Table 4-6. Multicanister Overpack Cask and Multicanister Overpack Assembly 
Minimum Temperatures for Normal Wet and Dry Transport Conditions. 

Location and condition "C ( O F )  

Spent nuclear fuel, average 9 (49) 16 (61) 

11 (52) 18 (65) 

6 (43) 4 (40) 

MCO sidewall, maximum 
MCO shield plug, average 

MCO shield plug, seals 

7 (44) 6 (42) 
4 (39) -2 (28) 

3 (38) -3 (27) 
Cask sidewall, average 

Cask sidewall, maximum 

Seal port, bottom end 

-3 (26) 

3 (38) -3 (27) 

-3 (27) -8 (17) 
I Seal port, lid end -9 (16) 

Closure lid seals, maximum I -3 (26) -8 (17) 
a Temperatures shoun are for the end of the normal transport time of 8 hours for Yet transfer and 

14 hours for dry transfer. 
content of 10 'C (50 O F ) ,  and fixed -33 'C ( -27 " F )  ambient temperature u i th  no solar radiation. 

A i s s m s  the nominal MCO fuel loading, a starting tenperature for cask end 

Yorst-case m i n i m  temperatures ape -33 'C (-27 O F ) .  

The 
are pred 
(150 lb/ 

maximum internal pressures, as shown in Figures 4-19 through 4-22, 
icted to remain within the allowable limit of 1.0 MPa 
in' gauge) for the cask during the time frame allotted for normal 

transport, plus that for the typical off-normal event recovery time period. 
A venting of the cask interior to the atmosphere will be required for the 
worst-case off-normal event, but no thermal excursion will occur. 

Based on the above data and with the application of administrative rules 
governing transport time, acceptable cask-MCO temperatures before transport, 
and relief of cask pressures for off-normal transport time frames, the MCO 
system will be safe to transport under the range of payload configurations and 
environmental conditions examined. 

4.4.3.2 Vacuum Drying. The thermal safety aspects related to the vacuum 
drying process are evaluated using the simplified COBRA-TF thermal model 
described above. The evaluation examines the transient thermal response of 
the SNF fuel assemblies and scrap basket following draining of the MCO but 
before full dryout of the fuel and sludge. The analysis addresses the case in 
which the MCO i s  held under near vacuum conditions while the drying occurs, as 
well as the procedure in which the MCO is purged with helium. 
general assumptions also are made for this analysis. 

The following 
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The scrap basket i s  assumed t o  have the  same heat  t r a n s f e r  
c h a r a c t e r i s t i c s  as an i n t a c t  f u e l  basket i n  o rde r  t o  conserva t i ve l y  
cover t h e  case o f  l a r g e  p ieces o f  f u e l  be ing p laced u p r i g h t  i n  t h e  
scrap basket. 

The sludge i s  assumed t o  be d i s t r i b u t e d  on t h e  scrap and f u e l  
baskets as shown i n  Table 4-3.  
water i n  hydrate form, o r  1 4 . 2  kg (31.3 l b )  o f  water  f o r  a t o t a l  
sludge content  o f  142 kg (313 l b ) .  
have been removed under t h e  assumption t h a t  t ime  t o  remove t h e  
hydrate water determines whether a temperature excurs ion w i l l  o r  
w i l l  n o t  occur. 
remain ing f r e e  water w i l l  serve t o  r e s u l t  i n  h ighe r  SNF 
temperatures, depending on the  amount o f  water. I f  an excurs ion 
does n o t  occur be fo re  t h e  removal o f  t h e  hydrate water, t h e  f r e e  
water  w i l l  have been removed as w e l l .  

The model assumes t h a t  t he  hydrates decompose and t h e  r e s u l t a n t  
water vapor r e a c t s  w i t h  the  exposed uranium sur faces t o  which t h e  
sludge i s  a t tached accord ing t o  t h e  r a t e  equat ions g i ven  i n  
Sect ion 4 . 2 . 1 . 2  f o r  oxygen-free uranium-water reac t i ons .  

Lower bounding values f o r  t he  e m i s s i v i t y  o f  t h e  f u e l  ( 0 . 4 )  and t h e  
s t a i n l e s s  s t e e l  sur faces o f  t he  MCO ( 0 . 2 )  are assumed f o r  t h e  case 
i n  which t h e  MCO i s  f i l l e d  w i t h  hel ium. An e m i s s i v i t y  o f  0.7 f o r  
t h e  f u e l  and 0 . 3  f o r  t h e  s t a i n l e s s  s t e e l  sur faces are assumed f o r  
vacuum cond i t i ons .  

The sludge i s  assumed t o  c o n t a i n  10% 

Free su r face  water i s  assumed t o  

I f  an excurs ion occurs, then t h e  presence o f  any 

F igu res  4-23 through 4-26 i l l u s t r a t e  the  p r e d i c t e d  thermal response f o r  
t h e  worst-case and nominal MCO l oad  c o n f i g u r a t i o n s  under vacuum and hel ium 
b a c k f i l l  c o n d i t i o n s .  The r e s u l t s  presented i n  F igure 4-23 i n d i c a t e  t h a t  a 
temperature excurs ion cou ld  occur i n  the  f u e l  f o r  vacuum c o n d i t i o n s  and the  
worst-case MCO l o a d i n g  a f t e r  approx imate ly  10 hours o f  vacuum d ry ing .  
s i g n i f i c a n t  amounts o f  water are s t i l l  present  a t  t h i s  stage o f  t h e  d r y i n g  
process, exceeding des ign l i m i t s  i s  poss ib le  and would be addressed by t h e  
s a f e t y  fea tu res  i nco rpo ra ted  w i t h  the  CVDF equipment. 

c o n f i g u r a t i o n  i s  presented i n  F igure 4-24.  
thermal excurs ions w i l l  occur over the  30  hours o f  ope ra t i on  s imulated.  
Fu r the r ,  t h e  temperature t rends  i n d i c a t e  t h a t  safe and s t a b l e  cond i t i ons  are 
being es tab l i shed  w i t h i n  t h e  MCO. S i m i l a r  r e s u l t s  are seen i n  F igures 4-25 
and 4-26 f o r  t h e  worst-case and nominal MCO l oad  c o n f i g u r a t i o n s  w i t h  a he l ium 
b a c k f i l l .  

I f  

The c a l c u l a t i o n  o f  t he  vacuum d r y i n g  process w i t h  t h e  nominal MCO l o a d  
The r e s u l t s  i n d i c a t e  t h a t  no 

Safety  fea tu res  a v a i l a b l e  t o  c o n t r o l  f u e l  temperatures d u r i n g  the  c o l d  
vacuum d r y i n g  process i nc lude  reducing the  MCO w a l l  temperature us ing  the  
a c t i v e  hea t ing  and c o o l i n g  system, purg ing the  MCO c a v i t y  w i t h  hel ium, and 
mon i to r i ng  pressure r i s e  and species content  t o  assess t h e  l e v e l  o f  chemical 
r e a c t i o n s  w i t h i n  t h e  MCO. Add i t i ona l  eva lua t i ons  are underway t o  e s t a b l i s h  
t h e  process parameters t h a t  w i l l  ensure t h a t  temperature excurs ions w i l l  n o t  
occur f o r  t he  range o f  payload con f igu ra t i ons  and environmental c o n d i t i o n s  
expected f o r  t he  MCO. 
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Figure 4-23. Worst-case Multicanister Overpack Heatup for Cold 
Vacuum Drying, Multicanister Overpack under Vacuum, 

50 "C at Multicanister Overpack Wall. 
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Figure  4-24. Nominal Case M u l t i c a n i s t e r  Overpack Heatup for Cold 
Vacuum Dry ing ,  M u l t i c a n i s t e r  Overpack under Vacuum, 
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Figure 4-25. Worst-case Multicanister Overpack Heatup for Cold 

Backfill, 50 "C at Multicanister Overpack Wall. 
Vacuum Drying, Multicanister Overpack with Helium 
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F i g u r e  4-26. Nominal M u l t i c a n i s t e r  Overpack Heatup f o r  Cold 

B a c k f i l l ,  50 " C  a t  M u l t i c a n i s t e r  Overpack W a l l .  
Vacuum D r y i n g ,  M u l t i c a n i s t e r  Overpack w i t h  Hel ium 
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Based on the above data, the safety basis for the nominal MCO 
configuration is demonstrated. Further analysis is underway to establish the 
safety basis for cold vacuum drying under all conditions. 

4.4.3.3 Dry Transfer o f  Multicanister Overpack. The dry transfer of the MCO 
and transportation cask between the CVDF and the CSB is evaluated using the 
SINDA/FLUINT thermal model and a transient simulation of the transfer process. 
As with the wet transfer process, the thermal evaluation is based on the 
assumptions listed in Tables 4-1, 4-2, 4-3, and 4-4. The nominal, probable 
maximum, and worst-case NCT loadings for hot ambient conditions are evaluated 
using a transient simulation of the transport process with a diurnal cycle for 
ambient temperature and insolation based on the Hanford peak summer day. 
ensure that the cask is exposed to the highest heat flux portion of the 
diurnal cycle during the projected transportation time frame, an 8:OO a.m. 
start time is again assumed. 

the nominal case fuel loading, a steady-state ambient temperature of -33 'C 
(-27 O F )  and no solar radiation, and a nominal transport time of 14 hours. 
The analytically trivial case of no decay or chemical reaction heat together 
with the minimum ambient conditions of -33 "C (-27 O F )  and no solar radiation 
also is considered to ensure material compliance with worst-case minimum 
temperatures. 

The results of the thermal evaluations for normal conditions of dry 
transport are presented in Figures 4-27 through 4-30. All of the temperatures 
are within the allowable limits of the associated component. In addition, the 
surface temperature of the cask remains below 85 "C (185 'F) as required by 
10 CFR 71, Section 71.43(g), "General Standards for all Packages," for 
exclusive use packages. 

Figures 4-27 and 4-28 illustrate the transient results over a 24-hour 
period for the same payload configuration but with different assumed starting 
temperatures for the payload, MCO, and cask. Although the MCO is nominally 
dry following cold vacuum drying, the chemical reaction rates are computed 
assuming a 100% relative humidity within the MCO. The sinusoidal effect of 
the diurnal cycle for the ambient air temperature and insolation can be seen 
in the results for the cask wall and closure lid seal. 

MCO pressurization between starting the transport with a 25 "C (77 O F )  SNF 
temperature versus a 15 "C (59 O F )  SNF temperature is not as great as is seen 
for the wet transfer leg. This is because a drained MCO presents a larger 
volume in which to absorb the hydrogen gas that is generated, even at the 
higher SNF temperatures that occur in dry transfer. 
difference in MCO pressure i s  only 83 kPa (12 lbjin') greater after 24 hours 
for the higher SNF starting temperature. In either case, the expected MCO and 
cask pressures after 24 hours remain well below the 1.0 MPa (150 lb/in' gauge) 
pressure limitation. 

To 

The minimum expected temperature is evaluated using a transient analysis, 

Over the 24-hour period simulated by these analyses, the difference in 

As a result, the 

SARR-005.04 4-53 Decenhr 30, 1996 

1 1  



HNF-SD-SNF-SARR-005 REV 0 

F igure 4-27. Dry T rans fe r  T rans ien t  w i t h  Probable 
Maximum M u l t i c a n i s t e r  Overpack. 
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F i g u r e  4-28. Dry  T r a n s f e r  T r a n s i e n t  w i t h  
Worst-case M u l t i c a n i s t e r  Overpack. 
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F i g u r e  4-29. Off-Normal Dry  T r a n s f e r  T r a n s i e n t  w i t h  
Probable  Maximum M u l t i c a n i s t e r  Overpack. 
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F i g u r e  4-30. Dry T r a n s f e r  T r a n s i e n t  w i t h  
Nominal M u l t i c a n i s t e r  Overpack. 
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While the transfer from CVDF to CSB is expected to require less than 
14 hours under normal conditions and less than 24 hours under most off-normal 
events, a major failure in the transportation system while en route could 
require up to 48 hours to remedy. To assess the thermal effects related to an 
extended transport delay, a 48 hour transport transient is evaluated using the 
probable maximum case NCT load combination. The results are presented in 
Figure 4-29 for two assumptions on the amount o f  moisture available to drive 
the chemical reaction. The first assumption is that an unlimited amount of 
moisture is available within the MCO following cold vacuum drying and this 
moisture is available at a partial pressure associated with the average fuel 
temperature. Under this assumption, illustrated in the lower plot, the 
transient analysis indicates a temperature excursion within the fuel will 
occur after approximately 35 hours. 

The second assumption, illustrated in the upper plot, is that the cold 
vacuum drying process has removed sufficient moisture from the fuel, scrap, 
and sludge content within the MCO such that the chemical reaction rate is only 
5% of that which an unlimited amount of moisture would support. This 
assumption is maintained until any portion of the fuel exceeds 8 5  'C (185 OF), 
at which time the reaction rate is returned to its full value as predicted by 
the chemical reaction rate equations for the given temperature and partial 
pressure conditions. 
analysis and a 75 "C (167 "F) average fuel temperature, the assumed 5% 
limitation equals a monitored pressure rise limitation of 1.4 kPa (0.2 lb/in2) 
per hour or less at the CVDF. Under this criterion, those MCOs exhibiting 
pressure rises in excess of this rate would be required to remain under the 
cold vacuum drying process before being allowed to be transported. 

demonstrates that a safe transport window of more than 48 hours exists for dry 
transfer of the worst-case MCO loading. 
takes a sudden rise once it exceeds the 85 "C (185 OF) setpoint for the 
criterion, the transition is not expected to be a step function because the 
next higher release point for the hydrates is 100 "C (212 'F) or higher. 

While Figures 4-27 to 4-29 address the bounding conditions assumed, the 
majority of the shipments are expected to fit within the nominal NCT load 
combination. Figure 4-30 illustrates the transient thermal response expected 
for this load combination with a 3-day transport time frame. The results 
demonstrate that, despite the extended transport time assumed and the 
assumption of unlimited water availability, no temperature excursions or 
excessive pressures will occur within the MCO or cask. 

load combination, as defined in Table 4-4. All temperatures are within the 
thermal capabilities of the associated component. In addition, the worst-case 
minimum temperature of -33 "C (-27 OF), which is reached assuming steady-state 
conditions, no solar radiation, and no radiolytic or chemical reaction heat, 
also is within the thermal capabilities of all materials used in the MCO and 
cask. 

The maximum internal pressures expected for the normal NCT dry transfer 
process, shown in Figures 4-27 through 4-30, remain well within the pressure 
limitations of the both the MCO and the cask. 

Based on the amount of corrosion area assumed for this 

The transient results, assuming the CVDF drying criterion is applied, 

Although the peak SNF temperature 

Table 4-6 presents the minimum temperatures for the probable minimum NCT 
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Based on t h e  above data and w i t h  the  a p p l i c a t i o n  o f  a d m i n i s t r a t i v e  r u l e s  
govern ing t r a n s p o r t  t ime, acceptable cask-MCO temperatures be fo re  t r a n s p o r t ,  
and t h e  a p p l i c a t i o n  o f  a d r y i n g  c r i t e r i o n  f o r  t h e  c o l d  vacuum d r y i n g  process, 
t h e  MCO system w i l l  be safe t o  t r a n s p o r t  under a l l  payload c o n f i g u r a t i o n s  and 
environmental c o n d i t i o n s  examined. 

4.4.3.4 
t h e  MCOs 
COBRA-TF 

Fuel Staging. 
a t  t h e  CSB be fo re  ho t  c o n d i t i o n i n g  i s  evaluated us ing  t h e  s i m p l i f i e d  
thermal model. The eva lua t i on  examines t h e  t r a n s i e n t  thermal 

The thermal s a f e t y  aspects r e l a t e d  t o  t h e  s tag ing  o f  

response o f  t h e  SNF f u e l  assemblies and scrap basket f o l l o w i n g  placement i n  
the  s torage tube a t  t h e  CSB. 
temperatures and a s torage v a u l t  t h a t  i s  f u l l .  
assumptions a l s o  are made f o r  t h i s  ana lys i s .  

The ana lys i s  assumes the  worst-case summer day 
The f o l l o w i n g  general 

The scrap basket i s  assumed t o  have t h e  same heat  t r a n s f e r  
c h a r a c t e r i s t i c s  as an i n t a c t  fue l  basket i n  o rde r  t o  conserva t i ve l y  
cover t h e  case o f  l a r g e  p ieces o f  f u e l  be ing p laced u p r i g h t  i n  the  
scrap basket .  

The q u a n t i t y  o f  sludge i n  the  scrap and f u e l  baskets i s  shown i n  
Table 4-3. The bounding case assumes a 10% water i n  hydrate form, 
o r  14.2 kg (31.3 l b )  o f  water g iven the  assumed t o t a l  sludge content  
o f  142 kg (313 l b ) .  The nominal case assumes a 4.3% water i n  
hyd ra te  form, o r  0.29 kg (0.64 l b )  o f  water g iven a t o t a l  sludge 
content  o f  6.7 kg (14.8 l b ) .  

The model assumes t h a t  t h e  hydrates decompose and the  r e s u l t a n t  
water vapor reac ts  w i t h  the  exposed uranium sur faces t o  which the  
sludge i s  a t tach  accord ing t o  the  r a t e  equations g i ven  i n  
Sect ion 4.2.1.2 f o r  oxygen-free uranium-water reac t i ons .  

Lower bounding values f o r  t he  e m i s s i v i t y  o f  t he  f u e l  (0.4) and t h e  
s t a i n l e s s  s t e e l  surfaces o f  t he  MCO (0.2) are assumed. These values 
p l a y  a secondary r o l e  f o r  t he  case i n  which the  MCO i s  f i l l e d  w i t h  
he l ium.  

F igures 4-31 and 4-32 i l l u s t r a t e  the  p red ic ted  thermal response f o r  an 
MCO w i t h  the  bounding and nominal, respec t i ve l y ,  amount o f  hydrate water i n  
t h e  sludge. The r e s u l t s  i n d i c a t e  t h a t  a temperature excurs ion w i l l  occur i n  
e i t h e r  case; however, t he  amount o f  water a v a i l a b l e  l i m i t s  t h e  peak f u e l  
temperature t o  values t h a t  are w i t h i n  design l i m i t s .  Th i s  conc lus ion  i s  
t e n t a t i v e  f o r  t he  bounding water content  case s ince t h e  hydrate decomposit ion 
model used does n o t  a l l ow  f o r  water m i g r a t i o n  from the  f u e l  element bear ing 
the  sludge t o  occur. 
fue l  baskets, i t  i s  poss ib le  t h a t  t he  peak f u e l  temperatures w i l l  be h ighe r  
than those p red ic ted .  Th is  p o t e n t i a l  increase i n  temperature, expected t o  be 
s l i g h t ,  i s  c u r r e n t l y  be ing evaluated. 

As seen from Figure 4-33, t he re  i s  enough water i n  t h e  bounding sludge 
case t o  cause the  MCO t o  overpressur ize du r ing  s tag ing.  Th is  p o s s i b i l i t y  i s  
addressed by t h e  use o f  a pressure r e l i e f  va lve.  
(0.25-in.) t h r o a t  area and worst-case gas generat ion ra tes ,  t h e  va l ve  would 
need t o  open once pe r  minute f o r  one second t o  r e l i e v e  t h e  pressure bu i l dup .  
The nominal sludge case (F igu re  4-34) does no t  con ta in  s u f f i c i e n t  water t o  
cause t h e  MCO t o  overpressur ize.  

I f  a ho t  element can scavenge water vapor from the  o the r  

Based on a 0.64-cm 
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Figure 4-31. Temperature Response for Staging 
at the Canister Storage Building, Nominal Case 

Multicanister Overpack, Bounding Sludge. 
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F i g u r e  4-32. Temperature Response f o r  S t a g i n g  
a t  t h e  C a n i s t e r  Storage B u i l d i n g ,  Nominal 

M u l t i c a n i s t e r  Overpack and Sludge. 
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Figure 4-33. Pressure Response for Staging 
at the Canister Storage Building, Nominal 
Multicanister Overpack, Bounding Sludge. 
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Figure 4-34. Pressure Response for Staging 
at the Canister Storage Building, Nominal 

Multicanister Overpack and Sludge. 
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The worst-case MCO load configuration, as defined in Table 4-3, was not 
evaluated. 
sludge case presented in Figure 4-31 because the water content will limit the 
fuel temperature rise. The primary difference will be in the shorter time 
required to consume the available water. 

Based on the above data, the safety basis for the MCO under staging 
conditions and the nominal MCO loading configuration have been established. 
Further efforts underway to refine the estimate of the hydrates remaining in 
the MCO after cold vacuum drying are expected to establish a basis 
significantly less than the 10% maximum currently assumed. The lower hydrate 
content and a revised hydrate decomposition model are then expected to 
demonstrate the safety basis for fuel staging for the full range of conditions 
examined. 

4.4.3.5 Hot Conditioning. A series of analyses (Heard et al, 1996b) have 
been completed investigating the thermal-hydraul ic performance and feasibility 
of the HCS process. A series of one-, two-, and three-dimensional models, as 
discussed in Section 4.4.1, were used to perform the analyses, This analyses 
included chemical reactions, internal flow distributions, combined thermal- 
hydraulic effects, and mass transport. The subject analyses focused on 
quantifying the internal flow distributions within the MCO, establishing the 
governing energy production and removal capabilities during the HCS process 
steps, and performing process simulations for the various purge gases under 
consideration. 

288 fuel assemblies, is transferred by the MHM to the HCS Annex where the MCO 
is connected to the HCS. Hot conditioning consists of heating the MCO and 
fuel to approximately 300 "C (approximately 575 OF), which will remove the 
chemically bound water and decompose a portion of the uranium hydride 
producing uranium metal and hydrogen. 
from the fuel and removed from the system or allowed to chemically react 
within the MCO with residual amounts of oxygen to produce water vapor, which 
would react with the uranium metal producing uranium oxide and more hydrogen 
gas until either the uranium hydride, the residual water vapor, or oxygen is 
depleted. A passivation step is then planned in order to reduce the overall 
chemical reactivity of the small particles of uranium metal created by the 
decomposition of uranium hydride. 
the MCO to approximately 150 "C (300 OF) and adding a controlled amount of 
oxygen to the MCO to oxidize a large fraction of the remaining highly reactive 
exposed uranium metal particles or surfaces. 

Recent analyses (Heard et al. 1996b) that simulated the HCS process 
indicate that a helium purge with 2% oxygen could, under certain conditions, 
lead to temperature excursions because the rate at which the damaged fuel will 
react with the oxygen strongly depends on the fuel temperature. 
analysis and design iteration are underway to determine process parameters 
under which the passivation step can be performed that would ensure that the 
temperature excursions would not occur or, as an alternative, to determine 
whether the passivation process can be eliminated altogether without creating 
a long-term safety hazard should an inadvertent and sudden ingress of oxygen 
occur. Thus, further analysis is required to verify the safety basis for the 

However, its results are expected to be comparable to the bounding 

The HCS process is discussed in the following paragraph. 

After short-term staging within the CSB, the MCO, containing up to 

The hydrogen is assumed to be released 

The passivation step consists of cooling 

Additional 
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full hot conditioning process. However, the process parameters will be 
required to stay within the boundaries established in the MCO safety analysis. 

4.4.3.6 Interim Storage. At the point at which the MCO is placed into 
interim storage, the loosely bound water will have been removed. Therefore, 
no rapid chemical reactions will occur. While long-term reactions with the 
tightly bound hydrated or chemisorbed water that is released by radiolysis 
will occur, the rate will be slow enough to maintain equilibrium temperatures. 
Therefore, the maximum temperatures during interim storage are encompassed by 
those for staging after the water has been consumed. 
Overpressurization will not occur if the water content following hot 
conditioning is 2.5 kg (5.5 lb) or less. 

See Figure 4-31. 

Current evaluation of the hydrate decomposition under the CVDF and HCS 
processes, together with further characterization of the K Basin fuel and 
sludge, are expected to provide the safety basis for the maximum water content 
under interim storage. As an alternative, the MCO closure cap will be filled 
with a rupture disk to preclude overpressurization. 

4.4.4 Minimum Temperatures 

steps can be no less than the minimum ambient temperature of -33°C (-27°F) 
(Fadeff 1992). 
or chemical corrosion heat. Such conditions will exist only for empty MCOs 
before their use. The operational minimum temperature will occur during 
transportation between facilities. Table 4-6 presents the minimum expected 
temperatures for the probable minimum NCT load combination, as defined in 
Table 4-4. 
capabilities of the associated component. 

The minimum temperature for an MCO during any of the SNF Project process 

This minimum is based on steady-state operations and no decay 

In either case, the temperatures are within the thermal 

4.4.5 Maximum Internal Pressures 

The maximum pressurization during the wet and dry transportation are 
presented in Sections 4.4.3.1 and 4.4.3.3. 
MCO pressure will remain within the 1.1 MPa (165 lb/in' absolute) pressure 
limitation for all normal conditions of transport. 

> 1.1 MPa (165 lb/in2 absolute) can occur within 30 hours of being placed in 
staging at the CSB if sufficient water and/or damaged fuel exists within the 
MCO. The analysis shows that the planned placement of a relief valve on the 
MCO pressure boundary will control the internal pressure to less than or equal 
to 1.0 MPa (150 lb/in' absolute) during staging. 

less than 2.5 kg (5.5 lb,) of water remaining in the MCO. 
this level of water retention is currently underway through analysis and 
physical characterization. 

The results demonstrate that the 

Section 4.4.3.4 indicates that overpressurization (internal pressure 

The MCO will not overpressurize following hot conditioning if there is 
Verification of 
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5.0 SHIELDING EVALUATION 

5.1 SHIELDING DESIGN DESCRIPTION 

The MCO is designed to ensure a high degree of integrity for the 
confinement of radioactive materials, not necessarily to provide a high level 
of shielding. However, various shields surround the MCO from its initial 
loading stage, through various mechanical processes, to its eventual residence 
in a long-term storage building. Process-dependent shielding is provided by 
water in the load-out pit; by the cask during transportation and drying; by 
tubes, tube plugs, operating deck, and handling equipment in the CSB during 
staging and storage; and by conditioning cell assemblies during the hot 
conditioning process: Therefore, dose rates immediately above the top plug o f  
an MCO, where process operations occur beyond the protection of any extra 
facility shielding materials, are considered the most relevant for this 
topical report. 

5.2 RADIATION SOURCE DEFINITION 

The source term used for these evaluations represents a worst-case source 
loading for shielding analysis. Nominal shipments are bounded by this 
evaluation. The source consists of 6.34 MTU of Mark I V  fuel irradiated to 16% 
240Pu as given in Section 2.2.6.2. A detailed discussion of the process used 
to obtain worst-case photon source terms and worst-case neutron source terms 
for Mark IA and Mark I V  fuel is given in WHC-SD-SNF-TI-009 (Willis 1995). The 
direct contribution of the beta source to the dose outside the cask will be 
prevented because of the attenuation provided by the self-shielding of the 
fuel elements, as well as by the steel shielding of the cask, cask lid, and 
MCO plug. 
calculation of the photon source. 

Bremsstrahlung photons within the source region are included in the 

5.2.1 G a m a  Source 

and the shielding source term given in Willis (1995). 
photon source per MCO. The total photon strength is 
6.45 x 1015 photons/s/MCO. 

For dose rates above the cask, only the top 10 cm (4 in.) of the top tier 
were included as source for calculational efficiency. A comparison of dose 
rates at the bottom of the MCO plug indicates that the top 10 cm (4 in.) of 
source contribute about 96% of the total photon dose. All results using only 
the top 10 cm (4 in.) of source will be scaled by this factor (multiplication 
by 1.04). 

The photon source spectra were calculated using ORIGEN2 (Wittekind 1994b) 
Table 5-1 lists the 
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Energy (MeV) 

Table 5-1. Photon Source Term for the 
M u l t i c a n i s t e r  Overpack. 

Mark I V  f u e l  
16.0 % 240Pu 

(photons/s/MCO) 

3.75 E-01 

6.62 E-01* 

8.50 E-01 

1.25 E+OO 

1.75 E+OO 

2.25 E+OO 

I 1.50 E-02 I 1.75 E+15 1 

8.64 E+13 

2.81 E+15 

1.04 Et14 

4.33 E+13 

1.29 E+12 

9.42 Et10 

I 2.50 E-02 I 3.87 E+14 I 

2.75 E+OO 
3.50 Et00 

I 3.75 E-02 I 4.20 E+14 I 

4.67 E+09 

6.04 E+08 

I 5.75 E-02 I 3.46 E+14 I 
I 8.50 E-02 I 1.95 E+14 I 
I 1.25 E-01 I 1.47 E+14 I 
I 2.25 E-01 I 1.66 E+14 I 

I 5.00 E+OO I 3.71 E+05 

I 7.00 E+OO I 4.23 E+04 I 
I 1.10 E+01 I 4.84 Et03 I 
I T o t a l  I 6.45 E+15 I 

Ba,37n 'Changed frm 0.575 MeV to 0.662 MeV to  accurately ref lect  
gama ray. 

Mco = nwlticanister overpack. 
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5.2.2 Neutron Source 

The neutron source term was c a l c u l a t e d  us ing  ORIGEN2 ( W i t t e k i n d  1994b) 
and the  s h i e l d i n g  source term g i ven  i n  t h e  Sh ie ld ing  Design Bases prov ided i n  
WHC-SD-SNF-TI-009 ( W i l l i s  1995). The source i nc ludes  bo th  spontaneous f i s s i o n  
and (a,n) r e a c t i o n s  as summarized i n  Table 5-2. The (a,n) c o n t r i b u t i o n  was 
c a l c u l a t e d  assuming an ox ide f u e l .  Since N Reactor f u e l  i s  n o t  an ox ide f u e l  
( W i l l i s  1995), t h e  (a,n) c o n t r i b u t i o n  conserva t i ve l y  bounds o x i d a t i o n  o f  any 
t r a c e  elements o r  i m p u r i t i e s .  With 6.34 MTU per  MCO t h i s  r e s u l t s  i n  a t o t a l  
neutron source s t r e n g t h  o f  1.090 x l o 7  neutrons/s/MCO. 

Table 5-2. Neutron Source Term f o r  t h e  
M u l t i c a n i s t e r  Overpack. 

source 

Spontaneous f i s s i o n  7.317 E+06 

HCO = w l t i c a n i s t e r  overpack. 

There i s  o n l y  a small  d i f f e r e n c e  between the  energy shape o f  t he  
spontaneous f i s s i o n  spec t ra  o f  t h e  d i f f e r e n t  isotopes.  
i s  

The wa t t  spectrum used 

f ( E )  = C exp(-E/.906) s inh (  [3.848E]0.5 ) 

where E i s  t he  neutron energy i n  MeV, and C i s  a no rma l i za t i on  constant  so 
t h a t  t h e  i n t e g r a l  over f ( E )  i s  u n i t y .  
has an average neutron energy o f  2.15 MeV (Bre ismeis ter  1993), i s  g i ven  i n  
Table 5-3. The energy d i s t r i b u t i o n  o f  t he  (a,n) neutrons i s  g i ven  i n  
Table 5-4; t h e  average neutron energy o f  t h i s  d i s t r i b u t i o n  i s  2.01 MeV (Jobs 
and L i s k i e n  1990). 

The f i s s i o n  spectrum f o r  ' % n ,  which 

5.3 SHIELDING MODEL SPECIFICATION 

5.3.1 Con f igu ra t i on  o f  t h e  Sh ie ld ing  and Source 

Although t h i s  d i scuss ion  addresses on ly  the  immediate v i c i n i t y  on t o p  o f  
t h e  s h i e l d  p lug,  t he  cask and cask l i d  are inc luded i n  t h e  model. Th i s  i s  t o  
prevent  a p o t e n t i a l  overest imat ion o f  dose ra tes ,  e s p e c i a l l y  a t  l a r g e  
d i s tances  away from the  top  sur face where p a r t i c l e  s c a t t e r i n g  from the  
surrounding a i r  cou ld  reach t o  the  dose p o i n t  i f  t h e  cask were n o t  inc luded.  
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0.00 

0.10 

Table 5-3. Energy D i s t r i b u t i o n  of Neutrons from F i s s i o n  Events. 
(2 sheets) 

0.00000 0.00000 

0.01194 0.01194 

I Cumulative I P r o b a b i l i t y  I p r o b a b i l i t y  o f  b i n  

3.40 

3.60 

3.80 

4.00 

4.20 

4.40 

4.60 

0.81202 0.02574 

0.83499 0.02297 

0. a5542 0.02043 

0.87353 0.01812 

0. 88956 0.01603 

0.90371 0.01415 

0.91616 0.01246 

I 2.00 I 0.56087 I 0.05090 I 
I 2.20 I 0.60782 I 0.04695 I 
I 2.40 I 0.65083 I 0.04301 I 
I 2.60 I 0.69001 I 0.0391 7 I 
I 2.80 I I 0.03549 I 0.72550 

I 3.00 I 0.75752 I 0.03202 I 
I 3.20 I 0.78628 I 0.02876 I 
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Upper energy 
(MeV) 
4.80 

5.00 

5.50 

6.00 

6.50 

Cumulative Probability 
probabi 1 i ty of bin 

0.9271 1 0.01095 

0.93671 0.00960 

0.95578 0.01907 

0.96931 0.01354 

0.97884 0.00953 

7.00 

7.50 

8.00 

I 9.00 I 0.99695 I 0.00366 1 

- 
0.98550 0.00665 

0.9901 1 0.00461 

0.99329 0.00318 

I 10.00 I 0.99863 I 0.00169 1 
11.00 0.99940 0.00076 

12.00 

SARR-005.05 

0.99974 0.00034 

5-5 

13.00 

14.00 

15.00 
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Upper energy 
(MeV) 

0.00 

0.10 
0.20 

0.30 

0.40 
0.50 

Cumulat ive  P r o b a b i l i t y  
probabi  1 i t y  o f  b i n  

0.00000 0.00000 

0.01059 0.01059 
0.02243 0.01184 
0.03396 0.01153 

0.04766 0.01371 
0.06636 0.01869 

I 0.60 I 0.08738 I 0.02103 I 

2.70 

2.80 

I 0.70 I 0.11044 I 0.02305 I 

0.74611 0.03474 

0.77819 0.03209 

I 0.80 I 0.13567 I 0.02523 I 
I 0.90 I 0.15981 I 0.02414 I 

I 2.10 I 0.51558 I 0.03894 I 
I 2.20 I 0.55623 I 0.04065 I 
I 2.30 I 0.59751 I 0.04128 I 
I 2.40 I 0.63707 , I  0.03956 I 
I 2.50 I 0.67492 I 0.03785 I 
I 2.60 I 0.71137 I 0.03645 I 
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3.50 

3.60 

3.70 

3.80 

3.90 

4.00 

4.10 

4.20 

Table 5-4. Energy Distribution of Neutrons from (a,n) Events. 
(2 sheets) 

0.94097 0.01433 

0.95327 0.01 231 

0.96324 0.00997 

0.97181 0.00857 

0.97928 0.00748 

0.98536 0.00607 

o.99oai 0.00545 

0.99439 0.00358 

I I Uppe;H;S)ergy Cumulative I Probability I probability of b in  

I 2.90 I 0. 80935 I 0.03115 .. I 
I 3.00 I 0. 83863 I o .0292a l 
I 3.10 I 0. 86449 I 0.02586 I 
I 3.20 I 0.88879 I 0.02430 I 
I 3.30, .  I 0.90966 I 0.02087 I 
I 3.40 I 0.92664 I 0.01698 I 

I 4.30 I 0.99720 I 0.002ao I 
I 4.40 I 0.99891 I 0.00171 I 
I 4.50 I 1.00000 I 0.00109 I 
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The MCO c h a r a c t e r i s t i c s  have been descr ibed i n  d e t a i l  i n  Sect ion 1.2.1 o f  
t h i s  r e p o r t .  The s h i e l d i n g  model i s  s p e c i f i e d  as f o l l o w s .  

The cask, cask l i d ,  and MCO are made from s t a i n l e s s  s t e e l .  

The MCO s h i e l d  p l u g  i s  made from carbon s t e e l .  However, t h e  model 
t r e a t e d  t h e  s h i e l d  p l u g  as s t a i n l e s s  s t e e l .  
equ iva len t  f o r  s h i e l d i n g  purposes. 

The i n s i d e  diameter o f  t h e  MCO i s  58.42 cm (23 i n . ) ,  and t h e  i n s i d e  
h e i g h t  i s  376 cm (148 i n . )  t o  the  bottom o f  t he  MCO p lug .  

The MCO p l u g  i s  30.48 cm (12 i n . )  t h i c k ,  and t h e  cask l i d  i s  7.62 cm 
(3 i n . )  t h i c k ,  f o r  a t o t a l  t op  s h i e l d  a x i a l  t h i ckness  o f  38.1 cm 
(15 i n . ) .  

The MCO s idewa l l  i s  1.27 cm (0.5 i n . )  t h i c k ,  and the  cask s idewa l l  
i s  19.5 cm (7.69 i n . ) ,  f o r  a t o t a l  t h i ckness  o f  20.8 cm (8.19 i n . ) .  
(Actual  cask s idewa l l  th ickness has been changed t o  7.31 i n .  Any 
decrease i n  s h i e l d i n g  was compensated f o r  by ope ra t i ona l  
improvements t o  reduce annual dose.) 

The bottom o f  t h e  MCO i s  4.47 cm (1.76 i n . )  t h i c k ,  and t h e  bottom o f  
t h e  cask i s  13.7 cm (5.38 i n . )  t h i c k ,  f o r  a t o t a l  bottom s h i e l d  
th i ckness  o f  21.3 cm (8.38 i n . ) .  

The two are rough ly  

There are two types o f  l i d s  on top  o f  an MCO s h i e l d  p lug .  The f i r s t  i s  
Th is  l i d  i s  t h e  d r y i n g  l i d ,  which i s  a component w i t h  a ho le  i n  the  cen te r .  

used t o  r e t a i n  t h e  MCO i n  a cask d u r i n g  the  c o l d  vacuum d r y i n g  process and t o  
a l l o w  water t o  be c i r c u l a t e d  i n  the  cask-MCO annulus. The ho le  i n  the  l i d  i s  
used t o  g a i n  access t o  t h e  MCO process ing p o r t s .  
t h i s  f i g u r e  shows t h e  a x i a l  s t a b i l i z e r  f o r  t he  basket; t he  guard p l a t e  i s  n o t  
shown). The second t ype  o f  l i d  i s  t he  s o l i d  l i d  (no l a r g e  holes i n  t h e  
cen te r )  used d u r i n g  t r a n s f e r  operat ions.  Only the  d r y i n g  l i d  i s  discussed 
here. 

See F igure 5-1 (note t h a t  

The des ign o f  t he  s h i e l d  p lug  vent p o r t  pene t ra t i ons  has n o t  reached a 
conc lus ion  y e t .  The e x t e n t  o f  d r i l l i n g ,  t he  d i r e c t i o n  o f  j unc t i ons ,  and t h e  
ac tua l  p l u g  th i ckness  have n o t  been f i n a l i z e d .  The c u r r e n t  c a l c u l a t i o n a l  
model has been made accord ing t o  the  assembly sect ions drawing (F igu re  5-1) 
from one o f  t he  MCO vendors. Although the  design i s  n o t  y e t  f i n a l ,  i t  i s  
s u i t a b l e  f o r  c a l c u l a t i o n a l  d e  a t  t h i s  t ime. A c y l i n d r i c a l  c a v i t y  a t  t h e  
cen te r  near  t h e  t o p  sur face o f  t he  p l u g  i s  a grapple.  
HEPA f i l t e r  vent, t he  pressure r e l i e f  r u p t u r e  d i sk ,  and the  l ong  d r a i n  p o r t  
i n t e r s e c t  a t  about 25 cm (10 i n . )  below the  sur face o f  t he  p l u g  a t  t h e  cen te r  
and s l a n t  t o  t h e  edge o f  t he  MCO. 
connected t o  a mul t ibend duct  t h a t  s l a n t s  t o  the  cen te r  a t  t he  bottom o f  t h e  
p lug .  
i s  shown i n  F igu re  5-2. 

The extens ions o f  t h e  

The s h o r t  d r a i n  p o r t  near t h e  s ide  i s  

A SABRINA three-dimensional p l o t  o f  t he  MCNP model f o r  t h e  pene t ra t i ons  
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F i g u r e  5-1. P r e l i m i n a r y  Assembly Sect ions Drawing 
o f  t h e  S h i e l d  Plug P o r t  P e n e t r a t i o n s .  
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Figure 5-2. Three-Dimensional Plot o f  the 
Penetrations Through the Shield. 
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304/304L 
stainless steel 

Carbon steel* 

Air 

Urani um 

The source geometry consists of five baskets placed one on top of the 
other inside the MCO. The baskets were modeled as 70.5 cm (27.8 in.) tall, 
with each basket containing 54 Mark I V  series E fuel assemblies. The total 
length of each assembly is 66.3 cm (26.1 in.) including end caps 
(Willis 1995). 
include the full 66.3-cm (26.1-in.) length, thus introducing a small 
additional amount of conservatism. 

Rather than modeling the end caps, the source was extended to 

8.0 Used in the cask, cask lid, MCO, and MCO plug 

Possible use in shield plug assembly 
Provides scattering media for neutrons; 
photon models neglected attenuation and 
scattering in air out to 6 m 
Fuel elements modeled as 238U with 0.947% 235U; 
also, assembly end caps conservatively 
replaced by uranium (source) 

0.00123 

18.77 

5.3.2 Material Properties 

The transport cask and lid are made from 304 stainless steel. 
made from 304L stainless steel or carbon steel. However, the shielding 
properties of 304 and 304L stainless steel do not differ significantly at the 
same density. Table 5-5 summarizes the material properties. The shielding 
attenuation properties are obtained from the data library for the MCNP 
computer code (Breismeister 1993). 

Shielding consists o f  the transport cask, cask lid, MCO, and MCO plug. 
The MCO plug is 

Table 5-5. Materials and Densities Used for Shielding. 

Material I I Remarks 

Zirconium I 6.55 I Fuel cladding 
*Note: Carbon steel i s  roughly equivalent t o  304 stainless steel. 

HCO = mlt ican is ter  overoack. 

5.4 SHIELDING ANALYSES 

5.4.1 Computer Programs 

used to perform the dose rate calculations. 
routines and uses an ENDF/B database for cross sections. 
assurance documentation for use at the Hanford Site is given in 
WHC-SO-MP-SWD-30001, Certification of MCNP Version 4A for WHC Computer 
Platforms (Carter 1996). 

The Monte Carlo computer code, MCNP (Breismeister 1993; Carter 1996), was 
MCNP has powerful geometry 

The MCNP quality 
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5.4.2 Flux-to-Dose-Rate Conversion 

c a l c u l a t e  the  gamma r a y  dose r a t e s .  
ANSI/ANS-6.1.1-1991, Neutron and Gamma-Ray Fluence-to-Dose Fac to rs  
(ANSI/ANS 1991), and conserva t i ve l y  assume t h e  r a d i a t i o n  exposure i s  from an 
a n t e r i o r - p o s t e r i o r  exposure. 
f a c t o r s  used t o  c a l c u l a t e  the  neutron dose r a t e s .  These convers ion f a c t o r s  
are from Spent Nuclear  Fue l  P r o j e c t  Can is te r  Storage B u i l d i n g - N e u t r o n  
Q u a l i t y  Fac to rs  ( P h i l l i p s  and Jacobs 1996). 

Table 5-6 l i s t s  the  f lux- to-dose-rate conversion f a c t o r s  used t o  
These conversion f a c t o r s  are from 

Table 5-7 l i s t s  t h e  f l ux - to -dose - ra te  convers ion 

5.4.3 Dose Rates 

c o n s i s t s  o f  a f u l l y  loaded MCO w i t h  6.34 MTU f o r  Mark I V  f u e l .  The neutron 
dose on t h e  t o p  o f  t h e  MCO through the  s h i e l d  p l u g  and 7.62-cm (3 - in . )  t h i c k  
cask l i d  was 0.85 mrem, and t h e  dose w i thou t  t he  cask l i d  a t  t he  t o p  o f  t h e  
MCO was 0.15 mrem a t  1 m. Therefore neutron dose r a t e s  f o r  t he  c u r r e n t  model 
are considered n e g l i g i b l e .  

t h e  l i d  on. Dose r a t e s  t h a t  are e s s e n t i a l l y  unchanged i n  go ing from l i d  o f f  
t o  l i d  on are n o t  repeated i n  Table 5-9. 
corresponding t o  t h e  e n t r i e s  on Tables 5-8 and 5-9. 

Dis tances above t h e  top  o f  t h e  cask are measured w i t h  respec t  t o  t h e  top  
o f  t he  l i d  (9.5 cm [3.75 i n . ]  above the  t o p  o f  t he  MCO p lug )  t o  a l l o w  f o r  more 
d i r e c t  comparison between l i d - o f f  and l i d - o n  dose r a t e s .  The l i d  o f  t h e  cask 
i n  t h i s  model prov ides no s h i e l d i n g  w i t h i n  the  center  43 cm (17- in . )  diameter. 
Dose r a t e s  t o  the  s ide  and bottom o f  t he  cask and above p o r t s  E l  and E2 are 
v i r t u a l l y  unchanged between the  l i d - o n  and l i d - o f f  cases. It can be seen t h a t  
t h e  l i d - o n  dose r a t e  a t  con tac t  i s  l a r g e r  than t h a t  o f  t he  l i d - o f f  case. Th is  
i s  due t o  the  f a c t  t h a t  t h e  doughnut-shaped 1 i d  a t tenuates photons t h a t  would 
otherwise escape a t  a s l a n t  and p o t e n t i a l l y  reach t h e  dose r a t e  l o c a t i o n  by 
i n te rmed ia te  s c a t t e r i n g  i n  a i r .  

A conse rva t i ve  MCO photon source term f o r  t h e  dose r a t e  c a l c u l a t i o n  

Tables 5-8 and 5-9 g i v e  dose r a t e s  f o r  t h e  MCO w i t h  t h e  l i d  o f f  and w i t h  

F igure 5-3 shows dose r a t e  l o c a t i o n s  
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Energy (MeV) 

Table 5-6. Photon Dose Conversion Factors .  

Fluence t o  dose F lux  t o  dose r a t e  
1 E-12 Sv-cm2 (mrem/h)/(p/cm’/s) 

1.50 E-02 

2.00 E-02 

3.00 E-02 

4.00 E-02 

5.00 E-02 

6.00 E-02 

8.00 E-02 

1.00 E-01 

I 1 .OO E-02 I 0.0620 I 2.232 E-5 I 
0.1570 5.625 E-5 

0.2380 8.568 E-5 

0.3290 1.184 E-4 

0.3650 1.314 E-4 

0.3840 1.382 E-4 

0.4000 1.440 E-4 

0.4510 1.624 E-4 

0.5330 1.919 E-4 

6.00 E-01 

8.00 E-01 

1.00 EtOO 

1.50 E t O O  

2.00 E t O O  

3.00 E t O O  

4.00 E t O O  

5.00 E t O O  

6.00 E+OO 

I 1.50 E-01 I 0.7770 I 2.797 E-4 ~ I 

2.9900 1.076 E-3 

3.8300 1.379 E-3 

4.6000 1.656 E-3 

6.2400 2.246 E-3 

7.6600 2.158 E-3 

10.2000 3.672 E-3 

12.5000 4.500 E-3 

14.7000 5.292 E-3 

16.7000 6.012 E-3 

I 2.00 E-01 I 1.0300 I 3.708 E-4 ~ I 
I 3.00 E-01 I 1.5600 I 5.616 E-4 I 
1 4.00 E-01 I 2.0600 I 7.416 E-4 I 
I 5.00 E-01 I 2.5400 I 9.144 E-4 I 

I 8yOO E+OO 1 20.8000 1 7.480 E-3 I 
I 1.00 Et01 I 24.7000 I 8.892 E-3 I 
I 1.20 Et01 I 28.9000 I 1.040 E-2 I 

Note: These conversion factors are from ANSI/ANS-6.1.1-1991, Neutron and 
Gama-Ray Fluence-to-Dose Factors, American Nuclear Society, La Grange Park,  Illinois. 
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1.00 E-05 

1 .OO E-04 

1 .OO E-03 

1.00 E-02 

Table 5-7. Neutron F lux  t o  Dose Rate Conversion Factors.  

12.4 4.46 E-3 

12.0 4.31 E-3 

10.2 3.68 E-3 

9.92 3.57 E-3 

I I Fluence t o  dose F l u x  t o  dose r a t e  I Energy (MeV) 1 E-I2 Sv-cm2 I (mrem/h)/(n/cm'/s) 

1 .OO E-01 

5.00 E-01 

I 2.50 E-08 I 10.2 I 3.68 E-3 I 

60.3 2.17 E-2 

257 9.26 E-2 

I 1 .OO E-07 I 10.2 I 3.68 E-3 ' I 
I 1 .OO E-06 I 12.4 I 4.46 E-3 

1- 1.00 E+OO I 367 1.32 E-] I 
I 5.00 E+OO I 433 I 1.56 E-1  I 
I 7.00 E+OO I 408 I 1.47 E-1  I 
I 1.00 E+01 I 408 I 1.47 E-1 I 
I 1.40 Et01 1 578 I 2.08 E-1 I 

Note: These conversion factors are frm J. D. Ph i l l ips ,  Sr.. and E. R. Jacobs. 
1996, Spent Nuclear Fuel Proiect Canister Storaqe Building - Neutron a u a l i t ~  Factors. 

Table 5-8. Photon Dose Rates f o r  a M u l t i c a n i s t e r  Overpack w i t h  t h e  L i d  O f f .  

Contact* 
(mrem/h) (mrem/h) (mrem/ h) (mrem/h) 

31 (0.04) 8.4 (0.06) 3.5 (0.08) 0.56 (0.10) 

P o r t  E l  50 (0.07) 7.7 (0.10) 3.1 (0.11) 0.55 (0.19) 

P o r t  E2 100 (0.10) 8.2 (0.12) 2.9 (0.10) 0.59 (0.30) 

Locat ion  

Note: Nunbers inside the parentheses are the re la t ive ( N L t i p l y  by 100 to  obtain percent) 
s ta t i s t i ca l  uncertainties for one standard deviation. 

*Although the l i d  i s  not i n  place, dose rate locations above the cask are given u i t h  respect t o  
top of l i d  (9.5 cm 13.75 in.] above top of MCO plug) to  alLou for  comparison to  the l i d  on cask. 
contact dose rates represent a redial average to  the inside diameter (43  cm [17 in.]) of  the casket Lid. 

The 
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T a b l e  5-9.  Photon Dose Rates f o r  a M u l t i c a n i s t e r  Overpack w i t h  t h e  L i d  On. 

I TOP I 34 (0.04)  I 7 . 4  (0.10) I 2 . 4  (0 .13)  I 0.27 ( 0 . 2 0 )  I 
Note: N&rs inside the parentheses are the re la t ive  (multiply by 100 to  obtain percent) 

s tat is t ica l  uncertainties for one standard deviation. 
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F i g u r e  5-3. Dose Rate Loca t ions  

portEl top 

side 1----- 

bottom 
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6.0 CRITICALITY EVALUATION 

Th is  chapter  i d e n t i f i e s ,  describes, discusses, and analyzes the  
c r i t i c a l i t y  s a f e t y  phys ics used f o r  des ign o f  t h e  MCO and i t s  components and 
systems t h a t  are impor tant  t o  sa fe ty .  

6.1 DISCUSSION AND RESULTS 

The MCO i s  requ i red  t o  meet c r i t i c a l i t y  c r i t e r i a  t h a t  are c o n s i s t e n t  w i t h  
commercial r e a c t o r  f u e l  hand l i ng  (Garvin 1996). 
measure o f  r e a c t i v i t y )  o f  t he  MCOs d u r i n g  t r a n s p o r t  t o  o r  process ing i n  t h e  
CVDF and CSB must be l e s s  than 0.95 under both normal c o n d i t i o n s  and c r e d i b l e  
of f -normal  cond i t i ons .  
contents  o f  t h e  cask-MCO package under normal c o n d i t i o n s  t o  be below t h i s  
l i m i t  by a subs tan t i a l  degree. 
than 0.4. Packages f l ooded  w i t h  water and loaded w i t h  i n t a c t  fi Reactor f u e l  
assemblies have a keff l e s s  than 0.90. Dry MCOs stacked two pe r  tube i n  a 10 
tube by 22 tube a r r a y  have a kef, l e s s  than 0.4 f o r  any d e n s i t y  o f  water 
between t h e  tubes and a kef, l e s s  than 0.9 f o r  f looded tubes and v a u l t  space. 

The MCO con ta ine r ,  ho ld ing  d r y  f u e l ,  cannot be made c r i t i c a l  under any 
cond i t i ons .  The o n l y  c r i t i c a l i t y  concern i s  w i t h  water moderation i n t e r n a l  t o  
the  MCO. MCOs c o n t a i n i n g  e i t h e r  Mark I V  o r  Mark I A  f u e l  are below a kef, o f  
0.90 f o r  f looded i n t a c t  f u e l  loadings.  MCOs con ta in ing  scrap i n  t h e  t o p  and 
bottom t i e r s  w i t h  i n t a c t  f u e l  i n  the  o the r  t i e r s  have a kef, t h a t  i s  l e s s  than 
0.90. 
bottom, so two scrap baskets occupy the  bottom two t i e r s ,  t he  k, , increases 
t o  o n l y  about 0.91. 
because o f  t h e  absence o f  any safety-c lass s t r u c t u r e  t h a t  excludes scrap from 
t h e  cen te r  o f  t he  f u e l  basket; t h e  Mark I A  scrap basket has such a s t r u c t u r e .  

Fuel types are t o  be segregated by enrichment. 
Mark I A  f u e l  assemblies, components, o r  scrap toge the r  i n  t h e  same MCO i s  n o t  
al lowed. Because Mark I V  materj3t l  i s  l e s s  r e a c t i v e  than Mark I A  m a t e r i a l ,  
Mark I V  assemblies o r  0.95 w t %  
f o r  Mark I A  f u e l .  No assemblies components, o r  scrap w i t h  f i s s i o n a b l e  
m a t e r i a l  g r e a t e r  than 0.95 w t %  "U may be loaded i n t o  f u e l  baskets t h a t  do 
n o t  con ta in  t h e  16.8-cm- (6.6- in- )  diameter, s t a i n l e s s  s t e e l  schedule 80 p ipe  
i n s e r t .  

Therefore, t h e  k,,, (a  

Ana lys i s  i n  t h i s  chapter  shows t h e  k ,, o f  t h e  

Dry cask-MCO packages have a k ,, l e s s  

I f  a scrap basket i s  misplaced from the  top  t o  the  second from the  

A Mark I V  basket loaded w i t h  scrap i s  more f i i m i t i n g  

M ix ing  Mark I V  and 

U scrap may be loaded i n t o  baskets designed 

The i n s i d e  d iameter  o f  t he  MCO prov ides geometry c o n t r o l  and i n  
combination w i t h  a d d i t i o n a l  c o n s t r a i n t s  and l i m i t s ,  such as the  c e n t r a l  i n s e r t  
p ipe  i n  t h e  Mark I A  baskets, c o n t r o l  o f  f u e l  t ype  o r  enrichment i n  MCO 
loading,  and l i m i t i n g  the  number and placement o f  scrap baskets, ensures kef, 
i s  l e s s  than 0.95 f o r  normal cond i t i ons  and c r e d i b l e  acc idents .  For 
acc idents ,  two independent, concurrent ,  and h i g h l y  u n l i k e l y  i n c i d e n t s  must 
occur before kef$ 1s  a l lowed t o  exceed 0.95. 
p r i n c i p l e  o f  c r i t i c a l i t y  sa fe ty .  

c o n d i t i o n  i s  represented by completely r u b b l i z i n g  the  i n t a c t  f u e l  and 
c ladding.  

Th is  i s  t h e  double contingency 

The 100 g drop i s  t he  l i m i t i n g  acc ident  cond i t i on .  Th is  acc ident  

The t o p  and bottom baskets con ta in  scrap, and the  o the r  baskets 
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con ta in  rubb le .  The baskets are assumed t o  l o s e  t h e i r  s t r u c t u r a l  attachment 
and f a l l  on t o p  o f  one another forming a column o f  baskets separated by t h e  
s t a i n l e s s  s t e e l  baseplates o f  t h e  f u e l  baskets. The ana lys i s  models t h e  
r e s u l t i n g  m a t e r i a l  under f u l l y  moderated and r e f l e c t e d  cond i t i ons .  
A conse rva t i ve  pack ing f r a c t i o n  o f  0.4 i s  used f o r  t h e  ana lys i s .  
f r a c t i o n s  f o r  g rave l  beds range from 0.4 t o  0.45.) A f i n a l  pack ing f r a c t i o n  
o f  0.4 from f u e l  c rush ing  i s  based on a hexagonal l a t t i c e  o f  f u e l  a t  a 
center- to-center  spacing o f  7.1 cm (2.8 i n . )  ( t h e  Mark I V  l a t t i c e  pack ing 
f r a c t i o n  i s  0.443, and the  Mark I A  l a t t i c e  packing f r a c t i o n  i s  0.392). Th i s  
assumes t h a t  t h e  v e r t i c a l  impact t h a t  crushes t h e  f u e l  does n o t  s i g n i f i c a n t l y  
decrease b u l k  dens i t y .  Th i s  i s  considered t o  be conserva t i ve  because h ighe r  
d e n s i t y  would f u r t h e r  reduce the  moderation, which would f u r t h e r  reduce keff. 
I n  t h i s  l i m i t i n g  acc ident  cond i t i on ,  t he  k, 
f o r  both f u e l  types. Even f o r  t h e  case o f  Mark I A  baskets w i t h  t h i n ,  c e n t r a l  
s t a i n l e s s  s t e e l  i n s e r t s  t h a t  are d i sp laced  o f f - c e n t e r  by 2 i n . ,  t h e  r e s u l t s  
are l e s s  than 0.92. 

(Packing 

f o r  t he  MCO i s  l e s s  than 0.94 

I f  the  100 g drop acc ident  occurs d u r i n g  t r a n s p o r t  o f  t he  MCO con ta ine r  
from t h e  K Basins t o  t h e  CVDF, a t ime  when t h e  MCO i s  f u l l y  water f looded,  t h e  
MCO could exceed t h e  kef, < 0.95 c r i t e r i o n  f o r  a t r a n s i e n t  phase d u r i n g  t h e  
rebound. Th is  r e q u i r e s  both opt imal  s i z i n g  and spacing o f  t h e  f u e l  r u b b l e  
t h a t  r e s u l t s  i n  opt imal  s e l f - s h i e l d i n g  and moderation. 
both agglomerate t h e  sma l le r  f u e l  fragments t h a t  r e s u l t  from t h e  impact and 
d i spe rse  these agglomerates i n t o  opt imal  spacing d u r i n g  the  same rebound. 
Th is  scenar io  i s  cons idered i n c r e d i b l e .  The c a l c u l a t e d  k ,, f o r  t h i s  scenar io  
does n o t  exceed 0.98. The end s t a t e  s a t i s f i e s  t h e  kef, < b.95 c r i t e r i o n  once 
g r a v i t y  has compacted the  rubb le  down t o  a packing f r a c t i o n  o f  0.40, a 
c o n d i t i o n  t h a t  r e s u l t s  i n  s i g n i f i c a n t  undermoderation. 

The drop acc iden t  must 

6.2 SPENT FUEL LOADING 

6.2.1 N Reactor Fuel D e s c r i p t i o n  

c r i t i c a l i t y  p reven t ion  are g i ven  i n  Table 6-1. Th is  t a b l e  l i s t s  t h e  
enrichments f o r  t h e  f r e s h  ( u n i r r a d i a t e d )  f u e l  be fo re  i t  was loaded i n  the  
N Reactor. 

The f u e l  dimensions p e r t i n e n t  t o  the  c r i t i c a l i t y  ana lys i s  and t o  

Analyses on the  e f f e c t s  o f  burnup and f i s s i o n  product  decay show t h a t  t h e  
f r e s h  N Reactor f u e l  i s  more r e a c t i v e  (h igher  i n f i n i t e  c r i t i c a l i t y  f a c t o r  
k.,,) than the  spent f u e l  i n  s p i t e  o f  t he  presence o f  p lu ton ium products  i n  
t h e  spent f u e l  (Schwinkendorf 1996). Reduced uranium enrichment and t h e  
presence o f  f i s s i o n  products  compensate f o r  any increase i n  kin, because o f  
t h e  p lu ton ium content  i n  t h e  spent f u e l .  Analys is  o f  t h e  e f f e c t  on keff o f  
decay o f  f i s s i o n  products  over a l ong  pe r iod  o f  t ime (e.g., 100 years o r  more) 
i s  descr ibed i n  WHC-SD-SNF-CSER-005 (Schwinkendorf 1996) and prov ides 
j u s t i f i c a t i o n  f o r  use o f  t he  f r e s h  f u e l  c h a r a c t e r i s t i c s  i n  t h e  analyses 
presented i n  t h i s  chapter .  As such, a l l  t h e  c r i t i c a l i t y  analyses discussed i n  
t h i s  chapter  are conserva t i ve l y  performed f o r  t h e  f r e s h  N Reactor f u e l .  
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Hark IV Mark 1A 

I Type-Length codel' 1 E S A C  1 M T F  I 
Length (cm) 64.3 62.5 58.9 44.2 53.1 49.8 '37.8 

I 2. Inner of outer I 4.32 I 4.50 I 

'Letter c d e  differentiates the d i f ferent  lengths of the Mark IV or Mark I A  f u e l  elements (i.e., a 

HTU metric tons of uraniun. 

type "E" element i s  66.3 cm t26.1 in.] long). 
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As shown i n  Table 6-1, t he re  are two types o f  f u e l  assemblies, Mark I A  
and Mark I V ,  w i t h  d i f f e r e n t  l eng ths  and uranium enrichments. 
assembly c o n s i s t s  o f  two hol low,  coax ia l ,  c y l i n d r i c a l  uranium metal elements 
separated by spacers. 
Z i r c a l o y - c l a d  tube- in- tube m e t a l l i c  uranium geometry). 
assembly has two d i f f e r e n t  uranium enrichments: 
enrichment o f  0.947% (0.95%) 235U and the  o u t e r  element w i t h  an enrichment o f  
1.25% 235U. 
235U. 
Mark I V  f u e l  assemblies con ta in  p3$tural uranium (0.71% 235U), b u t  those 
assemblies are t r e a t e d  as 0.95% 
chapter .  
p o t e n t i a l  f o r  c r i t i c a l i t y  than the  Mark I f  f u e l  i n  an optimum l a t t i c e  
arrangement. 

The Mark I A  f u e l  assemblies and scrap are s to red  i n  t h e  K West Basin 
o n l y .  Mark I V  f u e l  assemblies and scrap are i n  both K West and K East Basins. 
It i s  suspected t h a t  removal from e x i s t i n g  can is te rs ,  c leaning,  and repack ing 
o f  seemingly i n t a c t  f u e l  assemblies i n  t h e  K Basins cou ld  generate an 
a d d i t i o n a l  amount o f  scrap f u e l .  

and l o a d  i t  i n  t h e  des ignated baskets. 
o f  h ighe r  and lower  enrichment f u e l  i n  the  same t ype  o f  basket (e.g., t h e  
Mark I A  f u e l  scrap w i l l  be loaded i n  t h e  baskets designed f o r  Mark I A  scrap 
and n o t  i n  t h e  Mark I V  scrap baskets). 
i n  s o r t i n g  f u e l  assemblies o r  scrap by enrichment, bounding analyses have been 
performed as repo r ted  i n  t h i s  chapter .  

Both K West and K East Basins con ta in  SPR f u e l ,  which i s  n o t  shown i n  
Table 6-1. The SPR f u e l  was f a b r i c a t e d  w i t h  aluminum c ladding.  Th is  f u e l  was 
n o t  used i n  t h e  N Reactor. A l l  SPR f u e l  w i l l  be c o l l o c a t e d  i n  t h e  K West 
Basin be fo re  packaging i n t o  t h e  MCOs. It c o n s t i t u t e s  on ly  about 0.1% o f  t h e  
t o t a l  f u e l  i nven to ry ,  t h e  equ iva len t  o f  one MCO load, approx imate ly .  The 
enrichment o f  t h e  SPR f r e s h  f u e l  v a r i e s  from h i g h l y  depleted t o  a maximum o f  
1.25% enr iched 235U ( W i l l i s  1995). 
l e s s  than 5% o f  t he  t o t a l  SPR f u e l  inventory .  

r e s u l t s  o f  t h e  c r i t i c a l i t y  ana lys i s  performed f o r  Mark I A  and Mark I V  f u e l s  
apply  t o  and envelop t h e  acc ident  cond i t i ons  i n v o l v i n g  the  SPR f u e l .  
analyses s p e c i f i c  t o  t h e  SPR f u e l  repo r ted  i n  t h i s  chapter  w i l l  be used t o  
develop a s t r a t e g y  f o r  safe l oad ing  o f  t he  SPR f u e l .  

Each f u e l  

Each o f  t h e  elements i s  c l a d  w i t h  Z i r c a l o y  ( i . e . ,  
The Mark I A  f u e l  

t h e  i n n e r  element w i t h  an 

The weighted average enrichment o f  a Mark I A  assembly i s  1.15% 
Some f r e s h  

U f u e l  i n  t h e  analyses presented i n  t h i s  
and, correspondingly ,  has more 

The Mark I V  assembly has on ly  one enrichment, 0.95% 235U 

The Mark I A  f u e l  has a h ighe r  ki 

Operat ions procedures a t  t he  K Basins w i l l  segregate f u e l  by enrichment 
Th is  w i l l  p revent  i nadve r ten t  m ix ing  

However, t o  account f o r  u n c e r t a i n t i e s  

The 1.25% enr iched f u e l  i s  est imated t o  be 

It i s  planned t h a t  t he  SPR f u e l  w i l l  be loaded i n  the  MCO such t h a t  t h e  

The 

6.2.2 M u l t i c a n i s t e r  Overpack Fuel Basket D e s c r i p t i o n  

F igures 6-1 and 6-2 f o r  f u e l  assemblies and f o r  f u e l  scrap, r e s p e c t i v e l y .  
Sketches o f  t he  MCO and t h e  MCO storage tube are shown i n  F igure 6-3. 

The des ign parameters f o r  t he  f u e l  baskets are shown schemat i ca l l y  i n  
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Figure 6-1. Fuel Assemblies Storage Basket. 
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F igu re  6-2. Fuel Scrap Storage Basket. 
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F igure  6-3. M u l t i c a n i s t e r  Overpack and Storage Tube. 
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I f  p laced i n  an optimum geometry, t h e  Mark I A  f u e l  w i l l  n o t  meet t h e  
c r i t i c a l i t y  c r i t e r i o n ,  K 5 0.95. Therefore, t h e  f u e l  baskets f o r  t h e  
Mark I A  f u e l  were s p e c i a f l y  designed w i t h  a s tandard 16.8-cm- (6.6-in.-) 
diameter p ipe  i n s e r t  i n s t a l l e d  a long the  c e n t r a l  l i n e  o f  t h e  f u e l  basket, as 
shown i n  F igures 6-1 and 6-2. Also, t h e  Mark I A  f u e l  baskets are sho r te r ,  
which reduces the  amount o f  Mark I A  scrap t h a t  can be loaded i n  each basket. 
But, most impor tan t l y ,  t h e  c e n t r a l l y  l o c a t e d  ho l l ow  c y l i n d r i c a l  i n s e r t  c rea tes  
neutron leakage t o  reduce t h e  c r i t i c a l i t y  p o t e n t i a l  f o r  t he  Mark I A  f u e l  i n  
the  MCO. 

The f u e l  baskets are designed f o r  t he  l a r g e s t  f u e l  assemblies o f  Mark I V  
and Mark I A  des ign.  The Mark I V  f u e l  basket i s  designed t o  h o l d  54 Mark I V  
f u e l  assemblies, and t h e  Mark I A  basket i s  designed t o  h o l d  48 Mark I A  f u e l  
assemblies. An MCO I s  designed t o  ho ld  f i v e  baskets con ta in ing  Mark I V  f u e l  
assemblies and scrap, o r  s i x  baskets con ta in ing  Mark I A  f u e l  assemblies and 
scrap. As shown i n  Table 6-1, t he  Mark I A  f u e l  assemblies a re  s h o r t e r  than 
t h e  Mark I V  assemblies, except f o r  Mark I V  f u e l  t ype  C.  
amount o f  f u e l  pe r  Mark I A  basket w h i l e  p e r m i t t i n g  s i x  baskets o f  Mark I A  f u e l  
pe r  MCO. The f u e l  elements, when loaded i n  t h e  baskets, form a t i g h t  l a t t i c e  
w i t h  minimal separa t i on  between neighbor ing f u e l  elements. The l a t t i c e  has a 
hexagonal center- to-center  p i t c h  o f  about 7.1 cm (2.8 i n . )  compared w i t h  
ou ts ide  diameters o f  about 6.1 cm (2.4 i n . )  f o r  t h e  f u e l  assemblies, as shown 
i n  Table 6-1. 

Broken p ieces o f  t h e  f u e l  assemblies w i l l  be t r e a t e d  as scrap and packed 
separa te l y  i n  baskets s p e c i f i c a l l y  designed f o r  l oad ing  scrap i n t o  the  MCOs, 
as dep ic ted  i n  F igu re  6-2. 
located,  ho l l ow  c y l i n d r i c a l  i n s e r t ,  s i m i l a r  i n  des ign t o  t h a t  f o r  t h e  basket 
f o r  Mark I A  f u e l  assemblies. 

Th is  l i m i t s  t h e  

The Mark I A  f u e l  scrap basket has a c e n t r a l l y  

6.2.3 M u l t i c a n i s t e r  Overpack Loading 

f i l l e d  w i t h  270 Mark I V  f u e l  elements o r  288 Mark I A  f u e l  elements f rom t h e  
N Reactor o r  t he  equ iva len t  i n  SPR f u e l  elements. 

The f i s s i o n a b l e  m a t e r i a l  i s  N Reactor Mark I V  and Mark I A  f u e l  assemblies 
and scrap m a t e r i a l  f rom t h e  same f u e l .  
i n t a c t  f u e l  assemblies, t he  maximum load ing  f o r  a basket o f  Mark I V  assemblies 
i s  about 1,269 kg (2,798 l b ) .  For f i v e  basket t i e r s ,  t h i s  r e s u l t s  i n  6,345 kg 
(13,991 l b )  t o t a l  Mark I V  f u e l  pe r  MCO. 
assemblies, t h e  masses are 796 kg (1,756 l b )  pe r  basket and 4,776 kg 
(10,531 l b )  p e r  MCO. 
assumed as t h e  l i m i t i n g  loadings f o r  c r i t i c a l i t y  sa fe ty  eva lua t i ons .  

The des ignated scrap baskets may be loaded w i t h  f u e l  scrap o r  segments o f  
f u e l  assembly components, w i t h  o r  w i thou t  c ladding.  Such scrap m a t e r i a l  
comprises a considerable f r a c t i o n  o f  the  mate r ia l  s to red  i n  t h e  K Basins. The 
volume o f  loaded scrap i s  l i m i t e d  t o  the  basket he igh t ,  67.3 cm (26.5 i n . )  f o r  
Mark I V  baskets and 53.3 cm (21 i n . )  f o r  Mark I A  baskets. If scrap has a 
h ighe r  pack ing f r a c t i o n  than i n t a c t  f u e l  assemblies, a scrap basket could 
con ta in  more uranium mass than a basket o f  whole elements. 

The au tho r i zed  contents  f o r  t he  MCO t r a n s p o r t a t i o n  cask are one MCO 

Based on the  weights  f o r  t he  l onges t  

For the  s i x  basket t i e r s  o f  Mark I A  

These data, f o r  baskets o f  t he  l onges t  assemblies, were 
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The t o t a l  f u e l  mass l i m i t  g i ven  i n  Chapter 12.0, "Technica l  Con t ro l s  and 
L i m i t s , "  i s  l a r g e r  than t h e  l i m i t i n g  mass load ing  used i n  t h e  c r i t i c a l i t y  
s a f e t y  eva lua t i ons .  
handl ing,  heat  generat ion,  and f r e e  volume, n o t  from c r i t i c a l i t y  
cons iderat ions.  
l o a d i n g  o f  a f u e l  basket o r  MCO. 

The l a r g e r  l i m i t  i s  de r i ved  from cons ide ra t i ons  such as 

C r i t i c a l i t y  cons ide ra t i ons  do n o t  impose r e s t r i c t i o n s  on mass 

6.3 DESCRIPTION OF CALCULATIONAL MODEL 

The MCO i s  406 cm (160 i n . )  l ong  w i t h  a 61-cm (24- in . )  ou ts ide  diameter 
and a 1.3-cm (0.5-in.) w a l l  th ickness.  A t o t a l  o f  f i v e  Mark I V  baskets o r  s i x  
Mark I A  baskets are loaded i n  an MCO. The dimensions o f  t h e  baskets are such 
t h a t  t h e  combined a c t i v e  h e i g h t  o f  t he  f u e l  o r  f u e l  scrap i n s i d e  t h e  MCO i s  
approx imate ly  the  same, i r r e s p e c t i v e  o f  t he  t ype  o f  f u e l .  Each MCO i s  modeled 
w i t h  two scrap baskets, one a t  t h e  top  and the  o t h e r  a t  t h e  bottom. 
assemblies are modeled w i t h  t h e  i nne r  and o u t e r  metal annu l i  i n t a c t  and w i t h  
a l l  t he  z i rconium c ladd ing  i n  p lace.  

The normal c o n d i t i o n  i s  modeled w i t h  each t ype  o f  spent f u e l  conta ined i n  
t h e  baskets des ignated f o r  t h a t  t ype  o f  f u e l  (see F igures 6-1 and 6-2) and the  
baskets, i n  t u r n ,  stacked i n  an MCO. The Mark I A  basket ho lds 48 Mark I A  f u e l  
assemblies and has a c e n t r a l  p ipe  i n s e r t  (16.8-cm [6.6- in . ]  ou ts ide  diameter) 
s p e c i f i c a l l y  designed f o r  c r i t i c a l i t y  c o n t r o l .  The Mark I A  f u e l  scrap basket 
has a s i m i l a r  c e n t r a l  i n s e r t  (15.2-cm- [6-in.-]  d iameter) .  MCOs ho ld ing  
Mark I A  f u e l  (maximum l e n g t h  53.0 cm [20.88 i n . ] )  can be loaded w i t h  s i x  
baskets. 
f u e l  assemblies. 

Whole 

F igu re  6-4 shows t h e  cask arrangement f o r  a l o a d i n g  o f  whole Mark I A  

The Mark I V  basket ho lds 54 Mark I V  f u e l  assemblies and does n o t  have t h e  
c e n t r a l l y  l o c a t e d  p ipe  i n s e r t  f o r  c r i t i c a l i t y  c o n t r o l .  MCOs h o l d i n g  Mark I V  
f u e l  can be loaded w i t h  f i v e  baskets. The Mark I V  f u e l  assemblies were 
produced i n  d i f f e r e n t  lengths,  from 43.2 cm t o  66.3 cm (17 i n .  t o  26.1 i n . ) .  
For the  c a l c u l a t i o n a l  model, t he  a x i a l  ex ten t  o f  t he  f u e l ' s  annular  c y l i n d e r s  
was 26.1 i n .  pe r  basket. F igure 6-5 shows the  cask arrangement f o r  a l oad ing  
o f  whole Mark I V  f u e l  assemblies. 

Mark I V  baskets. However, t h e  lower  enrichment Mark I V  assemblies t h a t  are 
s h o r t  enough t o  f i t  i n  Mark I A  baskets would be acceptable; t hey  would 
decrease t h e  baske t ' s  r e a c t i v i t y .  
c e n t r a l l y  l oca ted ,  6.6-cm- (2.6-in.-) ou ts ide  diameter tube f o r  i n s t a l l a t i o n  
o f  t he  l ong  process tube f o r  vacuum d r y i n g  the  f u e l  i n  the  MCO. 

Because o f  t h e i r  h ighe r  enrichment, Mark I A  assemblies are n o t  a l lowed i n  

Both Mark I A  and Mark I V  baskets have a 

The des ign of t he  MCO and the  f u e l  baskets i s  i n  t h e  process o f  be ing 
The e f f e c t s  o f  any design change on c r i t i c a l i t y  s a f e t y  w i l l  be f i n a l i z e d .  

analyzed, as requ i red .  

i n  a CSB s torage tube. Two MCOs are stacked per  tube i n  t h e  CSB d u r i n g  t h e  
s tag ing  mode preceding ho t  c o n d i t i o n i n g  as w e l l  as d u r i n g  long-term i n t e r i m  
storage.  
s torage.  

One MCO i s  handled a t  a t ime  i n  a l l  operat ions except s tag ing  and s torage 

The MCOs may be sealed a f t e r  ho t  c o n d i t i o n i n g  f o r  long- term i n t e r i m  

6-9 D e c d r  30, 1996 SARR-005.06 
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Figure 6-4. Loading Arrangement for Mark IA 
Fuel in Multicanister Overpack. 
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Figure 6-5. Loading Arrangement for Mark I V  
Fuel in Multicanister Overpack. 
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From criticality considerations, the normal condition is the "dry" 
condition inside and outside the MCOs while they are in storage, received in 
the shipping cask, or moved to and from the HCS Annex at the CSB, except for 
some moisture content before the MCO has gone through the hot conditioning 
process. 
above its credible limit. 

Water content in the fuel was conservatively modeled at a level 

Various configurations of the MCOs and the storage tubes define boundary 
conditions as input into the criticality analyses (shown in Figures 6-6, 6-7, 
and 6-8). At the operating deck of the CSB, the MCOs are handled as a single 
unit located inside the MHM. Figure 6-6 (model A) depicts an MCO inside the 
MHM, which has 25-cm- (10-in.-) thick steel walls in a bell-shaped 
configuration. 
reflector and thermalization boundary at the bottom. 
cask-MCO configuration, which has steel walls 20 cm (8 in.) thick. 
Collocation of two or more MCOs at the operating deck is prevented by design 
and operating procedures. As such, all criticality scenarios at the operating 
deck are analyzed for a single MCO. 

matrix, shown in Figure 6-7 as model B. The storage tubes form a 10 
(north-south) by 22 (east-west) array with two MCOs per tube. The tube's 
center-to-center distance is 1.42 m (4 ft, 8 in.) in the east-west direction 
and 1.37 m (4 ft, 6 in.) in the north-south direction. 

The exterior vault walls are 1.4 m (4.5 ft) thick, the partition walls 
between vaults are 0.9 m (3 ft) thick, the vault basemat is 1.7 m (5.5 ft) 
thick, and the operating deck is 1.2 m ( 4 . 0  ft) thick. The vault walls, 
basemat, and operating deck are constructed of reinforced high-density 
concrete. 
effective as an unlimited thickness of the concrete structure for neutron 
reflection and thermalization properties. As such, the concrete structures 
are assumed to be 0.3 m (1 ft) thick in the analyses reported in this chapter. 

effective 0.3-m- (1-ft-) thick concrete reflector boundary in all directions. 
This model is used to evaluate the neutronic interactive effects of fuel in 
neighboring tubes and of the surrounding concrete under normal (dry) 
conditions and under abnormal conditions when the spaces between the tubes and 
the MCOs are filled with varying densities of water, from very-low-density 
dispersed water (zero to 0.1 g/cm3) to a fully flooded condition (1.0 g/cm3). 
As the density of water is increased above the 0.1 g/cm3 range, the 
tube-to-tube neutron interaction decreases and the tubes are decoupled 
rapidly. Based on the results of the analysis, it is assumed that the 
water-filled MCO-tube arrangement functions like an infinite lattice where a 
boundary of neutron flux symmetry is defined around each tube location. 
Neutron leakage is zero across this boundary, or the neutrons generated in an 
MCO-tube cell are fully reflected back into the cell. 
configuration is depicted in Figure 6-8 as model C. 

The operating deck's concrete floor functions as a neutron 
This model bounds the 

The MCO storage tubes in the CSB vault are arranged in a hexagonal 

Concrete at a thickness of 0.3 m (1 ft) is asymptotically as 

Figure 6-7 (model B) displays a 10 by 22 by 2 finite array with an 

This infinite array 
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F i g u r e  6-6. Model A,  M u l t i c a n i s t e r  Overpack i n  t h e  
M u l t i c a n i s t e r  Overpack Handl ing Machine. 
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F i g u r e  6-7. Model B ,  M u l t i c a n i s t e r  Overpacks i n  
V a u l t  Tubes ( F i n i t e  A r r a y ) .  
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F i g u r e  6-8. Model C ,  M u l t i c a n i s t e r  Dverpacks i n  V a u l t  Tubes 
( I n f i n i t e  L a t t i c e  C e l l )  and Model D, One M u l t i c a n i s t e r  

Overpack Encased i n  Concrete .  
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F igure 6-8 a l so  d e p i c t s  model 0, i n  which an MCO i s  encased i n  concrete.  
Model 0 i s  used t o  evaluate the  e f f e c t s  o f  concrete around a s i n g l e  MCO t o  
s imu la te  a c o n f i g u r a t i o n  o f  ope ra t i ng  deck concrete when an MCO i s  lowered 
i n t o  t h e  s torage tubes o r  a pos tu la ted  acc ident  scenar io  o f  an MCO f a l l i n g  
from t h e  MHM onto the  opera t i ng  area. 

Modeling f u e l  elements o r  f u e l  scrap i n s i d e  the  MCO and t h e  e f f e c t  o f  
i n te rspe rsed  moderation are discussed i n  Sect ion 6.7. 

M a t e r i a l  d e n s i t i e s  and weight f r a c t i o n s  are prov ided i n  Table 6-2 f o r  
c o n s t i t u e n t  nuc l i des  o f  a l l  m a t e r i a l s  used i n  t h e  c a l c u l a t i o n a l  models f o r  t h e  
normal and acc iden t  analyses prov ided i n  t h i s  sec t i on .  F i ss ionab le  isotopes 
are considered a t  t h e i r  most c r e d i b l e  r e a c t i v i t y .  Masses f o r  m a t e r i a l s  i n  a l l  
r eg ions  are c o n s i s t e n t  w i t h  atomic number d e n s i t i e s  and volumes occupied. 

The a n a l y s i s  t o o l s  used i n  the  p repara t i on  o f  t h i s  document are t h e  
WIMS-E (Gubbins e t  a l .  1982) and GOLF (Schwinkendorf 1994) codes, used f o r  
parametr ic  s tud ies  and the  c a l c u l a t i o n  o f  i d e a l  geometry c r i t i c a l  dimensions, 
and the  MCNP code (B re i sme is te r  1993), used f o r  modeling o f  three-dimensional 
geometries i n  d e t a i l .  The WIMS-E l a t t i c e  t r a n s p o r t  code (Gubbins e t  a l .  1982) 
was used t o  generate i n f i n i t e  neutron m u l t i p l i c a t i o n  f a c t o r s ,  16, f o r  l a t t i c e s  
and two-group cross sec t i ons  f o r  use by GOLF (Schwinkendorf 1994), which was 
used t o  c a l c u l a t e  f i n i t e  r a d i a l  dimensions f o r  both c y l i n d e r s  and hemispheres. 
Sect ion 6.6 presents  t h e  v a l i d a t i o n  o f  t he  c r i t i c a l i t y  computer codes used t o  
demonstrate t h e  a c c e p t a b i l i t y  o f  t he  MCO r e a c t i v i t y .  

The MCNP code (B re i sme is te r  1993) was used t o  o b t a i n  t h e  r e s u l t s  
discussed i n  t h e  f o l l o w i n g  sect ions.  The MCNP N Reactor f u e l  b ias,  discussed 
i n  Sect ion 6.6.3, was determined t o  be -5 mk (Wi t tek ind  1993). 
t h i s  b i a s  i n  t h e  code, r e s u l t s  i n  these sect ions should be compared w i t h  a 
l i m i t i n g  va lue o f  0.945 f o r  kef,. 

To a l l o w  f o r  

6 . 4  CRITICALITY CALCULATION RESULTS FOR NORMAL CONDITIONS 

The c a l c u l a t i o n a l  o r  experimental methods and r e s u l t s  used t o  determine 
t h e  nuc lea r  r e a c t i v i t y  f o r  t h e  maximum f u e l  l oad ing  in tended t o  be conta ined 
i n  t h e  cask a re  discussed i n  t h i s  sec t i on .  

6 . 4 . 1  Loading w i t h  I n t a c t  Assemblies Only 

6 . 4 . 1 . 1  Dry M u l t i c a n i s t e r  Overpack Loadings o f  I n t a c t  Assemblies. Table 6-3 
con ta ins  t h e  MCNP r e s u l t s  f o r  casks con ta in ing  MCO baskets loaded o n l y  w i t h  
i n t a c t  Mark I A  o r  Mark I V  f u e l  assemblies. 
con ta ins  da ta  f o r  d r y  loadings;  these r e s u l t s  c l e a r l y  show t h a t  c r i t i c a l i t y  i s  
n o t  a concern f o r  d r y  MCO conta iners.  The keff f o r  an i n f i n i t e  square a r r a y  
o f  d r y  Mark I A  MCOs i s  on l y  0.3008 k 0.0015, o r  0.3038 a t  t he  upper 95% 
conf idence l e v e l .  The k f f  values f o r  d r y  MCOs loaded w i t h  i n t a c t  Mark I V  
f u e l  assemblies are about 10% higher .  Th i s  i s  because t h e r e  are more f u e l  
assemblies pe r  basket and each f u e l  assembly has more uranium meta l .  

The upper sec t i on  o f  t he  t a b l e  
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Table 6-2. Material Densities and Weight Fractions 
Used in Calculations. 

Material No. Density 
(9/cm3) Isotope 

Mark IV inner 
elements 

ml 18.58 0.0094.71 
0.990529 

1 .ooo Zircaloy cladding m2 6.55 40000.50~ 
Stainless steel m3 8.03 g/cc 6000.50~ 

25055.50~ 
14000.50c 

0.0004 
0.0200 
0.0100 
0.1900 
0.0925 
0.6871 

Water m4 1.000 0.1119 
0.8881 

Carbon steel m5 8.03 6000.50~ 
25055.50~ 
14000.50c 
24000.50~ 
28000.50~ 
26000.55~ 
5010.50~ 
5011.55c 

0.000396 
0.0198 
0.0099 
0.1881 
0.091575 
0.680229 
0.001 99 
0.00801 

Mark IV outer 
elements 

m6 18.58 0.009471 
0.990529 

m7 18.82 0.011494 
0.988506 

Mark IA scrap 

1.25 wtX 235U scrap m8 18.82 0.012491 
0.987509 

CSB concrete m9 

- 
i lding. 

2.26 1001.50~ 
8016.50~ 
11023.50~ 
12000.50c 
13027.50~ 
14000.50c 

0.0031 
0.4407 
0.0182 
0.0376 
0.0607 
0.2157 
0.0009 
0.0009 
0.0066 
0.1306 
0.0049 
0.0788 26000.55~ 

CSB = Canister Storage 
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plan-b81 Mark I A  6 48 Flooded 

plan-b82 Mark I A  6 48 Flooded 

plan-b88 Mark I V  5 54 Flooded 

plan-b89 Mark I V  5 54 Flooded 

w 

I z 
-n I 

v) 0 

m z -n 

v) 

W 

0 0 cn 

W m < 
0 

z 
S i n g l e  MCO 0.8483 0.0032 0.8546 

Two touch ing  0.8515 0.0028 0.8571 

S i n g l e  MCO 0.8778 0.0028 0.8834 

Two touch ing  0.8794 0.0031 0.8855 
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6.4.1.2 Flooded M u l t i c a n i s t e r  Overpack Loadings o f  I n t a c t  Assemblies. When 
t h e  MCOs loaded w i t h  i n t a c t  f u e l  assemblies a re  f u l l y  f looded, t h e  kef' i s  
h ighe r ,  b u t  w e l l  w i t h i n  the  s a f e t y  l i m i t  va lue o f  0.95. 
Table 6-3 g i ves  t h e  c a l c u l a t e d  r e s u l t s  f o r  cases i n  which t h e  MCO i s  f l ooded  
i n s i d e .  For a s i n g l e  cask h o l d i n g  s i x  baskets o f  i n t a c t  Mark I A  f u e l ,  f u l l y  
f l ooded  w i t h  water, t h e  k i s  0.855 a t  t h e  upper 95% conf idence l e v e l .  
P u t t i n g  a second i d e n t i c a f 5 y  loaded cask nex t  t o  t h i s  r a i s e s  t h e  kef, o n l y  
about 0.4%, i l l u s t r a t i n g  the  s i g n i f i c a n t  e f f e c t  o f  t h e  cask s h i e l d i n g  f o r  
d i m i n i s h i n g  i n t e r a c t i o n s  between t h e  casks i n  an a r ray .  

assemblies. 
Mark I A  assembly, more Mark I V  f u e l  assemblies w i l l  be loaded i n t o  each 
basket. Th i s  r e s u l t s  i n  a va lue f o r  keff t h a t  i s  3% t o  4% h ighe r  than f o r  
Mark I A  f u e l  b u t  s t i l l  below 0.90. The MCOs loaded w i t h  Mark I V  f u e l  w i l l  
t h e r e f o r e  tend t o  be more l i m i t i n g  from a c r i t i c a l i t y  v iewpo in t .  
f looded,  MCOs loaded w i t h  i n t a c t  Mark I V  f u e l  assemblies a l s o  y i e l d  a k 
w e l l  below t h e  s a f e t y  l i m i t  o f  0.95. For t h e  s ide-by-s ide casks case, %e 
keff i s  0.886 a t  t h e  upper 95% conf idence l e v e l .  

conformance w i t h  the  c r i t i c a l i t y  sa fe ty  requirements under normal cond i t i ons ,  
i n c l u d i n g  t h e  t r a n s p o r t  phase. 

The lower  p a r t  o f  

S i m i l a r  t rends  are noted f o r  f looded casks o f  whole Mark I V  f u e l  
Even though a Mark I V  f u e l  assembly i s  l e s s  r e a c t i v e  than a 

When f u l l y  

These da ta  f o r  t he  f l ooded  casks o f  whole f u e l  assemblies prove 

6.4.2 Loading w i t h  I n t a c t  Assemblies and Scrap 

C a l c u l a t i o n  o f  keff values f o r  MCO cask loadings t h a t  i nc lude  baskets o f  
scrap (scrap and i n t a c t  f u e l  may be mixed i n  a scrap basket) i s  h i g h l y  
sub jec t i ve ,  as i t  r e q u i r e s  assumptions about t h e  na tu re  o f  t h e  scrap. These 
assumptions i n c l u d e  average p iece  s i z e  and vo lumet r i c  d i s t r i b u t i o n .  
degree o f  moderation and t h e  e f f e c t i v e  s h i e l d i n g  o f  238U resonances, and thus  
r e a c t i v i t y ,  are h i g h l y  s e n s i t i v e  t o  these parameters. The approach adopted 
f o r  t h i s  a n a l y s i s  has been t o  evaluate the  keff values f o r  t h e  most r e a c t i v e  
poss ib le  scrap con f igu ra t i ons ;  t h i s  imp l i es  p rec i se  values f o r  p iece  diameters 
and opt imized separat ions o f  t he  scrap p ieces.  
these h y p o t h e t i c a l ,  worst-case scrap con f igu ra t i ons ,  it then can be i n f e r r e d  
t h a t  any r e a l i s t i c  scrap l oad ings  w i l l  be s u b c r i t i c a l  and w i t h i n  t h e  s a f e t y  
margin requi rements.  

6.4.2.1 Flooded M u l t i c a n i s t e r  Overpack Loadings t h a t  I nc lude  Mark I A  Scrap. 
The MCNP cases repo r ted  i n  Table 6-4 model casks loaded w i t h  MCOs t h a t  con ta in  
baskets o f  Mark I A  scrap and i n t a c t  o r  r u b b l i z e d  Mark I A  assemblies. 
t he  f l ooded  scrap c o n f i g u r a t i o n  can be more r e a c t i v e ,  t he  kef' va lues are 
l a r g e r  than f o r  l oad ings  o f  i n t a c t  assemblies on l y .  
show t h a t  two 1.25 w t %  235U scrap baskets can be inc luded i n  an MCO loaded 
w i t h  Mark I A  f u e l  when t h e  baskets are placed a t  t h e  top  and bottom. 
Acceptable values f o r  kef are found f o r  t he  cont ingencies o f  one misplaced 
scrap basket i n  a f l ooded  MCO and f o r  a drop acc ident  w i t h  a f l ooded  MCO. 

The 

Based upon the  r e s u l t s  f o r  

Because 

The r e s u l t s  i n  Table 6-4 

SARR-005.06 6-18 Decernber 30, 1996 



Table 6-4. Ana lys is  Resu l ts  f o r  Mark I A  Fuel and Scrap i n  Flooded M u l t i c a n i s t e r  Overpacks i n  Casks. 

Other 
d e t a i l s  

Dry MCO 

Wet MCO 

F i l e  ID 
~~~l C a l c u l a t i o n  r e s u l t s *  

Std. 95% C I  

23.00 0.3808 0.0019 0.3846 

OD 
(in.) Dev. kef' 

23.00 0.8721 0.0030 0.8780 

C A S E I A  

Misloaded, 
wet MCO 

Drop model 
normal 

CASE1 

x z 
-n I 

23.00 0.9016 0.0030 0.9076 
I 
v) z l7 

23.25 0.9104 0.0027 0.9157 
W 

CASE5 

CASE3 1. y5;t% 

CASE3A 

1. g5,.t% 1. g5;t% 

p l  an-b78 

p l  an-b7: 

'Thi 

i n s e r t  

Drop model 
t h i c k  
i n s e r t  

Misloaded, 
wet MCO 

Misloaded. 

Basket conten ts  by t i e r  number ( f rom t o p )  

I 0 
0 VI 

23.25 0.9319 0.0029 0.9378 
m C 

0 

24.00 0.9393 0.0026 0.9445 

24.00 0.9587 0.0031 0.9649 

scrap 

1. $$,;t% 

r u b b l e  

l.$$$%I 48 I 48 
Mark I A  Mark I A  

1. $$,,.t% 
r u b b l e  

scrap 

Mar? I A  1 Mar? I A  1 Ma:: I A  

scrap I r u b b l e  I r u b b l e  

1. g5;t% 1. 1,25,.t% 1. g5;t% 
scrap 1 r u b b l e  I r u b b l e  

Mar? I A  I Mar? I A  I Mar? I A  

48 I 48 I 1.1A;t% 
Mark I A  Mark I A  

I I scraD 

Mar4kBIA I Mar? I A  

I scraD 7 1. w t %  1. $25 w t %  

r u b b l e  I r u b b l e  

l.$?$t%I 48 
Mark I A  

scrap 

Mark I A  
scrap 

T i e r  6 

.525Uwt9E 
scrap 

l .  555UWtX 
scrap 

scrap 

1. 525UwtX 
scrap 

48 
Mark I A  

48 
Mark I A  

wet MCo I I I I I 
irniting value for keff  should be considered 0.945 to  al lou for a code bias of - 5  rnk (see Section 6.6.3). 

w 

.o 
8 

CI = confidence interval.  

00 = outer diameter. 
MCO = nulticanister overpack. 
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C A S E l A  i n  Table 6-4 shows t h a t  f o r  a normal ly  loaded, d r y  MCO i n  a cask, 
t he  kef, i s  small ,  l e s s  than 0.4. 
r e s i d u a l  water l e f t  i n  t h e  MCO a f t e r  d ry ing .  I t s  d e n s i t y  i n  t h e  MCO i s  
0.005 g/cm3. 
assemblies and a top  and a bottom basket o f  1.25 w t %  235U scrap) i s  f looded,  
as i n  CASE1 (F igu re  6-9), t h e  keff increases t o  almost 0.9. The d r y  case i s  
rep resen ta t i ve  o f  t h e  MCO w i t h  s i g n i f i c a n t  r e f l e c t i o n  a f t e r  be ing d r i e d  i n  t h e  
HCS Annex a t  t h e  CSB. The f l ooded  case models t h e  MCO i n  a cask be fo re  
process ing i n  t h e  CVDF. These r e s u l t s  show t h a t  t h e  no rma l l y  loaded MCO, when 
i s o l a t e d  from o t h e r  u n i t s  by t h e  cask o r  d is tance,  i s  acceptably  s u b c r i t i c a l  
over t h e  range from f u l l y  f l ooded  t o  d r i e d .  

CASE5 (Table 6-4 and F igure 6-10) shows t h a t  even i f  t h e  second scrap 
basket i s  loaded i n ' t h e  most r e a c t i v e  l o c a t i o n ,  nex t  t o  t h e  o t h e r  scrap 
basket, t h e  kef, i s  l e s s  than 0.91. Cases p lan  b74 and plan-b73 are l e s s  
r e f i n e d  models o f  t h e  loaded and f looded MCO Tn t h e  cask. 
i f  a s i n g l e  scrap basket i s  p laced i n  the  cen te r  o f  t h e  stack, f h e  va lue f o r  
k f f  i s  acceptable. 
t b e  cen te r  p o s i t i o n s ,  t h e  va lue f o r  keff i s  above the  acceptable l i m i t  o f  
0.95, a l though s u b c r i t i c a l .  
i n  t h i s  case meets t h e  requirements o f  t h e  double contingency p r i n c i p l e ,  no 
f u r t h e r  a c t i o n  i s  requ i red .  
requirements o f  double contingency. 

MCO baskets, drop t h e  baskets i n t o  a s tack separated by 0.375-in. p l a t e s ,  and 
t o  o f f s e t  t h e  6 - in .  c e n t r a l  p ipe  i n s e r t  2 i n .  o f f  center ,  a l l o w i n g  r u b b l e  and 
scrap c l o s e r  t o  t h e  cen te r  l i n e  o f  t he  MCO. 
rubb le  are assumed t o  expand t o  t h e  i n s i d e  diameter o f  t h e  MCO, 23.25 i n .  The 
MCO i s  engineered t o  l i m i t  t h e  r a d i a l  expansion t o  t h i s  value. The fragments 
o f  t h e  f u e l  r u b b l e  are assumed t o  combine i n  optimum p a r t i c l e  s i zes  modeled as 
rods.  However, t h e  r u b b l e  p a r t i c l e s  a t  t h i s  t ime  are assumed t o  remain a t  t he  
l o c a t i o n  i n  which they  were crushed and n o t  be momentari ly suspended by 
rebound. 

The d r y  case inc ludes  3 kg o f  water  as 

When t h i s  f u e l  l oad ing  ( f o u r  baskets o f  Mark I A  i n t a c t  

Plan b74 shows t h a t  

Plan b73 shows t h a t  i f  two scrap baskets are p laced i n  

I f  the  cause o f  mis loading t h e  two scrap baskets 

Design acceptance i s  dependent on meeting t h e  

Dropping a cask-MCO i s  assumed t o  r u b b l i z e  t h e  i n t a c t  f u e l  i n  t h e  c e n t r a l  

The scrap and baskets w i t h  f u e l  

CASE3 (Table 6-4 and F igu re  6-11) represents  a s i n g l e  MCO c o n t a i n i n g  s i x  
Mark I A  baskets .  The f o u r  c e n t r a l  baskets con ta in  Mark I A  f u e l  reduced 
complete ly  t o  r u b b l e  w i t h  an enrichment equal t o  1.15 w t %  235U, and t h e  
remain ing two baskets (g3?p and bottom) con ta in  Mark I A  scrap w i t h  an 
enrichment o f  1.25 rit% U .  The s t a i n l e s s  s t e e l  i n s e r t  i s  assumed t o  be 
d i sp laced  a d i s tance  o f  2 i n .  from t h e  cen te r  l i n e  o f  t he  MCO by t h e  f o r c e  o f  
t he  impact. CASE3A (F igu re  6-12) represents  t h e  same cond i t i ons  descr ibed i n  
CASE3 (F igu re  6-11), except t h a t  t he  th in -wa l l ed  s t a i n l e s s  s t e e l  i n s e r t  i s  
rep laced w i t h  a th i cke r -wa l l ed  i n s e r t .  The MCO i s  f u l l y  f l ooded  and f u l l y  
r e f l e c t e d  by t h e  s t e e l  o f  t h e  cask and water surrounding t h e  cask. 

CASE3 and CASE3A (Table 6-4 and F igures 6-11 and 6-12) show t h a t  f o r  a 
f looded MCO t h a t  i s  dropped, the  va lue f o r  keff i s  l e s s  than 0.94 rega rd less  
o f  which o f  t he  two c e n t r a l  i n s e r t s  i s  i n  p lace.  
conf idence l e v e l  f o r  t h e  normal, t h i n  6 - i n .  p ipe  i n s e r t  i s  o n l y  0.9157. 
the  drop acc ident  (one contingency), t he  MCO loaded normal ly  w i t h  Mark I A  f u e l  
and scrap i s  w i t h i n  a l l owab le  l i m i t s .  

The kef, a t  t h e  upper 95% 
For 
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F i g u r e  6-9 .  A n a l y s i s  I n p u t  Models CASE1 and CASEP: A x i a l  Geometry. 

t 
12.0" 

T 22.5' 

around 1;: 4x22.5' 

MKlA MCO NorrnalCase 1 
CASE 1 

SARR-005.06 
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wall 

- 
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I 
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26.85" 

L 
7.50' 

A 
MKIVMCO NomalCase 1 

CASE 2 

December 30, 1996 
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F i g u r e  6-10. A n a l y s i s  I n p u t  Models CASE5 and CASE6: A x i a l  Geometry. I; around 

4x22.5’ 

SS MCO 

MKlA MCO MisloadCase 1 
CASE 5 

SARR-005.06 

22.5’ 

22.5’ 

L 
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6-22 
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26.85’ 

1 t 
26.85’ 

1 
7.50’ 

MKlV MCO Misload Case I 
CASE 6 
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F i g u r e  6-11. A n a l y s i s  Input Model CASE3: A x i a l  Geometry. 

15.93' 

I 22.5' 

L 
12' water 
reflector 
around 
Casks 

1~18.14' in"- SS wall MCO 

\ 
I 
22.5' 

7.9- 
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i 22.5- 
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22.5- 

L 
7.50' 

~ 

A ~ 

MKlA MCO Drop Case (24.0) 1 MKlA MCO Drop Case (23.25) T 
CASE 3 
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F i g u r e  6-12. Ana lys is  I n p u t  Model CASE3A: A x i a l  Geometry. 

t 
15.93' : 
22.5' 

__ 

12' water 
reflector 
a n d  
Casks 
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7 

MKlA MCO Drop Case (24.0) I MKlA MCO Drop Case (23.25) I 
CASE 3a 
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The c a l c u l a t i o n s  i n  Table 6-4 used a rubb le  pack ing f r a c t i o n  equal t o  
0.40 and had the  c ladd ing  remain ing w i t h  t h e  f u e l .  Th i s  model i s  n o t  
o p t i m a l l y  moderated f o r  maximum r e a c t i v i t y ,  bu t  a pack ing f r a c t i o n  o f  0.40 i s  
reasonably conserva t i ve  f o r  a rubb le  bed. 

6.4.2.2 Flooded M u l t i c a n i s t e r  Overpack Loadings t h a t  I nc lude  Mark I V  Scrap. 
The MCNP cases repo r ted  i n  Table 6-5 model casks loaded w i t h  MCOs t h a t  con ta in  
baskets o f  Mark I V  scrap and i n t a c t  o r  r u b b l i z e d  Mark I V  assemblies. Because 
t h e  f l ooded  scrap c o n f i g u r a t i o n  can be more r e a c t i v e ,  t he  kef values are 
l a r g e r  thqn those cases i n  Table 6-3. The r e s u l t s  i n  Table 4-5 show t h a t  two 
0.95 w t %  * 'U scrap baskets can be inc luded i n  an MCO loaded w i t h  Mark I V  f u e l  
when t h e  scrap baskets are p laced a t  t he  t o p  and bottom. 
f o r  kef are found f o r  t he  cont ingencies o f  one misplaced scrap basket i n  a 
f l o o d e d  MCO and f o r  a drop acc ident  w i t h  a f looded MCO. 

t h e  kef, i s  smal l ,  l e s s  than 0.4. 
r e s i d u a l  water  l e f t  i n  t h e  MCO a f t e r  d ry ing .  I t s  d e n s i t y  i n  t h e  MCO i s  
0.005 g/cm3. 
assemblies and a top  and a bottom basket o f  0.95 w t X  
as i n  CASE2 (F igu re  6-9), t he  kef, increases t o  almost 0.9. 
r e p r e s e n t a t i v e  o f  t h e  MCO w i t h  s i g n i f i c a n t  r e f l e c t i o n  a f t e r  be ing d r i e d  i n  t h e  
HCS Annex a t  t h e  CSB. The f looded case models the  MCO i n  a cask be fo re  
process ing i n  the  CVDF. These r e s u l t s  show t h a t  t h e  normal ly  loaded MCO, when 
i s o l a t e d  f rom o t h e r  u n i t s  by t h e  cask o r  d is tance,  i s  acceptably  s u b c r i t i c a l  
over the  range from f u l l y  f looded t o  d r i ed .  

Case p l a n  108 (Table 6-5) models a l l  f i v e  baskets f i l l e d  w i t h  Mark I V  
i n n e r  elements-in a close-packed hexagonal ar ray.  
f u l l y  r e f l e c t e d .  Th is  r e s u l t  shows t h a t  i n t a c t  f u e l  i s  more r e a c t i v e  than 
close-packed i n n e r  elements. 

CASE6 (Table 6-5 and F igure 6-10) shows t h a t  even i f  the  second scrap 
basket i s  loaded i n  t h e  most r e a c t i v e  l o c a t i o n ,  next  t o  t h e  o t h e r  scrap 
basket, t h e  k,, i s  l e s s  than 0.91. 
misplaced basket o f  Mark I V  f u e l  scrap i n  the  c e n t r a l  l o c a t i o n .  The kef i s  
l e s s  than 0.91. Case p l a n  133, a l e s s  r e f i n e d  model o f  t he  loaded and Flooded 
MCO i n  t h e  cask, shows t h a f  i f  two scrap baskets are p laced i n  c e n t r a l  
p o s i t i o n s ,  t h e  kef, va lue i s  acceptable. Th is  exceeds the  requirements o f  t he  
double contingency p r i n c i p l e  s ince  each misplaced basket i s  a contingency and 
the  double contingency p r i n c i p l e  does no t  r e q u i r e  s u b c r i t i c a l i t y  f o r  two 
cont ingencies.  

and t o  drop t h e  baskets i n t o  a s tack  separated by 0.375-in. p l a t e s .  
and r u b b l e  baskets are assumed t o  expand t o  t h e  i n s i d e  diameter o f  t h e  MCO 
(23.23 i n . ) .  
va lue.  The fragments o f  t h e  f u e l  rubb le  are assumed t o  combine i n  optimum 
p a r t i c l e  s i zes  modeled as rods. However, t he  rubb le  p a r t i c l e s  a t  t h i s  t ime  
are assumed t o  remain a t  t he  l o c a t i o n  i n  which they were crushed and n o t  be 
momentari ly suspended by rebound. 
f looded MCO t h a t  i s  dropped, t h e  k,, i s  l e s s  than 0.94. 
acc ident  (one contingency), t he  MCb loaded normal ly  w i t h  Mark I A  f u e l  and 
scrap i s  w i t h i n  a l l owab le  l i m i t s .  

Acceptable values 

CASEZA i n  Table 6-5 shows t h a t  f o r  a normal ly  loaded, d r y  MCO i n  a cask, 
The d r y  case inc ludes  3 kg o f  water as 

When t h i s  f u e l  l oad ing  ( th ree  baskets oc3Fark I V  i n t a c t  
U scrap) i s  f looded,  

The d r y  case i s  

The MCO i s  f l ooded  and 

CASELB shows the  r e a c t i v i t y  o f  a 

Dropping t h e  cask-MCO i s  assumed t o  r u b b l i z e  t h e  i n t a c t  f u e l  i n  t h e  MCO 
The scrap 

The MCO i s  engineered t o  l i m i t  t he  r a d i a l  expansion t o  t h i s  

CASE4 (F igure 6-13) shows t h a t  f o r  a 
For the  drop 
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v 
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0. 

T i e r  1 T i e r  2 

Table 6-5. Ana lys is  Resu l ts  f o r  Mark IV Fuel and Scrap i n  Flooded M u l t i c a n i s t e r  Overpacks i n  Casks. 

T i e r  3 

Basket conten ts  by t i e r  numbera 

A l l  baskets f u l l y  
packed w i t h  c l a d  
Mark IV i n n e r  
elements 

Dry  MCO 

Wet MCO 

24.00 0.6762 0.0024 0.6809- 

23.00 0.3866 0.0022 0.3910 I 

z n 
I ln 

0 

z -rl 

23.00 0.8824 0.0022 0.8869 ,!, 

54 
Mark IV 

54 
Mark IV 

F i l e  I D  

21 an-108 

T i e r  4 T i e r  5 

Mark IV Mark IV Mark IV 
i n n e r  I i n n e r  I i n n e r  

element element element 

Mark IV 
i n n e r  

e l  ement 

Mark IV 
i n n e r  

element 

54 
Mark IV 

LASEZA 

scrap I I 
CASE2 54 

Mark IV O. 9,55UWt% 
scrap scrap ln 

~D 
Wet MCO, one 23.00 0.8955 0.0029 0.9014 

I 

0 
m i  s p l  aced scrap 0 

basket i n  middle VI 

CASE28 54 
Mark IV Mark IV 

scrap scrap 
p o s i t i o n  I I I I I =  7 Mark IV Mark IV Mark IV 

CASE6 
n e x t  t o  each 
o t h e r  near t h e  
bottom, wet MCO 

scrap 

Drop model CASE4 

p l  an-133 

scrap I r u b b l e  I r u b b l e  scrap r u b b l e  

O*9,$5UWt% 
scrap 

54 
Mark IV 

I I scrao 
I I 

%he l imit ing value for teff shwld be considerec 

nco = wlt icanister  overpack. 
CI = confidence interval.  

00 = outer diameter. 

I .  
1.945 to  al lou for a code bias of -5 mk (see Section 6.6.3). 
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F i g u r e  6-13. A n a l y s i s  I n p u t  Model CASE4: A x i a l  Geometry. 

H 2 O  

t 
1 1.53" t 
26.85' 

12' water 
reflector 

amund casks 

1~22.63' 

T 1 
26.85" 

I 
L 
7.50" 

7 
7.5.' 

L 

26.85" 

3~24.12' : 26.85' 

i 
7 3 -  

7 
MKlV MCO Drop Case (24.0) I MKlV MCO Drop Case (23.25) 1 

CASE 4 
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The c a l c u l a t i o n s  i n  Table 6-5 used a rubb le  pack ing f r a c t i o n  equal t o  
0.40 and had t h e  c ladd ing  remain ing w i t h  t h e  f u e l .  Th i s  model i s  n o t  
o p t i m a l l y  moderated f o r  maximum r e a c t i v i t y ,  b u t  a pack ing f r a c t i o n  o f  0.40 i s  
reasonably conserva t i ve  f o r  a rubb le  bed. The MCO was f u l l y  f l ooded  and f u l l y  
r e f l e c t e d  by t h e  s t e e l  o f  t h e  cask and water surrounding t h e  cask. 

6.4.3 Can is te r  Storage B u i l d i n g  

10 by 22, w i t h  concrete on f o u r  s ides,  t he  top,  and t h e  basemat below. Two 
MCOs are p laced i n  each s torage tube i n  a v e r t i c a l  column. The operat ions 
f l o o r  a t  t h e  t o p  o f  t he  tubes i s  1.2-m- ( 4 - f t - )  t h i c k  concrete.  
a p e n e t r a t i o n  i n  t h e  opera t i ng  f l o o r  t h a t  extends down t o  t h e  v a u l t  f l o o r .  
A 30-cm (12-in.) impact l i m i t e r  i s  l oca ted  a t  t h e  bottom o f  each tube and 
between t h e  two MCOs i n  a tube. 
s ide,  b u t  over  3 m (10 ft) d i s t a n t  on the  10-tube s ide.  

The MCNP r e s u l t s  i n  Table 6-6 are f o r  no rma l l y  loaded MCOs i n s i d e  tubes 
a t  t h e  CSB and i n s i d e  t h e  MHM. The f u e l  i s  conta ined i n  the  23-in.-diameter 
baskets. MCOs w i t h  Mark I V  f u e l  are modeled w i t h  t h r e e  c e n t r a l  baskets o f  
54 f u e l  assemblies each and scrap i n  t h e  t o p  and bottom baskets. MCOs w i t h  
Mark I A  f u e l  a re  modeled w i t h  f o u r  c e n t r a l  baskets o f  48 i n t a c t  f u e l  
assemblies each and scrap i n  t h e  top  and bottom baskets. For  Cases o c l . 1  and 
oc1.2, t h e  concrete w a l l s  are modeled o n l y  27 and 28 i n .  from t h e  cen te r  l i n e  
o f  t h e  CSB s torage tube a t  t he  edge o f  t he  10 by 22 u n i t  a r ray .  
cases i n  Table 6-6 g i v e  t h e  k f f  f o r  normal, d r y  MCOs c o n t a i n i n g  a i r  w i t h  
water vapor a t  0.0051 g/cm3 ( 3  kg o f  water pe r  MCO), which i s  a conserva t i ve  
es t ima te  o f  t w i c e  t h e  expected r e s i d u a l  water i n  t h e  f u e l  a f t e r  h o t  
c o n d i t i o n i n g .  The space between t h e  MCO and CSB storage tube and t h e  space 
between storage tubes i s  modeled w i t h  a water d e n s i t y  o f  vapor (0.0012 g/cm3). 
A t  t h a t  d e n s i t y  t h e  i n t e r t u b e  moderating e f f e c t  o f  water vapor has f a l l e n  
below t h e  maximum and i s  equ iva len t  t o  zero water f o r  hav ing humid i t y  i n  t h e  
a i r  between t h e  tubes. 

The MCOs are r a i s e d  and lowered through t h e  concrete f l o o r  and moved t o  
and from t h e  HCS Annex us ing  the  MHM. 
by a 1 - f t - t h i c k  c y l i n d e r  o f  concrete a t  a r a d i a l  d i s tance  o f  1 ft. 
MCO i s  removed f rom o r  i n s e r t e d  i n t o  a s torage tube, i t  i s  c l o s e l y  surrounded 
fo r  4 ft a long i t s  l e n g t h  by t h e  opera t i ng  deck s lab.  
r e f l e c t e d  by t h i c k  concrete w i l l  be analyzed i n  Sect ion 6.5. 
g r e a t e s t  r e f l e c t i o n  du r ing  i t s  movement i n  the  CSB i s  when the  MCO i s  i n  t h e  
MHM c l o s e l y  r e f l e c t e d  by 10 i n .  o f  s t a i n l e s s  s t e e l .  A s i n g l e  MCO i s  modeled 
w i t h  s t a i n l e s s  s t e e l  d i r e c t l y  around and above, w i t h  t h i c k  concrete below. 

Case oc1.4 (Table 6-6) has d r y  Mark I A  f u e l  i n  the  cen te r  baskets and 
scrap i n  t h e  t o p  and bottom baskets. The k f f ,  0.3041, p l u s  two standard 
d e v i a t i o n s  ( u  = 0.0017) i s  0.3075. Case oc f .5  (Table 6-6) has d r y  Mark I V  
fue l  i n  t h e  cen te r  baskets and scrap i n  the  top  and bottom baskets. 
0.3280, p l u s  two standard d e v i a t i o n s  (u = 0.0015) i s  0.3311. 
types o f  f u e l  i n  a normal arrangement w i t h  maximum r e f l e c t i o n  f o r  normal CSB 
a c t i v i t i e s ,  t h e  upper 95% confidence l e v e l  kef, i s  l e s s  than 0.35. 
r e s u l t  shows t h a t  when the  MCO i s  moved, under normal c o n d i t i o n s  and i n  normal 
work areas, t h e r e  i s  a s i g n i f i c a n t  r e a c t i v i t y  margin f o r  c r i t i c a l i t y  sa fe ty .  

The v a u l t  t o  be used i n  t h e  CSB con ta ins  an a r r a y  o f  s torage tubes, 

Each tube i s  

The v a u l t  w a l l s  are c l o s e s t  a long the  22-tube 

The f o u r  

An MCO i n  the  HCS i s  modeled surrounded 
When an 

An MCO c l o s e l y  
However, t h e  

The keff, 
For t h e  two 

Th is  
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Table 6-6. Analysis Results for Normally Loaded Multicanister Overpacks Inside the Canister Storage 
Buildinq and Multicanister Overoack Handlina Machine. 

Number of Assemblies per 
baskets basket 

MCO 
interior 

ocl.1 

oc1.2 

oc1.4 

1 I I I I 
Mark I A b  1 top 1.25 wt% 235U scrap 0.0051 

4 middle 48 Mark IA 
1 bottom 

3 middle 54 Mark IV 
1 bottom 

4 middle 48 Mark IA 
1 bottom 

1.25 wt% 235U scrap 
Mark IVb 1 top 0.95 wt% 235U scrap 0.0051 

0.95 wt% 235U scrap 
Mark IAC 1 top 1.25 wt% 235U scrap 0.0051 

1.25 wt% 235U scrap 

oc1.5 Mark IVc 1 top 0.95 wt% 235U scrap 0.0051 
3 middle 54 Mark I V  
1 bottom 0.95 wt% 235U scrap 

Std. 95% CI Between storage 

outside MCOs tubes and I keff I dev. 1 keff I 

'The l im i t ing  value fo r  teff should be considered 0.945 to  a l lou  for a code bias of -5 mk (see Section 6.6.3). 
using 10 x 22 x 2 array of MCOS i n  CSB storage tubes u i t h  concrete ualls. f loors and ualls. Fuel density correspands t o  the actual .^ _._. I "-" 

I" x LL x L neragona, array OT L>U. 
'MCO stored i n  MHU. Modeled as having 10 in. of Steel on top and side, and a 2 - f t - th ick  concrete f loor  below. 

I z n 
I v) 

0 

v) z -n 

v) 

g 
P 

z 
0 
0 ul 

< 
0 

CI = confidence interval. 
WCO = rmlticanister overpack. 
N/A = not applicable. 
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The t h i c k  s t e e l  s h i e l d i n g  i n  the  MHM and the  concrete i n  t h e  HCS i s o l a t e  t h e  
MCO n e u t r o n i c a l l y ,  so i n t e r a c t i o n  w i t h  ex te rna l  f i s s i l e  m a t e r i a l  i s  n o t  a 
cons ide ra t i on .  Also, e x t r a c t i n g  an MCO through t h e  CSB opera t i ng  deck would 
decrease i t s  r e a c t i v i t y  by d i s tance  and i s o l a t i o n  because o f  t h e  deck and MHM. 

I n t a c t  Mark I V  f u e l  i s  modeled i n  a l l  f i v e  baskets o f  t h e  MCO w i t h  54 f u e l  
elements pe r  basket o r  i n  t h e  t h r e e  c e n t r a l  baskets w i t h  scrap i n  t h e  t o p  and 
bottom baskets. MCOs w i t h  Mark I A  f u e l  are modeled w i t h  f o u r  c e n t r a l  baskets 
o f  48 i n t a c t  f u e l  assemblies each and scrap i n  t h e  top  and bottom baskets. 
The f o u r  cases i n  Table 6-7 g i v e  the  keff f o r  normal, d r y  cases. 
i n s i d e  t h e  MCO i s  modeled as water vapor a t  0.0012 g/cm o r  a t  a conserva t i ve  
es t ima te  o f  t w i c e  t h e  expected r e s i d u a l  3 kg o f  water pe r  MCO water  i n  t h e  
f u e l  a f t e r  h o t  d r y i n g  (0.0051 g/crn3 o f  water [3  kg o f  water p e r  MCO]).  The 
space between t h e  MCO and CSB storage tube and t h e  space between storage tubes 
i s  modeled w i t h  a water d e n s i t y  o f  vapor (0.0012 g/cm3). 
i n t e r t u b e  moderating e f f e c t  o f  water vapor has f a l l e n  below t h e  maximum and i s  
equ iva len t  t o  zero water f o r  hav ing humid i t y  i n  t h e  a i r  between the  tubes. 

24-in.-diameter basket. The o the r  cases have i n t a c t  f u e l  i n  t h e  cen te r  
baskets and scrap i n  t h e  top  and bottom baskets, w i t h  a basket diameter o f  
23 i n .  Cases csb04 and csb03 (Table 6-7) model t he  10 by 22 a r r a y  o f  s torage 
tubes us ing  t h e  two f u e l  enrichments and concrete wa l l s ,  basemat, and 
opera t i ng  deck, which i s  a t  t he  l e v e l  o f  t h e  top  o f  t h e  s torage tubes. The 
opera t i ng  deck i s  modeled as 4 f t  t h i c k  and t h e  w a l l s  and f l o o r s  1 ft t h i c k .  
These two cases model conse rva t i ve l y  the  mois ture expected i n  t h e  MCOs and t h e  
humid i t y  t h a t  cou ld  be i n  the  space around t h e  tubes. 
loaded cases, t he  keff i s  l e s s  than 0.4. The normal ly  loaded CSB v a u l t  i s  
s a f e l y  s u b c r i t i c a l  and w e l l  w i t h i n  the  a l lowable r e a c t i v i t y  l i m i t .  These 
r e s u l t s  demonstrate conc lus i ve l y  t h a t  f o r  normal cond i t i ons ,  t h e  r e a c t i v i t y  o f  
d r y  MCOs i n  t h e  CSB s torage tubes i s  very low. 

Case oc1.3 (Table 6-7) models an i n f i n i t e  a r ray  o f  s torage tubes w i t h  t h e  
same v e r t i c a l  f u e l  and r e f l e c t o r  arrangement as case oc1.2 (Table 6-6). As 
expected, t h e  keff f o r  an i n f i n i t e  a r r a y  i s  l a r g e r ,  a l though n o t  by a 
s i g n i f i c a n t  amount, than t h e  10 by 22 a r r a y  surrounded by w a l l s  o f  concrete.  

The MCNP r e s u l t s  i n  Table 6-7 present  the  normal a r r a y  r e a c t i v i t y .  

The a i r  

A t  t h a t  d e n s i t y  the  

Case plan-149 (Table 6-7) has a l l  i n t a c t ,  d ry ,  Mark I V  f u e l  i n  a 

For  these two normal ly  

6.4.4 Cold Vacuum Dry ing  F a c i l i t y  

one spare, t h a t  each house a t r a n s f e r  cask t r a i l e r  con ta in ing  a s i n g l e  cask- 
MCO. The t r a n s f e r  cask has a sh ie lded c e n t r a l  reg ion  and a removable l i d ;  
each cask con ta ins  a s i n g l e  MCO. 

and the  sh ie lded  r e g i o n  con ta in ing  the  MCO d r y  and covered. 
i s  secured i n  a CVDF process ing bay, t he  l i d  o f  t h e  cask i s  removed and water 
i s  p iped through a process l i n e  i n t o  the  t r a n s f e r  cask annulus complete ly  
surrounding t h e  MCO w i t h  water. 
w i l l  be heated, i f  needed, t o  f a c i l i t a t e  vacuum d ry ing .  A process s u c t i o n  
l i n e  i s  connected t o  t h e  MCO and the  water i n s i d e  t h e  MCO i s  pumped ou t .  

The CVDF, shown i n  F igure 6-14, has f i v e  process ing bays, f o u r  a c t i v e  and 

The t r a n s f e r  cask t r a i l e r  i s  rece ived  a t  t he  CVDF w i t h  the  MCO f l ooded  
A f t e r  t he  t r a i l e r  

The water i n  t h e  cask annulus ou ts ide  t h e  MCO 
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Table 6-7. Analysis Resul t s  f o r  Normally Loaded Mul t icanis te r  Overpacks in t h e  
Canis ter  Storage Building. 

Pavl oad c l u s t e r  I Water dens i ty  (q/cm3) I Calculat ion r e s u l t s "  

F i l e  ID 

. .. . 

MCO Between s torage  
tubes and k e f f  

Fuel type Number of Assemblies 
baskets  per  basket interior outs ide  MCOs 

plan 149 IMark I V b  I 5 I 54 I 0.0012 I 0.0012 (vapor) 10.3841 

csb04 

csb03 

oc1.3 

Mark lAC 1 top 1.25 w t %  235U scrap 

1.25 w t %  235U scrap 

Mark I V c  1 top 0.95 w t %  235U scrap 

0.95 w t %  235U scrap  

Mark I V d  1 top 0.95 w t %  235U scrap 

0.95 w t %  235U scrap 

4 middle 48 Mark IA 
1 bottom 

3 middle 54 Mark I V  
1 bottom 

3 middle 54 Mark I V  
1 bottom 

0.0051 0.0012 (vapor) 0.3789 

0.0020 0.3880 

ncos 

arhe l imi t ing value for k 
h a r k  I V  type neglects th l ' f ie  rod s t  center, uhich excludes the center assembly i n  the array. 

should be considered 0.945 t o  al lou fo r  a code bias of -5 mk (see Section 6.6.3). 
MCOs are i n  a 10 x 22 l a t t i c e  u i t h  tuo 

u i t h i n  each storage tube. One-foot-thick concrete u a l l s  are d e l e d  on four sides and the floor, but not the top. 
odd of actual 10 x 22 x 2 hexagonal array of MCOS i n  CSB storage tubes with concrete ua l ls ,  floor, and walls. 
odeled as an i n f i n i t e  array of CSB storage tubes u i th  tu0 MCOs and concrete abave and below. 

CI = confidence interval.  
nco = ml t icanis ter  overpack. 

I z '7 

v) 0 

VI z '7 

VI 
D 
W W 

0 0 In 

W m C 
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Figure 6-14. Typical Processing Bay at the Cold Vacuum Drying Facility. 
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The waste water from the  MCO i s  pumped t o  a 1,135-L (300-gal) t ank  i n  t h e  
r a d i o a c t i v e  l i q u i d  waste system. Water from t h e  1,135-L (300-gal) t ank  i s  
f i l t e r e d  and t r a n s f e r r e d  t o  t h e  18,900-L (5,000-gal) s torage tank.  A f t e r  t h e  
b u l k  water i s  removed, the  MCO i s  f u r t h e r  vacuum d r i e d .  

The r e s u l t s  o f  MCNP computer c a l c u l a t i o n s  prov ided i n  Table 6-8 show t h e  
r e a c t i v i t i e s  o f  normal ly  loaded MCOs. 
loaded w i t h  f i v e  baskets, t he  c e n t r a l  t h r e e  baskets each loaded w i t h  54 i n t a c t  
Mark I V  f u e l  elements and the  baskets on the  top  and bottom loaded w i t h  scrap 
p ieces from Mark I V  f u e l .  An MCO con ta in ing  Mark I A  f u e l  i s  loaded w i t h  s i x  
baskets, t h e  c e n t r a l  f o u r  baskets each loaded w i t h  48 i n t a c t  Mark I A  f u e l  
elements and t h e  baskets on the  t o p  and bottom loaded w i t h  scrap p ieces from 
Mark I A  f u e l .  The Mark I A  f u e l  i n  t h e  scrap baskets i s  assumed t o  have an 
enrichment o f  1.25 w t . %  235U. Each MCO i s  i s o l a t e d  n e u t r o n i c a l l y  by t h e  cask 
s h i e l d i n g  r e g i o n  from o the r  MCOs and f i s s i o n a b l e  ma te r ia l  ou ts ide  the  t r a n s f e r  
cask. The MCO and t h e  cask ' s  ou te r  annulus are assumed t o  be f looded,  which 
i s  t h e  most r e a c t i v e  and l i m i t i n g  s i t u a t i o n .  Cases 1 and 2 i n  Table 6-8 
represent  t h e  Mark I A  and Mark I V  MCOs w i t h  the  MCO and cask annulus f l ooded  
and t h e  l i d s  i n  p lace on the  t r a n s f e r  cask. Cases 3, 4, 5, 6, 7, and 8 
represent  v a r i a t i o n s  o f  Mark I A  and Mark I V  f u e l  w i t h  the  MCO e i t h e r  d r y  o r  
wet and the  cask annulus e i t h e r  d r y  o r  wet. 
r e a c t i v i t i e s  do n o t  exceed 0.90 f o r  any o f  these cases. 
r e a c t i v i t i e s  are w e l l  below the  c r i t i c a l i t y  s a f e t y  l i m i t .  

An MCO con ta in ing  Mark I V  f u e l  i s  

The 95% conf idence l e v e l  
A l l  o f  these 

6 . 4 . 5  S e n s i t i v i t y  Studies 

assembly lengths,  unresolved cask dimensions, and degrees o f  f u e l  co r ros ion )  
a f f e c t  t he  MCO r e a c t i v i t y .  
conse rva t i ve  assumptions (e.g., t h e  l onges t  l eng ths  f o r  Mark I V  and Mark I A  
f u e l  assemblies, extremes o f  unresolved design dimensions, and optimum o r  f u l l  
moderator d e n s i t i e s ) .  
r e a c t i v i t y  t o  severa l  examples o f  design v a r i a b l e  u n c e r t a i n t i e s .  

6 . 4 . 5 . 1  Fuel Length. The Mark I A  and Mark I V  f u e l  assemblies were 
manufactured i n  d i s c r e t e  l eng ths .  
53.0 cm (20.88 i n . )  and the  l onges t  Mark I V  f u e l  assembly i s  66.3 cm 
(26.1 i n . ) .  The r e a c t i v i t i e s  o f  f looded MCOs loaded us ing  these f u e l  l eng ths  
are l i s t e d  i n  Table 6-8. 
w i t h  Mark I A  f u e l  assemblies t h a t  are 49.8 cm and 37.8 cm l o n g  i n  t h e  f o u r  
c e n t r a l  baskets. Cases 3, 4, and 5 i n  Table 6-9 are f looded MCOs loaded w i t h  
Mark I V  f u e l  assemblies t h a t  are 62.5 cm, 58.9 cm, and 44.2 cm long  i n  the  
t h r e e  c e n t r a l  baskets. The mean and 95% confidence l e v e l  r e a c t i v i t i e s  o f  
these cases show a modest s e n s i t i v i t y  t o  the  f u e l  l e n g t h  v a r i a t i o n s .  The 
maximum keff f o r  an MCO loaded w i t h  49.8-cm Mark I A  assemblies was 
approx imate ly  4 mk above t h e  longest - length f u e l  assemblies. Mark I V  f u e l  
r e a c t i v i t y  decreased f o r  a l l  l eng ths  sho r te r  than 66.3 cm, w i t h  a maximum 
decrease o f  about 7 mk f o r  t he  f u e l  l eng th  corresponding t o  58.9 cm. 

A number o f  design v a r i a b l e  u n c e r t a i n t i e s  ( i . e . ,  an assortment o f  f u e l  

Base case c a l c u l a t i o n s  were performed w i t h  

The f o l l o w i n g  cases show t h e  r e l a t i o n s h i p  o f  MCO 

The longes t  Mark I A  f u e l  assembly i s  

C a s e s ~ l  and 2 i n  Table 6-9 are f looded MCOs loaded 
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Table 6-8. A n a l y s i s  Resu l ts  f o r  Normal M u l t i c a n i s t e r  Overpack Shipping Casks 
i n  t h e  Cold Vacuum D r y i n g  F a c i l i t y .  

‘tie 
Cask Number 

type d e n s i t y  d e n s i t y  b ~ ~ ~ ~ ~ s  

MCO 
F i l e  I D  water annulus O f  

1 I ocvd l .1  I Mark I A  I 1.0 I 1.0 I 2 

Comments 

Flooded MCO, annulus 

2 I ocvdl .2 I Mark I V  I 1.0 I 1.0 I 2 

Standard 95% C I  
dev i  a t  i on keff 

0.8826 0.0031 0.8888 

3 

4 

5 

6 

7 I ocvdl .7 I Mark I A  I 0.0051 I 0.0012 I 2 

ocvdl .3 Mark I A  0.0051 1.0 2 

ocvdl .4 Mark I V  0.0051 1.0 2 

ocvdl .5 Mark I A  1.0 0.0012 2 

ocvdl .6 Mark I V  1.0 0.0012 2 

8 I ocvdl .8 I Mark I V  I 0.0051 1 0.0012 1 2 

C a l c u l a t i o n  r e s u l t s *  

Dry MCO, f looded 
annul us 

annul us 

I 0.9072 I Flooded MCO, d r y  
annul us 

I 0.9017 I 0.0028 

Flooded MCO, d r y  
annul us 

Dry MCO, annulus 
‘The Limiting value for teff should be considered 0.945 to allou for a code bias of - 5  mk (see Section 6.6.3). 

nco = rmlticanister overpack. 
CI = confidence interval. 



m 
I w cn 

Cask MCO 
Case F i l e  I D  water annulus 

I D  type d e n s i t y  d e n s i t y  

Table 6-9. Ana lys is  Resu l ts  f o r  M u l t i c a n i s t e r  Overpack Shipping Cask S e n s i t i v i t y  Studies.  (2 sheets) 

Number C a l c u l a t i o n  r e s u l t s *  
o f  

scrap 
baskets 

Comments 
Standard 

keff I d e v i a t i o n  

1 

2 

3 

4 

ocvd4.1 Mark I A  1.0 1 .0  2 4 baskets o f  49.8 cm 0.8877 0.0036 

ocvd4.2 Mark I A  1 .0  1 .o 2 4 baskets o f  37.8 cm 0.8808 0.0031 

ocvd4.3 Mark I V  1.0 1.0 2 3 baskets o f  62.5 cm 0.8837 0.0024 

ocvd4.4 Mark I V  1.0 1.0 2 3 baskets o f  58.9 cm 0.8817 0.0034 

f u e l  

f u e l  

f u e l  

f u e l  

5 I ocvd4.5 I Mark I V  1 1.0 I 1.0 I 2 I ;ub;skets o f  44.2 cm 0.8852 I I o.oo28 

6 

7 

ocvd4.11 Mark I V  1.0 1 .o 2 3 baskets o f  i n t a c t  0.8891 0.0028 
f u e l  mass reduced by 
10% 

f u e l  mass reduced by 
20% 

ocvd4.12 Mark I V  1.0 1 .o 2 3 baskets o f  i n t a c t  0.8883 0.0032 

8 ocvd4.13 Mark I V  1.0 1.0 2 3 baskets o f  i n t a c t  0.8808 0.0029 
f u e l  mass reduced by 
30% 

95% CI 

0.8949 
kef, 

9 

10 

0.8869 

0.8885 

0.8884 

ocvd4.14 Mark I V  1.0 1 .o 2 3 baskets o f  i n t a c t  0.8680 0.0025 
f u e l  mass inc reased 
by 100 kg UO, 

f u e l  mass increased 
by 200 kg U02 

ocvd4.15 Mark I V  1.0 1.0 2 3 baskets o f  i n t a c t  0.8552 0.0023 

0.8908 

0.8947 

0.8947 

0.8866 

0.8730 

0.8597 

I z n I 

v) 

v) z n I 

wl B W 

0 0 cn 

W rn < 
0 

7 

f 
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6.4.5.2 Fuel Mass. The next two sets of sensitivity cases involve 
counteracting situations of realistic fuel mass being lost by corrosion before 
loading and of fuel mass being added in the lower baskets by corrosion 
particles of uranium oxide dropping from upper baskets. 
cases investigates the reactivity effect o f  fuel mass redistribution that was 
modeled as a conservative uniform mass increase in the MCO central intact fuel 
baskets. 

Fuel mass will be lost from damaged fuel because of corrosion and because 
of cleaning of the fuel in the K Basins before the fuel is loaded into the 
MCOs. The effect on reactivity of this fuel mass loss is shown in Cases 6, 7, 
and 8 (Table 6-9), in which a uniform loss of mass in an MCO containing 
Mark I V  fuel was modeled as a density reduction of IO%, 20%, and 3oX, 
respectively. The mean and 95% confidence level reactivities of these cases 
show a slight and uncertain effect on reactivity for uniform mass loss at and 
below 20%. The results show a definite decrease of about 9 mk in reactivity 
corresponding to a decrease of 30% fuel density. 

increased by uranium oxide dropped from corroded Mark IV fuel and Mark IV fuel 
scrap in the upper baskets. 
redistributed in the interstitial regions between fuel assemblies and in the 
coolant channels of the fuel assemblies. The effects on reactivity of this 
fuel mass increase are shown in Cases 9, 10, and 11 (Table 6-9),  in which a 
uniform mass o f  100 kg, 200 kg, and 300 kg of UO was modeled as being 
distributed in the central three fuel baskets. fhe mean and 95% confidence 
level reactivities of these cases show a progressive decrease with increasing 
UO, mass when compared to Case 2 for the Mark I V  MCO in Table 6-8. 

6.4.5.3 Thickness o f  Cask Annulus Water. The effect of cask annulus water 
thickness on reactivity also was investigated. The reactivities determined 
are shown in Cases 12 through 16 in Table 6-9 for a Mark IV MCO. 
assumed no cask annulus gap, and Cases 13 through 16 assumed progressive 
increments of 0.5 in. above the base case thickness o f  0.5 in. These cases 
show that the reactivity progressively decreases with increasing cask annulus 
thickness. 

6.4.5.4 Interspersed Moderator Density. Several calculations have been 
performed to address interspersed moderator density within the MCO. Both 
fully flooded and dry cases have been evaluated, as well as intermediate water 
densities that span the range from fully flooded to dry conditions (see 
Sect ion 6.7.2).  Expl ici t cal cul at ions treating parti a1 ly water-f i l l  ed MCOs 
have been performed. These cases, shown in Figure 6-15, indicate a slight 
keff peak greater than the fully flooded case. The increase in k f f  at the 
peak (above the fully flooded case) is only on the order of the ho error in 
the MCNP results, but the trend appears smooth. The "zero" water level 
corresponds to the axial mid-plane of the MCO, and arises from the coordinate 
system used in the MCNP input model. 
Figure 6-15 corresponds to the lower scrap basket being half-flooded; the dry 
case is so unreactive (k f f  < 0.40) that the vertical scale becomes expanded 
to the point where the sbape in the remaining curve becomes difficult to see. 

The second set of 

Fuel mass in each of the three intact fuel baskets was assumed to be 

The increased mass was assumed to be 

Case 12 

The lowest water level shown in 
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0 750 

0 700 

F igu re  6-15. keff Versus Water Level I n t e r n a l  t o  a 
Mark I V  Loaded M u l t i c a n i s t e r  Overpack. 

.-....... . . . ~ . . ~ . ~ . . ~ . ~ ~ ~ ~ ~ ~ ~ . ~ . ~ .  f 

0.950 

1 + k-effective v k+2sigma A k-2sigrna 

6.4.5.5 Pluton ium Bu i l dup  on Scrap. Optimal scrap i s  t r e a t e d  as unexposed 
f u e l  pieces, w i t h  no p lu ton ium bu i l dup .  One concern has been t h a t  p lu ton ium 
bu i l dup  on t h e  e x t e r i o r  sur face o f  f u e l  elements might  p r e f e r e n t i a l l y  corrode 
o f f  t h e  element and c o n t r i b u t e  t o  more h i g h l y  r e a c t i v e  scrap p ieces i n  bas in  
sludge. 
t h e  Hanford S i t e  Tank Farms (Rogers e t  a l .  1996, Schwinkendorf 1996). While 
enhanced p lu ton ium bu i l dup  near the  o u t e r  sur face o f  nuc lea r  f u e l  (no t  j u s t  
Hanford S i t e  r e a c t o r  f u e l )  i s  w e l l  known, the  peaking f a c t o r  (which may be 
d e f i n e d  as the  p lu ton ium concen t ra t i on  a t  t he  sur face d i v i d e d  by the  f u e l  
average p lu ton ium concen t ra t i on )  i s  n o t  much g rea te r  than a f a c t o r  o f  two. 
Enhanced 235U d e p l e t i o n  a l s o  occurs a t  t h e  f3yel sur face.  
a f f e c t e d  by bo th  t h e  239Pu bu i l dup  and t h e  
c o r r o s i o n  tends t o  progress a x i a l l y  from damaged ends and n o t  r a d i a l l y  inward. 
A d d i t i o n a l  parametr ic  s tud ies  may be pursued i n  the  f u t u r e ,  b u t  t h i s  i s  n o t  
expected t o  be a s i g n i f i c a n t  f a c t o r .  

6.4.5.6 L a t t i c e  Spacing. The MCO analyses use a center- to-center  hexagonal 
spacing o f  2.8 i n .  f o r  f u e l  assemblies. The spacing i s  es tab l i shed  by r i n g s  
on t h e  bottom o f  t he  f u e l  baskets. 
opt imal  spacing o f  N Reactor f u e l  i n  water i s  around 3.1 i n .  Using a l a r g e r  
spacing would make load ing  the  MCO con ta ine rs  eas ie r ,  b u t  i t  a l s o  would 
increase t h e  r e a c t i v i t y  o f  t he  l a t t i c e ,  because the  o r i g i n a l  des ign was 
undermoderated. 

Th is  ques t i on  has been addressed f o r  dec ladding waste streams sent  t o  

C r i t i c a l i t y  i s  
U dep le t i on .  However, f u e l  

Prev ious analyses have shown t h a t  t h e  
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The e f f e c t  o f  f u e l  assembly spacing was analyzed us ing  MCNP c a l c u l a t i o n s  
f o r  t h e  geometric arrangement shown i n  F igure 6-16, b u t  w i t h  l a t t i c e  spacing 
increased t o  2.9 and 3.0 i n .  
t he  MCO because t h e  outermost 12 assemblies impact t he  i nne r  w a l l  o f  t h e  MCO. 
I f  these outermost 12 assemblies are removed, a spacing o f  3.1 i n .  i s  
poss ib le .  Th i s  f u e l  arrangement i s  shown i n  F igure 6-16. 

The 3.0- in .  spacing i s  d i f f i c u l t  t o  pack i n t o  

F igu re  6-16. Reduced Loading f o r  Mark I A  Fuel i n  
M u l t i c a n i s t e r  Overpack (12 Assemblies Removed). 

F igure 6-17 shows MCNP r e s u l t s  f o r  t he  e f f e c t  on k f f  o f  l a t t i c e  spacing 
and t h e  removal o f  12 f u e l  assemblies. The removal o f  f2 elements reduces the  
r e a c t i v i t y  and does n o t  present  a p o t e n t i a l  problem i f  t h e  baskets are n o t  
f u l l y  loaded. The nominal basket diameter i s  equal t o  22.6 i n . ,  and t h e  
d iameter  f o r  a drop acc ident  f u e l  basket i s  23.25 i n .  The maximum l a t t i c e  
spacing f o r  a 22.6-in. diameter basket i s  2.86 i n .  D i v i d i n g  an a d d i t i o n a l  
qua r te r  i n c h  among s i x  l a t t i c e  elements on a l l  dimensions would g i v e  a maximum 
hexagonal spacing o f  l e s s  than 2.9 i n .  With t h e  spacing o f  t he  bottoms o f  t h e  
f u e l  a t  2.8 i n .  and the  un res t ra ined  tops a t  2.9 i n . ,  t he  average spacing 
would be 2.85 i n .  The increase i n  keff f o r  t h e  h a l f - i n c h  increase i n  l a t t i c e  
spacing i s  l e s s  than 0.004, as shown i n  F igure 6-17. Th is  e f f e c t  o f  increased 
f u e l  element spacing a t  t h e  un res t ra ined  tops o f  t he  i n t a c t  f u e l  elements i s  
small  and w i l l  be neglected.  Since decreasing the  l a t t i c e  spacing decreases 
the  kef,, r i n g  spacing on t h e  f u e l  bottom p l a t e s  o f  l e s s  than 2.8-in. i s  
conse rva t i ve l y  covered by t h i s  ana lys i s .  The actual  l a t t i c e  spacing o f  
2.77 i n .  i s  conse rva t i ve l y  approximated by 2.8 i n .  
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F igu re  6-17. kef, Versus L a t t i c e  Spacing - Mark I A  Fuel Assemblies. 

0.90 

Remove 12 outer assemblies 

-\ -v 

1 - k-eff v k-efft2sic k-eff-jsJ 

6.4.5.7 P a r t i a l  Fuel Loading. The e f f e c t  o f  removing c e r t a i n  f u e l  
assemblies, l e a v i n g  "ho les"  i n  t h e  l oad ing  pa t te rn ,  a l so  was analyzed. The 
l a t t i c e  i s  s l i g h t l y  undermoderated, so t h e r e  was concern t h a t  a p a r t i a l  
l o a d i n g  might  r e s u l t  i n  a h ighe r  k,, as t h e  f u e l  was loaded i n t o  t h e  MCO. 
F igu re  6-18 shows the  decrease i n  as the  number o f  f u e l  assemblies drops 
from 48 t o  42. These r e s u l t s  show t i a t  even though t h e  f u l l y  loaded l a t t i c e  
i s  s l i g h t l y  undermoderated, p a r t i a l  f u e l  l oad ing  w i l l  s t i l l  be l e s s  r e a c t i v e  
than t h e  f u l l y  loaded case because t h e r e  i s  l e s s  f i s s i l e  m a t e r i a l  i n  a f i n i t e  
system. 
spacing. When f ioading f u e l ,  adding p a r t s  o f  elements should be l e s s  r e a c t i v e  
than whole elements. Loading ou te r  elements f i r s t ,  o r  p a r t s  o f  a f u e l  
element, would be bounded by the  t o t a l  mass o f  f i s s i l e  m a t e r i a l  i n  whole 
elements. 
w i l l  decrease. 

6.4.5.8 Loading Mark I A  Outer Elements Only. 
r e a c t i v i t y  e f f e c t  o f  p a r t i a l l y  f i l l e d  baskets t h a t  w i l l  occur d u r i n g  the  
r e t r i e v a l  process. When load ing  t h e  MCO f u e l  baskets w i t h  i n t a c t  f u e l  
assemblies, t he  p lan  i s  t o  f i r s t  l oad  each basket w i t h  ou te r  elements, and 
then i n s e r t  i nne r  elements i n t o  the  ou te r  elements. Th is  i s  a v a r i a t i o n  on 
what was analyzed i n  t h e  prev ious sec t i on ,  where s i x  whole assemblies were 
removed from the  l o a d i n g  p a t t e r n .  
undermoderated a t  a p i t c h  o f  2.8 i n . ,  removal o f  some f u e l  was thought  t o  
p o t e n t i a l l y  increase r e a c t i v i t y .  Removing a l l  i n n e r  elements removes f u e l  
more un i fo rm ly  than e x t r a c t i n g  whole assemblies. 
become opt imal  (have minimal c r i t i c a l  mass) a t  a spacing o f  2.9 t o  3.0 i n .  
center- to-center  i n  a hexagonal l a t t i c e .  Th is  i s  l e s s  than t h e  opt imal  
3 .1- in .  l a t t i c e  spacing f o r  i n t a c t  assemblies. I f  t h e  f u e l  baskets are loaded 
w i t h  o n l y  Mark I A  o u t e r  elements, t he  l a t t i c e  i s  somewhat c l o s e r  t o  opt imal  

The k e f  i s  a f f e c t e d  more by t o t a l  f i s s i l e  ma te r ia l  than by t h e  

F igure 6-17 shows t h a t  as f u e l  assemblies are removed, t h e  keff 

Th i s  s e c t i o n  demonstrates t h e  

Because the  l a t t i c e  i s  s l i g h t l y  

Mark I A  o u t e r  elements 
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Figure 6-18. Partial Loading of Fuel - 
Mark IA Fuel Assembl ies. 

0.800 
48 47 46 45 44 43 42 

Number of Assemblies Present 

I + k-e f f  V k - e f f i 2 s i s  A k -e f f - zs lq  I 

spacing. The Mark IA base case was redone with all Mark IA inner elements 
removed, and the result was a k 
confidence level). Comparing with the nominal value, keff equals 0.8826 
f. 0.0031 (0.8888 at the upper 95% confidence level) leads to the conclusion 
that removing fissile material from a finite system with significant radial 
leakage overrides the infinite lattice effects and the keff actually 
decreases. 

6.4.5.9 Fuel  Temperature.  The effect of temperature on reactivity was 
evaluated for both Mark IV and Mark IA fuel assemblies. The WIMS-E lattice 
code (Gubbins et al. 1982) was used to calculate the lattice k. and Doppler 
coefficient for both Mark IV and Mark IA fuel as a function of temperature. 
The Doppler coefficient may be approximated between two discrete temperatures 
using the foll owing re1 ati onshi p: 

of 0.8804 + 0.0031 (0.8866 at the upper 95% 

The lo5 multiplier in the above equation converts the raw reactivity, &, 
Figure 6-19 illustrates the lattice k, into units of pcm, or percent milli-k. 

and Doppler coefficients as functions of temperature for both of these fuel 
types. As expected, both N Reactor fuel types have negative Doppler 
coefficients because of their large 2s8U contents. Mark IV fuel exhibits 238u 
slightly more negative Doppler coefficient than Mark IA fuel because the 
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content  i s  g rea te r .  A t  room temperature (MCNP c a l c u l a t i o n s  repo r ted  i n  t h i s  
chapter  were performed a t  300 K), t he  Doppler c o e f f i c i e n t s  are approx imate ly  
equal t o  -3 pcm/K. As temperature increases, t he  Doppler c o e f f i c i e n t s  become 
l e s s  pronounced. The somewhat e r r a t i c  behavior  o f  t h e  Doppler c o e f f i c i e n t s  i s  
caused by f i n i t e  code convergence; d i f f e r e n t i a t i o n  a m p l i f i e s  any nonun i fo rm i t y  
i n  the  k, r e s u l t s .  Es t ima t ing  the  change i n  kef f o r  an MCNP c a l c u l a t i o n  a t  a 
d i f f e r e n t  temperature can be accomplished by re fe rence  t o  F igu re  6-19. 
room temperature (300 K ) ,  t he  Doppler c o e f f i c i e n t  f o r  Mark I V  f u e l  i s  shown i n  
F igure 6-19 t o  be -3 pcm/K. For a temperature o f  10 "C (283 K ) ,  t h i s  
represents  a reduc t i on  o f  17 "C from 300 K.  The est imated change i n  kef, 
would be an increase o f  approx imate ly  50 pcm, o r  0.5 mk, which i s  t r i v i a l  
compared t o  t h e  l o  e r r o r  i n  t y p i c a l  MCNP r e s u l t s .  

A t  

F igu re  6-19. L a t t i c e  k, and Doppler C o e f f i c i e n t s  
f o r  N Reactor Fuel Assemblies. 

1 1 4  

1 1 2  

a 

1 08 

1 06 

1.04 
2500 3000 3500 4000 4500 5000 

Temperature (K )  

+ MKIV k-inf 8 MKIV Doppler + MKlA k-inf 8 MKIA Doppler 

6.4.5.10 Dimensional Tolerance. The e f f e c t  o f  dimensional t o le rance  on 
r e a c t i v i t y  was analyzed p a r a m e t r i c a l l y  by a se r ies  o f  c a l c u l a t i o n s  us ing  the  
WIMS-E code (Gubbins e t  a l .  1982). Table 6-10 con ta ins  t h e  r a d i a l  dimension 
s p e c i f i c a t i o n s  f o r  Mark I V  and Mark I A  f u e l  types (Jack 1988). Table 6-11 
shows t h e  v a r i a t i o n  i n  l a t t i c e  k, as the  r a d i a l  f u e l  dimensions are va r ied .  
E i t h e r  minimum o r  maximum dimensions were se lected t o  a r r i v e  a t  e i t h e r  minimum 
o r  maximum uranium f u e l  reg ion  thicknesses. I n  a l l  cases, t h e  f u e l  assemblies 
were p laced  i n  an i n f i n i t e  water l a t t i c e  a t  opt imal  spacing. 
of r e a c t i v i t y  t o  r a d i a l  dimension to le rances  i s  shown t o  be l e s s  than 1 mk. 

The s e n s i t i v i t y  
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Outer element: 
Outer diameter 
Inner diameter 

Table 6-10. Radial Dimension Specifications for N Reactor 
Mark IV and Mark IA Fuel Assemblies. 

2.391 - 2.416 2.410 - 2.435 
1.754 - 1.779 1.691 - 1.716 

I I Mark IA (in.) I ' Mark IV (in.) I 

Inner element: 
Outer diameter 
Inner diameter 

1.237 - 1.256 1.267 - 1.286 
0.431 - 0.450 0.473 - 0.492 

Nominal uranium thickness 
Maximum uranium thickness 

Table 6-11. Sensitivity of Lattice k, to 
Radial Dimension Tolerances. 

1.132133 1.062349 
1.132055 1.061646 

I I Mark IA I Mark IV I 
I Minimum uranium thickness I 1.131423 I 1.062878 I 

6.4.5.11 Enrichment Tolerance. The effect of enrichment tolerance on 
reactivity was analyzed parametrically by a series of calculations using the 
WIMS-E code (Gubbins et al. 1982). The enrichment tolerance for N Reactor 
fuel was equal to 0.006 wt% 235U (Gant and Zilar 1977). Table 6-12 shows the 
variation in lattice k, as the fuel enrichment was either increased or 
decreased by 0.006 wt% *35U. In all cases, the fuel assemblies are placed in 
an infinite water lattice at optimal spacing. The sensitivity of reactivity 
to enrichment tolerance has been shown to be approximately +2 mk for a 
f0.006 wt% 235U enrichment variation. 

Table 6-12. Sensitivity o f  Lattice k, to 
Enri chment To1 erances. 
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6.4.5.12 Packing Fraction. The packing fraction is the volume fraction of 
fuel in the unit lattice. An optimal packing fraction was used for scrap with 
both size and spacing varied to maximize reactivity. This packing fraction 
varies according to enrichment but is equal to 0.320 for Mark IV scrap and 
0.294 for Mark IA scrap. 
Section 6.7. 
fuel from the drop accident. This packing fraction is adequately 
conservative. 
intact Mark IV fuels and 0.392 for intact Mark IA fuels. A more realistic 
packing fraction representing rubble will be larger than this assumed value 
and will decrease the MCO reactivity. For Mark IV rubble, the lattice 16 is 
reduced from 1.08978 for the optimal configuration (scrap) to 1.07757 (for a 
packing fraction of.0.40). 
1.15472 for the optimal configuration (scrap) to 1.13399 (for a packing 
fraction factor of 0.40). 
higher packing fractions, as this would drive the system to be even more 
undermoderated. 

Curves showing optimal reactivity are presented in 
A value of 0.40 was used to represent rubble formed from crushed 

It is close to the lattice packing fractions of 0.443 for 

For Mark IA rubble, the lattice 16 is reduced from 

Still more reactivity loss would be experienced for 

6.5 CONTINGENCY ANALYSIS 

6.5.1 Summary and Concl usi ons 

This section of the analysis describes the contingency conditions of the 
MCO in the K Basins, the CSB, and CVDF. The MCOs under contingency conditions 
in these facilities are analyzed, and the resulting neutron multiplication 
factors are compared to the allowable limit. The comparison shows that the 
design of the MCO is constrained in order to meet the multiplication safety 
limit of 0.95. 

The most significant accident condition is the 100 g cask drop. It could 
rubblize the fuel elements and increase the reactivity of those baskets. For 
basket diameters of 23.25 in. and a maximum rubble packing factor of 0.40, and 
including the steel of the basket in the baseplate, the MCO design meets the 
criticality safety limits. If baskets collapse into a stack, the resulting 
upper tolerance limit values are close to allowable limits. 
integrity in the drop accident is still under review. If baskets can 
collapse, further analysis using more realistic characterization will need to 
show conclusively that basket collapse i s  acceptable. 

exclude fuel from the higher reactivity space. 
that spacer. 
2-in. offset in the drop accident. At that offset, the upper tolerance for 
the multiplication value is within acceptable limits. 

The basket 

Mark IA fuel (1.25 wt% 235U enrichment) baskets have a central spacer to 
The drop accident could offset 

The analysis shows that the spacer design is to allow only a 

An MCO was analyzed for misloading one canister of Mark IA fuel instead 
of the lower enrichment Mark IV fuel. For both intact fuel elements and 
scrap, the results were within allowable limits for MCOs alone, in a cask, or 
in the CSB. 

For dry MCOs in the CSB, the reactivity is low. Only adding water can 
increase the reactivity. Analysis o f  adding water and even misloading an MCO 
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with one contingency of higher  enrichment fue l  does not exceed al lowable 
l i m i t s .  The passage of an MCO from t h e  MHM t o  t h e  s torage  tube  was analyzed. 
For each mater ia l  a s  r e f l e c t o r ,  t h e  MCO was w i t h i n  l i m i t s  f o r  dry  and flooded 
condi t ions .  

i t s  cask a t  the CVDF, the upper to le rance  values  a r e  w i t h i n  a l lowable l i m i t s .  
Adding a t h i r d  scrap  basket i s  considered t o  be t h e  worst contingency expected 
f o r  the CVDF. 

The a n a l y s i s  shows t h a t  f o r  a t h i r d  scrap basket in  t h e  flooded MCO i n  

6.5.2 H u l t i c a n i s t e r  Overpack Drop 

f u e l .  Cladding i s  assumed t o  remain i n  place meta l lurg ica l ly  bonded t o  the 
uranium scrap .  Calcu la t ions  have shown t h a t  the maximum r e a c t i v i t y  remains 
about t h e  same w i t h  o r  without c ladding;  just  t h e  rod s i z e  and spacing 
changes. The t o t a l  uranium i s  conserved from before t h e  drop. Under t h e s e  
c o n s t r a i n t s ,  a rod diameter i s  used t o  maximize t h e  r e a c t i v i t y  of the rubble  
model. For 0.95 w t % ,  1.15 w t % ,  and 1.25 w t %  enr iched uranium metal ,  t h e  size 
and spacing opt imize in  such a way t h a t  t h e  water-to-uranium volume r a t i o  i s  
higher  than would t y p i c a l l y  be expected i n  a packed d e b r i s  bed; t h e  optimal 
packing f r a c t i o n  f o r  scrap rods i s  on t h e  order  of  30% t o  35%. The model uses 
a conserva t ive  packing f r a c t i o n  of 0.40. Experience w i t h  random, packed beds 
i n d i c a t e s  t h a t  a packing f r a c t i o n  o f  64% i s  more typ ica l  f o r  i r r e g u l a r l y  
shaped p ieces  (Berryman 1983); using t h e  more typ ica l  packing f r a c t i o n  d r i v e s  
t h e  l a t t i c e  f a r  below c r i t i c a l  because of undermoderation. 

MCNP c a l c u l a t i o n s  were performed t h a t  considered neutron absorpt ion 
provided by s t r u c t u r a l  mater ia l s .  These included t h e  per fora ted  s t a i n l e s s  
s t e e l  basepla tes ,  s t a i n l e s s  s t e e l  baskets ,  and t h e  c e n t r a l  s t e e l  p ipes  i n  t h e  
fue l  baskets .  Af te r  impact, t h e  basket mater ia l  was modeled as  p a r t  o f  t h e  
basepla te .  The pipe was modeled a s - i s .  The s t a i n l e s s  s t e e l  basket mater ia l  
and per fora ted  basepla tes  were conservat ively modeled as  sol id  0.38-in. p l a t e s  
between t h e  fue l  i n  t h e  baskets .  The ins ide  diameter of t h e  fue l  was assumed 
t o  increase  t o  23.25 i n .  because the MCO r e s t r a i n s  f u r t h e r  rad ia l  expansion of 
rubbl ized f u e l .  

MCNP r e s u l t s  f o r  a flooded MCO loaded with scrap a r e  contained in  
Table In c a l c u l a t i o n  plan b77, a l l  of t h e  rubble  i s  assumed t o  be 
1.15 w t %  
0.945 al lowable l i m i t .  
opt imal ly  s ized  and spaced rods without cladding mater ia l  p resent .  

l a t t i c e .  
confidence l e v e l .  
t r a n s i e n t  phase - t h e  MCO i s  in  f r e e  f a l l  a f t e r  impacting and before  
everything has come t o  r e s t .  
g r a v i t y  compaction of t h e  d e b r i s ,  and the  debr i s  p ieces  may be f r e e  t o  arrange 
themselves i n t o  optimal spacing. 

For the 100 g drop acc ident ,  t h e  fue l  assemblies a r e  changed t o  rubbl ized 

U enriched rods.  The-nominal keff i s  g r e a t e r  than the 
The assumptions f o r  t h i s  r e s u l t  a r e  t h a t  t h e  scrap  i s  

Calculat ion plan 140 includes t h e  cladding mater ia l  in  the optimized 
This  c a l c u l a t i o n  i s  below t h e  0.945 c r i t e r i o n  a t  t h e  upper 95% 

This i s  representa t ive  of  the keff of t h e  MCO during a 

Credi t  may not be taken during t h i s  phase f o r  
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Table 6-13. Ana lys i s  Resul ts  f o r  Flooded M u l t i c a n i s t e r  Overpack Shipping Casks Loaded w i t h  Scrap. 

11an-142 

,lan-143 

ilan-153 

ilan-155d 

Mark I V  Yes 0.3541 0.375 54 Mark I V  f u e l  mass 0.9536 0.0025 0.9587 

Mark I V  Yes 0.4 3.37 54 Mark I V  f u e l  mass 0.9159 0.0032 0.9223 

Mark I V  Yes 0.4 0.375 54 Mark I V  f u e l  mass 0.9404 0.0031 0.9466 

Mark I V  Yes 0.4 0.375 54 Mark I V  f u e l  mass 0.9400 0.0012 0.9424 
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C a l c u l a t i o n  p lan  141 assumes a more r e a l i s t i c  pack ing f r a c t i o n  o f  0.40, 
and t h a t  t o t a l  uranium i s  conserved from f u l l y  loaded f u e l  baskets. The 
d e b r i s  h e i g h t  i s  on l y  40 cm i n  each f u e l  basket, l e a v i n g  s tanding water  above 
t h i s  l e v e l .  There i s  no d e b r i s  assumed i n s i d e  t h e  6- in .  s t e e l  i n s e r t .  Th i s  
i s  rep resen ta t i ve  o f  t h e  kef o f  t h e  MCO a f t e r  eve ry th ing  has come t o  r e s t ,  
and the  d e b r i s  has compacted and d i sp laced  water from t h e  d e b r i s  ma t r i x ,  so an 
undermoderated system e x i s t s .  Case plan-141 i s  much lower  than Case p l a n  140, 
n o t  o n l y  because o f  reduced moderation a t  t h e  l a t t i c e  l e v e l  b u t  because a- 
5.54-in. separat ion,  f i l l e d  w i t h  water (and the  s t a i n l e s s  s t e e l  baseplates) ,  
i s  assumed between the  s e t t l e d  rubb le  i n  each basket. Th i s  l a y e r i n g  o f  rubb le  
and water prov ides s i g n i f i c a n t  neu t ron i c  i s o l a t i o n .  

baskets cannot be ensured. Case p lan  154 assumes t h a t  a l l  t h e  f u e l  baskets 
have f a l l e n  down on each other ,  removing the  water separat ion between t h e  
r u b b l e - f i l l e d  baskets. 
conf idence l e v e l ,  s t i l l  below the  a l lowable l i m i t  o f  0.945. 

bottom h a l f  o f  Table 6-13 presents  the  r e s u l t s .  I n  c a l c u l a t i o n  plan-b93, a l l  
o f  t he  scrap i s  assumed t o  be 0.95 w t X  235U enr iched rods. 
f i v e  baskets loaded w i t h  o p t i m a l l y  spaced scrap, t he  nominal kef exceeds the  
0.945 s a f e t y  l i m i t .  The c a l c u l a t i o n  assumes o p t i m a l l y  s i zed  and spaced rods 
w i t h  no c r e d i t  taken f o r  c ladd ing  m a t e r i a l .  
added i n  and t h e  r o d  s i z e  i s  opt imized f o r  t h e  t o t a l  uranium i n  a f u l l  l oad  o f  
54 assemblies, as i n  c a l c u l a t i o n  p lan  142, t h e  va lue f o r  keff drops t o  0.95361 
f 0.0025 (0.9587 a t  t h e  upper 95% confidence l e v e l ) .  Th i s  i s  rep resen ta t i ve  
o f  t he  keff o f  t he  MCO d u r i n g  a t r a n s i e n t  phase - the  MCO i s  i n  f r e e  f a l l  
a f t e r  impact ing and be fo re  eve ry th ing  has come t o  r e s t .  C r e d i t  may n o t  be 
taken d u r i n g  t h i s  phase f o r  g r a v i t y  compaction o f  t h e  debr i s ,  and the  d e b r i s  
p ieces may arrange themselves i n t o  opt imal  spacing. 

and t h e  kef, i s  reducea t o  0.9159 +_ 0.0032. The magnitude o f  t he  reduc t i on  i n  
keff i s  l e s s  than f o r  t he  Mark I A  ma te r ia l  because t h e r e  i s  on l y  about h a l f  as 
much water i s o l a t i o n  between rubb le  l aye rs .  I f  t h e  f u e l  baskets now s l i d e  
down v e r t i c a l l y  so t h a t  t he re  i s  no water between compacted f u e l  baskets 
( c a l c u l a t i o n  p l a n  153), t he  k f f  increases t o  0.9404 f 0.0031, o r  0.9466 a t  
t h e  upper 95% con7idence leve!. 
0.945 s a f e t y  l i m i t .  
h i s t o r i e s ,  t h e  s t a t i s t i c a l  e r r o r  decreased. The new r e s u l t  was a keff o f  
0.93995 +_ 0.00122, o r  a k, , , o f  0.9424 a t  t he  upper 95% conf idence l e v e l ,  
which does meet the  0.945 f i l m i t .  

F igu re  6-20 shows t h e  c a l c u l a t e d  kef, o f  an MCO loaded w i t h  Mark I A  

I f  t h e  acc ident  i s  severe enough, the  a x i a l  p o s i t i o n i n g  o f  t h e  f u e l  

The keff i s  equal t o  0.9100 a t  t he  upper 95% 

These analyses were repeated f o r  MCOs con ta in ing  Mark I V  f u e l .  The 

Wi th a l l  o f  t h e  

When the  c ladd ing  m a t e r i a l  i s  

C a l c u l a t i o n  p l a n  143 assumes a more r e a l i s t i c  packing f r a c t i o n  o f  0.40, 

Th is  r e s u l t  i s  j u s t  s l i g h t l y  above the  
A f t e r  r e c a l c u l a t i o n  us ing f o u r  t imes as many neutron 

rubb le ,  as a func t i on  o f  the c e n t r a l  & i n .  p ipe  i n s e r t  s h i f t i n g  o f f c e n t e r .  As 
t h e  i n s e r t  s h i f t s  o f f c e n t e r ,  rubb le  i s  assumed t o  f i l l  i n  the  vo id,  t hus  
a l l ow ing  t h e  scrap t o  move t o  a reg ion  o f  t he  f u e l  basket o f  maximum neutron 
importance ( i . e . ,  t he  cen te r ) .  Th i s  f i g u r e  i s  f o r  a rubb le  diameter o f  24 i n .  
The c a l c u l a t e d  k f f  exceeds 0.945 a t  t he  upper 95% conf idence l e v e l  when t h e  
o f f se t  exceeds about 1.5 i n .  
23.25-in. diameter. CASE3 and CASE3A presented i n  Table 6-4 f o r  t he  normal 
6 - i n .  p i p e  c e n t r a l  i n s e r t  and a t h i c k e r  i n s e r t ,  w i t h  a 2- in .  o f f s e t ,  were 
found t o  have values f o r  keff o f  0.916 and 0.938. 

The MCO design w i l l  l i m i t  t h e  rubb le  t o  a 

The two cases a l s o  inc luded 
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1.25 w t %  235U scrap i n  t h e  t o p  and bottom baskets r a t h e r  than 1.15 w t %  235U 
rubb le  i n  these baskets. 
r e s t r a i n  t h e  Mark I A  f u e l  m a t e r i a l  from the  cen te r  r e g i o n  w i t h  an a l l owab le  
o f f s e t  from t h e  cen te r  l i n e  of 2 i n .  o r  l e s s  fo r  t h e  drop acc ident .  
i n s e r t  w i l l  r a i s e  t h e  r e a c t i v i t y ,  b u t  n o t  unacceptably. 

The r e s u l t s  show t h a t  t he  des ign o f  t h e  i n s e r t  must 

The t h i c k  

F igu re  6-20. kef, Versus I n s e r t  O f f se t ,  A l l  1.15 w t %  235U Rubble. 

1 0 0 ,  I 

0.98 

-094 

092 1 
I 1 

0.90 
0 2 4 6 8 10 

SS Insert Off-Center Distance (inch) 

1 t k-effective V k-eff+Zsiq A k-eff-2siq I 

6.5.3 Mark IA Fuel and Scrap Loaded i n t o  Mark I V  Baskets 

Th is  s e c t i o n  and Table 6-14 present  t h e  e f f e c t s  o f  m is load ing  MCOs w i t h  
f u e l  and scrap. 
f looded and f u l l y  r e f l e c t e d  by t h e  cask s t e e l  and surrounding water. For the  
CSB, t h i s  rep resen ts  t h e  cont ingencies o f  f l o o d i n g  and m u l t i p l e  mis loadings;  
f o r  t h e  CVDF, t h i s  represents  m u l t i p l e  mis loading cont ingencies.  Because t h e  
Mark I V  baskets have a small  c e n t r a l  t i e  rod  and do n o t  have t h e  c e n t r a l  
15.2-cm (6 - in . )  s t a i n l e s s  s t e e l  i n s e r t  pipe, t hey  are capable o f  h o l d i n g  
54 f u e l  assemblies, s i x  more than t h e  Mark I A  baskets. The normal l o a d i n g  o f  
Mark I V  MCOs i s  t h r e e  c e n t r a l  baskets con ta in ing  i n t a c t  Mark I V  f u e l  and top  
and bottom baskets con ta in ing  Mark I V  scrap w i t h  an enrichment o f  0.95 w t %  

. One o r  more o f  these baskets i s  misloaded f o r  each case i n  Table 6-14. 
The MCO i s  i n  a cask t h a t  a l s o  i s  f l ooded  between t h e  MCO and t h e  cask w a l l .  

CASE7A i n  Table 6-14 (F igure 6-21) i s  f o r  a s ing le ,  f looded MCO 
con ta in ing  a normal l oad  o f  Mark I V  fue l ,  except t h a t  one c e n t r a l  Mark I V  
basket i s  f i l l e d  w i t h  i n t a c t  Mark I A  f u e l .  The MCO i s  f u l l y  r e f l e c t e d  by t h e  
s t e e l  o f  t h e  cask and water surrounding i t .  The r e s u l t i n g  k f f  i s  l e s s  than 
0.9. Loading a l l  t h r e e  c e n t r a l  baskets w i t h  Mark I A  i n t a c t  h e 1  r e s u l t s  i n  a 
k f f  t h a t  i s  o n l y  s l i g h t l y  l a r g e r  and s t i l l  l e s s  than 0.9, which i s  l e s s  than 
the  a l l owab le  value. 

Each MCO analyzed conta ined f i v e  Mark I V  baskets f u l l y  

2 3 5 ~  

The l a s t  t h ree  cases show the  degree t o  which m is load ing  
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x 
0 

Basket contents by tier numbera 

Tier 1 Tier 2 Tier 3 Tier 4 Tier 5 

0 .95  wt% 54 54 54 0 . 9 5  wt% 
235U scrap Mark I V  Mark I A  Mark I V  235U scrap 

0 . 9 5  wt% 54 54 54 0 . 9 5  wtX 
235U scrap Mark I A  Mark IA Mark I A  235U scrao 

rn 

P W 

Other details 
(fuel assemblies, 
scrap as unburned 

0 . 9 5  wt% 235u) 

Flooded MCO and 
cask, 1 fuel 
misloading 
Flooded MCO and 
cask. 3 fuel 

! 

0 . 9 5  wt% 
235U scrap 

File ID 

v) 
' m i  sl oadings 0 

Mark I V  Mark I V  Mark I V  235U scrap cask, 1 scrap -7l 

mi sloading D 

54 54 54 1 . 2 5  wt% Flooded MCO and 2 3 . 0 0  0 .9664 0 .0030 0 .9724 g 
v) 

CASE7A 

1 .25  wt% 
235U scrap 

CASE78 

CASE7C 

misloadings 
54 54 54 1 . 2 5  wt% Flooded MCO and 

Mark IA Mark IA Mark IA 235U scrap cask, all baskets 
mi sl oaded 

CASE70 

CASE7 

Table 6-14.  Analysis Results for Mark I A  Fuel and Scrap Misloaded in 
Flooded Multicanister Overpacks in Casks. 

I 

1.25  wt% 1 54 1 54 1 54 1 1.25  wt% 
235U scrap Mark I V  Mark I V  Mark I V  235U scrap 0 cn 

W 

0 

a .  b l ~ e r r  are nunbered from the top of the UCO. 
The Iimiting value for keff should be considered 0.945 to a l lou for a code bias of - 5  mk (see Section 6.6.3). 

CI = confidence interval. 

@3 = outer dinension. 
MCO = multicanister overpack. 

w 

0 0 
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F igu re  6-21. Ana lys i s  I n p u t  Models CASE7 and CASE7A: A x i a l  Geometry. 

MKIV Baskets MKlA Fuels 
CASE 7 

7 
26.85' 

20.9' 

i 
12' water 
refledor 
around 
casks 

~ 1/2' - 
ss MCO 

wall 

- A 

26.85" 

L 
7.50' 

A 
~ 

I MKlV Baskets MKlA Fuels 
CASE 7a 

26.85" 

I 
26.1" 

1 
t 
1 
20.9' 

~ 

f 

L 
26.85" 

7.50' 

A 
___ 
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scrap in the top and/or bottom basket, and fully misloading all baskets with 
Mark IA fuel, raises the kef' above the allowables. 
54 or 48 fuel assemblies in a basket are loaded from a single K Basin 
canister. 
Mark IV canister is a contingency. 

0.95 wt% 235U. The K West Basin does not have a significant amount of sludge 
on the basin floor, nor does the sludge contain a significant amount of 
fissile material. So the misloaded fuel or scrap must come from a misloaded 
or mislabeled canister. 
fuel assemblies, the maximum enrichment would be 1.15 wt% U. In spite of 
this, scrap is defined for this criticality analysis as optimally sized and 
spaced rods of the hjghest enrichment found in a particular type of fuel. 
Scrap originating from Mark IA fuel is therefore modeled as 1.25 wt% 235U 
rods. A single contingency was analyzed in which one fuel canister containing 
Mark IA scrap, with the mass equivalent of 14 fuel assemblies, was 
misidentified and handled as though it were 0.95 wt% 235U scrap. The mass 
equivalent of 14 assemblies of 1.25 wt% 235U rods was inserted into one of the 
Mark I V  scrap baskets in an otherwise normally loaded Mark IV MCO. 
at the upper 95% confidence level was 0.925, which is well below the allowable 
limit of 0.945. 
meets the double contingency principle. CASE7 (Figure 6-21) shows that for a 
completely flooded and misloaded MCO with Mark IA fuel and scrap in all 
Mark I V  baskets in a cask, the system exceeds the allowable safety limit, but 
this case also exceeds the restraint of the double contingency principle for 
mu1 tiple contingencies. 

Figure 6-22 shows the keff for flooded MCOs loaded with Mark I V  fuel in 
the CSB array of storage tubes for a range of water densities between tubes. 
The curve rises only marginally, to a maximum of 0.93 at a water density of 
0.002 g/cm3. This figure shows that an infinite array of fully flooded MCOs 
loaded with Mark I V  fuel in the CSB array will be within allowable limits for 
all values of interspersed moderation between the storage tubes. 

However, only 14 of the 

Selecting and loading a single Mark IA canister jnstead of a 

Only the K West Basin is allowed to have fuel enriched to greater than 

Because the canister was original& filled with whole 

The keff 
Thus for a single contingency, the flooded MCO in a cask 

6.5.4 Canister Storage Building 

significantly subcritical. 
reactivity to a level of concern is to flood the MCOs. Putting an optimally 
dense water mist between the tubes could further optimize the system. 
has excluded a sprinkler system and has no other piped-in water, except 
limited piping for cooling the HCS. During staging and interim storage, the 
MCOs are to be sealed. 
seals. Flooding the MCOs is not considered credible. However, a still wet 
MCO may be delivered to the CSB. 
calculated to show that even this event is within allowable limits. The 
reactivity of moving an MCO in the MHM and in and out of the storage tubes 
through the concrete floor is calculated. 
MCO also is investigated. 

Table 6-6 has shown that the storage df dry MCOs in the CSB is 
The only occurrence that could raise the 

The CSB 

The storage tube plugs utilize dual elastomeric O-ring 

The effect of flooding on reactivity is 

The effect of having a misloaded 
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Figure 6-22. Interspersed Moderation for Flooded Mark IV 
Multicanister Overpacks in the Canister Storage Building. 

am a1 1.0 
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6.5.4.1 
Machine. The MHM i s  modeled as a s t a i n l e s s  s t e e l  c y l i n d e r  w i t h  10 - in . - th i ck  
wa l l s .  The 
MCNP cases oc1.4 and oc1.5 i n  Table 6-6 analyzed the  c o n f i g u r a t i o n  o f  t h e  
t i g h t - f i t t i n g  MHM around and above the  MCO w i t h  concrete f o r  t h e  opera t i ng  
f l o o r  below the  normal ly  con f igu red  MCOs loaded w i t h  the  two types o f  f u e l .  
The upper 95% conf idence i n t e r v a l  values are 0.307 and 0.331, r e s p e c t i v e l y ,  
f o r  Mark I A  and Mark I V  f u e l .  Th i s  i s  a normal ope ra t i on  r e a c t i v i t y  f o r  d r y  
f u e l .  I t  i s  p o s s i b l e  t h a t  an MCO could be d e l i v e r e d  t o  the  CSB w i t h o u t  hav ing 
been d r i e d .  Case oc4.1 i n  Table 6-15 analyzes the  MHM model w i t h  Mark IV f u e l  
and t h e  MCO f looded.  The upper 95% conf idence i n t e r v a l  i s  0.907 f o r  t h e  
contingency o f  a f l ooded  MCO i n  the  MHM; t he  r e a c t i v i t y  i s  w e l l  w i t h i n  
acceptable l i m i t s .  

6.5.4.2 M u l t i c a n i s t e r  Overpack i n  T r a n s i t  through t h e  Concrete Operat ing 
Deck. 
removed from t h e  t r a n s p o r t  cask, i n t o  a s torage tube through the  concrete 
ope ra t i ng  deck, modeled as 4 - f t  t h i c k .  This  ope ra t i on  a l s o  would be c a r r i e d  
ou t  when removing an MCO from a s torage tube t o  move i t  t o  t h e  HCS and when 
r e t u r n i n g  i t  t o  a s torage tube. MCOs are about 406-cm (160 i n . )  long,  so p a r t  
o f  t h e  MCO cou ld  be i n  the  MHM, passing through the  deck, and i n  the  s torage 
tube. 
r e f l e c t i v e  m a t e r i a l  independently. The r e a c t i v i t y  e f f e c t  o f  t he  MHM was 
assessed i n  Sect ion 6.5.4.1 and the  r e a c t i v i t y  e f f e c t  o f  be ing i n  a s torage 
tube w i l l  be assessed below. The r e a c t i v i t y  o f  an MCO normal ly  loaded w i t h  
Mark I V  f u e l  and scrap, w h i l e  c l o s e l y  surrounded by concrete and w i t h  
s t a i n l e s s  s t e e l  on t h e  t o p  (Table 6-15, Case oc l .7b) ,  i s  0.375 (h igh  95% 
conf idence i n t e r v a l  va lue) .  Th i s  i s  t he  normal ly  l ow  r e a c t i v i t y  f o r  a d r y  
MCO. The va lue  increases t o  0.895 when the  MCO i s  f looded, as shown i n  
Table 6-15, Case oc4.2. 
where t h e  s ide  and t o p  r e f l e c t i o n  was 10 i n .  o f  s t a i n l e s s  s t e e l .  
o f  t h e  one contingency o f  t h e  MCO being f looded d u r i n g  movement i n  t h e  CSB i s  
t h a t  t h e  r e a c t i v i t y  i s  w i t h i n  the  a l lowable o f  0.945. 

6.5.4.3 V a u l t  F looding.  
modeled as an i n f i n i t e  rec tangu la r  a r r a y  was 0.403 (Case oc1.3) f o r  MCOs 
no rma l l y  loaded w i t h  Mark I V  f u e l  and scrap. 
CSB, and t h e  f a c t  t h a t  t h e  on ly  access t o  the  v a u l t  space between t h e  s torage 
tubes i s  t h e  two stacks t h a t  a l l ow  n a t u r a l  convect ion c i r c u l a t i o n  t o  cool t h e  
space, prec ludes water e n t r y  i n t o  t h e  v a u l t  space between the  tubes. However, 
t o  show t h e  conservat ive na tu re  o f  t he  CSB, t he  contingency of water f l o o d i n g  
the  v a u l t  i s  analyzed us ing  t h e  i n f i n i t e  a r ray  model. 
i n  Table 6-16. P rog ress i ve l y  f i l l i n g  the  v a u l t  t o  a qua r te r  f u l l  ( t h e  bottom 
MCO i s  h a l f  submerged), and t o  h a l f  f u l l  ( t h e  bottom MCO i s  complete ly  
submerged), lowers t h e  upper 95% confidence l e v e l  va lue t o  0.380 and 0.374, as 
shown i n  Cases oc2.1 and oc2.2, respec t i ve l y .  Case oc2.8 has an even lower  
va lue of 0.339 f o r  t h e  v a u l t  f u l l y  f looded (both MCOs submerged). The g r e a t e r  
t h e  f l ood ing  o f  t he  v a u l t ,  t he  g rea te r  t he  neu t ron i c  i s o l a t i o n  o f  each s torage 
tube. The p rog ress i ve  f l ood ing  of a v a u l t  decreases t h e  o v e r a l l  r e a c t i v i t y  o f  
t h e  a r ray .  

H u l t i c a n i s t e r  Overpack i n  t h e  M u l t i c a n i s t e r  Overpack Handl ing 

The MCO i s  drawn up i n t o  i t  from the  cask d e l i v e r e d  t o  t h e  CSB. 

The nex t  ope ra t i on  a t  t he  CSB i s  t o  lower  an MCO, which has been 

The problem i s  modeled by determin ing t h e  MCO’s r e a c t i v i t y  f o r  each 

Th is  case i s  s l i g h t l y  l e s s  than f o r  t he  MHM r e s u l t ,  
The r e s u l t  

I n  Table 6-7, t he  r e a c t i v i t y  o f  a f u l l y  loaded v a u l t  

The l a c k  o f  water l i n e s  i n  t h e  

The r e s u l t s  are shown 
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m 
I 
VI P 

F i l e  ID  

oc l .7b 

oc4.1 

oc4.2 

Table 6-15. Ana lys i s  Resul ts  f o r  M u l t i c a n i s t e r  Overpack Lowered Through 
t h e  Can is te r  Storaqe B u i l d i n g  ODeratina Deck. 

Fuel t ype  

Mark I V b  

Mark I V c  

Mark I V b  

Payload c l u s t e r  

baskets basket 

~ 

1 top  
3 middle 54 Mark I V  
1 bottom 

0.95 w t %  235U scrap 

0.95 w t %  235U scraD 

Water d e n s i t y  (g/cm3) I Ca lcu la t i on  r e s u l t s a  I 
MCO 95% C I  

Between storage 

ou ts ide  MCOs interior tubes and I keff  1 ikt: 1 keff I 
0.0051 

I z n 

0.0051 

*The limiting value for k 
)IC0 being louered througKf!mcrete floor. Concrete ref lect ion on the side and bottm, steel ref lect ion on top. 

should be considered 0.945 t o  al lou for a code bias of - 5  mk (see Section 6.6.3). 

Mco stored i n  MHM. Modeled as having 10 in. of steel on top and sides, and a 2-f t - thick concrete floor belou. 

I 
VI 
? 

C I  = confidence interval. 
MCO = multicanister OverDack. 

W m < 
0 



F i l e  I D  type 

Mark I V b  

Mark I V b  

oc2.1 

Number o f  Assemblies pe r  MCO Between Std. 95% C I  

interior ou ts ide  MCOs 

1 t o p  0.95 w t %  235U scrap 0.0051 1.00 0.3764 0.0016 0.3797 
3 middle 54 Mark I V  (Vau l t  f looded . .  

1 bottom 0.95 w t %  235U scrap t o  one-quarter 

1 top  0.95 w t %  235U scrap 0.0051 1.00 0.3711 0.0014 0.3740 
3 middle 54 Mark I V  (Vau l t  f looded 
1 bottom 0.95 w t %  235U scrap t o  h a l f  he igh t )  

dev. kef f  
baskets basket tubes and kef f  

he igh t )  

oc2.2 

Mark I V b  

Mark I V c  

oc2.8 

ocsb05 

3; 
no 

actual 10 

1 top  0.95 w t %  235U scrap 0.0051 1.00 0.3348 0.0020 0.3388 
3 middle 54 Mark I V  (Vau l t  f looded 
1 bottom 0.95 w t %  235U scrap t o  f u l l  he igh t )  

1 top  0.95 w t %  235U scrap 0.0051 0.008 (Vapor) 0.3874 0.0008 0.3889 
3 middle 54 Mark I V  
1 bottom 0.95 w t %  235U scrap 

Table 6-16. Ana lys i s  Resul ts  f o r  Canis ter  Storage B u i l d i n g  Vaul t  Flooding. 

I Payload c l u s t e r  I Water dens i t y  (g/cm3) I Ca lcu la t i on  r e s u l t s a  

I z 7 

v) 0 

v) z T 

v) 

D 
W W 

0 0 VI 

W m < 
0 

Cf = confidence interval.  
Mco = rmlticanister overpack. 

d 
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A more e f f e c t i v e  way t o  increase the  r e a c t i v i t y  o f  an a r r a y  o f  
undermoderated elements i s  t o  i n s e r t  water as a vapor o r  m i s t  between t h e  
a r ray  elements. The i n f i n i t e  h o r i z o n t a l  a r r a y  model o f  CSB s torage tubes 
c o n t a i n i n g  two no rma l l y  loaded MCOs was run  w i t h  water d e n s i t i e s  from 0.0005 
t o  1.0 g/cm3 between t h e  tubes. The MCOs were no rma l l y  loaded w i t h  t h r e e  
c e n t r a l  baskets o f  i n t a c t  Mark I V  f u e l  assemblies and t o p  and bot tom baskets 
loaded w i t h  Mark I V  scrap. 
MCOs, and F igu re  6-22 p l o t s  t h i s  data f o r  i n t e r n a l l y  f l ooded  MCOs. The peak 
i n  r e a c t i v i t y  occurs a t  0.008 g/cm3 f o r  i n t e r n a l l y  d r y  MCOs. 
(Table 6-16) shows the  r e s u l t s  o f  t he  10 by 22 by 2 hexaqonal a r r a y  model o f  
no rma l l y  loaded Mark I V  f u e l  i n  t h e  MCOs w i t h  0.008 g/cm o f  i n t e r t u b e  
mois ture.  The upper 95% conf idence i n t e r v a l  va lue i s  0.389. Th is  i s  about 
0.03 l e s s  than  the  conservat ive i n f i n i t e  a r r a y  model va lue.  Thus, t h e  ac tua l  
r e a c t i v i t y  f o r  t h e  d r y  MCO i n  the  CSB s torage tube i s  h i g h l y  s u b c r i t i c a l .  

The s torage tubes are designed t o  be cooled by t h e  n a t u r a l  c i r c u l a t i o n  o f  
ou ts ide  a i r  through the  v a u l t  space, from one s tack  t o  a s$ack o f  d i f f e r e n t  
he igh t .  The r e l a t i v e  humid i t y  o f  ambient a i r  i s  about 10- , and f o g  has a 
water con ten t  o f  about l o - *  g/cm3. A water content  o f  0.008 g/cm3 i s  sa tu ra ted  
steam a t  a temperature w e l l  above 100 'C (212 "F) .  A i r  w i t h  50% r e l a t i v e  
humid i t y  a t  a temperature j u s t  below 100 "C (212 OF) has about 
2.3 x g/cm3 water. 
o f f -normal  c o n d i t i o n  t h a t  assumes the  a i r  c i r c u l a t i o n  i s  blocked, water i s  
added, and t h e  MCOs have t ime  t o  heat t he  a i r  and water w e l l  above 100 "C 
(212 OF). For d r y  MCOs, t h i s  water content  w i l l  be used as a conserva t i ve  
assumption i n  c a l c u l a t i o n s .  
d e n s i t i e s  of normal operat ions,  t he  r e a c t i v i t y  o f  t h e  s torage v a u l t  w i l l  be 
lower  by about 0.02. 

F igu re  6-23 a l so  shows t h a t  f o r  water d e n s i t i e s  g r e a t e r  than 0.008 g/cm3 
i n  the  v a u l t ,  t h e  r e a c t i v i t y  drops t o  t h a t  f o r  a s i n g l e  f u l l y  wa te r - re f l ec ted  
MCO. Th i s  s e c t i o n  a l s o  showed t h a t  f o r  water f l o o d i n g  o f  t he  v a u l t  space, t he  
r e a c t i v i t y  was below 0.44. For t h i s  degree o f  s u b c r i t i c a l i t y ,  even a t  optimum 
i n t e r t u b e  water dens i t y ,  no r e s t r i c t i o n  on f i r e  f i g h t i n g  would be necessary t o  
r e s t r i c t  water from the  v a u l t  f o r  c r i t i c a l i t y  c o n t r o l .  
noted t h a t  n e i t h e r  f i r e  f i g h t e r s  no r  water used i n  f i r e f i g h t i n g  i n  o t h e r  p a r t s  
o f  t h e  f a c i l i t y  would have access t o  the  v a u l t  space except though the  
opera t i ng  decks. 

6.5.4.4 
t h a t  f l o o d i n g  t h e  3.8-cm (1.5- in . )  gap between the  MCO and s torage tube has no 
s i g n i f i c a n t  e f f e c t  on the  r e a c t i v i t y  o f  d r y  MCOs i n  t h e  CSB s torage tubes. 
Comparing Cases oc1.3 and ocl.3b, f o r  h o t  steam i n  the  gap, w i t h  oc2.11 and 
ocZ . l l b ,  f o r  f u l l  d e n s i t y  water i n  t h e  gap, shows a l l  h i g h  95% conf idence 
i n t e r v a l  values are between 0.40 and 0.42. Each p a i r  o f  cases uses 
0.0012 g/cm3 and 0.008 g/cm3 o f  water i n  t h e  i n t e r t u b e  space. Case oc2.14b 
uses 0.008 g/cm3 i n t e r t u b e  water d e n s i t y  w i t h  the  gap f i l l e d  w i t h  h a l f  d e n s i t y  
water  and a l s o  shows 95% confidence i n t e r v a l  values i n  t h e  0.40 t o  0.42 range. 
These cases modeled Mark I V  f u e l .  Mark I A  f u e l  i s  used i n  Cases oc2.lOa and 
oc2.10ba w i t h  f u l l  d e n s i t y  water i n  the  gap and t h e  values are l ess ,  about 
0.315. These r e s u l t s  i n d i c a t e  t h a t  f o r  d r y  MCOs, the  p o s s i b i l i t y  o f  f l o o d i n g  
s torage tubes i n  f i r e  suppression i s  n o t  a c r i t i c a l i t y  concern. 

F igu re  6-23 p l o t s  t h i s  da ta  f o r  i n t e r n a l l y  d r y  

Case ocsb05 

To have 0.008 g/cm3 o f  water  i n  t h e  v a u l t  space i s  an 

F igu re  6-23 shows t h a t  a t  t h e  lower  water 

Although it should be 

F looding t h e  CSB Storage Tube. Ana lys i s  r e s u l t s  i n  Table 6-17 show 
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Figure 6-23. Interspersed Moderation for Dry Mark I V  
Multicanister Overpacks in the Canister Storage Building. 
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F i l e  I D  

~ 1 . 3  

Fuel 
type 

Mark I V b  

~ 1 . 3 b  

Payload c l u s t e r  Water dens i t y  (g/cm3) C a l c u l a t i o n  r e s u l t s a  

Number o f  Assemblies per  MCO Between storage tubes Std. 95% CI 
baskets basket i n t e r i o r  and ou ts ide  MCOs dev. kef, 

1 top  0.95 w t %  235U scrap 0.0051 0.0012 (vapor) 0.3841 0.0020 0.3880 
3 middle 54 Mark I V  
1 bottom 0.95 w t %  235U scrap 

oc2.11 

oc2.1 l b  

Mark I V b  

Mark I V b  

oc2.14b 

J 

1 t o p  0.95 w t %  235U scrap 0.0051 0.008 (vapor) 0.4114 0.0020 0.4154 
3 middle 54 Mark I V  
1 bottom 

1 t op  0.95 w t %  235U scrap 0.0051 0.0012 (vapor) between 0.4069 0.0018 0.4105 
3 middle 54 Mark I V  storage tubes 
1 bottom 0.95 w t %  235U scrap 1.0 ou ts ide  MCOs 

0.95 w t %  '''U scrap 

oc2.10a 

I 

Mark I V b  1 top  
3 middle 
1 bottom 

oc2. lOba 

>he I 
I n f i r  

0.95 w t %  235U scrap 0.0051 0.008 (vapor) between 0.4042 0.0026 0.4093 
54 Mark I V  storage tubes 
0.95 w t %  235U scrap 1.0 ou ts ide  MCOs 

Mark I A b  

Mark I A b  

1 top  1.25 w t %  235U scrap 0.0051 0.0012 (vapor) between 0.4021 0.0024 0.4069 
4 middle 48 Mark I V  s torage tubes 
1 bottom 1.25 w t %  235U scrap 0.5 ou ts ide  MCOs 

1 top  1.25 w t %  235U scrap 0.0051 0.008 (vapor) between 0.4008 0.0024 0.4056 
4 middle 48 Mark I V  s torage tubes 
1 bottom 1.25 w t %  235U scraD 0.5 ou ts ide  MCOs 

0.008 (vapor) between 0.4109 0.0020 0.4150 

0.5 storage ou ts ide  tubes MCOs / I / /  

i t ing  value fo r  keff should be considered 0.945 t o  a l lou for a code bias of - 5  mk (see Section 6.6.3). 
e square array. 

C l  = confidence interval. 
I C 0  = wulticmister overrack. 

I z 
-ll I 

v) 0 

v) z -n 

v) 

D W W 

0 0 VI 

W rn < 
0 
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It should be noted that flooding a storage tube is considered a 
contingency. The floor plug is double sealed, and water and water lines are 
excluded from the vault operating floor and area. 
would have to happen to bring water onto the operating floor and breech the 
floor plug seals to the storage tubes. 

6.5.4.5 Flooded Multicanister Overpacks. The possibility exists that an MCO 
could be delivered to the CSB that had not been dried. 
considered a contingency. Analysis results in Table 6-18 show that the entire 
array of MCOs in the CSB could be wet and the facility would still be within 
acceptable limits. The model uses an infinite array of normally loaded MCOs 
with the internal nonmetal spaces filled with full density water. The first 
two cases, oc2.12 and oc2.12b, have 0.008 g/cm3 water in the storage tube and 
intertube water densities of 0.0012 g/cm3 and 0.008 g/cm3, respectively. The 
MCNP results are 0.917 and 0.907. When full density water is put in the 
storage tubes, cases oc2.13 and oc2.13b with 0.0012 g/cm3 and 0.008 g/cm3 of 
water in the intertube space, the results are lower, 0.884 and 0.890. These 
results show that for flooded storage tubes and MCOs that are normally loaded 
with Mark I V  intact fuel in the center three baskets and with Mark IV scrap in 
the top and bottom baskets, the reactivity is below the allowable limit of 
0.945, with a margin of over 0.03 for multiple contingencies (i.e., all MCOs 
flooded with and without all storage tubes flooded). Again, fire fighting 
does not have to be restricted because flooding the MCOs and storage tubes 
does not raise the reactivity of the CSB storage vault above allowable limits. 

Some unusual occurrence 

A single wet MCO is 

model 
of 24 

The entries in Table 6-19 all have flooded MCOs and storage tubes. The 
for the first two entries, plan 151 and plan 150, uses a fuel diameter 
in., the MCO inside diameter, and the model for the next two entries, 

csbl and csb2, uses 23 in., the basket diameter. The first two entries have 
intact fuel and the last two have intact fuel in the center baskets and scrap 
in the top and bottom baskets. All are normally loaded and have the single 
contingency of flooding. In three of these cases, the vault space also is 
flooded. In all cases, the values for k f f  and the 95% confidence intervals 
are below 0.92. For these conditions, tbe contingency of flooding raises the 
reactivity, but not above allowable limits. The last three cases, csb3, 
oc3.5, and oc3.6, present the results of more than two contingencies and are 
included for understanding the consequences of gross misloading. 

6.5.4.6 Multicanister Overpacks with Misloaded Fuel. Several MCNP 
calculations have shown that the CSB is significantly subcritical even for 
loading Mark IA fuel and scrap in all the Mark I V  baskets in all MCOs stored 
in the CSB, as long as the MCOs are not flooded. The model has a 23.0-in. 
fuel diameter, 1.25 wt% 235U scrap in the top and bottom Mark I V  baskets, 
54 Mark IA intact fuel assemblies in each of the three center Mark IV baskets, 
and two MCOs vertically in an infinite array of CSB tubes. With all tubes and 
intertube spaces dry, the keff, standard deviation, and upper 95% confidence 
values are 0.3787, 0.0017, and 0.3821, respectively. If full density water is 
added between the CSB tubes and inside the CSB tubes outside the MCOs 
(interior of MCOs dry), the values decrease from loss of interaction to 
0.3688, 0.0021, and 0.3731. Figure 6-23 shows the upper 95% confidence level 
for the range 1.0 to 0.0005 g/cm3 of water between the CSB tubes with the 
MCOs' interiors dry. The maximum value is less than 0.42 at an intertube 
density of 0.008 g/cm3 of water. 
misloaded MCO is significantly less reactive than the allowed limits as long 

Even for flooding the CSB vaults, a 
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Table 6-18. 'Ana lys i s  Resul ts  f o r  M u l t i c a n i s t e r  Overpack I n t e r n a l  Flooding. 

Water dens i t y  falcm3) I Ca lcu la t i on  resu l t s '  1 

0.008 between 
storage tubes 
1.0 ou ts ide  MCOs 

Payload c l u s t e r  

baskets basket 

0.8849 0.0026 0.8902 

oc2.12 Mark I V b  1 top  0.95 w t %  235U scrap I I  1 bottom I 0.95 wtX 235U scrap 
3 middle 54 Mark I V  

oc2.12b 

oc2.13 

0.95 w t %  235U scrap 

MCO 
i n t e r i o r  

1.0 

1 .o 

1.0 

1 .o 

?he l imit ing value for keff should be considered 0.945 to atlow for a code t 
I n f i n i t e  square array. 

CI = confidence interval.  
MCO = multicanister overpack. 

95% C I  Between storage 
tubes and ou ts ide  I 

MCOs I ikt: 1 keff I 
0.0012 

0.0012 between 
storage tubes 
1.0 ou ts ide  MCOs 

I 0.8782 I 0.0029 I 0.8840 1 
I z -n 

v) 0 

v) z -n 

v) 

D W W 

0 0 cn 

W m < 

0 



Table 6-19. Analys is  Resul ts  f o r  Normally Loaded M u l t i c a n i s t e r  Overpacks Flooded 
i n  the  Canis ter  Storage Bu i l d ing .  

Payload c l u s t e r  I Water dens i t y  (g/cm3) C a l c u l a t i o n  r e s u l t s b  
F i l e  I O  1 

typea Between storage 
tubes 

Assembl i es 
pe r  basket 

Number o f  
baskets 

5 

5 

1 top  
3 middle 
1 bottom 

Std. 
dev. 

0.0033 

0.0035 

0.0023 

95% CI 
k e f f  

0.8711 

0.8708 

0.8762 

54-Mark I V  1 !!; 
54 Mark I V  

0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

1.25 w t %  235U scrap 
48 Mark I A  
1.25 w t %  235U scrap 

3.10 (heavy m i s t )  
~~ 

0.8645 

0.8638 

0.8716 

0.8196 

1 . 0  ( f u l l  dens i t y )  

1.0 ( f u l l  dens i t y )  
I z n 

VI 
D 

v) z 
-n I 

VI D 
W P 

0 
0 VI 

W rn < 
0 

1 top  
4 middle 
1 bottom 

1.0 ( f u l l  dens i t y )  0.0020 0.8250 csb3 Mark I A  

3c3.5 IMark I V  .008 (m is t )  .002 1 0.4128 1 top  
3 middle 
1 bottom 

1 t o p  
3 middle 
1 bottom 

0.4085 

0.9108 

54 Mark I V  
54 Mark I A  
54 Mark I V  
0.95 w t %  235U scrap 

54 Mark I V  
54 Mark I A  
54 Mark I V  
0.95 w t %  235U scrap 

.003 1 .008 (m is t )  0.9170 

er steel 
e walls 

~~ 

'Hark I V  type has t i e  rod at center, excludes center assembly i n  array, but i s  iwch smaller than the Mark I A  type with a 6-in.-dia 
One-foot-thick corr insert that excludes Seven central assemblies. 

are mdgled on tour  sides and the floor. 
The IImit ing value for keff should be considered 0.945 t o  allow for a code b ias  of -5 mk (see Section 6 .6 .3 ) .  

CI = confidence interval. 

MCOS i n  a 10 x 22 square l a t t i c e  with two MCOs a t  each storage tube. 

0 

HCO = iwlt icanister overpack. 



HNF-SD-SNF-SARR-005 REV 0 

as the  MCO’s i n t e r i o r  i s  d ry .  Th i s  i s  t r u e  even f o r  t h e  m u l t i p l e  
cont ingencies ( i . e . ,  complete ly  mis loading each MCO i n  t h e  CSB). F igu re  6-23 
shows t h e  r e s u l t s  f o r  an i n f i n i t e  a r r a y  o f  MCOs, b u t  here t h e  MCO i s  f looded.  
M u l t i p l e  cont ingencies,  f l o o d i n g  a l l  MCOs, i s  s u b c r i t i c a l .  The des ign o f  t h e  
CSB exceeds t h e  requirements o f  t h e  double contingency p r i n c i p l e .  

Ca lcu la t i ons  have been done f o r  a case o f  l o a d i n g  one K Basin c a n i s t e r  o f  
Mark I A  f u e l  i n t o  a Mark I V  scrap basket, and f o r  a case o f  l o a d i n g  one 
Mark I V  scrap basket i n  p lace  o f  an i n t a c t  f u e l  basket. One cont ingency i s  t o  
l o a d  an MCO w i t h  one t o o  many scrap baskets o f  t h e  c o r r e c t l y  enr iched 
m a t e r i a l .  
m a t e r i a l  and are more r e a c t i v e  than baskets o f  i n t a c t  f u e l .  The t h i r d  scrap 
basket i s  modeled nex t  t o  t h e  t o p  scrap basket i n  the  bot tom MCO i n  a s torage 
tube. Th is  pu ts  t h r e e  scrap baskets as c lose  t o  one another as poss ib le  w i t h  
a s i n g l e  contingency. The r e s u l t s  o f  t h e  ana lys i s  are shown i n  Table 6-20. 
The upper 95% conf idence i n t e r v a l  va lue i s  0.417 f o r  case oc3.lb, which uses 
an i n t e r t u b e  opt imal  water d e n s i t y  o f  0.008 g/cm3. The va lue  i s  lower ,  0.397, 
f o r  case oc3.1, which uses an i n t e r t u b e  water d e n s i t y  o f  0.0012 g/cm3. For a 
second contingency, t he  MCO be ing f looded,  the  upper 95% conf idence i n t e r v a l  
jumps t o  0.930, as shown f o r  case oc3.2. Th is  r e s u l t  shows t h a t  f o r  m u l t i p l e  
cont ingencies,  t h e  r e a c t i v i t y  i s  s t i l l  below a l lowable l i m i t s .  The ana lys i s  
i s  conse rva t i ve  i n  t h a t  a l l  tubes i n  the  a r r a y  have an e x t r a  scrap basket and 
the  a r r a y  i s  modeled as an i n f i n i t e  ar ray.  

mis labeled as Mark I V  f u e l  i n  K Basins. Th is  one 5 p i s t e r  i s  loaded i n t o  a 
Mark I V  basket, so a basket in tended f o r  0.95 w t %  U enr iched scrap i s  
loaded w i t h  t h e  equ iva len t  o f  14 assemblies o f  1.25 w t %  235U enr iched scrap, 
and t h e  r e s t  o f  t h e  basket i s  loaded w i t h  0.95 w t %  235U Mark I V  scrap. Scrap 
baskets are more r e a c t i v e  than i n t a c t  f u e l  baskets, so t h i s  case would cover 
o the r  cases o f  a c a n i s t e r  o f  Mark I A  f u e l  i n  Mark I V  baskets. The upper 95% 
conf idence i n t e r v a l  va lue i s  0.4165 f o r  case oc3.3b, which uses an i n t e r t u b e  
opt imal  water d e n s i t y  o f  0.008 g/cm3. 
case oc3.3, which uses an i n t e r t u b e  water dens i t y  o f  0.0012 g/cm3. 
second contingency, t h e  MCO be ing f looded,  t h e  h igh  95% conf idence i n t e r v a l  
jumps t o  0.925 as shown i n  case oc3.4, which has an i n t e r t u b e  water d e n s i t y  
o f  0.0012 g/cm’. Th i s  r e s u l t  shows t h a t  f o r  m u l t i p l e  cont ingencies,  t he  
r e a c t i v i t y  i s  s t i l l  below a l l owab le  l i m i t s .  The ana lys i s  i s  conse rva t i ve  i n  
t h a t  a l l  tubes i n  the  a r r a y  have an e x t r a  scrap basket and the  a r r a y  i s  
modeled as an i n f i n i t e  a r ray .  

F igu re  6-22 shows t h a t  t h e  e f f e c t  o f  water dens i t y  between CSB storage 
tubes r a i s e s  t h e  keff on l y  0.02 a t  most over a range o f  1.0 t o  0.0005 g/cm . 
Only the  change caused by i n t e r t u b e  water dens i t y  i s  app l i ed  i n  t h i s  graph. 
The a d d i t i o n  o f  water does no t  pose a hazard t o  storage o r  movement o f  a 
normal ly  loaded MCO i n  t h e  CSB. 

Scrap baskets are modeled as o p t i m a l l y  spaced and moderated 

Another contingency i s  f o r  a c a n i s t e r  o f  Mark I A  f u e l  t o  be misp laced and 

The va lue i s  lower, 0.401 f o r  
For  a 

6.5.5 Cold Vacuum Dry ing  F a c i l i t y  

t r a n s f e r  cask are shown i n  Table 6-21. Cases 1 through 4 are s i t u a t i o n s  i n  
which the  l i m i t  o f  two scrap baskets pe r  MCO i s  assumed t o  be i n a d v e r t e n t l y  
exceeded by t h e  l oad ing  of a t h i r d  scrap basket. 

Contingency case r e a c t i v i t i e s  f o r  misloaded f u e l  i n  t h e  f l ooded  MCO and 

I n  Cases 1 and 3, t he  
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F i l e  
I O  

- 
c3.lb  

- 
c3.1 

c3.2 

Table 6-20. Ana lys i s  Resul ts  f o r  MCO Mis loading.  (3 sheets) 

I 
Payload c l u s t e r  

Fuel 
Number o f  

baskets 

3 middle 
1 bottom 

Bottom MCO 

2 middle 
1 bottom 

3 middle 
1 bottom 

Bottom MCO 

2 middle 

3 middle 
1 bottom 

Bottom MCO 

2 middle 
1 bottom 

Assemblies per  basket 

Top MCO 
0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

Bottom MCO 
0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

Top MCO 
0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

Bottom MCO 
0.95 w t %  235U scraD 
54 Mark I V  
0.95 w t %  235U scrap 

Top MCO 
0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

Bottom MCO 
0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

MCO 
i n t e r  i oi 

0.0051 

0.0051 

Water dens i t y  (9/cm3) 

Between 
storage tubes 

and ou ts ide  
MCOs 

0.008 

0.0012 

1.0 0.0012 

Ca lcu la t i on  r e s u l t s a  - 

kef f 

- 
0.4134 

- 
0.3939 

0.9248 

- 

Std. 
dev . 

0.0018 
- 

- 
0.0015 

0.0024 

- 
35% C I  

keff 
- 
0.4169 

- 
0.3970 

0.9296 

- 

I z 
7 
I ln 

0 

v) z 
7 
I ln 

D W W 

0 0 In 

W 

< 
0 

m 



F i l e  
I O  

- 
1c3.3b 

- 
3c3.3 

Number O f  
baskets 

Fuel 
type 

l a rk  I V b  

l a r k  I V b  

Assemblies per  basket 

Table 6-20. Ana lvs i s  Resul ts  f o r  MCO Mis loadina.  ( 3  sheets) 

Top MCO 
1 t o p  
3 middle 
1 bottom 

Bottom MCO 
1 top  

3 m idd le  
1 bottom 

Top MCO 
1 top  
3 middle 
1 bottom 

Bottom MCO 
1 top  

3 middle 
1 bottom 

_. 

Payload c l u s t e r  

Top MCO 
0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

Bottom MCO 
0.95 w t %  235U scrap mixed w i t h  
1 c a n i s t e r  o f  1.25 w t %  235U 
scrap 
54 Mark I V  
0.95 w t %  235U scrap 

Top MCO 
0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

Bottom MCO 
0.95 w t %  235U scrap mixed w i t h  
1 c a n i s t e r  o f  1.25 w t %  235U 
scrap 
54 Mark I V  
0.95 w t %  235U scrap 

I 

< .  
Water d e n s i t y  (g/cm3) I Ca lcu la t i on  r e s u l t s '  

MCO 
i n t e r i o r  

0.0051 

0.0051 

. . 

Between 
storage tubes 
and ou ts ide  

MCOs 

Std. 
dev . 

0.0017 

0.0019 

95% C I  
keff 

0.4165 

- 
0.4011 

I 
z, 
B 
v) 

v) zz -n I 

v) D 
W W 

0 0 VI 

W m -= 
0 



Fuel 
type 

Mark I V b  

Limiting vi 
i n i t e  squari 

Table 6-20. Ana lys i s  Resul ts  f o r  MCO Mis loading.  ( 3  sheets) 

Number o f  
baskets 

Top MCO 
1 top  
3 middle 
1 bottom 

Bottom MCO 
1 t o p  

3 middle 
1 bottom 
le for keff shou 
irray. 

CI = confidence interval.  
Mco = mlt icanister  overpack. 

Payload c l u s t e r  

Assembl i e s  per  basket 

Top MCO 
0.95 w t %  235U scrap 
54 Mark I V  
0.95 w t %  235U scrap 

Bottom MCO 
0.95 w t %  235U scrap mixed w i t h  
1 c a n i s t e r  o f  1.25 w t %  235U 
scrap 
54 Mark I V  
0.95 w t %  235U scrap 
be considered 0.945 to al lou for a code 

Water d e n s i t y  (g/cm3) 

MCO 
i n t e r i o r  

1.0 

IS Of - 5  mk 

Between 
storage tubes 

and ou ts ide  
MCOs 

0.008 

;ee Section 6.6.3). 

Ca lcu la t i on  r e s u l t s a  I 

dev. 
95% C I  

I z T 

v) 0 

v) z T 

v) 

D W W 

0 0 VI 

W m < 

0 



‘tie 

Table 6-21. Ana lys i s  Resul ts  f o r  Flooded M u l t i c a n i s t i  
w i t h  Misloaded Fuel i n  the  Cold Vacuum Dr: 

F i l e  IO 

I I I I 

Std. 
dev. 

Comments 
Misloaded 

type d e n s i t y  d e n s i t y  baskets l o c a t i o n  
I w:::r I aj:il\s 1 o!u:!::p 1 scrap basket 95% C I  

keff 
Mark I A  

Mark I A  

Mark I V  

Mark I V  

’ Overpack Shipping Cask 
ng F a c i l i t y .  

1.0 1 .o 3 Near end 

1.0 1.0 3 Near center  

1.0 1.0 3 Near end 

1.0 1.0 3 Near cen te r  

1 C a l c u l a t i o n  r e s u l t s *  I 

Scrap basket 
1 i m i  t exceeded 

Scrap basket 
1 i m i  t exceeded 

Scrap basket 
1 i m i  t exceeded 

Scrap basket 
1 i m i  t exceeded 

0.9040 

0.8918 

0.9002 

0.8966 

0.0028 10.9097 1 

‘The l i m i t i n g  value for teff should be considered 0.945 t o  a l l o w  f o r  a code bias of -5  mk (see Section 6.6.3). 

Mco = n u l t i c a n i s t e r  overpack. 
CI = confidence interval.  

I z 7 
VI 

VI z 7 
VI 

W 

0 
0 I n  

W m < 
0 

7 

% 
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misloaded scrap basket i s  i n  a p o s i t i o n  adjacent  t o  an end scrap basket. I n  
Cases 2 and 4, t he  misloaded scrap basket i s  i n  a p o s i t i o n  c l o s e s t  t o  t h e  
cen te r  o f  t he  MCO. For both Mark I A  and Mark I V  f u e l ,  t h e  r e a c t i v i t y  i s  
g r e a t e s t  when t h e  misloaded scrap basket i s  ad jacent  t o  an end scrap basket. 
The upper 95% conf idence l e v e l  r e a c t i v i t y  f o r  misloaded scrap baskets ad jacent  
t o  an end scrap basket i s  0.910 f o r  Mark I A  f u e l  (case 1) and 0.905 f o r  
Mark I V  f u e l  (case 3 ) .  
l i m i t .  

These r e a c t i v i t i e s  are below t h e  c r i t i c a l i t y  s a f e t y  

6.6 CRITICAL BENCHMARK EXPERIMENTS 

Th is  s e c t i o n  prov ides j u s t i f i c a t i o n  and shows t h e  v a l i d i t y  o f  t he  
c a l c u l a t i o n a l  method'and neutron cross-sect ion values used i n  t h e  analyses. 

6.6.1 Code Desc r ip t i ons  

neutron t r a n s p o r t  ana lys i s  t o o l  : 
Benchmark experiments are p r i m a r i l y  used t o  con f i rm  two aspects o f  t h e  

That t h e  computer code has a sound t reatment  o f  t he  neutron 
t r a n s p o r t  

That t he  nuc lear  cross sec t i on  database used i n  the  t r a n s p o r t  code 
i s  i n  agreement w i t h  t h e  r e l e v a n t  i n t e g r a l  experiments. 

The MCNP computer code (Bre ismeis ter  1993) i s  used worldwide and has been 
e x t e n s i v e l y  t e s t e d  w i t h  i t s  ENDF/B-V-based cross sect ions.  
development group a t  Los Alamos Nat ional  Laboratory, where MCNP was developed, 
a l so  has a se t  o f  25 c a l c u l a t i o n a l  benchmarks t h a t  e x t e n s i v e l y  t e s t  va r ious  
op t i ons  w i t h i n  t h e  code. 
vers ions o f  t he  code g i v e  e x a c t l y  t h e  same answer as before and t h a t  
executables f o r  users a t  o the r  s i t e s  g i v e  e x a c t l y  t he  same answer. 
25 c a l c u l a t i o n a l  benchmarks supplement a d d i t i o n a l  c a l c u l a t i o n s  t h a t  are made 
on experimental benchmarks. 

metal systems have been made t h a t  have covered N Reactor f u e l  elements i n  
water (W i t tek ind  1991, W i t tek ind  1992, W i t tek ind  1993) and low-enriched 
uranium s o l u t i o n s  (Wi t tek ind  1994a). 

The WIMS-E code (Gubbins e t  a l .  1982) was used i n  t h i s  ana lys i s  t o  
i l l u s t r a t e  t rends  w h i l e  the  d e t a i l e d  three-dimensional c r i t i c a l i t y  
c a l c u l a t i o n s  were performed us ing MCNP. 
v a l i d a t e d  aga ins t  c r i t i c a l  experimental data. Previous v a l i d a t i o n  e f f o r t s  
have covered low-enriched uranium metal b i l l e t s  (Er ickson 1992, 
Schwinkendorf 1985a, Schwinkendorf 1985b), Mark I A  f u e l  assemblies and uranium 
metal rods (Schwinkendorf 1992a), and low-enriched uranium s o l u t i o n s  
(Schwinkendorf 1992b, Wi t tek ind  1992). 

The code 

These 25 benchmarks are used t o  con f i rm  t h a t  new 

Hence, the  

MCNP v a l i d a t i o n  e f f o r t s  s p e c i f i c a l l y  app rop r ia te  f o r  low-enriched uranium 

WIMS-E a l so  has been e x t e n s i v e l y  

SARR-005 .Ob 6-67 Decerber 30. 1996 



HNF-SD-SNF-SARR-005 REV 0 

6.6.2 D e t a i l s  o f  Benchmark Ca lcu la t i ons  

benchmark c a l c u l a t i o n a l  comparisons (Whalen e t  a l .  1991) t o  experiments t h a t  
were made a t  Los Alamos Na t iona l  Laboratory .  The f i r s t  and second s e r i e s  of 
t h e  comparisons i n  LA-12212, MCNP: Neutron Benchmark Problems 
(Whalen e t  a l .  1991), were made t o  con f i rm  agreement w i t h  experiments f o r  
f i x e d  source c a l c u l a t i o n s .  
assemblies. These c a l c u l a t i o n s  inc luded comparisons f o r  f a s t  neu t ron  systems 
(Godiva and Jezebel assemblies), f o r  low-enriched uranium systems, f o r  
g r a p h i t e  and wa te r - re f l ec ted  systems, and f o r  i n t e r a c t i v e  (a r ray )  u n i t s .  The 
powerfu l  geometry fea tu res  i n  MCNP were used t o  model these systems i n  d e t a i l .  

from two sources. The f i r s t  (Hel lens and Honeck 1962) was f o r  1.0 w t %  
235U-enriched rods and inc luded  measured boron poison e f f e c t s .  The pub l i shed  
r e s u l t s  were i n  the  form o f  buck l ings,  no t  c r i t i c a l  masses o r  k ff. I n  o rde r  
t o  compare WIMS-E r e s u l t s  t o  the  publ ished r e s u l t s ,  WIMS-E r e s u f t s  were ou tpu t  
as two-group la t t i ce -ave raged  cross sect ions f o r  each experiment, and an 
a n a l y t i c a l  formula was used t o  c a l c u l a t e  buck l i ng  f o r  each case. WIMS-E 
r e s u l t s  compared ve ry  w e l l  w i t h  experimental r e s u l t s ,  both as a f u n c t i o n  o f  
water-to-uranium volume r a t i o  and as a f u n c t i o n  o f  amount o f  po ison added. 
The second source (Kupinsk i  and T o f f e r  1970) conta ined data over a range o f  
r o d  ou ts ide  d iameters and 235U enrichments (0.444-cm [0.175-in.]  ou ts ide  
d i p n e t e r  t o  7.62-cm [3.0- in . ]  ou ts ide  diameter and 3.0 w t %  235U t o  4.89 w t %  
23 U ) .  These r e s u l t s  were i n  t h e  form o f  c r i t i c a l  masses i n  spher i ca l  and 
c y l i n d r i c a l  geometry. V a l i d a t i o n s  a l so  e x i s t  f o r  t h e  e a r l i e r  WIMS-D ve rs ion  
o f  t h e  code i n  UNI-3486, WINS C r i t i c a l  Mass V a l i d a t i o n  f o r  1.95 w t %  and 
3.85 w t %  Uranium B i l l e t s  (Schwinkendorf 1985a), which documents comparisons 
w i t h  annular  uranium metal tubes over a range o f  enrichments f rom 0.947 w t %  

MCNP has been t e s t e d  ex tens i ve l y ,  b u t  t he  focus here i s  on a s e r i e s  o f  

The t h i r d  s e r i e s  was f o r  comparison t o  c r i t i c a l  

The uranium metal rods v a l i d a t i o n  inc luded c r i t i c a l  exper imenta l  da ta  

235u t o  2.1 w t %  23511. 

6.6.3 MCNP Code 

Agreement between MCNP and experiments f o r  keff was w i t h i n  1% f o r  a l l  o f  
t h e  c r i t i c a l  systems referenced i n  LA-12212 (Whalen e t  a l .  1991). The MCNP 
N Reactor f u e l  b i a s  was determined t o  be -5 mk (Wi t tek ind  1993). Th i s  means 
t h a t  MCNP would c a l c u l a t e  kCff about 5 mk l e s s  than experimental measurements. 
The MCNP low-enriched s o l u t i o n  b i a s  was determined t o  be -3 mk 
(Wi t tek ind  1994a). Th i s  means t h a t  MCNP would c a l c u l a t e  kef, about 3 mk l e s s  
than experimental measurements. 

6.6.4 WIMS-E Code 

more accu ra te l y  than WIMS-D b u t  i s  s t i l l  conservat ive.  Therefore, i t  has been 
the  p r a c t i c e  t o  neg lec t  t h e  impos i t i on  o f  a b ias  when us ing  WIMS-E t o  
c a l c u l a t e  b, buckl ing,  o r  cross sect ions t h a t  are i n p u t  t o  a d i f f u s i o n  theo ry  
code ( t o  c a l c u l a t e  i d e a l i z e d ,  f i n i t e  dimensions). I n c l u s i o n  o f  t h e  b i a s  would 
reduce t h e  degree o f  conservatism i n  the  r e s u l t .  

WIMS-E (Gubbins e t  a l .  1982) tends t o  f o l l o w  c r i t i c a l  experimental data 
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6.6.5 Results Of Rod And Cylinder Comparisons 

Treating a random arrangement of scrap as a lattice of uranium rods in 
water has been recently questioned. 
in cylindrical geometry will necessarily produce a bounding k, for any 
arbitrarily shaped chunk of material. Will an explicit spherical lattice 
optimize to a higher 16. 
lattice geometries? These questions were addressed with a series of MCNP 
calculations comparing a hexagonal rod lattice with a three-dimensional 
lattice based on spheres arranged in a face-centered-cubic geometry. The 
fissionabl material assumed was uranium metal with an enrichment equal to 
0.95 wt% "'U. For both rods and spheres, a double parameter search was made 
to find the maximum k, (as the spacing was varied), as a function of uranium 
chunk diameter. The results indicate that even though the maximum k, may 
occur for slightly different diameters, the maximized value for k, was 
essentially the same (well within the lo uncertainty in the calculation). The 
use of rod lattices to model scrap is therefore considered to be appropriate. 

The question is whether a regular lattice 

If it does, then how would one bound irregular 

6.7 SUPPLEMENTAL DATA 

6.7.1 WIMS-E Calculations for k-Infinity of Fuel Scrap Loads 

Assuming uncontrolled geometry, broken fuel pieces may clump together in 
such a way as to achieve optimal heterogeneity for self-shielding. 
optimally sized fuel pieces become optimally spaced in water, maximum 
reactivity will result. Previous analysis has shown what the minimum critical 
masses are for various fuel assemblies, components, scrap, solutions, and 
uranium billets for a set of ideal geometries, such as sphere or slab 
(Schwinkendorf 1995). Fuel baskets loaded with scrap are assumed to have 
their entire volume filled with optimal rods. 

The variation in maximum lattice k., is shown in Figure 6-24 for 0.95 wt%, 
1.15 wt%, and 1.25 wt% uranium metal rods in water. Each point plotted is the 
maximum value for each particular rod diameter (as the moderator-$o-uranium 
ratio is varied). The maximum k., is equal to 1.092 for 0.95 wt% * 5U enriched 
scrap. 

If the rod optimization is redone with the cladding retained in the 
lattice, the optimal k., is reduced somewhat, but not significantly. The 
zirconium cladding is not a strong neutron poison, but it does displace 
moderator. If the lattice is optimized with the cladding present, the optimal 
spacing shifts to a higher value, retaining an optimal water-to-uranium ratio. 
Figure 6-25 contains the results of this optimization. 
Mark IV scrap is now 1.0898, a reduction of only 3 mk from the older 
optimization. 

If these 

The maximum k., for 
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F i g u r e  6-24. Maximum k - i n f i n i t y  Versus Rod O u t s i d e  
Diameter ,  Uranium Meta l  Rods i n  Water.  

20 I 

15 

1 0 5  

! .O 1.5 2 0  0 0  0 5  
Rod OD (inch) 

+ E  = 0.95 wt% + E = 1.15 w t %  + E = 1.25 wt% 

F i g u r e  6-25. Maximum k - i n f i n i t y  Versus Rod Outs ide 
Diameter ,  C ladding M a t e r i a l  Conserved. 

1.16 , 
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In order to understand the degree of conservatism inherent in treating 
broken fuel pieces as optimal scrap, additional calculations were performed in 
which the scrap material was assumed to consist of non-optimally sized uranium 
rods. These rods had a diameter equal to the radial thickness of a fuel 
assembly's outer element and preserved the cladding in direct proportion to 
the amount of cladding present in intact fuel. Only one typical rod diameter 
was varied, and k., was calculated as the spacing is varied. Figure 6-26 
presents these results. The thickness of the uranium in the Mark IV outer 
element is equal to 0.40275 cm, so this was the diameter of the Mark IV scrap 
assumed in Figure 6-26. The thickness of the uranium in the Mark IA outer 
element is 0.3467 cm, so this was the diame r of the Mark IA scrap rods. The 
maximum k., for the Mark IV scrap (0.95 wt% 2''U enriched) in Figure 6-26 is 
1.077. This is more representative of what broken debris may be and indicates 
how much conservatism is in the uranium metal optimal rod model (about 15 mk). 
It is not clear that broken pieces would not clump together in an uncontrolled 
geometry and thus behave neutronically as a larger piece of scrap. 
optimal scrap model must therefore be used for nuclear criticality safety 
calculations. 

The 

Figure 6-26. k-infinity Versus Spacing 
Smaller, Non-optimally Sized Rods. 

1 2 0  I 
.......................... ../.... 7 . .  ..\ = ............... 1 

................. ...................... 

< 0.90 .............................. 

1 T I  I/ 
............... ...... ....................................................... 

0.60 
0.2 0 3  0 4  0.5 0.6 0 7  0 8  

Hexogonol Lot t ice Spocing ( I n c h )  

+ MKIV scrap + MKlA scrap 

Additional conservatism exists in the assumption of zero fuel exposure. 
N Reactor fuel stored in the K Basins has documented exposure distributions 
for each key; these records are backed up by direct measurement performed 
during the fuel segregation campaign in the early 1980s. Credit could be 
taken for those keys known to have high burnup. 
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The moderator-to-uranium volume r a t i o  t h a t  opt imizes r e a c t i v i t y  i s  
probably  h ighe r  than would e x i s t  i n  a randomly o r i e n t e d  bed o f  r u b b l e  (maximum 
k, occurs f o r  water-to-uranium r a t i o s  around two, which i s  equ iva len t  t o  a 
f u e l  pack ing f r a c t i o n  o f  0.33). Data e x i s t  t h a t  suggest t h a t  a more l i k e l y  
pack ing f r a c t i o n  f o r  g rave l  i s  i n  t h e  range 0.40 t o  0.45. I f  t h i s  i s  t rue ,  
WIMS-E l a t t i c e  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  corresponding r e d u c t i o n  i n  k, 
may be on the  o rde r  o f  20 t o  30 mk. 
pack ing f r a c t i o n  i s  equal t o  0.40, then i t  i s  poss ib le  t o  redo t h e  r o d  
o p t i m i z a t i o n .  
what t h e  fgac ing i s .  
0.95 w t %  U scrap i n  F igu re  6-27 i s  1.078. 

I f  t he  c o n s t r a i n t  i s  made t h a t  t h e  

For every r o d  diameter, t h e  pack ing f r a c t i o n  o f  0.40 determines 
F igure 6-27 con ta ins  these r e s u l t s .  The maximum k, f o r  

6.7.2 Interspersed Moderation 

As water moderation i s  decreased i n s i d e  the  MCO, t h e  keff o f  t h e  system 
decreases r a p i d l y ,  as shown i n  F igu re  6-28. The keff i s  i n s e n s i t i v e  t o  
changes i n  water d e n s i t y  i n  between MCO conta iners.  
con ta ine rs  i s  reduced ( w i t h  water dens i t y  h e l d  constant  a t  1.0 g/cm3 i n s i d e  
the  MCO), t he  k,,, does n o t  change s i g n i f i c a n t l y ,  compared w i t h  the  95% 
conf idence i n t e r v a l s  o f  t he  r e s u l t s  themselves. These r e s u l t s  are shown i n  
F igu re  6-29. 

As t h e  water between MCO 
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F i g u r e  6-28. I n t e r s p e r s e d  Moderat ion,  Water D e n s i t y  
V a r i a t i o n  I n s i d e  M u l t i c a n i s t e r  Overpack. 
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6.7.3 Rod Versus Spher ica l  Geometry for  Scrap o r  Rubble Model 

t h e  maximum r e a c t i v i t y  by o p t i m i z i n g  t h e  s i z e  and spacing o f  t h e  shape 
se lected.  By in ference,  c y l i n d e r s  may be used t o  f i n d  the  maximum r e a c t i v i t y  
f o r  rubb le  o r  scrap. That i s  t h e  a p p l i c a b i l i t y  o f  t r e a t i n g  a random 
arrangement o f  rubble,  o r  scrap, as a p r i s t i n e  l a t t i c e  o f  uranium rods i n  
water. The ques t i on  i s  whether a r e g u l a r  l a t t i c e  i n  c y l i n d r i c a l  geometry w i l l  
necessa r i l y  produce a bounding k, f o r  any a r b i t r a r i l y  shaped chunk o f  
m a t e r i a l .  
spher i ca l  l a t t i c e  opt imizes t o  a h ighe r  k, than a c y l i n d r i c a l  one. The 
comparison between an opt imized a r r a y  o f  spheres and c y l i n d e r s  was addressed 
w i t h  a s e r i e s  o f  MCNP c a l c u l a t i o n s  comparing a hexagonal p i t c h  r o d  l a t t i c e  
w i t h  an e x p l i c i t ,  three-dimensional, l a t t i c e  u n i t  based on spheres arranged i n  
a face-centered-cubic geometry. The f i s s i o n a b l e  m a t e r i a l  assumed was uranium 
metal w i t h  an enrichment equal t o  0.95 w t %  z35U. For both rods and spheres, a 
double parameter search was made t o  f i n d  the  maximum k, (as t h e  spacing was 
va r ied )  as a f u n c t i o n  o f  uranium chunk d iameter .  MCNP i s  n o t  an i d e a l  
computer code f o r  a p p l i c a t i o n s  o f  t h i s  nature.  
t end  n o t  t o  be because o f  t h e  s t a t i s t i c a l  na tu re  o f  t h e  code output .  
WIMS-E does n o t  have a l a t t i c e  module f o r  spher i ca l  geometry. 

T h e o r e t i c a l l y ,  t he  two most impor tant  parameters i n  a l a t t i c e  c e l l  
problem are (1) t h e  degree o f  s e l f - s h i e l d i n g  (how heterogeneous i s  t he  
chunk?), and (2)  t he  neutron spectrum (how we l l  moderated i s  t h e  system, o r  i s  
t h e  system overmoderated o r  undermoderated?). The degree o f  s e l f - s h i e l d i n g  i n  
t h e  l a t t i c e  u n i t  w i l l  determine how e f f e c t i v e l y  neutrons are born from f i s s i o n  
and then escape from t h e  f u e l  i n  order  t o  the rma l i ze  i n  t h e  water.238U 
The a b i l i t y  o f  neutrons t o  the rma l i ze  i n  water, i n  t h e  absence o f  
resonance absorpt ion,  i s  very  impor tant  f o r  low-enriched uranium metal 
systems. L a t t i c e  c a l c u l a t i o n s  o f  k, are  g rea te r  f o r  opt imal  heterogeneous 
systems because the  t h e r m a l i z a t i o n  o f  neutrons i n  t h e  absence o f  s t rong  
absorbers ( i . e . ,  238U) increases the  resonance escape p r o b a b i l i t y ,  which i s  
one o f  t h e  f a c t o r s  i n  t h e  f o u r - f a c t o r  formula f o r  b. 
s e l f - s h i e l d i n g  i s  q u a n t i f i e d  i n  neutron t r a n s p o r t  theory us ing  t h e  concept o f  
t h e  mean chord l eng th .  The mean chord l eng th ,  t R > ,  can be thought  o f  as the  
average d i s tance  a neutron t r a v e l s  through a heterogeneous chunk o f  m a t e r i a l .  
A s imple formula f o r  c a l c u l a t i n g  the  mean chord l eng th  (Duderstadt and 
Hami l ton 1976) i s  t R >  = 4 x (volume/area). For e i t h e r  a spher i ca l  o r  r o d  
l a t t i c e ,  t h i s  becomes 

Th is  s e c t i o n  shows t h a t  e i t h e r  spheres o r  c y l i n d e r s  can be used t o  f i n d  

The ques t i on  t h a t  was a c t u a l l y  checked i s  whether an e x p l i c i t  

Trends t h a t  must be smooth 
However, 

The degree o f  

= 2R 
= D f o r  a c y l i n d e r  o f  l eng th  L 
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4nR2 

= 20 for a sphere. 
3 

More refined methods exist for calculating an effective mean chord length 
for more tightly-pac'ked lattices involve applying the Dancoff correction to 
adjust fdr rod shadowing effects (Bell and Glasstone 1979). Because the 
Dancoff correction becomes more important for more tightly packed lattices, it 
is less important for the optimal lattices of concern for finding maximum 
reactivity (spacing for optimal reactivity tends to be greater). However, 
this discussion is presented to show approximately how spheres and rods 
optimize to different diameters. These more sophisticated methods are already 
built into WIMS-E (Gubbins et al. 1982), the lattice code used to generate the 
results in this report. 

If the degree of self-shielding is to be the same between the cylindrical 
and spherical lattices, the mean chord length must be the same. This occurs 
when the diameter of the cylinder is equal to two-thirds of the diameter of 
the equivalent sphere, or the sphere diameter is 1.5 times the diameter of the 
cylinder. Each 
MCNP k,,,,shown in Figure 6-30 was a maximum value, out of 10 MCNP 
calculations that varied the spacing between either the rods or spheres. 
expected, the shapes of the two curves are different, but the lattice k, that 
the two curves maximized themselves to is essentially the same (well within 
the 2 u error of the calculation). It is interesting to note that this 
maximum k, is very close to the value that WIMS-E maximized to for uranium 
rods of the same enrichment (1.09226). The maximum k, was 1.09082 f 0.00265 
for the cylindrical lattice, and 1.09189 f 0.00247 for the spherical lattice. 
Finally, the sphere diameter that produces the maximum is about 1.5 times the 
diameter that produces a maximum for the rods, as predicted by theory. 

The foregoing discussion was intended to solidly establish that whether 
random, irregularly shaped scrap or rubble is treated as rods or as spheres 
makes no difference in the calculated value of the maximum reactivity of the 
material. 

Figure 6-30 presents the results of the MCNP calculations. 

As 

By inference, it is now postulated that true irregularly shaped pieces, 
assuming that they are optimally sized and spaced, will not be more reactive 
than either the rod or sphere models. 
excellent agreement with certain transport theory predictions, and hence 
greater confidence may be put in the assumption that the primary factors that 
have significance in determining unit lattice reactivity are the mean (or 
effective) chord length and the degree of moderation. 
sensitive to the spatial details of the lattice geometry. 
scrap material using parametric calculational results obtained from a lattice 
calculation, such as WIMS-E, is assumed to be valid. 

The rod and sphere comparison was in 

These factors are not 
Therefore, treating 
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F i g u r e  6-30. Maximum MCNP k - i n f  Versus Outs ide D i a m e t e r .  
Face-Centered-Cubic S p h e r i c a l  versus Hexagonal Rod L a t t i c e s .  
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Sphere or Rod Diometer (Inch) 

V Spheresi2s1qma a Soheres-2s1omo I 1) FCC Spheres 
+ Hexagonal Rods v RodstZeigma a Rods-2sigma 

SARR-005.06 6-76 Decenber 30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

7.0 CONFINEMENT 

The MCO represents  t h e  f i r s t  confinement/containment boundary f o r  t h e  SNF 
d u r i n g  s torage.  
containment when i t  i s  sealed. 
serves the  f o l l o w i n g  uses d u r i n g  i t s  l i f e t i m e :  

The MCO prov ides confinement when i t  i s  vented and 
The MCO i s  a single-boundary system t h a t  

The innermost SNF con ta ine r  as p a r t  o f  t h e  t r a n s p o r t  sh ipp ing  
packaging 

The process vessel f o r  t he  SNF d u r i n g  c o l d  vacuum d r y i n g  and h o t  
c o n d i t i o n i n g  o f  t h e  SNF 

The con ta ine r  f o r  t he  SNF d u r i n g  s tag ing  a t  t h e  CSB 

The con ta ine r  f o r  t he  SNF du r ing  i n t e r i m  storage a t  t he  CSB. 

7.1 CONFINEMENT BOUNDARY 

cap, t h e  MCO s h e l l  w a l l ,  and the  MCO s h i e l d  p lug .  
The confinement boundary f o r  t he  MCO i s  composed o f  t he  MCO lower  end 

The lower  end o f  t he  MCO i s  a machined cap made o f  304L s t a i n l e s s  
s t e e l .  A pocket a t  t he  bottom o f  t he  cap c o l l e c t s  b u l k  water f o r  
removal from t h e  MCO. 
i s  1.3 cm (0.5 i n . )  where i t  i s  welded t o  the  s h e l l  w a l l .  

p ipe  s e c t i o n  w i t h  a 1.3-cm- (0.5-in.-) t h i c k  w a l l  sec t i on .  The 
s h e l l  i s  made o f  304L s t a i n l e s s  s t e e l .  The s h e l l  w a l l  and lower  end 
o f  t he  MCO w i l l  be manufactured and l e a k  t e s t e d  be fo re  use a t  t h e  
Hanford S i t e .  

The minimum th i ckness  f o r  t h e  lower  end cap 

The s h e l l  w a l l  o f  t h e  MCO i s  a 61-cm- (24-in.-) outs ide-d iameter  

The s h i e l d  p l u g  assembly inc ludes the  p l u g  body i t s e l f  and the  
pene t ra t i ons  and devices necessary f o r  i n t e r f a c e  t o  the  process and 
s a f e t y  equipment. The dev ices a t  t he  end o f  t he  pene t ra t i ons  from 
t h e  i n t e r i o r  o f  t h e  MCO form a p o r t i o n  o f  t he  confinement boundary 
f o r  t h e  MCO. 

The MCO confinement and pressure boundary i s  designed and manufactured t o  
meet t h e  i n t e n t  o f  t h e  standards i n  the  B o i l e r  and Pressure Vessel Code 
(ASME 1995a), Sect ion 111, Subsection NB, w i t h  some exceptions. The MCO 
des ign pressure i s  1.0 MPa gauge (150 l b / i n 2  gauge) a t  200 "C (392 OF). 
maximum temperature a l lowed a f t e r  f u e l  i s  i n s e r t e d  i n t o  the  MCO i s  375 "C 
(700 O F ) .  The opera t i ng  maximum temperature du r ing  ho t  c o n d i t i o n i n g  i s  
l i m i t e d  t o  350 "C (660 "F) f o r  t he  MCO vessel proper, w i t h  the  SNF payload 
des ign f u e l  d ryou t  temperature being 300 " C  (570 ' F ) .  

The 
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7.1.1 Confinement Penetrations 

interior of the MCO. The penetrations terminate on the outside of the shield 
plug as ports, with devices and fittings that allow the MCO to interface with 
process- and safety-related devices. 
penetrations: two process tubes and two pressure re1 ief devices. 
and covers that go over the devices offer additional confinement for the MCO. 

The two process tubes are connected to ports on the external faces of the 
MCO. These process tubes are used to introduce fluids into and remove fluids 
from the MCO. The long process tube path has a nominal diameter of 1.3 cm 
(0.5 in.); the short process tube has a nominal diameter of 2.5 cm (1 in.). 
Both process tubes are protected by wire screens (2-mm mesh openings) on the 
interior of the MCO to prevent larger particles from being moved out of the 
MCO (Figure 1-9). 

A bank of four HEPA filters inside the MCO filters exit gases during 
vacuum drying and hot conditioning. 
after installation, are connected to a penetration in the MCO shield plug that 
leads to an external pressure relief device that activates well below the 
1.0 MPa (150 lb/in2) design pressure. These HEPA filters serve to minimize 
the potential for contamination spread if the MCO pressure relief device 
actuates during staging at the CSB. These filters also are sized to bleed off 
any gas buildup caused by possible radiolytic production of hydrogen and other 
gases inside the MCO. 

process tube with the rupture disk venting outside the MCO during 
overpressurization. 
MCO pressure below the 1.0 MPa gauge (150 lb/in2 gauge) limit. 

Penetrations into the MCO are bored through the shield plug to the 

Four devices are associated with the 
Fittings 

The HEPA filters, which are not testable 

The pressure relief path is a nominal 2.5-cm (1-in.) path via the short 

This path has to have a flow-rate capacity that keeps the 

7.1.2 Seals, Welds, and Closure 

MCO confinement/containment is established by a combination of seals and 
welds. The shell wall pipe and MCO bottom are joined by welding, and the 
joint is inspected and examined before the MCO is loaded with fuel. The 
shield plug penetrations are sealed during transport and during processes 
through hot conditioning to keep the leakage rate o f  the penetrations to 
acceptable levels. Sometime after hot conditioning, a single cover is placed 
over the entire shield plug and welded to the MCO shell wall. 

Two approaches to forming the closure of the shield plug to the MCO shell 
were considered. The first type of closure is a circumferential weld around a 
304L stainless steel shield plug joining the shield plug to the MCO shell 
wall. Welding for this type o f  closure would be performed after the cask-MCO 
had been processed at the CVDF. 
for this type of closure before the MCO was shipped from the CVDF to the CSB. 
The second type of closure, which has been selected for use by the SNF 
Project, is a mechanical closure where the shield plug is held in place by a 
threaded locking ring containing jack bolts. 
into the MCO neck extension after the shield plug was inserted. 
assembled, the eight jack bolts in the locking ring would be tightened down 

Helium would be used to test the leak rate 

The locking ring would be placed 
Once 

SARR-005.07 7-2 Decenhr 30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

i n t o  t h e  s h i e l d  p l u g ' s  back s ide  t o  push the  s h i e l d  p l u g  i n t o  t h e  seal between 
t h e  MCO s h e l l  and t h e  s h i e l d  p lug.  
t he  cask-MCO was t ranspor ted  t o  the  CVDF. 
thermal t r a n s i e n t s  and drop acc idents  by develop ing and ma in ta in ing  s u f f i c i e n t  
p re load  through t h e  seal .  Th i s  t ype  o f  seal system w i l l  be q u a l i f i e d  e a r l y  on 
d u r i n g  t h e  p r o t o t y p i c  t e s t i n g  program and by ana lys i s ,  and as a r e s u l t ,  each 
MCO may n o t  need i n d i v i d u a l  leakage r a t e  determinat ions a f t e r  l o a d i n g  i s  
complete a t  t h e  K Basins. 

c losu re  as the  MCO's ou ts ide  dimensions and shape a t  t h e  c losu re  end are 
e s s e n t i a l l y  t h e  same i n  bo th  cases. 
s e t t i n g  t h e  s h i e l d  p l u g  i n t o  t h e  MCO neck underwater i n  t h e  load-out  p i t .  
S e l e c t i o n  o f  t h e  mechanical c losu re  means t h a t  cask operat ions would a l so  
i n s t a l l  t h e  l o c k i n g  and l i f t i n g  r i n g  and t i g h t e n  t h e  e i g h t  j a c k  b o l t s  and 
per form t h e  cu rso ry  leakage r a t e  t e s t  w i t h  the  MCO and cask ou t  o f  t h e  bas in  
pool i f  needed. The mechanical c losu re  has t h e  advantage o f  r e l i e v i n g  cask 
operat ions o f  t he  i n s t a l l a t i o n  o f  t he  s h i e l d  p lug  r e s t r a i n t  and seal  t o  t h e  
MCO s h e l l  t h a t  would be requ i red  f o r  a welded s h i e l d  p lug .  

tasks o f  weld ing the  s h i e l d  p l u g  i n t o  t h e  neck o f  t he  MCO, determin ing t h e  
leakage r a t e  o f  t h e  weld, and dye penetrant  t e s t i n g .  Th is  i s  a savings o f  
approx imate ly  14 hours i n  each MCO's c y c l e  t ime  o f  66 hours through the  CVDF. 

A t  t he  HCS, e i t h e r  t h e  welded o r  mechanical c losu re  i nvo l ves  seal weld ing 
o f  t he  MCO some t ime  a f t e r  t h e  h o t  c o n d i t i o n i n g  process has been completed and 
gas e v o l u t i o n  i n s i d e  t h e  MCO i s  a t  acceptable l e v e l s .  
mechanical c losu re ,  seal weld ing i s  accomplished by i n s t a l l i n g  a cover cap 
w i t h  r u p t u r e  d i s k  over t h e  e n t i r e  end o f  t he  MCO and per forming t h e  weld w i t h  
automatic weld ing equipment. I n  the  case o f  t he  welded c losure,  seal weld ing 
i s  accomplished by weld ing f o u r  sma l le r  covers over the  p o r t s  i n  the  s h i e l d  
P l  ug. 

Th is  t ype  o f  c losu re  would be made be fo re  
The seal i s  mainta ined d u r i n g  

The cask i s  f u l l y  prepared t o  accommodate e i t h e r  a welded o r  mechanical 

Cask operat ions has taken on t h e  t a s k  o f  

A t  t h e  CVDF s e l e c t i o n  o f  t h e  mechanical c losu re  r e l i e v e s  workers o f  t h e  

I n  t h e  case o f  t he  

7.2 REQUIREMENTS FOR NORMAL CONDITIONS OF STORAGE 

The MCO confinement boundary i s  t e s t e d  a t  va r ious  t imes and p laces t o  
ensure t h e  leakage r a t e  requirements are met. 
are leakage r a t e  t e s t e d  be fo re  the  subassembly i s  loaded w i t h  f u e l .  
mechanical c losu re  system w i l l  be q u a l i f i e d  f o r  s u i t a b i l i t y  and o n l y  a cu rso ry  
examination o f  t he  seal occurs a t  t he  K Basins a f t e r  f u e l  l oad ing  and MCO 
c l o s i n g  are complete. 
mechanical c losu re  w i l l  need r e t o r q u i n g  w h i l e  t h e  MCO i s  i n  s tag ing  a t  t h e  
CSB. 
MCO had gone through f i v e  thermal cyc les  and v i b r a t i o n  t e s t i n g .  The b o l t s  
were t i g h t  a f t e r  t e s t i n g  o f  t h e  p ro to type  was complete. Creep ana lys i s  o f  t h e  
nearby meta ls  i n  a f f e c t e d  areas and around the  mechanical seal can be 
performed i f  needed. 
e v o l u t i o n  r a t e s  i n s i d e  t h e  MCO are a t  acceptable l e v e l s ,  a cover cap i s  welded 
t o  the  MCO s h e l l  over the  t o p  o f  t he  s h i e l d  p lug  and l o c k i n g  and l i f t i n g  r i n g .  
The cover cap weld i s  v o l u m e t r i c a l l y  examined by u l t r a s o n i c  i nspec t i on  
equipment once t h e  MCO i s  sealed and prepared f o r  i n t e r i m  storage i n  t h e  CSB 
s torage tubes. 

The MCO s h e l l  and bottom end 
The 

I t  i s  n o t  a n t i c i p a t e d  t h a t  t h e  e i g h t  j a c k  b o l t s  i n  t h e  

Th is  i s  based on t h e  t i gh tness  o f  t he  j a c k  b o l t s  a f t e r  t he  p r o t o t y p i c  

A f t e r  s tag ing  and ho t  c o n d i t i o n i n g  are complete and gas 
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7.2.1 Release o f  Radioact ive M a t e r i a l  

t h a t  are open f o r  sensing o r  ven t ing .  
i n t e r a c t i n g  w i t h  t h e  atmosphere o f  t he  CSB s torage tube. 
p a r t i c u l a t e  m a t e r i a l  i n t o  t h e  CSB s torage tube i s  n o t  probable d u r i n g  sealed 
i n t e r i m  storage.  
pressure r e l i e f  dev ice as w e l l  as a r u p t u r e  d i s k .  

Dur ing sealed i n t e r i m  storage i n  t h e  CSB, t h e  MCO has no pene t ra t i ons  
The atmosphere i n s i d e  t h e  MCO i s  n o t  

Release o f  

The c a p a b i l i t y  f o r  pressure r e l i e f  does, however, ' e x i s t  i n  a 

7.2.2 P r e s s u r i z a t i o n  o f  Confinement Vessel 

Th is  process heats  t h e  
MCO and SNF t o  300 'C (575 O F )  under vacuum and decomposes most o f  t h e  
compounds h o l d i n g  water and hydrogen. As a r e s u l t ,  these p r e s s u r i z a t i o n -  
producing ma te r ia l s ,  needed t o  c rea te  pressure by r a d i o l y s i s ,  are minimized. 
Dur ing storage, p r o p e r l y  ho t  cond i t i oned  MCOs w i l l  n o t  have excessive pressure 
bu i l dup  from r a d i o l y s i s  o f  m a t e r i a l s  i n s i d e  the  MCO. 
r e lease  from the  MCO would go i n t o  t h e  CSB s torage tube, which i s  i n s i d e  the  
CSB b u i l d i n g  proper .  

Before s t o r a g e , t h e  MCO and SNF are condi t ioned.  

Any unexpected gas 

7.3 CONFINEMENT REQUIREMENTS FOR HYPOTHETICAL 
ACCIDENT CONDITIONS 

The MCO i s  u s u a l l y  s to red  i n  t h e  CSB storage tube. Th is  tube i s  f i t t e d  
w i t h  a s h i e l d  p lug .  The opera t i ng  deck o f  t he  CSB i s  surrounded by t h e  above- 
ground p o r t i o n  o f  t h e  CSB's w a l l s  and by the  r o o f .  Thus, under long- term 
storage,  confinement i s  prov ided by t h e  MCO and by t h e  s torage tube. 
i s  designed t o  w i ths tand  the  loads imposed by Hanford S i t e  hazards (e.g., 
tornadoes, se ismic events) as w e l l  as t o  m i t i g a t e  o r  prevent  acc idents  such as 
MCO drops i n t o  t h e  s torage tubes. 

The CSB 

7.3.1 F i s s i o n  Gas Products 

F i s s i o n  product  generat ion and re lease  d u r i n g  each s tep o f  t h e  proposed 
process t h e  MCO w i l l  be subjected t o  i s  discussed i n  WHC-SO-SNF-TI-033 
(Cooper 1996a). 

7.3.2 Release o f  Contents 

The MCO i s  f i t t e d  w i t h  a pressure r e l i e f  device. 
t o  re lease  a t  about 1.0 MPa gauge (150 l b / i n 2  gauge). 
approx imate ly  2 . 5  cm (1 i n . )  l ead ing  t o  the  i n t e r i o r  o f  t h e  MCO. Because the  
MHM cannot accommodate a h igh  f l o w  r a t e  re lease,  t he  MCO w i l l  be f i t t e d  w i t h  
an o r i f i c e  p l a t e  a f t e r  t he  pressure r e l i e f  dev ice t o  l i m i t  t he  re lease  r a t e  
from the  MCO i n t o  the  MHM and CSB storage tubes. Th is  lower  re lease  r a t e  w i l l  
a l l ow  CSB systems and t h e  MHM t o  handle the  re lease  and prevent  t h e  spread o f  
contaminat ion.  A lso a lower  re lease  r a t e  from the  MCO w i l l  sweep l e s s  o f  t he  
p a r t i c u l a t e  i nven to ry  up i n  t h e  re lease  stream, l e a v i n g  more o f  t he  
p a r t i c u l a t e  i n s i d e  t h e  MCO. 

Th i s  dev ice i s  designed 
It has a t h r o a t  o f  
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8.0 OPERATING PROCEDURES 

The SNF Project is not yet to the point where specific handling 
procedures can be drafted and evaluated with any degree of accuracy. 
Therefore, the processes associated with shipping cask and MCO movement, from 
initial fuel loading in the K Basins through long-term storage in the CS8, are 
described here on a facility-specific basis. Much of the detail presented is 
subject to change. By including sufficient detail to enable the reader to 
understand the process as it currently exists and as it relates to each 
facility, the need for continued reference to the facility SARs may be 
precluded. As the facility-specific procedures are generated, they will be 
referenced in this section and, if appropriate, included as appendixes. The 
facility-specific information, once generated, will supersede the information 
presently contained in this section. 

8.1 CURRENT K BASIN PROCESS DESCRIPTION 

Current K Basin activities involve the safe storage and handling of fuel, 
sludge, radioactive debris, and contaminated debris. The following fuel 
storage and handling activities are performed: 

Inspecting fuel storage racks and canisters 
Operating fuel handling tools and equipment 
Moving fuel and IXC transfer casks 
Pumping sludge 
Removing debris. 

All N Reactor fuel elements in the K Basins are stored in canisters. The 
canisters are stored in racks that provide a unique storage location for each 
canister and, more importantly, serve to keep the fuel in the canister in a 
critically safe configuration. Fuel handling tools and equipment are used to 
load fuel elements into canisters, seal and insert chemicals into the 
canisters, and move the canisters around in the basin. 
shipping fuel canisters and spent basin water treatment resins out of the 
basin. Fuel stored in unsealed canisters is the major source of sludge on the 
K East Basin floor. 
storage pool floor and is presently used only in the K East Basin. 
basins have significant accumulations of sludge in the sand filter backwash 
pits. 
the sand filter, which is part of the basin skimmer system. 

Casks are used for 

Sludge pumping equipment is used to clean the fuel 
Both 

The sludge present in the pits accumulates from periodic backwashes of 

8.2 K BASIN FUEL REMOVAL PROCESS DESCRIPTION 

Handling of the MCO begins at the CSB when a new, open, MCO shell is 
loaded into an empty transport cask. During transport to the K Basins, a 
protective cover prevents the interior and exterior of the MCO from being 
contaminated with foreign materials. At or prior to activities at the 
K Basins, the cask-MCO is unloaded from the conveyance, and the locking and 
lifting ring is test-threaded into the MCO neck to check fit-up and then 
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removed. Th is  ope ra t i on  minimizes t h e  p o t e n t i a l  f o r  t h read ing  problems l a t e r  
i n  t h e  load-out  p i t .  
prepared f o r  f u e l  l oad ing .  

K West Reactors '  f u e l  s torage bas ins and f a c i l i t i e s  t o  enable t h e  r e t r i e v a l ,  
c leaning,  re rack ing ,  loading,  and removal o f  t h e  SNF, as w e l l  as removal o f  
t h e  sludge. The K West Bas in ' s  f u e l  removal ope ra t i ona l  readiness rev iew  
inc ludes  a l l  m o d i f i c a t i o n s  and upgrades requ i red  t o  accommodate t h e  necessary 
ope ra t i ons  f o r  SNF removal. 

The K Basin Fuel R e t r i e v a l  System w i l l  be used t o  r e t r i e v e  f u e l  and 
package i t  i n  MCO baskets i n  p repara t i on  f o r  l oad ing  i n t o  the  MCO. Fuel w i l l  
be r e t r i e v e d  from the  bas in  i n  accordance w i t h  campaign l e t t e r s  t h a t  implement 
an o v e r a l l  p l a n  f o r  f u e l  removal. These campaign l e t t e r s  w i l l  p rov ide  t h e  
c o n t r o l  necessary t o  ensure the  proper  f u e l  i s  removed i n  t h e  proper  
sequences. The campaign l e t t e r s  a l so  p rov ide  c o n t r o l s  t o  keep t h e  spec ia l  
nuc lea r  m a t e r i a l  c l a s s i f i c a t i o n  below a category 2 f o r  each MCO. 

Fuel w i l l  be moved, us ing  the  K Basin monora i l  cranes, from t h e  bas in  
s torage l o c a t i o n s  t o  a s torage area near the  f u e l  r e t r i e v a l  equipment i n  t h e  
west bay o f  t h e  bas in.  
w i l l  be removed from t h e  sealed c a n i s t e r s  before c lean ing  t h e  f u e l .  
c a n i s t e r s  w i l l  be loaded i n t o  t h e  Fuel R e t r i e v a l  System's pr imary c lean ing  
machine f o r  c lean ing  and f o r  loosening s tuck f u e l .  
c a n i s t e r s  w i l l  be d iscarded and the  f u e l  w i l l  be inspected, as necessary, t o  
ensure i t  i s  acceptably  c lean.  I f  necessary, f u e l  elements w i l l  be cleaned i n  
a secondary c lean ing  s t a t i o n .  

Fuel scrap w i l l  be loaded i n t o  MCO scrap baskets. I n t a c t  f u e l  elements 
w i l l  be loaded i n t o  MCO f u e l  assembly baskets. Operat ional  c o n t r o l s  w i l l  
ensure t h e  f u e l  i s  loaded i n t o  the  c o r r e c t  MCO basket t ype  and t h a t  t h e  proper  
amount o f  f u e l  i s  loaded i n t o  t h e  MCO baskets. F i l l e d  baskets w i l l  be moved 
t o  t h e  MCO basket queue t o  awai t  p repara t i on  f o r  l o a d i n g  i n t o  t h e  MCO. 
MCO basket queue can h o l d  10 MCO baskets. 

sh ipp ing  cask-MCO. MCO baskets are moved manually from t h e  l o a d i n g  queue t o  
t h e  mod i f i ed  south load-out  p i t  i n  t he  bas in.  
t he  neck o f  t h e  MCO t o  prevent  damage t o  the  MCO c losu re  sur faces d u r i n g  t h e  
l oad ing  o f  t h e  f u e l  baskets. Th i s  s tep may be performed be fo re  t h e  cask-MCO 
i s  p u t  i n t o ,  and f l ooded  i n ,  t he  load-out  p i t .  The MCO basket i s  i n s e r t e d  
i n t o  a cask-MCO us ing  a mod i f i ed  monorai l  and a new h o i s t .  A f t e r  t he  f u e l  
l e v e l  has been shown t o  be acceptable, t he  l oad ing  funnel  i s  removed from t h e  
neck o f  t he  MCO. 

The cask-MCO i s  then p laced i n  the  l oad -ou t  p i t  and 

The SNF P r o j e c t  prov ides the  bas i s  f o r  m o d i f i c a t i o n  o f  t h e  K East and 

Gas pressure w i l l  be r e l i e v e d  and t h e  c a n i s t e r  caps 

Fo l l ow ing  c leaning,  t h e  

Fuel 

The 

I n  t h e  l o a d i n g  queue the  MCO basket i s  prepared f o r  placement i n t o  a new 

A l o a d i n g  funnel  i s  p u t  i n t o  

The s h i e l d  p l u g  assemblies and the  l ong  process tubes are s to red  a t  a 
warehouse i n  t h e  100 K Area u n t i l  t he  components are needed a t  a bas in.  
A s h i e l d  p l u g  assembly i s  brought i n t o  t h e  load-out  p i t  area, and t h e  s h i e l d  
p l u g  assembly i s  prepared f o r  i n s t a l l a t i o n  w h i l e  the  MCO i s  underwater i n  t h e  
load-out  p i t .  The s h i e l d  p l u g  i s  a t tached t o  the  h o i s t  r i g g i n g ,  and t h e  l o n g  
process tube i s  a t tached t o  the  s h i e l d  p lug.  
apparatus, which w i l l  be used t o  ad jus t  t h e  water l e v e l  i n s i d e  t h e  MCO once 
t h e  s h i e l d  p l u g  i s  i n  p lace,  a l so  i s  a t tached t o  t h e  s h i e l d  p lug.  The s h i e l d  

Water- level e q u a l i z a t i o n  
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p l u g  i s  then swung o u t  over the  submerged MCO con ta in ing  the  SNF payload, and 
the  l ong  process tube i s  i n s e r t e d  i n t o  the  t o p  baske t ' s  ax i s .  The s h i e l d  p lug  
assembly i s  s low ly  lowered down and i n t o  the  MCO's neck. 
i n s e r t i o n  i s  complete, t h e  cask-MCO i s  r a i s e d  up ou t  o f  t h e  water, t h e  water 
l e v e l  i n s i d e  t h e  MCO i s  ad justed t o  the  proper  l e v e l ,  and t h e  water- leve l  
e q u a l i z a t i o n  apparatus i s  removed from the  s h i e l d  p lug .  Necessary 
decontamination steps w i l l  occur a t  t h i s  t ime.  

t e s t e d  l o c k i n g  r i n g ,  i s  i n s t a l l e d  i n t o  the  neck o f  t h e  MCO and t h e  j a c k  b o l t s  
t ightened.  The mechanical c losu re  system w i l l  be a q u a l i f i e d  c losu re  j o i n t  
f o r  t h e  MCO. Under normal cond i t i ons ,  t h e  mechanical c losu re  a l s o  a l l ows  the  
MCO, once f looded,  t o  be f a i r l y  e a s i l y  downloaded i n t o  the  bas in  poo l .  
Downloading might  be accomplished i n  the  event o f  dropping t h e  MCO i n t o  t h e  
cask, l oad ing  f u e l  f o r  t r a n s f e r  t o  another basin, and f a i l i n g  t h e  leakage r a t e  
t e s t ,  

The cask-MCO i s  prepared f o r  movement by t h e  load-out  a r e a ' s  crane. 

Once s h i e l d  p l u g  

The r e s t  o f  t h e  mechanical c losu re  assembly, i n c l u d i n g  the  p r e v i o u s l y  

The 
K East and K West f u e l  t r a n s f e r  bay cranes are r a t e d  f o r  30 tons.  
be used t o  support t h e  t r a n s f e r  o f  approximately 100 casks-MCOs, pe r  basin, 
pe r  year, f o r  2 years. 
o f  t h e  e x i s t i n g  cranes. 
o p e r a b i l i t y  i s  p r o v i d i n g  improved load-out  bas in  t r a n s f e r  area b r idge  cranes. 
The c u r r e n t  b r i d g e  cranes were const ructed i n  the  1950's. 
mod i f i ed  t o  meet t h e  requirements o f  t he  SNF miss ion us ing the  developed SNF 
s t ra tegy .  Planned m o d i f i c a t i o n s  i nc lude  an a u x i l i a r y  h o i s t  and r a d i o  remote 
c o n t r o l  f o r  h o i s t  and t r a v e l  movement. 

The cranes p o s i t i o n  t h e  cask-MCO assembly between the  bas in  load-out  p i t  
areas and t h e  t r a n s p o r t a t i o n  s tag ing  area. 
t he  immersion p a i l  t o  min imize poss ib le  contamination. The immersion p a i l  
which f i t s  around the  cask-MCO, i s  sealed, and a p o s i t i v e  pressure mainta ined 
across t h e  bas in  water and cask boundary. The immersion p a i l  a t tached t o  t h e  
cask-MCO i s  se t  on the  f l o o r  o f  t he  south load-out  p i t  d u r i n g  f u e l  basket 
l oad ing .  

from t h e  load-out  p i t  t o  t h e  t r a n s p o r t a t i o n  t r a i l e r .  

sa fe ty  eva lua t i ons  t h a t  con ta in  the  hazards ana lys i s .  
looked a t  t he  process steps, p o t e n t i a l  hazards, causes, consequences, s a f e t y  
features (engineered and a d m i n i s t r a t i v e ) ,  i nven to ry  a t  r i s k ,  consequence 
category, frequency category, and rev iewers remarks. 

K Basins mod i f i ed  SAR. 

They w i l l  

The l i f t e d  loads w i l l  be a t  o r  near  t h e  r a t e d  capac i t y  
One o f  t h e  s t r a t e g i e s  f o r  improving s a f e t y  and 

They are being 

The cask-MCO assembly i s  p laced i n  

The cask-MCO f u l l y  loaded w i t h  SNF weighs approx imate ly  30 tons.  

A new l i f t i n g  f i x t u r e  i s  a t tached t o  the  crane and the  cask-MCO i s  moved 

The bas i s  f o r  c l a s s i f i c a t i o n  o f  each o f  t he  process elements i s  t he  
The hazards ana lys i s  

Associated hazards and hazard c l a s s i f i c a t i o n s  can be found i n  the  
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8.3 COLD VACUUM DRYING FACILITY 

8 .3 .1  General F a c i l i t y  D e s c r i p t i o n  

The CVDF w i l l  r ece i ve  loaded MCOs from the  K Basins. The CVDF i s  a new, 
stand-alone, modular s t r u c t u r e  l oca ted  i n  the  Hanford S i t e  100 K Area. The 
s i t e  se lec ted  f o r  t h e  CVDF i s  t o  the  southwest o f  B u i l d i n g  165 KW, t he  Power 
Contro l  Bu i l d ing ,  and 105 KW, t he  Reactor B u i l d i n g .  Th is  s i t e  i s  c lose  t o  a l l  
r equ i red  u t i l i t i e s  and w i t h i n  t h e  i nne r  s e c u r i t y  boundary. The new f a c i l i t y  
i s  l o c a t e d  near t h e  pa th  the  f u e l  t r a n s p o r t  t r u c k  w i l l  t ake  l e a v i n g  t h e  105 KW 
Reactor B u i l d i n g  and i s  c lose  t o  r a i l  l i n e s  t h a t  may f a c i l i t a t e  f u t u r e  removal 
o f  waste. 

The CVDF con ta ins  f i v e  process bays ( i n c l u d i n g  one empty bay) w i t h i n  a 
s i n g l e - s t o r y ,  pre-engineered metal frame and concrete panel b u i l d i n g  
c o n t a i n i n g  a second-level mezzanine. 
s ing le -s to ry ,  pre-engineered metal b u i l d i n g  t h a t  encloses a d m i n i s t r a t i v e  rooms 
and change rooms. The e x t e r i o r  s k i n  o f  t he  b u i l d i n g  i s  a mixed use o f  p recas t  
concrete panels and i n s u l a t e d  metal panels. The CVDF w i l l  be cons t ruc ted  i n  
accordance w i t h  the  Uni form B u i l d i n g  Code (IC80 1994) and DOE Order 6430.1A, 
w i t h  egress requirements conforming t o  NFPA 101, Safe ty  t o  L i f e  f rom F i r e  i n  
B u i l d i n g s  and S t r u c t u r e s  (NFPA 1991). The recommended c o n f i g u r a t i o n  o f  t h e  
CVDF r e q u i r e s  a b u i l d i n g  f o o t p r i n t  o f  approximately 1,300 m2 (14,400 ft2) f o r  
t he  process bays and support areas and 280 m2 (3,000 ft2) f o r  a d m i n i s t r a t i v e  
and change rooms. 

w i thou t  t h e  t r a c t o r  attached. Operat ional  space necessary t o  meet t h e  
f u n c t i o n a l  requirements o f  t h e  CVDF i s  inc luded.  
designed t o  p rov ide  separat ion and confinement w i t h i n  each bay. The pre-  
engineered metal b u i l d i n g  system has a bay w id th  o f  9 m (30 f t )  and a r i g i d  
s t e e l  frame system t h a t  has a nominal w id th  o f  18 m (60 f t ) .  The h e i g h t  o f  
t he  process bay i s  nomina l l y  9.75 m (32 f t ) ,  which i s  d i c t a t e d  by t h e  manned 
access r e q u i r e d  a t  t h e  working l e v e l  o f  t he  sh ipp ing cask, t he  crane access 
r e q u i r e d  t o  remove t h e  cask l i d ,  and the  phys i ca l  requirements f o r  a l l  t h e  
process equipment. 

Each process bay prov ides ground space f o r  t he  f o l l o w i n g  i tems:  

Attached t o  the  process bays i s  a 

Each process bay i s  designed as an enc losure f o r  an MCO cask t r a n s p o r t e r  

Process bay c o n s t r u c t i o n  i s  

A cask t r a n s p o r t e r ,  w i thou t  t he  t r a c t o r  a t tached (a s a f e t y - r e l a t e d  

Personnel c i r c u l a t i o n  and f u n c t i o n a l  space around t h e  cask 

confinement zone) 

t r a n s p o r t e r  

Seismic r e s t r a i n t  hold-down devices f o r  t he  cask-MCO, i f  requ i red  

Vacuum d r y i n g  system equipment and pump assemblies 

Access t o  t h e  working l e v e l  o f  t he  cask and t r a n s p o r t e r  
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Radiological control between the process bay and the access corridor 
(operators change clothing and are monitored for radiological 
contamination before being admitted to the access corridor) 

Bridge crane access for removal of the cask lid and maintenance on 
equipment 

Auxiliary services, including inert gas, and pneumatic and 
electrical power 

A cabinet for supplies. 

Access to the working level of the cask is accomplished using a mezzanine 
level with space for'the following items: 

Heating, ventilating, and air conditioning (HVAC) equipment and 

Connections from the vacuum drying system to the cask-MCO 

electrical panel s 

Jib crane and slot hood assembly. 

The process bay support area serves as a differential pressure zone 
between the controlled process bay and the uncontrolled circulation corridor. 
Functional requirements for each process bay support area include the 
following: 

Seating space for two allowing for dressing and undressing with 
special work permit clothing 

Storage for clean special work permit clothing 

Storage for dirty special work permit clothing 

Space for personnel contamination monitor equipment. 

Access throughout the process portion of the building is accomplished 
using a corridor that is contiguous with the main change room for radiological 
control o f  access-egress between the administrative and process areas. 
Support rooms off the corridor include a decontamination room, swipe count 
room, process water tank room, miscellaneous materials storage room, and 
equipment storage room. 

bay area and provides space for lunch-conference room, quality assurance 
functions, shift manager, health physics technician and radiation monitoring, 
control room, electrical-telecommunications room, fire riser room, change 
rooms and rest rooms, and access-egress control and personnel control 
monitoring of the process bays. 

process bay, one for the corridor area, and one for the administrative Area. 
Each supply system operates independently but interfaces with the building 
control system. 

The administrative area controls personnel access into the CVDF process 

The HVAC system for the CVDF consists of one HVAC supply system for each 

The process bay HVAC system is a constant volume 
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recirculating system with two-stage HEPA filtration in the return air system. 
Each bay incorporates a local slot hood that continuously exhausts a portion 
of the air from the bay area. Air exhausted through slot hoods in each bay 
combines into a single system and is then filtered through a two-stage HEPA 
plenum. Partially redundant exhaust fans, running in parallel, direct the 
exhaust air to the stack. 
used to maintain design pressures. This general exhaust combines with the 
corridor exhaust system. 

system. 
to the access corridor is transferred to the material storage room and change 
rooms. 
process bays. Air in the corridor support rooms, the controlled rooms in the 
administrative area, and the general exhaust from the process bays is 
exhausted to a separate two-stage HEPA plenum. A separate set of partially 
redundant exhaust fans, running in parallel, directs the exhaust air to the 
stack. 

Each bay also has a general exhaust system that is 

The access corridor area HVAC system is a constant volume once-through 
Air is ducted to the access corridor and support rooms. Air supplied 

The change rooms will maintain a positive pressure with respect to the 

The administrative area is served by a packaged unit with chilled water 
cooling and electric heat. 
area, and an economizer is used to reduce energy costs. 
rooms and shower areas is exhausted to the outside. 

grounding, and lightning protection for the CVDF and its equipment and 
instruments as required. Normal power will be provided with a grounding 
system to ensure safety to personnel and equipment, to provide a connection to 
earth for transformer neutral, to provide a discharge path to ground for 
lightning and surge arresters, and to provide a reference point for electronic 
systems. 

circuit from existing poles adjacent to the site. 
lightning arrestor, the existing overhead circuit will be converted to an 
underground circuit to supply the new building's pad-mounted transformer. 
underground primary conduit will be concrete encased. Secondary power at 
277/480 V will be routed into the building through underground conduits. 
Power will be distributed by a free-standing, metal-enclosed switchboard. 

Uninterruptible power (one 50 kVA, 480 V to 208/120 V) complete with 
battery packs, battery disconnect switch and circuit breaker, maintenance 
bypass cabinet, and computer power center will be provided to ensure safety- 
related critical systems have continuous power supplied during and after a 
design-base accident. 

Air is recirculated through the administrative 
Air from the rest 

The electrical system will provide power distribution, lighting, 

Normal power will be provided by extending an existing 13.8 kV primary 
Using fused cutouts and 

All 

8.3.2 Cold Vacuum Drying Facility Process Description 

The sequence of actions that are required to occur in the CVDF between 
the time that an MCO is ready for shipping from the K Basins until the process 
bay is ready to receive another MCO can be summarized as follows. 
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1. Receiv inq A c t i v i t i e s .  The bas in workers n o t i f y  t h e  CVDF c o n t r o l  
room t h a t  a shipment i s  ready. CVDF workers i n  t h e  c o n t r o l  room 
s e l e c t  a bay and n o t i f y  t he  t r u c k  d r i v e r ,  who d r i v e s  t o  t h e  CVDF and 
p o s i t i o n s  the  t r a n s p o r t e r  i n  f r o n t  o f  t he  bay door. The bay door i s  
opened and an exhauster t r u n k  at tached t o  t h e  t r u c k ' s  exhaust p ipe  
so t h a t  d i e s e l  fumes do n o t  en te r  t he  CVDF. The t r u c k  backs i n t o  
t h e  bay and l o c a t e s  the  t r a n s p o r t e r .  

2. PreDaration A c t i v i t i e s .  Once the  MCO has been accepted, t h e  t r a i l e r  
i s  secured and the  t r a c t o r  i s  disconnected, and d r i v e n  ou t  o f  t h e  
f a c i l  i ty .  

i n s p e c t i o n  a c t i v i t i e s  are performed t o  v e r i f y  t h a t  t h e  MCO i s  
p r o p e r l y  l abe led  so t h a t  spec ia l  nuc lea r  m a t e r i a l  a c c o u n t a b i l i t y  i s  
maintained; t o  v e r i f y  t h a t  t he re  i s  no removable contaminat ion on 
t h e  exposed sur faces o f  t he  cask; and t o  assay t h e  r a d i a t i o n  f i e l d  
i n  t h e  v i c i n i t y  o f  t h e  cask and MCO top  where workers w i l l  be 
present .  Decontamination and resurvey occur i f  contaminat ion i s  
found. 

3. Receiv inq Inspec t i on  and AcceDtance A c t i v i t i e s .  Receiv ing 

4. Process Setuo A c t i v i t i e s .  A f t e r  t h e  cask-MCO assembly i s  secured 
and determined t o  be f r e e  o f  contamination, r a d i a t i o n  mon i to r i ng  
i ns t rumen ta t i on  i s  a t tached t o  the  t r a n s p o r t e r  work p l a t f o r m  and 
ac t i va ted ;  water hoses are at tached t o  t h e  cask p o r t s ;  t he  cask l i d  
i s  removed and rep laced w i t h  a cask process l i d ;  an overhead boom i s  
swung i n  t h a t  c a r r i e s  a l o c a l  exhaust hood and the  process 
connect ion spools; and the  process hoses are at tached t o  the  MCO t o p  
p o r t s .  

5. Processinq A c t i v i t i e s .  Process a c t i v i t i e s  i nc lude  hea t ing  the  MCO 
t o  t h e  d r y i n g  temperature ( t h e  water i s  l e f t  i n  order  t o  o b t a i n  
e f f e c t i v e  heat t r a n s f e r  t o  the  m a t e r i a l s  i n s i d e ) ;  d r a i n i n g  t h e  water 
from t h e  MCO; execut ing a sequence o f  purge and evacuat ion cyc les ;  
v e r i f y i n g  dryness by means o f  pressure r i s e  t e s t ;  b a c k f i l l i n g  w i t h  
hel ium; he l ium l e a k  checking; and u l t i m a t e l y ,  c o o l i n g  t h e  cask. A l l  
these operat ions are r u n  from the  c o n t r o l  room. 

6. Pos twocess inq  Examination. A f t e r  process ing the  MCO temperature i s  
r a i s e d  t o  75 "C (167 O F ) ,  he ld  a t  t h i s  temperature f o r  6 hours, and 
moni tored f o r  t he  gas generat ion r a t e .  
examination, t he  cask-MCO are cooled t o  25 "C (77 O F ) .  The 
postprocess ing examination w i l l  encompass a 12-hour p e r i o d  (which 
envelopes the  nominal CVDF t o  CSB t r a n s p o r t  window). 

reverse o f  t he  p repara t i on  a c t i v i t i e s .  
disconnected; they are t o  be handled as contaminated i tems (ends are 
bagged). The boom i s  swung out  o f  t he  way. 
annular  space between the  cask and the  MCO i s  dra ined.  The cask t o p  
i s  placed, sealed, and the  annular space d r i e d .  Helium i s  i n j e c t e d  
i n t o  the  annular  space. 
t r a n s p o r t e r .  
t r a n s p o r t e r .  

A f t e r  a successfu l  

7. Postprocessinq A c t i v i t i e s .  Postprocessing a c t i v i t i e s  are the  
The process hoses are 

The water i n  t h e  

Instruments are removed from the  
The t r a c t o r  a r r i v e s  and i s  connected t o  t h e  
The t r a n s p o r t e r  i s  re leased and d r i v e n  away. 
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8 .  Bay Res to ra t i on  A c t i v i t i e s .  Cleanup work requ i red  t o  prepare the  
bay f o r  t h e  nex t  MCO i nc ludes  mopping the  f l o o r ,  changing f i l t e r s ,  
changing ou t  and c lean ing  up contaminated spogls, and c a l i b r a t i n g  
equipment. 

8 . 3 . 2 . 1  Vacuum-Gas Purge System. The f u n c t i o n  o f  t h e  vacuum/gas purge system 
i s  t o  remove the  b u l k  water from the  MCO and t o  d r y  t h e  SNF under vacuum us ing  
a c y c l e  o f  evacuat ion and i n e r t  gas b a c k f i l l  and purge stages. There w i l l  be 
one vacuum-gas purge system f o r  each o f  t he  process bays. The f i n a l  product  
w i l l  be a d r i e d  MCO t h a t  has been b a c k f i l l e d  w i t h  i n e r t  gas. The vacuum-gas 
purge system w i l l  be requ i red  t o  i n t e r f a c e  w i t h  t h e  mon i to r i ng  and c o n t r o l  
system t o  a l l o w  f o r  computer c o n t r o l  o f  t he  MCO d u r i n g  a l l  stages o f  t h e  
d r y i n g  opera t i on .  

8 . 3 . 2 . 2  H u l t i c a n i s t e r  Overpack Temperature Con t ro l .  The MCO-cask temperature 
c o n t r o l  system ma in ta ins  t h e  MCO a t  t h e  proper  ope ra t i ng  temperatures d u r i n g  
a l l  stages o f  t h e  MCO d r y i n g  process. Th is  i nc ludes  hea t ing  t h e  MCO d u r i n g  
vacuum d ry ing ,  and c o o l i n g  the  MCO a f t e r  vacuum d ry ing .  The temperature 
c o n t r o l  system pumps water a t  var ious design temperatures through t h e  annular  
space between the  MCO and the  cask a t  a r a t e  o f  75 L/min (20 gal /min)  and a 
des ign pressure o f  140 kPa (20 l b / i n 2 ) .  Dur ing the  vacuum d r y i n g  phase o f  t he  
opera t i on ,  t he  temperature c o n t r o l  system mainta ins a continuous opera t i ng  
temperature f o r  a p e r i o d  o f  n o t  more than 2 days pe r  d r y i n g  opera t i on .  A f t e r  
vacuum d ry ing ,  t he  temperature c o n t r o l  system cools  t h e  MCO and cask down t o  
an acceptable temperature f o r  sh ipp ing.  The temperature c o n t r o l  system 
i n t e r f a c e s  w i t h  the  mon i to r i ng  and c o n t r o l  system t o  a l l o w  f o r  computer 
c o n t r o l  o f  t he  MCO d u r i n g  a l l  stages o f  t he  d r y i n g  operat ion.  

8 . 3 . 2 . 3  L i q u i d  Handl ing System. The l i q u i d  hand l i ng  system prov ides a l o c a l  
p o i n t  o f  c o l l e c t i o n  f o r  t he  process l i q u i d s  i n  each o f  t he  process bays. 
L i q u i d s  are pumped from the  c o l l e c t i o n  system i n  each bay t o  a 19,000-L 
(5,000-gal) c e n t r a l  l i q u i d  ho ld ing  tank. Th is  l i q u i d  w i l l  be t ranspor ted  by 
tanke r  t o  another f a c i l i t y  f o r  f i n a l  t reatment  and d i sposa l .  The l i q u i d  
hand l i ng  system i n t e r f a c e s  w i t h  the  mon i to r i ng  and c o n t r o l  system t o  a l l o w  f o r  
computer c o n t r o l  d u r i n g  the  d r y i n g  process. 

8 . 3 . 2 . 4  Mon i to r i ng  and Contro l  System. The mon i to r i ng  and c o n t r o l  system i s  
designed as a f u l l y - i n t e g r a t e d  c o n t r o l  system t h a t  prov ides n o t  on l y  process 
c o n t r o l  b u t  data a c q u i s i t i o n  and management. The system uses d i g i t a l  
s i g n a l i n g  between a d i s t r i b u t e d  network o f  programmable l o g i c  c o n t r o l l e r s  and 
d r i v e r  sof tware,  which can be handled by personal computer-sized hardware. 
Each l o c a l  personal computer has a view screen w i t h  dynamic g raph ica l  d i s p l a y  
t o  show t h e  change i n  the  opera t i ng  parameter. A l l  personal computers a l l ow  
t o t a l  access t o  a l l  systems so redundancy i s  achieved i f  a computer becomes 
i n o p e r a t i v e .  Access t o  the  l e v e l  o f  c o n t r o l  can be programmed i n t o  the  
software o f  t he  c o n t r o l  system so t h a t  on l y  author ized personnel may operate 
the  system. A t e l e v i s i o n  camera l oca ted  i n  each process bay and ou ts ide  
v iewing the  t r u c k  area e n t r y  a l l ows  c o n t r o l  room personnel t o  view t h e  
opera t i on .  
c o n t r o l  s t a t i o n .  

8 . 3 . 2 . 5  S o l i d  Waste Disposal .  
normal ope ra t i on  w i t h i n  each of t he  process bays and t h e  o t h e r  areas o f  t h e  
f a c i l i t y .  Th i s  waste inc ludes,  b u t  i s  n o t  l i m i t e d  t o ,  HEPA f i l t e r s ,  l i q u i d  

A t e l e v i s i o n  screen i s  s i t u a t e d  near each personal computer 

S o l i d  waste i s  generated d u r i n g  the  course o f  
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handling system filters, smears from various health physics technician 
surveys, decontamination rags, plastic hose end and boom covering bags, and 
rags and wipes from general process bay cleanup. These items, and other 
similar types of potentially contaminated solid waste, are placed into a 
designated drum in each bay. When drums are full they are monitored to 
determine waste class and placed in a temporary storage area in the facility. 
The drums are picked up by others for treatment and/or disposal. 

8.4 CANISTER STORAGE BUILDING 

The CSB is located in the 200 East Area of the Hanford site. The CSB is 
a hazard class 2 facility that consists of three equally sized below-grade 
concrete vaults, with total approximate dimensions of 55 m x 50 m x 15 m deep 
(180 ft x 165 ft x 48 ft deep), covered by a concrete operating deck. 
above-grade steel operating area structure is located above the vaults. 
Support functions and equipment are housed in a smaller building at the north 
side of the operations building. 
the top of the operating deck is 216 m (709 ft) above mean sea level. 
basemat is nominally 1.7 m (5 ft 6 in.) thick; its surface elevation is 
203.2 m (666 ft, 9 in.). 
underside of the operating deck is 11.4 m (37 ft, 3 in.). 
and air inlet and outlet plenums are 1.4 m (4 ft, 6 in.) thick. 
partition walls between vaults are 0.9 m (3 ft) thick. 

Only heavy, thick concrete structures are below grade: 
exterior vault walls, the intake and exhaust plenums, and the basemat. The 
northernmost vault (vault 1) will be equipped with tubes to provide storage 
for MCOs. The MCO storage vault is cooled by natural convection through a 
dedicated inlet and exhaust air stack and plenum. Based on SAR assumptions, 
thermal analysis indicates that the maximum air temperature inside the vault 
is 56 "C (133 "F) coincident with a steady-state intake air temperature of 
46 "C (115 "F). The storage tubes are supported from the basernat of the vault 
and are accessed through shield plugs in the operating deck. 
classification of the CSB vault structure is covered on pages 3-7 and 3-8 of 
WHC-SD-HWV-PSE-001, Hanford Waste Vitrification Plant Canister Storage 
Building Preliminary Safety Analysis Report Addendum (WHC 1994), which 
designated all of the structures contained in the below-grade or vault package 
as safety class. 

Fully isolating vault 1 from vaults 2 and 3 provides sufficient shielding 
to permit personnel to install storage tubes in vaults 2 and 3 at a future 
time while vault 1 is operating. The total activity is given as 310,798 Ci 
for one MCO. The source term is driven primarily by alpha emitters. Based on 
SAR assumptions, shielding analysis indicates that the dose rate at the base 
of the intake stack is less than 0.05 mrem/h, and in the adjoining below-grade 
vault, the dose rate is less than 0.4 mrem/h. 

The MCO storage tubes are provided with stainless steel expansion bellows 
to permit unrestricted thermal growth of the storage tube, accommodate 
differential movement of the operating deck in relation to the basemat slab, 
and seal the operating area from the vault. 
are equipped with double elastomeric seals. 
the deck and extend slightly below the deck level at elevation 214.5 m (704 

An 

The reference elevation of the facilities at 
The 

The distance from the surface of the basemat to the 
The exterior walls 

Interior 

the interior and 

The safety 

Tube plugs provide shielding and 
The tube plugs are recessed into 
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ft). 
tube plugs are provided with venting and reinerting connections and HEPA- 
filtered relief devices. 
should an MCO rupture disk burst. Tube plug covers protect the tube plug 
connections and devices and are flush with the operating deck. 
covers have vents for plug relief valves. 

inserted into the tube base, assemblies. 
provisions for convective cooling to ensure that the temperature at the 
basemat slab will not exceed the 66 'C (150 "F) concrete temperature limit. 
The basemat slab embeds serve as alignment and horizontal seismic restrain 
points for the storage tube base assemblies. As described in Section 3.4, 
"Accident Analysis," the hazard analyses determined that the below-grade 
portion of the CSB is safety class. 

structure forms the at-grade portion of the CSB. 
operations areas are enclosed in a steel building. 
contains numerous through-thickness steel sleeves (floor embeds) that receive 
the storage tubes and floor plugs for both the MCO and the MCO overpack 
locations in vault 1 and that provide a location for the tube plug cover 
plates in vault 1 or embed cover plates in vaults 2 and 3. 
220 storage tubes, each capable of staging or storing two MCOs, plus 6 
additional storage tubes to accommodate MCO overpacks. Each storage tube will 
contain an impact absorber to mitigate the consequences of a dropped MCO. The 
storage tubes are safety class, and along with the impact absorbers, they are 
designed to withstand all credible DBAs (WHC 1996b). 
designed to prevent the breach of the storage tube and the MCO. 

the operating area at the northwest corner of the CSB. 
CSB, the cask containing the MCO is unloaded by a gantry-type receiving crane. 
The crane is used to transfer the casks from the truck to a below-grade 
service station at the north end of the operating area. In the service 
station the cask lid is removed and the MCO is prepared for storage. 

The MCO is then prepared for staging and placed in the MHM. 
contains an on-board confinement system to mitigate against the effects of an 
accidental drop of an MCO during placement in a storage tube. 
inerted gas environment in the MCO during transport from the service station 
to the storage tube will be ensured by the inert gas system on the MHM. The 
MHM is designated safety significant for its confinement function. 
designed to maintain the atmosphere around the MCO inerted and the pressure 
inside the MHM cask negative with respect to the operating area. 

Initially the MCOs containing SNF are staged in an inerted condition in 
the storage tubes. The MCOs are sealed with a safety-class rupture disk and a 
non-safety class pressure relief device. 
prone to hydrogen gas generation from radiolysis of bound and free water and 
from metal oxidation reactions. The hydrogen concentration must be maintained 
below the lower explosive limit. 
expected that the tube plug seals will permit some slow exchange of storage 
tube atmosphere with the operating area. To ensure that the gas concentration 

The weight of the tube plugs rests solely on the storage tubes. The 

Tube plugs have locks to prevent loss of confinement 

The tube plug 

Tube base assemblies are affixed to the basemat and the storage tubes are 
The tube base assemblies have 

A 1.5-m- (5-ft-) thick, standard, reinforced concrete operating deck 
The operating deck and other 

The operating deck 

Vault 1 contains 

The impact absorber is 

MCOs are transported from the CVDF in shielded casks and received into 
Upon arrival at the 

The MHM 

Maintaining the 

The MHM is 

The SNF contained in the MCO is 

Although the storage tube is inerted, it is 
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will be kept out of flammable range, the storage tubes are evacuated 
periodically and reinerted. 
depending on observed hydrogen generation rates during staging. 
and vent carts are provided to facilitate these hydrogen-related storage tube 
operations. 
dangerous concentrations of hydrogen in a sampled tube. 
the tube atmosphere is acceptable, cart equipment evacuates the tube and 
exhausts it into the operating area through HEPA filters. 
then is reinerted to a slightly positive pressure. Tube purge and vent carts 
are designated safety significant to maintain an inerted atmosphere around an 
MCO. 
concentration in the storage tubes from reaching the lower explosive limit. 

If the pressure inside a tube rises above 60 kPa gauge (9 lb/in2 
gauge), the tubes begin to vent to the operating area through a relief valve 
and HEPA filter in the tube plugs. 
for a rise in pressure inside the tube. 
maintain acceptable leakage levels and to vent only when over pressure in the 
tube occurs. The storage tube and the concrete plug above the tube are safety 
class and have been designed to remain intact and functional when subjected to 
a design basis earthquake. 
control the ingress of air or egress of inerting gases to acceptable levels. 

The MHM transfers the MCOs from the tubes to the HCS and returns them to 
the CSB storage tubes for sealed storage. 
will be processed in the HCS. 
will be sealed and will then be stored in the CSB. 

These operations are performed on a routine basis 
Tube purge 

Equipment on the carts can detect airborne radioactivity and 
Upon determining that 

The storage tube 

They are designed to safety significant criteria to prevent the hydrogen 

Excess hydrogen generation is one cause 
The tube plugs are designed to 

The tube plugs are designated safety class to 

Eventually, the MCOs containing SNF 
Upon completion of hot conditioning, the MCOs 

8.5 HOT CONDITIONING SYSTEM 

The HCS is housed in an annex to the CSB. The HCS removes residual 
chemically bound water and metal hydrides from the fuel in the MCOs. The 
process minimizes the potential for subsequent pressurization of the sealed 
MCOs by removing constituents that can change phase to a gaseous state under 
storage conditions. 

Hot conditioning of the fuel inside the MCOs takes place in one of six 
ovens, each located in a process pit below the CSB Annex operating deck. 
ovens are essentially thermos bottles heated by forced convection air flow 
provided by support skids on the operating deck. The MCO is placed inside the 
oven, being supported by the stepped collar on the MCO. 
is placed over the top of the MCO. 

The process pit provides secondary confinement and the process pit covers 
serve as supplemental radiation shielding. The covers have been designed with 
an integral inner plug. 
the MCO inside the process oven and then replaces the inner plug, mimicking 
the cycle that the MHM goes through when an MCO is placed in or retrieved from 
a CSB storage tube. This allows the MHM to move the MCO into the process 
furnace while maintaining secondary confinement of the MCO. 

enclosure is placed over the process pit. 

The 

An insulating cover 

The MHM removes the inner plug of the cover to place 

To allow access to the top of the MCO for process line hookup, a portable 
The process pit cover with its 
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integral plug is then temporarily opened to allow access to the top of the 
MCO. During the period while the process pit covers are opened, secondary 
confinement includes the process enclosure. A remote manipulator inside the 
process enclosure is used to attach process lines to the MCO and to remove 
them, and to service equipment under the process trench cover. 

A process equipment module associated with each oven contains the 
convective heating and cooling supply system. Heated (up to 350 'C [575 O F ] )  

or cooled air is supplied to the process furnace. The process module also 
contains a vacuum pump, process gas recirculation blower, and inert gas purge 
system to facilitate process offgas handling. Process lines that connect the 
process equipment module and the oven run below floor level in a trench. The 
thick steel plate that covers the trench provides shielding from any potential 
particulate or condehsed volatile radioactive materials in the lines. The 
process lines have a cold trap and metal HEPA filter contained within the 
process trench. 

pump on the service modules. 
cleaning equipment for the air in the process pits and trenches. 
pass through air cleaning equipment before being discharged from the facility 
through a stack. 

The radiation exposure associated with making and breaking the MCO 
connections, and with changing the in-trench HEPA filters and cold trap, is 
such that supplemental shielding is required to keep the operator exposure 
ALARA. 
where manual reach is awkward. Therefore, the portable process enclosure is 
used for these operations. It provides shielding and contains a hoist and 
remotely operated manipulator. The hoist is used to handle the process pit 
cover and the manipulators are used to make and break the MCO connections. 
The MCO is designed to support remotely manipulated connections and valves. 
The enclosure is ventilated so that it provides secondary confinement while 
the MCO's top is exposed and while the MCO ports are serviced. 

while the MCO is still in the oven. The new cover cap is welded to the MCO 
shell and is designed to mate with the MHM grapple. After the MCO has been 
backfilled with an inert cover gas and sealed, the MHM returns it to a CSB 
storage tube for dry interim storage until a suitable long-term repository can 
be established. 
during long-term interim dry storage at the CSB. 

The oven is insulated by a vacuum jacket that is supported by a vacuum 
A service module contains an exhaust fan and air 

The exhausts 

Furthermore, the connections are made a few feet below the floor level 

After hot conditioning has been completed, the final closure is made 

Once conditioned, an MCO is not expected to need venting 
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9.0 ACCEPTANCE CRITERIA AND MAINTENANCE PROGRAM 

9.1 ACCEPTANCE CRITERIA 

9.1.1 Visual Inspections and Nondestructive Examination 

The fabrication specification for the MCO (WHC 1996b) describes the 
examinations to be performed by the fabricator of the MCO. 
weld for the MCO is a field weld that will be completed and examined by Duke 
Engineering and Services Hanford, Incorporated, personnel . The fabrication 
specification requires the fabricator to submit a written manufacturing plan 
and schedule, and to submit written and approved examination procedures and 
reports for buyer approval. 
specification (WHC 1996b) identify the welds to be examined and the type of 
examinations to be performed, and the specification text identifies the 
acceptance criteria. These requirements are presented below. 

accordance with NB-5520 or NF-5520, as applicable, SNT-TC-IA, and 
ANSI N45.2.6. Only individuals qualified for nondestructive testing levels I, 
11, or 111 may perform nondestructive testing. Personnel qualified at level I 
shall not interpret the results of an examination or make a determination of 
the acceptability of an examined part. 
accordance with Section V, Articles 2, 6, 7, and 9 for radiographic, liquid 
penetrant, magnetic particle, and visual methods, respectively. 

with the requirements of NB-4424 and NF-4424 as required. These requirements 
specify that welds that fail to meet the requirements will be repaired as 
necessary and re-examined. 

The weld joining the cylindrical shell of the MCO to the bottom forging 
is a full-penetration circumferential weld that is to be examined by 
radiography, with acceptance determined according to the criteria of NB-5320 
of the Boiler and Pressure Vessel Code (ASME 1995a), and by liquid penetrant 
examination, with acceptance determined according to the criteria of NB-5350 
(ASME 1995a). Defects in weld metal detected by these examinations will be 
repaired and the repair examined in accordance with NB-4450. 

to the requirements of NF-4000 for class 1 plate and shell-type supports. 
Some welds require liquid penetrant examination, with acceptance determined 
according to NF-5350. Defects in weld metal detected in these examinations 
shall be repaired and the repair examined in accordance with NF-4450. 

The final closure 

The drawings appended to the fabrication 

Personnel performing nondestructive examinations shall be qualified in 

Examinations shall be performed in 

All welds made by the fabricator shall be visually examined in accordance 

Welds in the fuel baskets and associated support structures shall conform 

The weld joining the cylindrical shell to the collar is a full- 
penetration circumferential weld. Examination shall be by radiography, with 
acceptance determined according to NB-5320 (ASME 1995a). Defects in weld 
metal detected in these examinations shall be repaired and the repair examined 
in accordance with NB-4450. 
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The MCO and s h e l l  assembly welds w i l l  be r a d i o g r a p h i c a l l y  examined, and 
the  mechanical c losu re  assembly, except f o r  t h e  ac tua l  p roduc t i on  H e l i c o f l e x  
seal ,  w i l l  be h y d r o s t a t i c a l l y  t e s t e d  a t  t he  f a b r i c a t o r ' s  p l a n t .  These main 
s t r u c t u r a l  p a r t s  o f  t h e  MCO assembly ou ts ide  o f  t h e  s h i e l d  p l u g  pene t ra t i ons ,  
po r t s ,  connectors, and p o r t  covers w i l l  have no known except ions t o  t h e  B o i l e r  
and Pressure Vessel Code (ASME 1995a), Subsection NB. 

The cover cap p o r t i o n  o f  t he  MCO w i l l  have two except ions t o  t h e  B o i l e r  
and Pressure Vessel Code (ASME 1995a), Subsection NB: the  seal  weld l i k e l y  
w i l l  be v o l u m e t r i c a l l y  inspected by u l t r a s o n i c  means r a t h e r  than by 
radiography, and pressure t e s t i n g  l i k e l y  w i l l  n o t  be done. 

9.1.1.1 Pressure  T e s t s .  The mechanical c losu re  and s h e l l  assembly w i l l  be 
h y d r o s t a t i c a l l y  t e s t e d  then hel ium leakage r a t e  t e s t e d  as an assembled u n i t  a t  
t h e  f a b r i c a t o r ' s  p l a n t .  While a t  t he  bas in  load-out  p i t ,  t h e  assembled MCO, 
w i t h  t h e  s h i e l d  p lug  and l o c k i n g  and l i f t i n g  r i n g  i n s t a l l e d ,  w i l l  have t h e  
e i g h t  j a c k  b o l t s  torqued down. As t h i s  w i l l  be a q u a l i f i e d  assembly, t h e  goal 
i s  t o  make on ly  a cu rso ry  leakage r a t e  de te rm ina t ion  a t  t h e  K Basins. I f  t h i s  
goal i s  n o t  met, leakage r a t e  t e s t i n g  w i l l  have t o  occur e i t h e r  a t  each bas in  
o r  a t  t he  CVDF. 

9.1.1.2 Leakage Rate  T e s t s .  A f t e r  j o i n i n g  the  bottom f o r g i n g  t o  t h e  s h e l l ,  
t he  welded assembly s h a l l  be hel ium leakage r a t e  t e s t e d  i n  accordance w i t h  
Sect ion V, A r t i c l e  10, Appendix V of t h e  B o i l e r  and Pressure Vessel Code 
(ASME 1995a) t o  meet the  i n t e n t  o f  A N S I  N14.5-1987, Fo r  Rad ioac t i ve  
M a t e r i a l s  - Leakage Tests  on Packages f o r  Shipment (ANSI  1987). The leakage 
r a t e  t e s t  s h a l l  be performed by i n s t a l l i n g  a t e s t  head on t h e  t o p  end o f  t h e  
s h e l l  and us ing  a pressure d i f f e r e n c e  o f  0.1 MPa ( 1  atmj .  
acceptable leakage i s  1 x 

i n s t a l l a t i o n  o f  t h e  s h i e l d  p lug  connections ( i . e . ,  qu i ck  connectors, HEPA 
f i l t e r ,  and r u p t u r e  d i s k ) ,  t h e  qu ick  connectors and r u p t u r e  d i s k  s h a l l  be 
hel ium l e a k  t e s t e d  i n  accordance w i t h  the  B o i l e r  and Pressure Vessel Code 
(ASME 1995a), Sect ion V, A r t i c l e  10, Appendix V .  The l e a k  t e s t  s h a l l  be 
performed by i n t e r n a l l y  p r e s s u r i z i n g  the  connections t o  a t e s t  pressure o f  
69 kPa t o  103 kPa (10 t o  15 l b / i n 2 ) .  
1 x 
d i s k .  

each of t h e  connections (except the  r u p t u r e  d i s k ) ,  t he  e n t i r e  s h i e l d  p l u g  
assembly s h a l l  be t e s t e d  i n  accordance w i t h  the  B o i l e r  and Pressure Vessel 
Code (ASME 1995a), Sect ion V, A r t i c l e  10, Appendix V. 
be performed by i n s t a l l i n g  a t e s t  hood/box on the  top  end o f  t he  s h i e l d  p l u g  
and s u b j e c t i n g  t h e  connections t o  a t e s t  pressure d i f f e r F n t i a 1  o f  0.5 MPa 
(1 atm). 
(6 .1 x i n 3 / s ) ,  i f  requ i red .  

s t r a i n e r ,  and c losu re  p l a t e )  s h a l l  be l e a k  t e s t e d  i n  accordance w i t h  
Sect ion V,  A r t i c l e  10, Appendix I ,  o f  the  B o i l e r  and Pressure Vessel Code 
(ASME 1995a) a f t e r  i n s t a l l a t i o n  i n  the  s h i e l d  p lug .  
t e s t  s h a l l  be 69 kPa t o  103 kPa (10 t o  15 l b / i n 2 ) .  

The maximum 
standard cm3/s (6.1 x 10- i n3 /s ) .  

Leak t e s t i n g  o f  t h e  MCO s h i e l d  p l u g  w i l l  be performed i n  stages. A f t e r  

The maximum acceptable leakage i s  
standard cm3/s (6.1 x i n3 /s )  f o r  t he  connectors and t h e  r u p t u r e  

A f t e r  i n s t a l l a t i o n  o f  t he  r i n g  j o i n t  gasket and b o l t e d  b l i n d  f l ange  f o r  

The l e a k  t e s t i n g  s h a l l  

The maximum al lowable t o t a l  leakage i s  1 x 10- standard cm / s  

The l o n g  and sho r t  process tube assemblies ( i . e . ,  p ipe,  f i t t i n g s ,  

Pressure f o r  t h i s  bubble 
The acceptance standard i s  
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t h a t  t he re  s h a l l  be no continuous bubble format ion.  
standard i s  n o t  met, t h e  l e a k  s h a l l  be l oca ted  and repa i red ,  and t h e  assembly 
s h a l l  be t e s t e d  again t o  the  same acceptance standard. 

p lug  has been inse r ted ,  t h e  l o c k i n g  r i n g  i n s t a l l e d ,  and t h e  j a c k  b o l t s  
t i gh tened .  

I f  t h e  acceptance 

The MCO s h a l l  be l e a k  t e s t e d  i n  t h e  f a b r i c a t i o n  shop a f t e r  t h e  s h i e l d  

The assembled MCO i s  then t e s t e d  by h y d r o s t a t i c  means. 

9 . 1 . 2  Components 

9 . 1 . 2 . 1  Valves and Rupture Disks.  Rupture d i s k s  w i l l  be accepted based on 
t h e  ND requirements.(ASME 1995a). 

Acceptance c r i t e r i a  f o r  va lves are y e t  t o  be determined. 

9 . 1 . 2 . 2  Gaskets. Acceptance c r i t e r i a  f o r  gaskets f o r  t h e  mechanical c losu re  
o f  t h e  MCO have n o t  y e t  been determined. 

9 . 1 . 3  S h i e l d i n g  I n t e g r i t y  

s h i e l d i n g  f u n c t i o n .  
performance o f  t h e  s h i e l d  p l u g  are n o t  requ i red .  
s h i e l d i n g  ana lys i s  are i d e n t i f i e d  i n  Chapter 5.0. 

The s h i e l d  p lug  i s  t he  o n l y  MCO component t h a t  prov ides a s p e c i f i c  
Tests o r  dose r a t e  measurements t o  cha rac te r i ze  

The codes used f o r  t h e  

9 . 1 . 4  Thermal Acceptance 

Thermal t e s t  requirements have n o t  y e t  been determined. 

9 . 2  MAINTENANCE PROGRAM 

9 . 2 . 1  Subsystem Maintenance 

The MCO subsystems do n o t  r e q u i r e  maintenance. 

9 . 2 . 2  Valves and Rupture Disks 

Removal o f  t h e  p lug  from the  s h i e l d  p l u g  body i s  n o t  expected unless t h e  va l ve  
i s  damaged du r ing  operat ions.  

would l i k e l y  occur i f  the  d i s k  were actuated i n  se rv i ce .  

Maintenance requirements o f  t he  p l u g  va lves are expected t o  be min imal .  

Rupture d i s k s  do n o t  r e q u i r e  maintenance. Replacement o f  r u p t u r e  d i sks  
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10.0  RADIATION PROTECTION 

10 .1  ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES 
ARE AS LOW AS REASONABLY ACHIEVABLE 

1 0 . 1 . 1  P o l i c y  Considerat ions 

i nco rpo ra tes  fea tu res  t o  p rov ide  r a d i o l o g i c a l  p r o t e c t i o n  and c o n t r o l  and t o  
suppor t  t h e  bas i c  ph i losophy o f  reducing r a d i a t i o n  exposure l e v e l s  t o  ALARA 
values.  The MCO des ign takes i n t o  cons ide ra t i on  t h e  planned inspect ions,  
handl ing,  and r e p a i r  o f  t h e  MCO. 
c o n s i s t e n t  w i t h  HSRCM-1, t he  ALARA Program (WHC 1995), and 10 CFR 835 
requirements. 

The MCO design, i n  combination w i t h  o t h e r  equipment and f a c i l i t i e s ,  

Design o f  t he  MCO was performed i n  a manner 

1 0 . 1 . 2  Design Considerat ions 

ensure t h e  bes t  poss ib le  r a d i o l o g i c a l  c o n t r o l  f ea tu res  are i nco rpo ra ted  and 
t h a t  occupat ional  r a d i a t i o n  exposure from MCO operat ions w i l l  be ALARA. The 
MCO needs t o  e f f e c t i v e l y  reduce r a d i a t i o n  exposure l e v e l s  and a l so  t o  per form 
i t s  in tended purpose e f f i c i e n t l y .  The MCO design u t i l i z e s  connections t h a t  
p rov ide  f o r  remote manipulator  ope ra t i on  o r  connection v i a  long-handled t o o l s  
t o  min imize t h e  t ime  du r ing  which a worker 's  hands are i n  p r o x i m i t y  t o  t h e  MCO 
s h i e l d  p lug .  Seal ing t h e  MCO mechanica l ly  r e s u l t s  i n  personnel dose r a t e s  o f  
195.6 mrem.person pe r  MCO a t  t he  K East Basin and 117.6 mrem.person pe r  MCO a t  
t h e  K West Basin. These dose r a t e s  presume a 1 i n  100 mechanical r e p a i r  
r a t i o .  For a t o t a l  campaign o f  400 MCOs, s p l i t  e q u a l l y  between the  two 
basins, a t o t a l  personnel dose o f  62.6 rem'person i s  spread ou t  over t h e  
2-year pe r iod .  

Rad ia t i on  s h i e l d i n g  fea tu res  have been incorporated i n t o  the  MCO design. 
The MCO s h i e l d  p lug  sh ie lds  workers against  gamma rays  and neutrons emanating 
f rom the  i n s i d e  t h e  MCO. Th i s  s h i e l d i n g  w i l l  achieve an average dose across 
the  t o p  o f  t h e  s h i e l d  p l u g  o f  0.3 mSv/h (30 mrem/h) on con tac t  ( w i t h i n  5 cm 
[ 2  i n . ] )  f o r  t he  average MCO f u e l  ma te r ia l  t o  be handled. 
r a d i a t i o n  streaming between the  MCO s h i e l d  p lug  and the  MCO s h e l l  and around 
pene t ra t i ons .  For t h e  worst-case f u e l  t o  be handled i n  t h e  MCO, t h e  average 
dose across t h e  t o p  o f  t he  s h i e l d  p lug  on con tac t  ( w i t h i n  5 cm [2 i n . ] )  w i l l  
n o t  exceed 1.0 mSv/h (100 mrem/h). 
r a d i a t i o n  dose r a t e  l e v e l  t o  0.3 mSv/h (30 mrem/h) f o r  very  b r i e f  "hands-on" 
operat ions,  t h e  e x t r e m i t y  dose i s  minimized w h i l e  ma in ta in ing  a p r a c t i c a l  and 
e f f i c i e n t  design r e q u i r i n g  minimal maintenance. The MCO design a l so  has been 
in f luenced s t r o n g l y  by the  d e s i r e  f o r  low maintenance, which t r a n s l a t e s  i n t o  
l e s s  r a d i a t i o n  exposure o v e r a l l  f o r  p l a n t  operat ions.  

K Basins should the  MCO be l eak ing ,  de fec t i ve ,  o r  damaged. 
design i nc ludes  a f l a t  f l o o r  and a small  l i q u i d  c o l l e c t i o n  sump a t  t h e  bottom, 
and fea tu res  and dev ices t o  f a c i l i t a t e  the  l oad ing  and s tack ing  o f  t he  baskets 
w i t h i n  i t s  s torage c a v i t y .  

Care fu l  cons ide ra t i on  has been d i r e c t e d  towards des ign ing t h e  MCO t o  

Th is  va lue i nc ludes  

By reducing the  average i n t e r m i t t e n t  

The MCO des ign a l l ows  f o r  t he  f u e l  t o  be downloaded back i n t o  the  
The MCO s h e l l  
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10.1.3 Operat ional  Considerat ions 

The MCO des ign prov ides l i f t i n g  dev ices f o r  t he  MCO s h e l l  and s h i e l d  p l u g  
so l i f t i n g  equipment can be used f o r  safe l i f t i n g  and hand l i ng  o f  t h e  MCO 
components and loaded MCOs. Hands-off hand l i ng  o f  MCOs w i t h  l i f t i n g  dev ices 
w i l l  be a key f e a t u r e  i n  reducing o v e r a l l  r a d i a t i o n  exposure. 

F a c i l i t y - s p e c i f i c  ope ra t i ng  procedures and t r a i n i n g  w i l l  have a pr imary 
focus on s a f e t y  and r a d i a t i o n  c o n t r o l  (and ALARA). C o n t r o l l i n g  r a d i a t i o n  
exposure depends on t h e  c a r e f u l  coo rd ina t i ng  o f  hand l i ng  opera t i ons  and the  
m in im iz ing  o f  res idence t ime  i n  r a d i a t i o n  dose f i e l d s .  
r a d i a t i o n  p r o t e c t i o n  and ALARA i n  team-bui ld ing s i t u a t i o n s  such as procedures 
development and t r a i n i n g  w i l l  he lp  r e i n f o r c e  the  approp r ia te  s a f e t y  c u l t u r e  
and ALARA awareness f o r  MCO operat ions.  

Management emphasis on 

10.2 RADIATION PROTECTION DESIGN FEATURES 

Design o f  t h e  MCO a l so  has been d r i v e n  by the  need f o r  a h i g h - i n t e g r i t y ,  
h i g h - r e l i a b i l i t y  con ta ine r .  The sealed MCO w i l l  ma in ta in  a maximum t o t a l  l e a k  
r a t e  ( a l l  l e a k  paths)  o f  1 x in3/s)  d u r i n g  
opera t i ons  t o  remove f u e l  from t h e  K Basins ( a f t e r  sea l i ng  the  MCO), and 
d u r i n g  t r a n s f e r ,  t r a n s p o r t ,  and i n t e r i m  f u e l  s torage,  as requ i red .  The f u l l y  
assembled MCO w i l l  r e t a i n  f u e l  elements and f u e l  fragments (g rea te r  than 
2 mm). 

p r a c t i c a b l e  t o  min imize imper fect ions and f a c i l i t a t e  ease o f  decontamination. 
Corners and o t h e r  fea tu res  t h a t  cou ld  c o l l e c t  contaminat ion have been 
min imized t o  decrease contaminat ion p o t e n t i a l  and t o  f a c i l i t a t e  
decontamination. Also, t he  MCO pressure r e l i e f  s t r a t e g y  i nco rpo ra tes  an 
i n t e r n a l  bank o f  f o u r  HEPA f i l t e r s .  

standard cm3/s (6 .1  x 

The exposed sur faces o f  t h e  MCO w i l l  be smooth t o  t h e  g rea tes t  e x t e n t  

10.3 ESTIMATED ONSITE COLLECTIVE DOSE ASSESSMENT 

Planned MCO operat ions on a f a c i l i t y - s p e c i f i c  bas i s  w i l l  be reviewed t o  
determine p o t e n t i a l  o n s i t e  dose est imates associated w i t h  major  f u n c t i o n s  such 
as storage, handl ing,  maintenance, o r  inspect ions.  F a c i l i t y - s p e c i f i c  
ope ra t i ons  w i l l  f a c t o r  est imated dose r a t e s  i n t o  o v e r a l l  f a c i l i t y  ope ra t i ons  
and r a d i a t i o n  p r o t e c t i o n  management. De ta i l ed  dose assessments w i l l  be 
performed ou ts ide  t h e  scope o f  t h i s  t o p i c a l  r e p o r t  t o  f a c i l i t a t e  app rop r ia te  
ope ra t i ona l  p lann ing  a c t i v i t i e s .  
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11.0 HULTICANISTER OVERPACK ACCIDENTS 

The MCO i s  t h e  pr imary con ta ine r  f o r  SNF from packaging i n  t h e  K Basins 
through long- term i n t e r i m  storage a t  t he  CSB. 
con ta ine r  d u r i n g  t r a n s p o r t a t i o n  o f  t he  SNF, as a process vessel d u r i n g  
c o n d i t i o n i n g  o f  t h e  SNF, and as a s torage con ta ine r .  Throughout i t s  l i f e t i m e  
the  MCO may be subjected t o  a v a r i e t y  o f  chal lenges from acc iden t  cond i t i ons .  
Except f o r  a pos tu la ted  re lease  o f  t h e  water dra ined from t h e  MCO d u r i n g  c o l d  
vacuum d ry ing ,  a l l  acc ident  scenarios cu lm ina t i ng  i n  r a d i o a c t i v e  re leases t o  
t h e  environment i n v o l v e  a breach o f  MCO containment. 

a f f e c t i n g  the  cask-MCD package du r ing  t r a n s p o r t a t i o n  from the  K Basins t o  t h e  
CVDF, and from t h e r e  t o  the  CSB. The Safety  Ana lys i s  Report f o r  Packaging 
(SARP) shows t h a t  t h e  package w i l l  n o t  l o s e  i t s  a b i l i t y  t o  con ta in  the  SNF 
m a t e r i a l  i n  t h e  event o f  a v e h i c l e  acc ident  o r  f i r e  (WHC 1996d). It a l s o  
q u a n t i f i e s  t h e  maximum t r a n s p o r t  t ime  t o  ensure t h e  package's i n t e r n a l  
pressure cannot r i s e  t o  l e v e l s  t h a t  w i l l  breach the  package containment d u r i n g  
t ranspor t .  

s tag ing  and s torage a t  t h e  CSB, and f o r  t he  ho t  c o n d i t i o n i n g  process 
i d e n t i f i e d  c r e d i b l e  acc ident  i n i t i a t o r s  and sequences (WHC 1996a, WHC 1996e, 
WHC 1996f) .  
bounding scenar ios f o r  each f a c i l i t y  were chosen. 
ana lys i s  and bounding acc ident  s e l e c t i o n  f o r  each f a c i l i t y  are i n  t h e  
f a c i l i t i e s '  s a f e t y  ana lys i s  documents (WHC 1996a, WHC 1996e, WHC 1996f) .  

The hazards analyses i d e n t i f i e d  classes o f  acc idents  t h a t ,  i n  genera l ,  
are common t o  more than one phase o f  t h e  process. These c lasses are MCO 
ove rp ressu r i za t i on  and r u p t u r e  d i s k  r e l i e f ,  mechanical chal lenges t o  the  MCO 
boundary (crane drops and impacts from o the r  ob jec ts ) ,  hydrogen d e f l a g r a t i o n  
o r  detonat ion,  and r a p i d  o x i d a t i o n  o f  t he  nuc lear  f u e l .  

eva lua t i on  o f  t h e  p o t e n t i a l  f o r  exposure o f  humans t o  hazardous re leases,  t o  
the  f a c i l i t i e s '  s a f e t y  analyses. MCO i n i t i a l  cond i t i ons  a t  t h e  commencement 
o f  an acc iden t  vary w i t h  t h e  process stage. 
phys i ca l  phenomena d r i v i n g  the  re lease  i s  unique a t  each stage. 

p u b l i c  recep to rs  depend i n  p a r t  on meteoro log ica l  cond i t i ons  t h a t  are s p e c i f i c  
t o  t h e  l o c a t i o n  a t  which t h e  re lease  occurs. Therefore, no est imates o f  
acc ident  r e s u l t s  are made here. Instead,  t he  general acc ident  types, and 
analyses and conclus ions t h a t  may be use fu l  f o r  developing the  f a c i l i t i e s '  
acc ident  analyses, are presented. 

The MCO func t i ons  as a 

WHC-SD-TP-SARP-017 (WHC 1996d) descr ibes and analyzes p o t e n t i  a1 acc idents  

Hazard analyses f o r  t h e  c o l d  vacuum d r y i n g  process, f o r  rece iv ing ,  

A b i n n i n g  process revealed ca tegor ies  o f  acc idents  from which 
Desc r ip t i ons  o f  t h e  hazard 

It i s  necessary t o  leave f u l l  development o f  t he  acc ident  scenarios, and 

Therefore, t h e  sequence o f  

Estimates o f  r a d i o l o g i c a l  and t o x i c o l o g i c a l  consequences t o  o n s i t e  and 

11.1 SAFETY PHILOSOPHY FOR THE MULTICANISTER OVERPACK 

The MCO has the  pr imary containment f u n c t i o n  f o r  t he  SNF throughout  t h e  
process cyc le .  
vessel t h a t  w i l l  w i ths tand  a l l  c r e d i b l e  chal lenges t o  t h a t  f u n c t i o n .  

Therefore, t he  SNF P r o j e c t  i s  committed t o  p r o v i d i n g  a robus t  
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The des ign bas i s  i s  t h a t  t he  MCO w i l l  be shown t o  su rv i ve  a l l  c r e d i b l e  DBAs 
w i t h o u t  a ca tas t roph ic  f a i l u r e .  
t o  mean any breach o f  t h e  MCO besides r e l i e f  dev ice a c t u a t i o n  o r  process l i n e  
breaks. Therefore, scenar ios t h a t  p o s t u l a t e  ca tas t roph ic  breach o f  t h e  MCO 
are considered as beyond DBAs. 

The containment f u n c t i o n  o f  t he  MCO has been des ignated s a f e t y  c lass .  
Hazard analyses i d e n t i f i e d  c r e d i b l e  event sequences t h a t  cou ld  chal lenge 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  MCO (WHC 1996a, WHC 1996e, WHC 1996f) .  The fo rces  
t h a t  cou ld  p rov ide  t h i s  chal lenge d u r i n g  an acc ident  may be e x t e r n a l  o r  
i n t e r n a l  t o  the  MCO. The f o l l o w i n g  DBA scenar ios i n v o l v e  ex te rna l  forces:  

I n  t h i s  case, ca tas t roph ic  f a i l u r e  i s  taken 

For  t h e  CVDF 

- T ipp ing  t h e  sh ipp ing cask, w i t h  t h e  MCO i ns ide ,  f rom t h e  
t r a i l e r  

Truck c o l l i s i o n  w i t h  the  MCO-cask-trai ler system - 

- External  p r e s s u r i z a t i o n  

For the  CSB 

- Sideways movement o f  t he  MHM w h i l e  an MCO i s  p a r t  way i n  o r  ou t  
o f  t h e  tube 

Drop from the  MHM o r  r e c e i v i n g  crane i n t o  t h e  cask 

Drop from t h e  MHM t o  the  bottom o f  t he  tube 

Drop from t h e  MHM onto an MCO a l ready i n  t h e  tube. 

- 

- 
- 

For  each o f  these scenarios, ana lys i s  shows t h a t  t h e  MCO w i l l  n o t  f a i l  

For t h e  
when subjected t o  the  fo rces  i nvo l ved  o r  t he  need f o r  measures t o  p r o t e c t  t h e  
MCO f rom these fo rces  has been i d e n t i f i e d  (WHC 1996a, WHC 1996e). 
l a t t e r  case, e f f e c t i v e  p r o t e c t i v e  measures w i l l  be i nc luded  i n  t h e  system 
design. 
des ignated s a f e t y  c lass .  

I n t e r n a l  f o rces  t h a t  could chal lenge the  MCO i n t e g r i t y  beyond a c t u a t i o n  
o f  t he  pressure r e l i e f  dev ice are the  pressure pulse from a hydrogen 
de tona t ion  and pressure r i s e  from a runaway f u e l  o x i d a t i o n  r e a c t i o n .  
Therefore, t he  pa th  forward process i s  designed t o  prevent  occurrence o f  t h e  
phys i ca l  c o n d i t i o n s  t h a t  could a l l ow  e i t h e r  event t o  occur. 

SSCs designed t o  per form t h i s  p r o t e c t i v e  f u n c t i o n  would a l s o  be 

11.2 MULTICANISTER OVERPACK ACCIDENT SOURCE TERM 

The o b j e c t i v e  o f  acc ident  ana lys i s  i s  t o  demonstrate t h a t  f a c i l i t y  design 
adequately p r o t e c t s  people and the  environment from uncon t ro l l ed  re lease  o f  
hazardous m a t e r i a l s .  
K Basins, t h e  MCO prov ides pr imary containment f o r  t he  m a t e r i a l ,  so a re lease  
scenar io  must p o s t u l a t e  breach o f  t he  MCO boundary. 

Once t h e  spent f u e l  i s  packed i n  t h e  MCO a t  t he  
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The spent fuel and associated particulate material constitute the 
hazardous contents of the MCO. 
as well as other components of canister sludge, will remain on fuel surfaces 
and in crevices even after the fuel is washed. Additional oxide will form as 
exposed uranium metal reacts with air or water during transportation and 
processing. 

Particles of the product of uranium corrosion, 

Prevention of an MCO catastrophic breach precludes uncontrolled release 
of the fuel to the environment. Therefore, the dominant contributor to the 
radiological and toxicological release is the portion of the MCO particulate 
inventory that can become airborne and leave the MCO with the MCO gases. 
material at risk for release is therefore taken to be the estimated bounding 
particulate content of the MCO. 
particulate that could be in an MCO after packaging, transportation, cold 
vacuum drying, and hot conditioning is provided in WHC-SD-SNF-TI-023, Bounding 
Particulate Contents o f  a Multicanister Overpack (Pajunen and Cowan 1996). 
The analysis shows that no more than 300 kg (660 lb) of particulate would be 
associated with fuel in an MCO that is packed with four baskets o f  fuel 
assemblies and one basket of fuel scrap. 

The accident analyses assume that the particulate material in the MCO has 
the physical properties of uranium oxide. Data from characterization of 
sludge taken from open canisters in the K East Basin and from closed canisters 
in the K West Basin will be used to validate whether this assumption is 
conservative. 

The 

An estimate of the maximum amount of 

The bounding source term used for the accident analysis was based on data 
for the fuel in the K East and K West Basins given in WHC-SD-SNF-TI-009 
(Willis 1995). 
on selecting high-burnup Mark IV fuel, the fuel type that results in the 
highest estimated dose to people exposed to the material, and then treating 
all the fuel in the basins as high-burnup fuel. Nuclear accountability 
records gave the basis for the quantity, exposure variation, and decay time 
variation of the stored fuel. 
these data. 

That document defines an inventory for safety analysis based 

The radionuclide inventory was estimated from 

The radioactive inventory assumed for the MCO is the inventory associated 
with 270 high-burnup Mark IV fuel assemblies. The MCO will contain finely 
divided particulate material associated with the fuel. As noted, this 
includes particulate left on fuel surfaces and in crevices after fuel washing 
and racking into the MCO, with expected increases in oxidation products 
following cold vacuum drying, staging, and hot conditioning. The current 
baseline for the maximum theoretical quantity (for safety basis) of 
particulate material in the MCO is 300 kg (660 lb) (Pajunen and Cowan 1996). 

The particulate inventory of the MCO dominates the airborne release. It 
i s  expected to be similar in makeup, and radionuclide content, to the sludge 
found in the canisters in the K Basins. Because the canister corrosion 
products have not yet been characterized, the analyses assume that the 
available particulate material contains the same radionuclide content as the 
fuel. 

The SNF is primarily uranium metal, which is known to have toxicological 
Plutonium and other heavy metals are present in smaller quantities. effects. 
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I t  i s  n o t  expected t h a t  t h e  t o x i c o l o g i c a l  consequences o f  t h e  re lease  o f  these 
substances would r e q u i r e  m i t i g a t i n g  fea tu res  beyond those r e q u i r e d  by the  
r a d i o l o g i c a l  doses. 

The dose pe r  u n i t  m a t e r i a l  i nha led  i s  t h e  va lue f o r  t h e  t o t a l  committed 
e f f e c t i v e  dose equ iva len t .  The r e l a t i v e  c o n t r i b u t i o n  o f  each n u c l i d e  t o  t h e  
t o t a l  composite dose was c a l c u l a t e d  us ing  the  GENII computer code 
(Napier  e t  a l .  1988). The committed e f f e c t i v e  dose equ iva len t  f o r  a 50-year 
dose commitment p e r i o d  was c a l c u l a t e d  us ing the  code’s worst-case s o l u b i l i t i e s  
l i b r a r y  (Huang 1996). 
1 i b r a r y  used by GENII . 

i n h a l a t i o n  o f  r a d i o a c t i v e  m a t e r i a l .  Although t h e r e  could be dose 
c o n t r i b u t i o n s  f rom t h e  groundshine and submersion pathways, t h e  dose from t h e  
o t h e r  pathways c o n t r i b u t e s  l e s s  than 1% o f  the  t o t a l  dose f o r  t h e  
rad ionuc l i des  o f  i n t e r e s t .  Therefore, t h e  dose from groundshine and 
submersion are n o t  i nc luded  i n  the  r a d i o l o g i c a l  dose c a l c u l a t i o n s .  

DOE, s ta te ,  and fede ra l  emergency preparedness p lans i n  p lace  l i m i t  i n g e s t i o n  
o f  contaminated food i n  the  event o f  an acc ident .  The pr imary determinant  o f  
exposure from t h e  i n g e s t i o n  pathway i s  t h e  e f fec t i veness  o f  p u b l i c  h e a l t h  
measures ( i . e . ,  i n t e r d i c t i o n )  r a t h e r  than the  s e v e r i t y  o f  t h e  acc ident  i t s e l f .  
The i n g e s t i o n  pathway, i f  i t  occurs, i s  a r e l a t i v e l y  slow-to-develop pathway 
and i s  n o t  cons idered an immediate t h r e a t  t o  an exposed popu la t i on  i n  t h e  same 
sense as t h e  i n h a l a t i o n  pathway. 

Table 11-1 shows t h e  r e s u l t s  o f  t h e  r a d i o l o g i c a l  ana lys i s  o f  t h e  K Basins 
f u e l  and t h e  corresponding committed e f f e c t i v e  dose equ iva len t  p e r  gram o f  
r e s p i r a b l e  re lease.  
i n h a l a t i o n  dose are repor ted,  except f o r  t h e  gases 3H and *’K. 
i sotopes are i nc luded  because t h e i r  re lease  pathways and re lease  f r a c t i o n s  can 
be s i g n i f i c a n t l y  d i f f e r e n t  than t h e  isotopes p r i m a r i l y  bound i n  the  s o l i d  
m a t r i x .  
t o t a l  i n h a l a t i o n  dose. The r e l a t i v e  c o n t r i b u t i o n  from the  remain ing nuc l i des  
i s  minor  i n  comparison. 
i s  4.3 x io3 Sv/g (4.3 x io5 rem/g). 

Th i s  i s  t h e  most conserva t i ve  dose convers ion f a c t o r  

The major  r a d i a t i o n  exposure pathway f o r  t he  i d e n t i f i e d  acc idents  i s  

P o t e n t i a l  doses from the  i n g e s t i o n  pathway are n o t  cons idered because 

Only those isotopes c o n t r i b u t i n g  more than 0.1% t o  t h e  
Those two 

Isotopes o f  plutonium, 24’Am, 244Cm, and 90Sr c o n s t i t u t e  99.6% o f  t h e  

The s p e c i f i c  dose f o r  t he  s a f e t y  ana lys i s  i nven to ry  

11.3 BOUNDING ACCIDENTS FOR THE MULTICANISTER OVERPACK 

P r e l i m i n a r y  hazards analyses f o r  each o f  t he  SNF f a c i l i t i e s  and processes 
i d e n t i f i e d  c r e d i b l e  acc idents  t h a t  could r e s u l t  i n  re lease  o f  r a d i o a c t i v e  o r  
t o x i c  m a t e r i a l  from t h e  MCO. 
c lasses o f  acc idents  i n v o l v i n g  the  MCO t h a t  are common t o  more than one o f  t he  
processes. 
overpressure and r u p t u r e  d i s k  r e l i e f ,  runaway f u e l  co r ros ion  reac t i on ,  and 
hydrogen d e f l a g r a t i o n  o r  detonat ion i n  the  MCO. 

The p r e l i m i n a r y  hazard analyses revealed some 

These inc lude  MCO breach caused by s t r u c t u r a l  chal lenges,  MCO 
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Table 11-1. Radiological Analysis of K Basins Fuel (Combined 
Basin Inventories Decayed to January 1, 1995). 

Radionuclide 

MTU = metric ton o f  uranim. 

The preliminary hazard analysis process is a systematic examination of 
the planned activities involving the SNF as it moves through a facility. 
A multidisciplinary team examines each planned activity at a facility to 
identify and record potential off-normal or accident-initiating events. The 
process identifies potential consequences of the event, and suggests design 
features and administrative controls to prevent or mitigate the consequences. 
Qualitative estimates of the consequence severity and the frequency of the 
initiating event are recorded. 

scenarios whose consequences bound the rest. 
accident progression, unmitigated by any active design features, estimates the 
bounding airborne release for radiological and toxicological consequences to 
collocated workers and to the public. These estimates become the basis for 
selecting facility design features to protect receptors from unacceptably high 
exposure to the released material. Design features identified to provide this 
protective function are designated safety class if their primary purpose is to 
protect the public or safety significant if they are needed for protection of 
the coll ocated worker. 

Grouping of the identified accidents provides a means for choosing 
Detailed analysis of the 
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The MCO i s  t h e  pr imary confinement/containment vessel f o r  t h e  SNF and 
associated p a r t i c u l a t e  co r ros ion  products. I t s  a d d i t i o n a l  f u n c t i o n  i s  t o  
ma in ta in  t h e  SNF i n  a s u b c r i t i c a l  geometry. 
i s  a sa fe ty -c lass  f u n c t i o n .  
i n  t h e  d r y  f u e l  could occur i f  the  f u e l  were exposed t o  u n l i m i t e d  q u a n t i t i e s  
o f  a i r ,  and t h a t  t he  consequences o f  such a f i r e  would p rov ide  unacceptably 
h igh  doses t o  t h e  p u b l i c ,  t he  p r o j e c t  has committed t o  prec lude c o n d i t i o n s  
t h a t  would pe rm i t  such exposure. 
a l l o w  u n l i m i t e d  a i r  t o  reach the  f u e l .  Therefore, t h e  f u e l  containment 
f u n c t i o n  o f  t h e  MCO i s  a sa fe ty -c lass  f u n c t i o n .  
c lass  f o r  bo th  these func t i ons .  

l i m i t i n g  p a r t i c u l a t e  re lease,  are f a c i l i t y  s p e c i f i c  and are n o t  d iscussed 
here. 
MCO and are common t o  the  va r ious  f a c i l i t i e s .  
cond i t i ons ,  and some phys i ca l  parameters t h a t  a f f e c t  t h e  a c c i d e n t ' s  progress 
may be d i f f e r e n t  depending on where t h e  acc ident  occurs. 
s i m i l a r i t i e s  e x i s t  t o  a l l o w  f o r  a gener i c  t reatment  o f  t he  acc iden t  ana lys i s .  

U1 t i m a t e  c a l c u l a t i o n  o f  dose consequences t o  recep to rs  depends on pass ive 
f a c i l i t y  f ea tu res  t o  m i t i g a t e  t h e  re lease  t o  the  environment and on the  
l o c a t i o n  o f  t h e  maximum recep to r  w i t h  respect  t o  the  f a c i l i t y .  
c a l c u l a t i o n  o f  dose consequences, and comparison w i t h  acceptance c r i t e r i a ,  are 
reserved f o r  t h e  s a f e t y  documentation f o r  t he  i n d i v i d u a l  f a c i l i t i e s .  

Prevent ion o f  nuc lea r  c r i t i c a l i t y  
Based on the  assumption t h a t  an u n c o n t r o l l e d  f i r e  

A ca tas t roph ic  f a i l u r e  o f  t h e  MCO cou ld  

The MCO i s  des ignated s a f e t y  

Other sa fe ty -c lass  o r  s a f e t y - s i g n i f i c a n t  des ign fea tu res ,  such as 

The f o l l o w i n g  sec t i ons  d iscuss c lasses o f  acc idents  t h a t  i n v o l v e  t h e  
The acc iden t  i n i t i a t o r ,  i n i t i a l  

However enough 

Where approp r ia te ,  est imated re lease  q u a n t i t i e s  from t h e  MCO are g iven.  

Therefore the  

11.3.1 M u l t i c a n i s t e r  Overpack Mechanical Damage from Impacts 

Acc idents  t h a t  chal lenge the  s t r u c t u r a l  i n t e g r i t y  o f  t he  MCO through 
ex te rna l  impacts are o f  two types:  MCO drops o r  f a l l s  and ex te rna l  o b j e c t s  
h i t t i n g  t h e  MCO. 
a b i l i t y  t o  c o n t a i n  t h e  f u e l  and ma in ta in  s u b c r i t i c a l  c o n f i g u r a t i o n  o f  t h e  
contents  f o r  a l l  normal, off-normal, and c r e d i b l e  acc ident  events. Therefore, 
f o r  a l l  c r e d i b l e  drops, f a l l s ,  o r  impacts from ex te rna l  ob jec ts ,  ana lys i s  must 
show t h a t  these two des ign func t i ons  o f  t h e  MCO are maintained. 

A t  va r ious  stages i n  t h e  process, t h e  MCO, w i t h  i t s  l o a d  o f  SNF, w i l l  be 
ho i s ted  and lowered w i t h  cranes and t ranspor ted  by t r u c k  from one f a c i l i t y  t o  
another. A f t e r  l oad ing  a t  t he  K Basins, i t  w i l l  be l i f t e d ,  i n  i t s  sh ipp ing  
cask, onto a f l a t b e d  t r u c k  t r a i l e r  and fastened i n  p lace.  The MCO w i l l  remain 
i n  t h e  cask, on t h e  t r a i l e r ,  du r ing  t r a n s p o r t  t o  t h e  CVDF, d u r i n g  c o l d  vacuum 
d ry ing ,  and d u r i n g  t r a n s p o r t  from the  CVDF t o  the  CSB. 

When t h e  t r a n s p o r t  a r r i v e s  a t  t h e  CSB, an overhead crane w i l l  h o i s t  t h e  
cask w i t h  the  MCO i n s i d e  i t  from the  t r a i l e r  and lower  it i n t o  the  r e c e i v i n g  
p i t .  A f t e r  s e r v i c i n g ,  t he  MHM w i l l  h o i s t  t he  MCO out  o f  t he  cask, c a r r y  i t  t o  
i t s  des ignated v a u l t  l o c a t i o n ,  and lower  i t  i n t o  a s torage tube. A f t e r  2 t o  
5 years o f  s tag ing,  t h e  MHM w i l l  again l i f t  the  MCO from t h e  tube, t r a n s p o r t  
i t  t o  t h e  HCS Annex, and p lace i t  i n  the  ho t  c o n d i t i o n i n g  oven. 
processing, t h e  MHM w i l l  move the  MCO back t o  i t s  storage tube and p lace  i t  
f o r  long- term i n t e r i m  storage.  

Design c r i t e r i a  f o r  t he  MCO r e q u i r e  t h a t  i t  r e t a i n  i t s  

A f t e r  
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The MCO could be dropped from the crane during any of the lifting 
operations. In addition, the effect of tipping the cask off the truck, or 
tipping the trailer with the cask attached to it during a transportation 
accident, must be addressed. Impacts from external objects that must be 
considered include MHM movement while the MCO is partially in a storage tube, 
drop of one MCO onto another already in a storage tube, impact from a design 
basis tornado missile, a transportation vehicle collision accident, and flying 
debris from other accidental occurrences, such as unsecured depressurizing gas 
storage bottles. 
survive its containment/confinement and noncritical configuration functions 
when subjected to any of these challenges, or the facility design must include 
features to preclude the event. 

11.3.1.1 Multicanister Overpack Drops. The MCO crane drop scenarios include 
the following: 

Design analyses are required to show that the MCO will 

MCO inside the transportation cask 

- While placing the loaded MCO-cask on the transport trailer (MCO 
and cask filled with water, maximum center of mass drop 9 m 
(30 ft) to reinforced concrete. 

- While moving the MCO-cask from the transport trailer to the CSB 
receiving pit (maximum center of mass drop 9 m (30 ft) to 
receiving area floor) 

- While placing the MCO-cask in the receiving pit (maximum center 
of mass drop 9 m (30 ft) or less into receiving pit) 

MCO alone 

- While lifting the MCO from the cask in the receiving pit 
(maximum center of mass drop 6.6 m (21.5 ft) into the cask); 
speed at impact is regulated by hydrostatic effects) 

- While moving the MCO to its storage tube, or between its tube 
and the HCS Annex (maximum center of mass drop 2.4 m (8 ft) to 
the operating deck floor) 

tube with no other MCO already in place (maximum center of mass 
drop 13.5 m [44 ft] to the bottom of the tube) 

tube with the lower MCO already in place (maximum center of 
mass drop 9.5 m [31 ft] to the top of the lower MCO). 

Design analyses in Appendixes A, B ,  C, and D show that the MCO 
containment and internal configuration functions will survive the bounding 
drop scenarios. The free fall into the tube, either to the tube bottom, or 
onto another MCO, was analyzed assuming an impact limiter was in place at the 
bottom of the tube. 

- While inserting the MCO into, or removing it from, a storage 

- While inserting the MCO into, or removing it from, a storage 
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11.3.2 Mu1 ti c a n i s t e r  Overpack P r e s s u r i z a t i o n  

I n t e r n a l  processes i n  the  MCO w i l l  generate gases and re lease  them t o  t h e  
MCO atmosphere. 
pr imary sources o f  gas generat ion.  Whenever the re  i s  n o t  an open f l o w  pa th  
f o r  communication o f  t h e  MCO's atmosphere w i t h  t h e  atmosphere o f  i t s  
surroundings, t h e r e  i s  a p o t e n t i a l  f o r  pressure b u i l d u p  i n  t h e  MCO. 

Water i s  t h e  impor tant  component o f  t h e  MCO's contents  f rom t h e  
pe rspec t i ve  of gas generat ion.  
r e a c t i o n s  i n  t h e  absence o f  f r e e  oxygen. The pr imary product  o f  these 
r e a c t i o n s  i s  hydrogen gas. I n  add i t i on ,  t he  nuc lea r  r a d i a t i o n  f i e l d  
d i s s o c i a t e s  water i n t o  hydrogen and oxygen gases. 

Process des ign w i l l  min imize t h e  p o t e n t i a l  f o r  p r e s s u r i z i n g  t h e  MCO t o  
i t s  des ign l i m i t  (1.0 MPa gauge [150 l b / i n 2  gauge]) by m in im iz ing  t h e  amount 
o f  water  a v a i l a b l e  t o  p a r t i c i p a t e  i n  f u e l  co r ros ion  r e a c t i o n s  and r a d i o l y t i c  
processes. However, t h e r e  i s  a l a r g e  u n c e r t a i n t y  i n  t h e  a b i l i t y  t o  p r e d i c t  o r  
measure the  q u a n t i t y  o f  water t h a t  w i l l  be l e f t  i n  an MCO. Therefore,  t he  MCO 
w i l l  have overpressure r e l i e f  when i t  i s  n o t  d i r e c t l y  vented t o  i t s  
surroundings. Before the  h o t  c o n d i t i o n i n g  process i s  accomplished, a r e l i e f  
va l ve  w i t h  an upstream f i l t e r  w i l l  ensure t h a t  t he  i n t e r n a l  pressure remains 
below t h e  MCO des ign pressure.  A r u p t u r e  d i s k ,  s e t  t o  break a t  1.0 MPa gauge 
(150 l b / i n 2  gauge), i s  t h e  u l t i m a t e  p r o t e c t i o n  against  MCO breach caused by 
overpressure. A f t e r  ho t  cond i t i on ing ,  i t  i s  poss ib le  f o r  t h e  r e l i e f  va l ve  t o  
be d isabled,  and then t h e  r u p t u r e  d i s k  w i l l  p rov ide  the  o n l y  pressure r e l i e f  
on the  MCO. 

Fuel co r ros ion  reac t i ons  and nuc lea r  decay processes are t h e  

Water i s  t he  ox idan t  f o r  t he  f u e l  c o r r o s i o n  

Rupture d i s k  r e l i e f  caused by MCO i n t e r n a l  p r e s s u r i z a t i o n  i s  an acc iden t  
c o n d i t i o n  t h a t  has been i d e n t i f i e d  f o r  t he  CVDF and the  CSB. The bounding 
scenar io  i s  a blowdown from 1.0 MPa gauge (150 l b / i n 2  gauge) t o  atmospheric 
pressure.  Dur ing the  blowdown, MCO gases con ta in ing  en t ra ined  p a r t i c u l a t e s  
w i l l  l eave  t h e  MCO and can en te r  t h e  surrounding environment. 

The inven to ry  a t  r i s k  i s  t he  300 kg (660 l b )  s a f e t y  bounding case o f  
p a r t i c u l a t e  m a t e r i a l  i n  t h e  MCO a v a i l a b l e  f o r  re lease.  
f r a c t i o n  f o r  an MCO blowdown from 1.0 MPa gauge (150 l b / i n  gauge) t o  
atmospheric pressure was estimated. Resuspension r a t e  parameters f o r  f u e l  
assembly baskets and a scrap basket i n  the MCO were est imated us ing  c a l c u l a t e d  
f l o w  v e l o c i t i e s  through the  f u e l  baskets and experimental da ta  f o r  p a r t i c u l a t e  
resuspension. C a l c u l a t i o n  o f  t he  mass f l o w  from the  MCO breach d u r i n g  the  
blowdown prov ided t h e  bas i s  f o r  es t ima t ing  f l o w  v e l o c i t i e s  over t h e  f u e l  
sur faces and es t ima t ing  the  d u r a t i o n  o f  t he  event. 

o the r .  The baskets w i l l  have pe r fo ra ted  p l a t e  bottoms t o  f a c i l i t a t e  d r a i n i n g  
and gas f low d u r i n g  processing. Most o f  t he  baskets w i l l  con ta in  whole f u e l  
assemblies r e s t i n g  v e r t i c a l l y  on t h e i r  ends. 
t he  basket w i t h  spaces between them. There w i l l  be a maximum o f  54 f u e l  
assemblies i n  a f u e l  basket. Some baskets w i l l  h o l d  broken f u e l  pieces, 
rang ing  i n  s i z e  from h a l f  a fue l  element t o  0.6-cm (0.25-in.) pieces. I n  
these scrap baskets, t h e  f u e l  p ieces w i l l  be randomly d i s t r i b u t e d  and are 
modeled as a bed o f  rubble.  There w i l l  be, a t  most, one scrap basket i n  an 
MCO. 

A p a r t i c u l a t e  re lease  

An MCO w i l l  con ta in  f i v e  o r  s i x  baskets o f  SNF stacked one above t h e  

They are arranged i n  a m a t r i x  i n  
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The standard equations for compressible flow and choked flow were 
employed in a simple computer simulation to calculate the flow behavior during 
the blowdown. The following key MCO assumptions were used in the analysis. 

The area of the MCO rupture disk orifice was taken to be 
3.2 x m', corresponding to a 0.25-in.-diameter hole. The flow 
loss coefficient for the opening was 1.27, to account for a sudden 
contraction, friction losses, abrupt turns, and a sudden expansion. 

The MCO gas was assumed to be hydrogen, and the MCO free volume was 
1.0 m3. 

The temperature of the MCO gas was taken to be 75 "C throughout the 
event. 

The standard compressible flow equation (Daily and Harleman 1966) gives 

A [ [ 2 w = -  y P p  - F Y +1 

where 

W = mass flow rate (kg/sJ 
A = flow area (3.2 x 10- m') 
K = loss coefficient (1.27) 
p = density of the gas (kg/m3) 
P = gas pressure (Pa) 
y = ratio of specific heats for a gas (1.4 for diatomic gases, 1.667 for 

monatomic gases). 

During the blowdown, pressure and gas density change with time. 

The maximum free stream velocity past the fuel was calculated from the 
mass flow rate. 

W v,, = - 
P A ,  

where 

A, = the flow area through a cross section of a fuel basket (0.14 m' 

A,  was taken as the difference between the cross-sectional area of the 

The 

[224 in']). 

MCO and the total cross-sectional areas of 54 fuel assemblies. This equation 
applies to the upper portion of fuel loaded in the uppermost position. 
free stream velocity is zero at the bottom of the MCO and increases linearly 
along the height of the MCO. 
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The gas v e l o c i t y  through the  i n t e r s t i c e s  i n  t h e  scrap basket was 
est imated by observ ing t h a t  t h e  f r e e  stream f l o w  would be f u r t h e r  r e s t r i c t e d  
by pass ing through t h e  sma l le r  cross-sect ional  area a v a i l a b l e  i n  t h e  scrap 
basket. Using a v o i d  f r a c t i o n ,  e, o f  0.5 f o r  t h e  scrap, and assuming t h e  
maximum f r e e  stream v e l o c i t y  from t h e  f u e l  basket f o r  t h e  gas as i t  en te rs  the  
scrap basket, t h e  i n t e r s t i t i a l  v e l o c i t y  i n  the  scrap basket, V i ,  i s  g i ven  by 

The maximum poss ib le  i n t e r s t i t i a l  v e l o c i t y  corresponds t o  a scrap basket 
i n  t h e  uppermost p o s i t i o n  i n  t h e  MCO. The maximum f r e e  stream v e l o c i t y  i n  a 
f u e l  basket was found t o  be 0.16 m/s. MCO blowdown f o r  t h i s  case was 
est imated based on the  c a l c u l a t e d  blowdown p e r i o d  f o r  a 500-L gas volume 
p rov ided  i n  WHC-SD-WM-CN-079, MCO Blowdown Release F r a c t i o n  (Kummerer and 
P lys  1996). Using a r a t i o  o f  t he  new volume (1,000 L)  t o  t h e  o r i g i n a l  volume 
(500 L), t he  blowdown was est imated t o  be approx imate ly  110 seconds. For  t h i s  
ana lys i s ,  a 10% u n c e r t a i n t y  f a c t o r  was app l i ed  and the  p a r t i c u l a t e  re lease  was 
determined on the  bas i s  o f  a 120-second MCO blowdown pe r iod .  WHC-SD-WM-CN-079 
(Kummerer and Plys 1996) a l s o  shows MCO pressure, gas temperature, and gas 
v e l o c i t y  t r a n s i e n t s  d u r i n g  blowdown. 

Data from measurements o f  p a r t i c l e  resuspension r a t e s  i n  low a i r  f l o w  
over  sur faces were examined t o  p rov ide  a resuspension parameter f o r  t h e  f u e l  
sur faces and the  scrap basket. 
Resuspension and Weathering o f  Deposi ted Aerosol P a r t i c l e s  (Reynolds and 
S l i n n  1979), measured resuspension o f  ZnS p a r t i c l e s  from a su r face  i n  
h o r i z o n t a l  f l ows  between 2 and 8 m/s. 
and t h e  p a r t i c u l a t e  mass concen t ra t i on  on t h e  sur face was g/cm2. 

Report SR-0980-5, Exper imenta l  S tud ies  o f  

The p a r t i c l e  mean d iameter  was 3 pm, 

The r e l a t i o n s h i p  de r i ved  from the  data g i ves  the  f o l l o w i n g  

A = 7.4 x U:.O8 

where 

A = resuspension r a t e  parameter ( l / s )  
Urn = f r e e  stream v e l o c i t y  (m/s). 

The resuspension r a t e  parameter, A, was c a l c u l a t e d  from measured 
experimental parameters and i s  de f i ned  as fo l l ows :  
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where 
% 

M = resuspended mass 
A, = sur face area 
x = p a r t i c u l a t e  mass concen t ra t i on  on t h e  sur face 
t = t ime  t h e  sur face i s  exposed t o  t h e  a i r f l o w .  

The maximum a i r  v e l o c i t y  o f  i n t e r e s t  i n  the  MCO i s  w e l l  below t h e  f l ows  
used i n  t h e  experiments. 
r e l a t i o n s h i p  f o r  A t o  t h e  c a l c u l a t e d  MCO f l o w  v e l o c i t i e s  g i ves  

Ex t rapo la t i ng  the  exper imen ta l l y  de r i ved  

A = 7.4 x I O - ' '  (0.16)3.08 

= 2.6 x lO-"/s 

where 

A = t h e  resuspension parameter. 

Using the  exper imen ta l l y  de r i ved  resuspension ra tes ,  t h e  a i rbo rne  re lease  
f r a c t i o n  can be est imated by m u l t i p l y i n g  the  resuspension parameter by t h e  
d u r a t i o n  t ime  o f  t he  blowdown. It i s  conserva t i ve l y  assumed t h a t  A = 10-6/s. 

ARF = A  t 
1 0 4  = - x 120 s 

S 

= 1.2 x 104 .  

Th is  approach represents  a depar ture from t h e  p ressu r i zed  powder models 
presented i n  DOE-HDBK-3010-94, A i r6orne Release F rac t i ons lRa tes  and Resp i rab le  
F rac t i ons lRa tes  f o r  Nonreactor  Nuclear  F a c i l i t i e s  (Mishima 1994). 
attempt t o  p rov ide  a model t h a t  more c l o s e l y  represents  t h e  phys i ca l  
c o n f i g u r a t i o n  o f  t h e  MCO system w h i l e  s t i l l  p r o v i d i n g  adequate conservatism. 
Key u n c e r t a i n t i e s  i nvo l ved  i n  t h e  approach, and conservat ive assumptions used 
t o  address them, i nc lude  t h e  f o l l o w i n g .  

Un i fo rm ly  d i s t r i b u t e d  f l o w  across the  MCO cross s e c t i o n  i s  assumed. 
Flow s p l i t s  would be l i k e l y  t o  cause h ighe r  f l ows  a t  t h e  pe r iphe ry  
w i t h  lower  v e l o c i t i e s  through the  f u e l  baskets so t h a t  en t ra ined  
p a r t i c u l a t e  would be lower  than assumed by the  ana lys i s .  A d d i t i o n a l  
conservat ism i s  prov ided by i nc reas ing  t h e  assumed a i rbo rne  re lease  
f r a c t i o n  t o  the  lower  l i m i t  o f  t he  experimental data taken a t  2 m/s 
(6.5 f t / s )  a i r  v e l o c i t y .  

The data are reasonable f o r  a scrap basket w i t h  6-cm- (0.25-in.-) 
diameter p a r t i c l e s  t h a t  resemble g rave l .  The resuspension parameter 
i s  l i k e l y  t o  be much h ighe r  f o r  a smooth sur face.  However, sur faces 
i n  the  MCO bear ing co r ros ion  products  are expected t o  be rough. 
Data from " I n i t i a l  C o r r e l a t i o n  o f  P a r t i c l e  Resuspension Rates as a 
Funct ion o f  Surface Roughness Height"  (Sehmel and Simpson 1975) show 
t h a t  an increase o f  about 3 orders o f  magnitude cou ld  be expected 

It i s  an 
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f o r  smooth sur faces,  b u t  t he  low end o f  t he  data s t i l l  corresponds 
t o  a v e l o c i t y  o f  2 m/s o r  g rea te r ,  so a va lue o f  10'6/s i s  taken t o  
bound t h e  case. 

A t  present ,  no q u a n t i t a t i v e  assumption can be made about t h e  
expected p a r t i c l e  mass concentrat ion,  x ,  on t h e  f u e l  sur faces.  
However, concentrat ions g rea te r  than the  g/cm experimental 
c o n d i t i o n  are a n t i c i p a t e d .  
values f o r  A. Therefore, t he  experimental data are judged t o  bound 
t h e  SNF from the  s tandpoint  o f  sur face p a r t i c l e  mass concentrat ions.  

The expected MCO p a r t i c u l a t e  may d i s p l a y  d i f f e r e n t  suspension 
c h a r a c t e r i s t i c s  than t h e  ma te r ia l  used t o  generate t h e  experimental 
data.  As c h a r a c t e r i z a t i o n  data on f u e l  p a r t i c u l a t e  become 
ava i l ab le ,  t he  conservatism o f  us ing  these da ta  w i l l  be confirmed. 

The r e s p i r a b l e  f r a c t i o n  i s  conse rva t i ve l y  taken t o  be 1.0 because t h e  

Greater values o f x  would g i v e  lower  

experimental data are based on p a r t i c l e s  l a r g e l y  i n  t h e  r e s p i r a b l e  range. 
A d d i t i o n a l  conservatism i s  in t roduced i n t o  the  c a l c u l a t i o n  by n e g l e c t i n g  
redepos i t  o f  p a r t i c l e s  by impact ion caused by t u r n s  and bends i n  t h e  gas- 
p a r t i c l e  f l o w  path, p a r t i c u l a r l y  as the  f l o w  passes through the  scrap basket. 

Wi th  t h e  maximum p a r t i c u l a t e  l oad ing  o f  300 kg (660 l b )  pe r  MCO on 
a r r i v a l  a t  t h e  CSB, t he  est imated inven to ry  re leased i s  

(1.2 x 10-4)(300 kg) = 3.6 x kg. 

11.3.3 Hydrogen De f lag ra t i on /De tona t ion  I n t e r n a l  
t o  t h e  M u l t i c a n i s t e r  Overpack 

Hydrogen combustion i n s i d e  the  MCO must be prevented t o  p r o t e c t  i t s  
sa fe ty -c lass  func t i ons  f o r  containment o f  f u e l .  

Hydrogen gas w i l l  be produced i n  the  MCO p r i m a r i l y  from t h e  c o r r o s i o n  o f  
uranium, r a d i o l y s i s  o f  water, and degradat ion o f  uranium hydr ide.  The p r imary  
source o f  hydrogen i n  t h e  MCO i s  water. Before and d u r i n g  c o l d  vacuum d ry ing ,  
s i g n i f i c a n t  q u a n t i t i e s  o f  water are a v a i l a b l e  i n  t h e  MCO. The c o l d  vacuum 
d r y i n g  process i s  designed t o  minimize t h e  q u a n t i t y  o f  water  i n  t h e  MCO be fo re  
s tag ing  o r  s torage i n  t h e  CSB. However, t h e r e  i s  a l a r g e  u n c e r t a i n t y  i n  t h e  
a b i l i t y  t o  p r e d i c t  o r  measure the  q u a n t i t y  o f  water t h a t  w i l l  be l e f t  i n  t h e  
MCO. 
metal hydr ides t h a t  w i l l  be a v a i l a b l e  f o r  re lease.  

s i g n i f i c a n t  q u a n t i t i e s  o f  hydrogen w i l l  accumulate i n  t h e  MCO gas space. I f  
oxygen i s  a v a i l a b l e  t o  r e a c t  w i t h  the  hydrogen, an exp los i ve  m ix tu re  may 
r e s u l t .  
i s  cons idered t h e  lower  l i m i t  t o  support a susta ined r e a c t i o n .  
as l ow  as those produced by sparks from metal s t r i k i n g  against  metal,  o r  
s t a t i c  sparks, can i g n i t e  flammable hydrogen-oxygen mixtures.  Therefore, i t  
i s  assumed t h a t  i g n i t i o n  sources o f  s u f f i c i e n t  energy e x i s t  i n  the  MCO. 

It a l s o  i s  d i f f i c u l t  t o  p r e d i c t  t he  q u a n t i t y  o f  hydrogen i n  t h e  form o f  

It i s  assumed t h a t  whenever t h e  MCO i s  n o t  vented t o  i t s  environment, 

F i ve  volume percent  oxygen i n  a m ix tu re  o f  hydrogen w i t h  o t h e r  gases 
Energy sources 
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The h igh  l i k e l i h o o d  o f  hydrogen and i g n i t i o n  source presence i n  the  MCO 
gas space leads t o  the  conclus ion t h a t  oxygen must be e l i m i n a t e d  t o  prevent  
c o n d i t i o n s  f o r  i g n i t i o n .  Therefore, t he  MCO w i l l  be purged and b a c k f i l l e d  
w i t h  i n e r t  gas, probably  helium, d u r i n g  t r a n s p o r t ,  s tag ing  and s torage.  
I n  the  CSB, the  secondary confinement s t r u c t u r e s  (s torage tube and MHM) around 
the  MCO w i l l  l i k e w i s e  be f i l l e d  w i t h  i n e r t  gas. There are a l s o  p lans t o  i n e r t  
t h e  HCS process enclosure, ovens, and t rench.  

The p r e l i m i n a r y  hazard analyses conducted f o r  each f a c i l i t y  (WHC 1996a, 
WHC 19969) i d e n t i f i e d  p o t e n t i a l  acc ident  cond i t i ons  t h a t  cou ld  a l l o w  a i r  t o  
e n t e r  an MCO con ta in ing  a s i g n i f i c a n t  p r o p o r t i o n  o f  hydrogen. 
i n d i c a t e  t h a t  t he  i n t e r n a l  geometry o f  t he  MCO may a l l o w  f o r  t r a n s i t i o n  t o  
de tona t ion  i f  a detonable m ix tu re  e x i s t s  i n  t h e  MCO. U n c e r t a i n t i e s  i n  
impor tant  parameters f o r  es t ima t ing  hydrogen genera t i on  r a t e s  make i t  
d i f f i c u l t  t o  ensure t h a t  t he  gas m ix tu re  w i l l  n o t  be i n  t h e  detonable range, 
so i t  i s  assumed t h a t  a de tona t ion  would occur i f  oxygen i s  present .  
Therefore, f a c i l i t y  designs w i l l  i nco rpo ra te  systems t o  prevent  oxygen ing ress  
t o  t h e  MCO when process cond i t i ons  may have a l lowed hydrogen bu i l dup .  

Th is  r a d i o l y s i s  o f  water t o  produce oxygen and hydrogen i s  t h e  on ly  i d e n t i f i e d  
source o f  oxygen i n  a p ressu r i zed  MCO. 
organic  compounds which may be p a r t  o f  t he  f u e l  p a r t i c u l a t e  has n o t  been 
i d e n t i f i e d  as a source of measurable oxygen. I n  an e f f o r t  t o  d e f i n e  t h e  key 
parameters c o n t r i b u t i n g  t o  the  presence o f  oxygen i n  the  MCO, as w e l l  as how 
the  a v a i l a b i l i t y  o f  t h i s  oxygen may be l i m i t e d ,  an ex tens i ve  study i s  be ing 
conducted. An unvented MCO i n  s tag ing  o r  s torage i n  t h e  CSB may accumulate 
oxygen as w e l l  as hydrogen, l ead ing  t o  a flammable o r  exp los i ve  m ix tu re .  I f  
enough exposed f u e l  su r face  i s  ava i l ab le ,  t he  oxygen produced by r a d i o l y s i s  
w i l l  r e a c t  w i t h  the  uranium, producing more hydrogen, bu t  making the  oxygen 
unava i l ab le  f o r  f u r t h e r  r e a c t i o n  ( " g e t t e r i n g " ) .  

Oxygen consumption r a t e s  f o r  uranium metal i n  d r y  a i r  were reviewed. 
S i g n i f i c a n t  u n c e r t a i n t i e s  i n  the  l i t e r a t u r e  r a t e  data e x i s t .  The data i n  
WHC-SD-SNF-TI-020, Spent Nuclear  Fue l  P r o j e c t  Recommended React ion Rate 
Constants f o r  Corros ion o f  N Reactor Fue l  (Cooper 1996c), show a wide s c a t t e r  
a t  t h e  planned temperatures (70-100 "C) f o r  CSB f u e l  s torage.  An a l t e r n a t i v e  
r a t e  equat ion proposed i n  WHC-SD-SNF-ER-014 (Fryer  e t  a l .  1996) d i f f e r s  from 
t h a t  i n  WHC-SD-SNF-TI-020 (Cooper 1996c) by a f a c t o r  o f  10. Bounding 
eva lua t i ons  o f  oxygen g e t t e r  performance were based on WHC-SD-SNF-TI-020 
(Cooper 1996c) as t h i s  c o r r e l a t i o n  prov ides conservat ive est imates o f  r e a c t i n g  
sur face area requirements. 
p r o b a b i l i s t i c  assessment o f  g e t t e r  requirements. 

A r a t i o n a l e  f o r  e s t a b l i s h i n g  the  minimum e f f e c t i v e  area o f  exposed metal 
f u e l  based on t h e  amount o f  uranium reacted was developed. 
e f f e c t i v e  uranium sur face area i s  based on the  co r ros ion  r a t e  o f  uranium i n  
water a t  bas in  c o n d i t i o n s  t o  o x i d i z e  1 kg o f  uranium over the  f u e l  s torage 
l i f e t i m e .  
equat ion i n  WHC-SD-SNF-TI-020 (Cooper 1996c), i s  1,330 cm2/kg o f  f u e l  ox ide 
formed. For t h e  bounding MCO, t he  minimum uranium metal area t h a t  can 
generate 145 kg o f  f u e l  p a r t i c u l a t e  i s  193,000 cm2. 

Analyses 

Rad io l ys i s  o f  water w i l l  produce oxygen as w e l l  as hydrogen i n  t h e  MCO. 

I r r a d i a t i o n  o f  metal ox ides and 

A range o f  r a t e  equations was used i n  a 

The minimum 

The minimum area, computed based on t h e  oxygen f r e e  water r a t e  
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The temperature of uranium in the MCO is dependent upon the power level 
of the MCO and the CSB inlet air temperature. 
sensitive to temperature. The increased fuel temperatures for the maximum 
heat generation MCOs more than offset the increased radiolytic production of 
oxygen due to the higher source term. Additional analysis would be needed to 
better define the minimum acceptable temperatures for oxygen consumption as a 
function of the MCO heat load position in the CSB, and the seasonal variation. 
For maximum oxygen removal efficiency, increasing the MCO temperature at the 
CSB would be necessary. Substitution of argon as the inert gas to fill both 
the CSB tube and the MCO increases the MCO internal temperature but this 
effect may not be sufficient to increase oxygen consumption rates to meet the 
maximum oxygen generation rate at bounding conditions. 

must be equal to the generation from radiolysis. This has been expressed as a 
simplified steady state equation and evaluated for a range of input 
conditions. 
detonable mixture would be observed in an MCO without adding uranium getter or 
providing facility features to enhance gettering. 
the level, which is considered to be necessary before the event can be 
considered incredible; the 0.996 probability of no flammable mixture in any 
given MCO indicates that fewer than two MCOs would be expected to required 
oxygen removal. 
that, depending on the backfill gas in the MCO, 0.75 to 2 years is required 
for radiolytic oxygen to build up to 5%. Several options exist that would 
preclude development of flammable mixtures. 
if the CSB vault air temperature is maintained above 40 "C, oxygen removal by 
reaction with the existing uranium surface of the fuel is sufficient to 
preclude the potential for having a flammable mixture. MCO storage 
temperature control would be required to bound all possible combinations of 
environmental conditions and conservative assumptions. 

storage would provide an alternative to storage temperature control. 
a detailed inspection program, the status of each MCO could be monitored to 
assure that no hydrogen combustion would occur. 
could than be modified as MCO specific data are collected. 

As a final alternative, analysis efforts could be continued. Although 
time consuming, there is confidence that given enough information regarding 
characterization, corrosion product mass, and water content, analyses would 
confirm the ability of the current design to preclude a flammable atmosphere. 
If a credible case relying on oxygen gettering cannot be established, the MCOs 
will require venting during staging and storage. 

The reaction rate is very 

For "gettering"' to be successful, the oxygen taken up into the uranium 

A probabilistic model arrived at a probability of 0.996 that no 

This probability is above 

The results of a very conservative point value analysis show 

The gettering analysis shows that 

Development of an MCO monitoring scheme either during processing or 
Through 

The inspection requirements 

11.3.4 Fuel Ignition 

reaction. 
temperature. 
fuel react and the temperature rise accelerates. Spontaneous ignition of 
uranium fuels in air has been observed at processing facilities. 

Fuel ignition is defined as a rapidly accelerating fuel corrosion 
The reaction generates heat and the reaction rate increases with 

If the heat is not dissipated efficiently, surrounding areas of 
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Both the oxygen and the water in air will react to oxidize uranium metal. 
The reaction with water is more energetic than that with oxygen. 
the potential for fuel ignition is greater in moist air atmospheres. 

Therefore, 

In the CSB, the potential for fuel ignition will be precluded by limiting 
air ingress rates into the MCO in the case of a rupture disk or process line 
break. In the CSB, the initial condition for the accident scenario 'is dry 
inert gas in the MCO gas space. Preliminary analysis has shown that if the 
openings for ingress of air are limited to the equivalent of one or two 
1.3-cm- (0.50-in.-) diameter holes, the reaction is oxidant limited and will 
not accelerate to ignition. 
current baseline MCO assumptions. 

drying or hot conditioning facilities. 
is completed, the MCO atmosphere will contain significant amounts of water 
vapor. A process upset could allow the fuel temperature to rise in the 
presence of moisture, providing conditions for potential fuel ignition. 
During hot conditioning, air ingress into an MCO that is at process operating 
temperatures could initiate ignition. Detailed analyses of the potential for, 
and effects of, a fuel ignition event in the MCO will be covered in the safety 
documentation for those facilities because the initial conditions for the 
event are significantly different in each case. 
if required, is the responsibility of the facilities. 

This analysis needs to be verified with the 

It is not as easy to preclude a fuel ignition event in the cold vacuum 
Until the cold vacuum drying process 

Mitigation of these events, 

11.3.5 Thermal Transients 

to exceed its design temperature or design rate of temperature change limits. 
These include, among others, a failure of temperature control during hot 
conditioning and a loss of vault convective cooling during staging or storage 
in the CSB. Exceeding the design temperature of the MCO does not, of itself, 
lead to an MCO breach and release of any of the MCO contents. 
whether a degraded MCO is likely to continue to perform its expected functions 
for its lifetime. 
rate of temperature rise criteria on the MCO's ability to fulfill its 
containment function over its 40-year lifetime must be fully assessed. 
assessment includes evaluating the response of the MCO systems relied upon to 
maintain confinement to the temperature transients postulated in accident 
scenarios at the facilities and during transport. 
for establishing criteria for continued MCO service after an off-normal or 
accidental temperature excursion. Additional detail is provided in 
Chapter 4.0. 

A number of scenarios have been identified that could allow the MCO shell 

The issue is 

The effects of exceeding the MCO design temperature and 

This 

The analysis is the basis 
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Fuel 

MCO thermal l i m i t  

12.0 TECHNICAL CONTROLS AND LIMITS 

A l l  t imes 725 " C  Lowest f u e l  s t r u c t u r a l  

A l l  t imes 375 "C 52 "C margin from ASME 

(1,337 'F) mate r ia l  e u t e c t i c  format ion 

(700 O F )  l i m i t  

12.1 INTRODUCTION 

Th is  chapter  i d e n t i f i e s  t h e  necessary and s u f f i c i e n t  s e t  o f  system l i m i t s  
t h a t  w i l l  form the  bas i s  f o r  develop ing the  l i m i t i n g  c o n d i t i o n s  f o r  o p e r a t i o n  
(LCO) and s u r v e i l l a n c e  requirements needed t o  e s t a b l i s h  t h e  s a f e t y  envelope 
f o r  MCO-related operat ions.  MCO-specific ope ra t i ng  c o n t r o l s ,  l i m i t s ,  and 
suppor t i ng  bases w i l l  be developed from t h i s  i n fo rma t ion  and from f a c i l i t y -  
s p e c i f i c  analyses. Actual  c o n t r o l s  w i l l  be i n  the  f a c i l i t y  t e c h n i c a l  s a f e t y  
requirements. 

F a c i l i t y - s p e c i f i c  LCOs and s u r v e i l l a n c e  requirements w i l l  be es tab l i shed  
f o r  MCOs i n  t h e  SARs, ope ra t i ona l  documents, c o n t r o l l e d  manuals, and t e c h n i c a l  
s p e c i f i c a t i o n s  f o r  each SNF P r o j e c t  f a c i l i t y  t h a t  w i l l  process and handle the  
MCO. Operat ing c o n t r o l s  and l i m i t s ,  when establ ished,  w i l l  i nc lude  analyses 
o f  t h e  bases and d e s c r i p t i o n s  o f  a n t i c i p a t e d  s u r v e i l l a n c e  requirements. MCO 
ope ra t i ng  c o n t r o l s  and l i m i t s  i nc lude ,  as appropr ia te,  both t e c h n i c a l  and 
a d m i n i s t r a t i v e  mat ters  t h a t  are impor tant  t o  s a f e t y  (e.g., spent f u e l  
loadings,  ope ra t i ng  va r iab les ,  o r  components). I n  a d d i t i o n ,  ope ra t i ng  
c o n t r o l s  and l i m i t s  address the  at ta inment  o f  ALARA l e v e l s  o f  re leases and 
exposures. 

MCO thermal l i m i t  Sealed MCO 200 "C 
(392 "F )  

12.2 SYSTEM LIMITS 

System l i m i t s  are those l i m i t s  t h a t  are n o t  d i r e c t l y  s u r v e i l l a b l e  bu t  
t h a t  are key t o  ensur ing safe MCO performance. 
correspond t o  one o r  more LCOs, e i t h e r  i n  t h i s  r e p o r t  o r  i n  t h e  f a c i l i t y -  
s p e c i f i c  SARs. 

Each system l i m i t  w i l l  

System pressure-re1 ated 
l i m i t  

12.2.1 M u l t i c a n i s t e r  Overpack Temperature System L i m i t s  

The MCO temperature l i m i t s  are based on t h r e e  cons ide ra t i ons :  t h e  f u e l  
m e l t  l i m i t ,  t h e  s t e e l  l i m i t ,  and t h e  sealed MCO p r e s s u r i z a t i o n  l i m i t .  These 
l i m i t s  are summarized i n  Table 12-1. 
l i m i t s  and develops the  bases f o r  t he  l i m i t s .  

The f o l l o w i n g  d i scuss ion  presents  these 

Table 12-1. M u l t i c a n i s t e r  Overpack Temperature System L i m i t s .  

Parameter I A p p l i c a b i l i t y  I I Basis  
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MCO pressure 
boundary 

E u t e c t i c s  between uranium and i r o n  and between z i rconium and i r o n  occur 
a t  725 "C (1,337 'F) and 950 "C (1,740 OF), r e s p e c t i v e l y .  I t  i s  n o t  necessary 
t h a t  uranium be mol ten t o  form these e u t e c t i c s .  
i n t e r d i f f u s i o n  o f  i r o n  and uranium can lead  t o  l i q u i d  fo rma t ion  even when both 
pure meta ls  remain s o l i d .  Whether the  phys i ca l  con tac t  between uranium and 
i r o n  i n  t h e  MCO can be i n t i m a t e  enough t o  l ead  t o  e u t e c t i c  f o rma t ion  i s  
d o u b t f u l  i n  an MCO. Nonetheless, s ince 725 " C  (1,340 'F) i s  w e l l  beyond t h e  
temperatures t h e  MCO i s  expected t o  experience, t h e r e  i s  m e r i t  i n  us ing  t h i s  
lower  temperature as a system l i m i t  t o  f u r t h e r  p r o t e c t  t h e  MCO from damage. 

app rop r ia te  based on t h e  MCO boundary, which i s  cons t ruc ted  o f  304L s t a i n l e s s  
s t e e l  i n  accordance w i t h  the  i n t e n t  o f  t he  B o i l e r  and Pressure Vessel Code, 
Sec t i on  111, Subsection NB (ASME 1995a). Se lec t i on  o f  304L s t a i n l e s s  s t e e l  
e f f e c t i v e l y  l i m i t s  the  maximum temperature t o  427 "C (800 OF) s ince  L grades 
e x h i b i t  low s t r e n g t h  i n  h ighe r  temperature ranges. The 375 "C (700 "F) l i m i t  
was chosen t o  add an a d d i t i o n a l  margin t o  t h e  code l i m i t .  The B o i l e r  and 
Pressure Vessel Code (ASME 1995a) case N 47 extends t h e  r u l e s  o f  Subsection NB 
(ASME 1995a) t o  temperatures above 427 "C (800 OF), b u t  t h i s  case does n o t  
pe rm i t  c o n s t r u c t i o n  us ing  304L s t a i n l e s s  s t e e l .  

MCO pressure boundary when sealed and p ressu r i zed  t o  1.0 MPa gauge (150 l b / i n 2  
gauge). 

I n  p r i n c i p l e ,  t he  

The maximum s t e e l  boundary temperature i s  375 "C (700 OF). Th is  i s  

The most r e s t r i c t i v e  temperature l i m i t  i s  200 'C (392 "F )  a t  t h e  o u t e r  

Temperature above 200 "C 
(392 'F) and a t  o r  below 
375 "C (700 "F) 

12.2.2 M u l t i c a n i s t e r  Overpack Pressure System L i m i t s  

The MCO pressure l i m i t s  are based on t h e  s p e c i f i c  des ign se lec ted  and t h e  
c a p a b i l i t i e s  o f  304L s t a i n l e s s  s t e e l  i n  t h i s  design. 
summarized i n  Table 12-2. 

These l i m i t s  are 

Table 12-2. M u l t i c a n i s t e r  Overpack Pressure L i m i t s .  

I Limit I Basis I I Loca t ion  o r  1 A p p l i c a b i l i t y  
f e a t u r e  

MCO pressure Temperature a t  o r  below I 1.0 MPagauge IDes ign  l i m i t  I I boundary 1200 'C  (392 O F )  (150 l b / i n  gauge) 

I I I I I 
Note: This table i s  derived for  HCS process use with the UCO under exclusive process suprv is ion 

by H t S  personnel. 
temperature l i m i t  of the MCO. 

Hcs i s  the only system alloued to exceed the 132 'C (270 " F )  skin/contaimnt boundary 

HCS = Hot Conditioning System. 
MCO = w l t i c a n i s t e r  overpack. 
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12.3 LIMITING CONDITIONS FOR OPERATION 

Table 12-3 identifies the LCOs and surveillance requirements that 
establish the safety envelope for the MCO. 

12 .4  DESIGN FEATURES 

The following design features are of special importance to each of the 
physical barriers and to maintenance of safety margins in the MCO: 

The MCO pressure boundary, including penetrations, seals, and plugs 

The MCO baskets, including features required for criticality control 
and structural integrity during collisions or drop accidents 

The MCO plug shielding capability 

The MCO oxygen gettering capability. 

Design limits include the MCO transient limits noted in Table 12-4. 

The cycle limits and rate of change are carried forward from the 
performance specification. 
testing, justification for a different cyclic life may be available. 

Following an analysis for cyclic operation and 

12 .5  ADMINISTRATIVE CONTROLS 

Administrative control incorporates the control of design changes, 
compliance with process parameters, and quality assurance controls. 

The use of the Engineering Change Notice process ensures MCO design 
configuration control and the evaluation of change impact on all 
operational phases. 

The use of technical procedures ensures that process parameters are 
controlled within defined 1 imits and that specified environmental 
conditions are maintained. 
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m e t  the l i m i t .  insertion i n  the MCO. 

laxinun 
fuel mass 

Total mass of the cask and MCO 
canbination t o  be L i f ted by the crane 
nust be less than the K Basins' 30-tor 
crane l i m i t ,  as well as less than 
subsequent f a c i l i t i e s '  crane l imits. 

This l i m i t  preserv s the free volune 
of an MCD at 0.5 m5 (134 gal). 
ensuring that the analyses of 
pressurization f o r  an MCO are valid. 

I n i t i a l  
wessure 

ressure l im i ts  
o be established 
y TSRs for the 
ask transporta- 
ion system, the 
V D F ,  the CSB, 
nd the HCS 

3 - l e f t  oxygen 
oncentration 
hen MCO i s  
ealed i s  4%. or 
ower L i m i t  t o  be 
stablished by 
SRs for the CSB 

3xygen 
concentra- 
t ion  

Established as the 
as- le f t  pressure 
each t ime  an MCO 
i s  sealed or 
shipped t o  another 
subproject or 
faci L i t y  

Determined 
inmediately before 
sealing 

Table 12-3. Multicanister Overoack Ooeratina Controls and Limits. ( 2  sheets) 

&void 
werpressuriza- 
t i o n  

Preclude 
hydrogen 
deflagration 
during long-term 
storage 

operation 

I f  th is  pressure i s  Monitor immediately MCO pressurization analyses re ly  upon 
exceeded, vent the before sealing or knowing the i n i t i a l  cwditionns before 
MCO and reestablish shipping. sealing. Signif icant excess pressure 
the i n i t i a l  condition c w l d  result i n  K O  pressure exceedin! 

the design l imits. 

I f  the oxygen l i m i t  Oxygen w i l l  be generated by radiolytic 
i s  not achieved, closure. decanpcsition of surface water over 
place the MCO i n  a the MCO storage l i fet ime. Hydrogen 
safe condition by w i l l  be released by both chemical 
purging and reaction and radiolysis. It i s  l i ke l !  
reestablishing an that a l l  oxygen and most hydrogen 
acceptable created w i l l  react u i t h  the residual 
concentration. exposed uraniun. This l i m i t  ensures 

that the oxygen concentratidn w i l l  no  
exceed the lower explosive l i m i t ,  
precluding a deflagration of the 
oxygen-hydrogen mixture. This 
precludes fa i lure of the MCO f r m  
acute pressure loading. 

Measure before sealed 

15,050 lb )  loading the MCO 
before transfer 
from the K Basins 

Surveillance 
requirement Action I Objective Bases 

I I This l i m i t  ensures the to ta l  decay 
heat for each Mco remains belou the 
835 Y maxinun (plus appropriate ! j Imargin) assurd i n  analyses. 
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Verify that the 
rupture disks and 
pressure r e l i e f  valves 
are manufactured 
and/or operable by the 
vendor according t o  
applicable SNF Project, 
manufacturing 
specifications upon 
receipt from the 
vendor. 

Verify that rupture 
disk and pressure 
r e l i e f  valve are  not 
disabled by a cover 
flange. 

-essure 
? l i e f  

uel type 

MCO release scenarios fo r  design and 
sizing of safety systems are based on 
release at a m a x i m  p r e p r e  of 
1.0 MPa gauge (150 l b l i n  gauge). 
Increase i n  the pressure results i n  
more signif icant releases. 

Table 12-3. M u l t i c a n i s t e r  Overpack Operat inq Cont ro ls  and L i m i t s .  ( 2  sheets) 

Determined during 
fuel loading 
operations u i t h i n  
the K Basins 

Specification 
or l im i t ing  

condition for 
operat ion 

Control 
c r i t i c a l i t y  

aressure re l ie f  
JP to  1.0 MPa 
gauge (150 lb/in2 
gauge) 

Mark I A  fuel may 
not be placed i n  
a Mark I V  basket 

at the CSB venting and 
unacceptable 
release and dose 
consequences 

Action 

Replace the MCO 
rupture disk and 
pressure r e l i e f  valve 
i f  they are not 
ver i f ied as 
fabricated and/or 
operable by the 
vendor according to  
applicable SNF 
Project manufacturing 
specifications. 

I f  the cover flange 
i s  found t o  be i n  
place h e n  sealing of 
the Mca i s  required, 
r m v e  the f lame. 

I f  an inappropriate 
configuration i s  
identified, do not 
load the fuel in to  
the K O .  

Bases Surveillance 
requi rement 

Verify correct basket 
and fuel loading 
during fuel retr ieval.  

C r i t i c a l l y  safe g e m t r y  u i th in  the 
MCO i s  maintained u i t h i n  the MCO 
a s s d l y  by design. The Mco shell i s  
c r i t i c a l l y  safe f o r  loading u i t h  
Mark I V  f w l  and the basket design i s  
c r i t i c a l l y  safe fo r  Mark 111 fuel. 
Even though a c r i t i c a l l y  safe geanetr) 
may be maintained u i t h  two scrap 
baskets loaded in to  the MCO. the 
l imi ta t ion on to ta l  part iculate 
material mandates that no mre than a 
single scrap basket shal l  be placed i r  
any MCO fo r  either type fuel. 

I z 
7 
I v) 

0 

v) z -n 
I v) 

D W W 

0 0 vl 

W m < 
0 

CSB = Canister Storage Building. 
C M l F  = Cold Vacuum Drying Fac i l i t y .  

HCS = Hot Conditioning System. 
Mco = rmlt icanister overpack. 
SWF = spent nuclear fuel. 
TSR = technical safety requirement. 
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L o c a t i o n  

MCO pressure  
boundary 

MCO pressure  
boundary 

A p p l i c a b i l i t y  L i m i t  Bas is  

Temperature up t o  t20 c y c l e s  a t  75 'C Design l i m i t  
375 "C (700 OF) and 
pressure  up t o  0.5 MPa 
gauge (75 l b / i n 2  gauge) 

A l l  thermal t r a n s i e n t s  Rate o f  change Design l i m i t  

(165 OF) 
t5 c y c l e s  a t  375 "C 

(700 OF) 

tlOO 'C (180 -F )  
p e r  hour 
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13.0 QUALITY ASSURANCE 

Quality assurance requirements will be applied to all aspects of the MCO 
design, fabrication, inspection, testing, handling, shipping, storage, and 
documentation. These requirements shall form a part of procurements, letters 
of instructions, and statements of work used as guidance for subcontractors, 
vendors or suppliers, or other agencies performing activities affecting the 
quality of the MCO. 

The MCO is the one element that is common to all phases of the SNF 
Project. The MCO is present from initial fuel loading through ultimate 
disposition. Therefore, the MCO is subject to those quality assurance 
requirements that arb associated with each phase of the overall process. 
Specifically, the MCO must meet the quality assurance requirements associated 
with design, fabrication, K Basins activities, transportation, and each of the 
facilities in which the MCO will be processed or stored. 

13.1 DESIGN 

The design agent must execute quality assurance programs that provide the 

Assure performance requirements and design criteria are established, 
documented, and clearly understood 

following assurances: 

Assure studies, analyses, and design decisions are fully documented 

Assure design meets performance requirements and design criteria 

Assure design is complete, adequate, and properly documented 

Assure traceability to the requirements of the contract technical 
specification is maintained. 

13.2 FABRICATION 

The seller i s  required to have an acceptable quality assurance program 
that shall be in effect throughout the fabrication, assembly, and testing of 
the MCO. The seller's quality assurance program shall apply to all components 
except as discussed in Sections 13.2.1.3 and 13.2.1.4. This program shall 
meet the applicable requirements of 10 kFR 71, Subpart H, and of Title 10, 
Code o f  Federal Regulations, Part 830, Nuclear Safety Management," Subpart A, 
and Section 830.120, "Quality Assurance Requirements" (10 CFR 830). The 
quality assurance program must be accepted by the buyer before procurement of 
materials and fabrication is begun. 

The MCOs should be fabricated in accordance with a quality assurance 
program meeting the minimum requirements of NHF-S-0548 (currently a draft) and 
subject to review and approval. Each component of the MCO is determined to be 
safety class, safety significant, or general service (non-safety significant). 
The attributes of the component that must be checked also are determined. 
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Table 13-1 summarizes the  va r ious  components, t h e i r  f unc t i ons ,  s a f e t y  
c l a s s i f i c a t i o n ,  and f a i l u r e  consequences. 

i d e n t i f i e r s ,  as w e l l  as purchase o rde r  numbers, are r e q u i r e d  f o r  i tems and 
components. The f a b r i c a t i o n  da ta  package should i nc lude  a s - b u i l t s ,  
nonconformance repo r t s ,  c e r t i f i e d  m a t e r i a l s  t e s t  r e p o r t s ,  h y d r o s t a t i c  t e s t  
repo r t s ,  nondes t ruc t i ve  examination repo r t s ,  and q u a l i f i c a t i o n  and 
c e r t i f i c a t i o n  r e p o r t s .  
should a l s o  be s p e c i f i e d .  

Q u a l i t y  records s h a l l  be d i r e c t l y  t raceab le  t o  an i tem;  the re fo re ,  unique 

An approved sh ipp ing and hand l i ng  p l a n  o r  procedure 

1 3 . 2 . 1  Procurement o f  Category A M a t e r i a l s  

whose q u a l i t y  assurance program has been surveyed and/or aud i ted  by t h e  s e l l e r  
t o  ensure the  program meets t h e  a p p l i c a b l e  requi rements o f  10 CFR 71, 
Subpart H. Q u a l i t y  assurance programs meeting t h e  requirements o f  t h e  B o i l e r  
and Pressure Vessel Code (ASME 1995a), Sect ion 111, NCA-3800, o r  t h e  
a p p l i c a b l e  requirements o f  ASME NQA-1 (ASME 1994) are an acceptable b a s i s  f o r  
these surveys and aud i t s .  

Category A m a t e r i a l s  s h a l l  be procured from a s u p p l i e r  o r  manufacturer 

1 3 . 2 . 2  Procurement o f  Category B Mate r i  a1 s 

The f o l l o w i n g  f o u r  methods are acceptable f o r  p rocu r ing  category B 
m a t e r i a l s .  

1. Procure m a t e r i a l  from a s u p p l i e r  o r  manufacturer h o l d i n g  a c u r r e n t  
ASME Sec t ion  I 1 1  Q u a l i t y  System C e r t i f i c a t e  (Ma te r ia l s ) .  

Procure m a t e r i a l  from a s u p p l i e r  o r  manufacturer t h a t  has been 
surveyed and aud i ted  i n  accordance w i t h  t h e  requirements o f  
10 CFR 71, Subpart H. 

Procure m a t e r i a l s  from any s u p p l i e r  o r  manufacturer and per form a l l  
t h e  examinations and t e s t s  requ i red  by the  ma te r ia l  s p e c i f i c a t i o n .  
The s e l l e r  s h a l l  prepare and supply a c e r t i f i e d  m a t e r i a l  t e s t  r e p o r t  
s t a t i n g  t h a t  t h e  ma te r ia l  meets a l l  t h e  requirements o f  t h e  
s p e c i f i c a t i o n .  

2. 

3. 

4. Procure ma te r ia l  from an 150-9000 c e r t i f i c a t e  ho lde r .  

1 3 . 2 . 3  

conformance s h a l l  be prov ided f o r  a l l  m a t e r i a l s  and i tems. 

Procurement o f  Category C M a t e r i a l s  

Category C m a t e r i a l s  s h a l l  be procured from any source. A c e r t i f i c a t e  o f  

1 3 . 2 . 4  Procurement o f  Category "Not Impor tant  To Safety"  M a t e r i a l s  

M a t e r i a l s  "no t  impor tant  t o  s a f e t y "  s h a l l  be procured from any source. 
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She1 I Contain and protect SNF SC 

Table 13-1. Multicanister Overpack Component Safety Designation. 
(2 sheets) 

Release of radioactive contents 
that could exceed o f f s i t e  
exposure l imits; loss of double- 
contingency protection against 
nuclear c r i t i c a l i t y  accident 

Function I desiz::tian I Fai lure consequences 

Maintain Mark I A  SNF elements 
and scrap i n  a c r i t i c a l l y  safe 
configuration 

Contain Mark I V  SNF elements 
and scrap 

SC LOSS of double-contingency 
protection against nuclear 
c r i t i c a l i t y  accident 

GS No release consequences 

Shield plug I contain SNF, protect personnel Release of radioactive contents 

~ X D O S U P ~  Limits I I that could exceed o f f s i t e  

Plug valves 

Locking and l i f t i n g  
r ing  plus b d t s  

~ ~~~~ ~ 

Process ports to  a c c m d a t e  SSa I n a b i l i t y  to  process the MCO; 
gas flows i n  support of Mco 
processing 

release of radioactive materials 
in to  the environment that exceed 
exposure l im i ts  

Maintain pressure on main seal, 
allow f o r  l i f t  of loaded MCO I Release of radioactive contents 

exposure l i m i t s  
I that could exceed o f f s i t e  

~~ 

Long process tube 

Short process tube 

Cover cap 

R a v e  bulk water, introduce SSa I n a b i l i t y  t o  r m v e  uater from 
gases during processing, and MCO; i n a b i l i t y  t o  introduce gases 
reflood, i f  necessary t o  process MCO; prevent 

processing that puts the MCO in to  
a safe configuration 

Failure of rupture disk t o  
rel ieve internal MCO pressure; 
i n a b i l i t y  to  r m v e  water before 

R m v e  water before shipping to  
C M F ;  connect to  rupture disk 
as vent path, backup process 
e x i t  shipping to  CWF 

SC 

Seal MCO after hot conditioning Release of radioactive contents 
that could exceed o f f s i t e  
exposure l im i ts  

~ 

2-mn process tube 
SCPee"S 

Mark I A  baskets 

Keep part icles > 2 mn i n  
diameter i n  the MCO leave the MCO 

SS Part icles larger than 2 mn may 

Mark I V  baskets 

Seal ports during handling. 
transport, and storage; protect 
appliance under port cover 

SSa Damage appliance under the cover; 
release of contents in to  
env i romnt ;  possibly prevent 
processing to  put the MCO in to  a 
safe configuration 

SC Overpressurization of MCO 
result ing i n  an uncontrolled 
release that could exceed of fs i te  I I  ex~osure  Limits 

Primary rupture disk Protect MCO pressure boundary 

Process internal 
f i l t e r  materials within the MCO from the MCO; pressure buildup 

I Maintain most radioactive so l id  Release of radioactive materials I SSb 1 within the MCOi loss of defense- 
I I I in-deoth orote;tion fo r  release 

External HEPA f i l t e r  
vented configuration at the 
surrounding atmospheric 
pressure 

of radioactive materials 

contaminants in to  the storage 
tube; pressure buildup within the 
Mco; loss of defense-in-depth 
protection f o r  release of 
radioactive materials 

Port covers 
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Systern/canponent 

Seal 

Table 13-1. Multicanister Overpack Component Safety Designation. 
(2 sheets) 

Failure consequences SSC 
designation Function 

Seal MCO shield plug to  shel l  SC Release of contents in to  
surroundings that could exceed 
exposure Limits 

Allou gases t o  leave WCO at a 
pressure below safety-class 
pressure r e l i e f  device sett ing 

f i l t e r ,  short process tube. and 
2-rum screen 

Protect internal MCO process 

1 o r i f i c e  plates I Regulete gas f lou f r m  the MCO I SSa Unregulated rate of gas release I f rm t h o  MCO 

SSa 

ss 

Process r e l i e f  valve 

Guard plate on shield 

gottun impact l imiters 

ln termdis te impact 
I i m i  ters 

- 
Protect MCO during drop i n  CSB 
tube 

Protect MCO during drop i n  CSB 
tube 

SC Loss of MCO contents 

SC Loss of MCO contents 

Pressure buildup u i t h i n  the MCO 
result ing i n  venting through 
rupture disk 

process t h e ,  and screen 

Provide an interface betueen 
the baskets and the MCO loading 
system 

SS Drop of fuel basket result ing i n  
sp i l led fuel u i t h i n  the basin 

Basket grapple 
receptacle 

‘UiLL be downgraded t o  general service af ter  cover cap i s  installed. 
%ay have a safety-class designation for up to  1 year after MCO loading. 

CMIF 5 Cold VacuUn Drying Faci l i ty .  

HEPA = high-eff iciency part iculate a i r  ( f i l t e r ) .  
GS = general service (i.e., non-safety signif icant).  

MCO = multicanister overpack. 
SC = safety class. 

SNF = spent nuclear fuel. 
SS = safety signif icant. 

SSC = Structure, system, and component. 
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13.3 QUALITY CONTROL 

13.3.1 Examination Point Program 

seller's manufacturing plan and submitted for approval. This examination 
point program shall include a description of all examination points and hold 
points. 

An examination point program shall be prepared and included in. the 

13.3.2 Subcontractor Quality Control Procedures 

The seller's and the seller's subcontractor's quality control procedures 
shall include the use of fabrication travelers or other process control 
documents. Fabrication travelers shall reference or describe the procedures 
used in accomplishing the tasks, the examination, the test requirements, and 
any examination hold points. Fabrication travelers shall include hold and 
witness points for review by the buyer. 

13.3.3 Dimension Control 

All dimensions, as indicated on the referenced design drawings, shall be 
measured and documented in accordance with the seller's examination 
procedures. 

13.3.4 Access t o  Facilities for Quality Control 

The buyer and the owner, or the owner's authorized agent, shall have full 
access to the seller's or the seller's subcontractors' facilities for 
reviewing progress and determining acceptability of quality control 
activities. 

13.3.5 Access to Facilities for Quality Assurance 

The buyer and the owner, or the owner's authorized agent, shall have full 
access to the seller's or seller's subcontractors' facilities for auditing the 
implementation of the seller's quality assurance program and for performing 
quality control surveillance of the MCO. Any findings resulting from audit or 
surveillance of the seller's or subcontractors' facilities shall be addressed 
and promptly corrected to the buyer's, owner's, or the owner's authorized 
agent's satisfaction. 

13.3.6 Nonconformance 

Nonconformances with purchase documents, drawings, approved procedures, 
or material requirements dispositioned as "repair" or "use-as-is" shall be 
submitted to the buyer for review and approval prior to implementation. The 
accepted nonconformance disposition shall include a technical justification 
provided by the buyer. 
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13.4 QUALITY REQUIREMENTS FOR SHIPPING RELEASE 

The MCO s h a l l  n o t  be shipped u n t i l  t he  f o l l o w i n g  requi rements are met. 

A l l  t e s t s  and examinations have been performed. 

The MCO f i n a l  documentation package i s  complete and approved by t h e  
b u y e r ' s  q u a l i t y  rep resen ta t i ve .  

The s e l l e r  s h a l l  n o t i f y  t he  buyer two weeks be fo re  h i s  in tended sh ipp ing  
da te  and a l l o w  t h e  buyer s u f f i c i e n t  t ime  be fo re  shipment t o  rev iew t h e  
documentation package. The documentation package s h a l l  be complete and f i n a l  
be fo re  i t  i s  submi t ted f o r  review, i n c l u d i n g  documentation o f  t h e  f i n a l  
performance t e s t s .  The buyer reserves t h e  r i g h t  t o  w i tness  r e p e t i t i o n  o f  any 
o r  a l l  o f  t h e  f i n a l  performance t e s t s ,  and the  pressure t e s t ,  a f t e r  t h e  MCO 
and i t s  documentation packages have been completed. 

13.4.1 C e r t i f i c a t e  o f  Compliance 

buyer, a c e r t i f i c a t e  o f  compliance t o  t h i s  s p e c i f i c a t i o n  and t h e  des ign 
drawings. As a minimum, the  c e r t i f i c a t e  s h a l l  inc lude,  b u t  n o t  be l i m i t e d  t o  
t h e  f o l l o w i n g  i n fo rma t ion :  

With t h e  f i n a l  documentation package, t h e  s e l l e r  s h a l l  submit t o  t h e  

Purchase o rde r  number 

Procurement s p e c i f i c a t i o n  and des ign drawing numbers, i n c l u d i n g  any 
approved changes, and nonconformances a p p l i c a b l e  t o  t h e  equipment 

A c e r t i f i c a t e  by the  person who i s  respons ib le  f o r  t h e  s e l l e r ' s  
q u a l i t y  assurance f u n c t i o n  

P rov i s ions  f o r  t he  s igna tu re  o f  t he  buye r ' s  q u a l i t y  rep resen ta t i ve .  
The buye r ' s  s igna tu re  i s  t o  i n d i c a t e  an agreement t h a t  t h e  equipment 
and i t s  documentation are ready f o r  shipment, i t  does n o t  c o n s t i t u t e  
acceptance by the  buyer. 

13.5 PROCESS AND STORAGE FACILITIES 

For  t h e  s p e c i f i c  f a c i l i t i e s ,  t he  MCO w i l l  f a l l  under t h e  q u a l i t y  
assurance program i d e n t i f i e d  i n  t h e  SAR f o r  each f a c i l i t y .  
NRC equiva lency may impact these q u a l i t y  assurance programs and r e s u l t  i n  
d i f f e r e n t  c r i t e r i a  than are requ i red  i n  o the r  phases o f  t he  SNF P r o j e c t .  
The s p e c i f i c s  o f  t he  q u a l i t y  assurance program t o  be fo l l owed  and the  
a p p l i c a b i l i t y  o f  va r ious  codes and standards may be found i n  t h e  f a c i l i t y  
SARs . 

The commitment t o  
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13.6 TRANSPORTATION 

The quality assurance requirements to be followed during all stages o f  
transporting the MCO are contained in the SARP. 
regarding when the SARP requirements apply is contained in the SARP. 

Specific instruction 
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ICF KAISER HANFORD 
DESIGN ANALYSIS PageNo, Revision 0 

Client: Westinghouse Hanford K Basin SNF Project Date: 02/15/96 
Subject: MCO Elastic Buckling Evaluation Orginator : L. L. Hyde 

Checker : D. M. Chenault 

~- 

ELASTIC BUCKLING OF THE MCO 

Analyze the elastic buckling capability of the Multi-Canister Overpack (MCO) shell 
with and without internal pressure. Determine the Vertical drop acceleration which 
this capability allows. 

Reference: StrucluralAnalysis ofdhells. E. H. Baker, et. al., R. E. Krieger 
Publishing Company, Huntington, N. Y., 1981 

In accordance with Section 10-3 ofthe Reference the elastic buckling stress of an 

initially straight moderately long cylinder, at 200OC is, 

Modulus of Elasticity, E :=26.6.106.'b 
in2 

Material Yield Stress, F '=I76oO.'b 
y in' 

Material Poissons Ratio, p :=0.3 

MCO Shell Thickness, I :=o.s.in 

MCO Shell Mean Radius, :=+ R = 1 1.75% 
2 

Buckling Stress Coefficient, C = 0.605 

Buckling Correlation Factor, 7 :=.n for, 5 =23.5 

Buckling Stress, o e  .=r.cc.E.' 
R 
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ICF KAISER HANFORD 
DESIGN ANALYSIS 

Revision PageNo, 0 of 

Client: Westinghouse Hanford K Basin SNF Project Date: 02/15/96 
Subject: M C O  Elastic Buckling Evaluation Orginator : L. L. Hyde 

Checker : D. M. Chenault 

ELASTIC BUCKLING OF THE MCO (conrd) 

If the MCO shell is treated as a simply supported cylinder 160 inches long, the Euler 
column elastic buckling stress is, 

L :E 160.h 

Since Rn cc 700 the influence of internal pressure is negligible on the above 
calculated elastic buckling stress but it does influence the effective compressive 
stress. 

The allowable compressive stress in the MCO shell is limited to Fy when the 

internal pressure is zero and becomes Fyp when it has an internal pressure of 
150 psi. 

F S P : = F y + E  
2.1 

Ib  

Fy'176W.in2 

Find the vertical acceleration of lhe M C O  shield plug and shell weights 
which will produce yielding in the shell 

Area of shell. 

Ib 
Density of 304L. 6,,:=0.29- 

in3 

Length of shield plug, 1 '= 12.h P 

P Length of shell, Ish  := 160.h- 1 
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ICF KAISER HANFORD 
DESIGN ANALYSIS 

PageNo, Revisibn 0 of 

Date: 02/15/96 

Checker : D. M. Chenault 

Client: 

Subject: MCO Elastic Buckling Evaluation Orginator : L. L. Hyde 
Westinghouse Hanford K Basin SNF Project 

ELASTIC BUCKLING OF THE MCO (cont‘d) 

WelghtofMCOshield plug; Wp~us:=~(R+f )2 .1p .6ss  Wplug’ 1574.b 

Allowable vertical accelleration when the internal Diessure is zero. 

amCO =206 g 
Fy%l 

a mco 
w.plug+ “shell 

Allowable vertical accelleration when the internal Dressure is 150 Dsi, 

sh 
arnco = 

Wplug + Wshcll 
amcO =226 g 

SARR-005 . A M  A- 5 D e c m h r  30, 19% 
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MCO DROP STATIC ANALYSIS 

INTRODUCTION 

This is a follow-up analysis to Bob W d e l ' s  ANSYS analysis of the MCO drop for the purpose of 
evaluating the potential of a breach of the MCO while inside the shippiug cask. In the analysis 
described below, a somewhat diEferent approach is adopted for the following 4 cases: 

1. The gap behveen baskets and MCO is 318 in and the internal pressure is zero. 
2. The gap between baskets and MCO is 118 in and the internal pressure is zero. 
3.  The gap between baskets and MCO is 318 in and the internal pressure is 150 psi. 
4. The gap between baskets and MCO is 118 in and the internal pressure is 150 psi. 

A N A L Y S I S  APPROACH - 
For each of the above 4 cases, ABAQUS 5.4 is used to analyze a 20-inch length of the MCO as 
an axisymmetric cylindrical shell subjected to a u!7ijorm axial load at the upper node to simulate 
the impact force from a possible drop. Nme integration points are used along the thickness of each 
of the 100 shell elements. The choice of using shell elements is justified by the small ratio of 
thickness (0.5 inch) to radius of curvature of the shell (11.75 inches at mid-thickness). Large 
deformations and plasticity effects are also considered. For all 4 test cases, a gap of 0.5 inch is 
assumed between the MCO and its containing cask. The baskets and the cask are assumed to 
provide rigid and firictionless surfaces. In order Lo improve convergence of this nonlinear contact 
problem, a uniform axial displacement is ramped fiom 0 to a maximum of 2 inches (corresponding 
to a maximum relative displacement of 14.5 inches behveen the top 12-inch plug and the bottom 
3-  inch base). It is assumed that there are no inifid inprejecfions. 

RESULTS 

F i p r e  1 shows a deformed MCO configuration at the end of the load step (Le. after the 2 ihch 
top displacement is achieved) for case 1. The nodes 22 and 65 shown on this figure are the 
locations of the maximum principal plastic strains. Locations of maximum principal plastic strains 
(at the extreme outer and h e r  fibres) were identified by examination of the plastic strain 
summary at the end of the strain tables piinted out on the *.dat ABAQUS output file. Figure 3 
provides additional insight into the accumulation of plastic strains at these points where one 
observes node 22 undergoes plastic straining before node 65 until node 22 contacts the cask wall 
at which point the build up of p1as:ic straining at this node.vimally stops, and plastic straining 
continues at node 65 until it contacts the cask wall. It is also observed that this plastic strain 
component is practically the same at the inner and outer fibres. This "kinking" deformation mode 
propagates along the fill length of the AlCO. As a result, the MCO can tolerate forces in excess 
of 700g as shown in Figure 2. 
The same conclusion can be drawn from the trends in Figures 4, 6, and 7 for cases 2,3 ,  and 4, 
respectively. 

SARR-OO5.APA A-6 0tc-r 30, 1% 
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. . .  

.-, CONCLUSION 

While monotonic hardening of the MCO is observed under perfectly axisymmetric conditions, 
with no breach under 700g a more accurate and conservative analysis is recommended where a 3- 
D model is considered with an initially imperfect configuration and a concentrated load since 
buckling is essentially a 3-D nonsymmetrical phenomenon. 

Questions can be addressed to Michel @fie)  Dib. 
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ICF KAISER HANFORD 

DESIGN ANALYSIS page NO. 1 of 50 

-Client: Weslinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenault 

EVALUATION OF THE CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

It is credible to postulate lhat the MCO can be dropped vertically and that the unit could then 
fall in a side slapdown manner. Thus, a vertical impact followed by a lateral impact is a 
possible design accident. It must be assured this condition does not violate the criticality 
control measures of the design which are: 1) the pipe is not crushed; and 2) the pipe does not 
shift laterally more than two inches. 

The CasklMCO drop analyses included in the MCO Topical Report show the following results: 

1) Worst orientation 30 foot vertical drop of cask onto concrete with MCO inside 
* Drop on corner of cask lid 
* 

* Mass of baskets and fuel lumped on MCO shield plug 
MCO modeled without internal baskets or fuel 

Resulting in MCO acceleration of 113 g 

2) 13 foot vertical drop of MCO onto steel plate . Representing fall back into the cask 
* No air piston effect with the cask considered 

* Resulting in acceleration of MCO and bottom basket of 116 g 
* Resulting in accelerations ofthe next to bottom basket of 15 g. the upper 

6 Mark 1A baskets, fully loaded with fuel. included in MCO model 

basket of 17 g and the iiitermediate baskets of 25 g 

It can be hypothesized that since the 13 foot drop of the MCO resulted in an acceleration of 
116 g of the bottom basket and a much lower acceleration for the remaining baskets, the 
same action would occur if the baskets had been included in the 30 foot cask drop model. 
The loading from the bottom basket is reacted directly into the MCO bottom closure, while 
those of the upper 5 baskets are reacted by the six support rods (on the perimeter of the 
basket baseplate) and by the center pipe 

Prior to performing the accident condition drop analyses, 35 g (heaviest baskets) to 50 g 
(lightest baskets) were specified for the MCO internals. The loading from the bottom 
basket is reacted directly into the bottom of the MCO. However the center pipe of this 
basket, along with the six support rods, must react all of the loading from the five upper 
baskets. Since the drop condition analyses are showing the average vertical accelerations 
of these five baskets is less than the 35 g specified, evaluate the center pipe for 35 g. 

A preliminary design incorporated a center pipe for both the Mark 1A storage and scrap 
baskets of 6 inch Schedule 120 pipe (6.625 OD x 0.562" wall) along with six 1" diameter 
support rods. Evaluate the capability of this design first and then investigate alternates. 

SARR-005.WB 6- 3 D&r 30, 1996 



. HNF-SD-SNF-SARR-005 REV 0 
\ 

ICF KAISER HANFORD 
Revision 0 DESIGN ANALYSIS Page No. 

5o 

Date: 09/13/96 
Orginator : L. L. Hyde 
Checker : D. M. Chenault 

-Client: Westinghouse Hanford K Basin SNF Project 
Subject: MCO Storage Baskets 

EVALUATION OF THE CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

Axial Buckling Analvsis of the Center PiDe 

Consider the center pipe to be a pinned end column as shown. It is assumed the 
baskets provide no lateral support. Find the allowable load of the column under an 
axial load and under a distributed axial load as shown. 

Reference: Drawings SK-1-80208 'K-Basin SNF Storage Basket 
Mock-Up Mark IA  8 Mark IV'. and SK-1-80210. "K-Besin 
SNF Storage Scrap Baskef Mock-Up Mark 1A. (undated) 

Center Pipe for Mark IA Basket-@" Sch 120) 

1 =22.5 in 

OD := 6.625.in 

L p  = I43 in (from bottom of shield plug) 
L 

I .p  =2.15% 

E :=26.6.ld.'b at 4OO0F 
in' 

The column end fixity coefficient for a concentrated axial load is. 

and for a uniformlydistribuled load is, 

c a = I 

c d  -1.87 

:.EA 

buckling load is. L 1  
The Euler concentrated P c", = c ..- P c"t =636918 4b 

1.A 
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- Client: Westinghouse Hanford K Basin SNF Projecl Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenault 

EVALUATION OFTHE CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

Axial Bucklina Analysis of the Center Pipe 

The Eulerdistributed PCdl P,", = l191037.Ib 
buckling load is, 

The baskets are designed to the intent of the ASME BLPV Code, Subsection NE (NB-31 33). 
and Appendix F (F-1331) which limits the maximum allowable compressive stress in cylinders 
and lublular products as follows. 

Factor A is defined as, 
0.125.1   pa^^ 

A':- 
0.5-OD 

Factor B is defined as, B :=S340+ 2720-log(A.100) 

B = 9228 

for 304L SS at 4OO0F 
when 0.10>A>0.01. 
B = 9780 maximum 

The allowable stress is, S,]lO," = I.S.B.'b Salio,,,' I 3 S 4 2 2  
in2 in2 

The allowable compressive load is, Peril :=A .S allo,v Peril = l48175.lb <<E=== P 

In addition to the center pipe the baskets are supported by six (6) 1" diameter rods located 
symmetrically about the baseplate circumference. The rods are attached tothe baseplate 
and cantilevered upward from it. 

The length of the rods is, 

and Ihe diameter. 

1,:=1 -3.375in I r=l9. t2S- in 

dr '= 1.O.in 

P 

rd ' 
The buckling load of the rod is, c :=L 1 ' Z - 5  

r '  61 

P cd = 8808.1b 

Three of the rods will carry the vertical load initially until their allowable load is exceeded 
then the remaining rods Will start to pick up load until eventually all six react the load 

rods 6'p crod Prods =528494b 

Each basket holds 48 Mark IA fuel elements which weigh 39.71 Ibs each. The basket 
weighs approximately 150 Ibs. so the total weight is. W 1~ '= 2OSS.lb 
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-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator: L. L. Hyde 

Checker : D. M. Chenault 

EVALUATION OF THE CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

The Mark IA fuel baskets are stacked six high within the MCO as shown. Vertical 
loads resulting from vertical accelerations of each basket are reacted by the six 1" 
rods of the basket directly below. When the a basket loading exceeds the capability 
of these rods (Prods) the center pipe takes the additional toad. Assuming the baskets 

are accelerated uniformly find the maximum verka l  acceleration (a) which they may 
experience without exceeding the structural capability of the center pipe (Pcrit). 

Let the load of each basket be the weight of the basket times 
the acceleration and the reaction be the capability of lhe 
six rods and the load in the center pipe. Then the load in the 
pipe from basket#l for an acceleration of 'a'will be, 

a '= 19.56 

P I  =W]A.a--Prods P I  =-12654 .Ib 
P I  .-O.lb 

P2 ~27542-lb 

Pg -40196.Ib 

Pq -401964b 

P5 540196.lb 

similarly for the other baskets, 

P - 2 .  (W IA.a) - pIdS - P I 

p .= 3.(w V i a )  - prods- P - P 

P = 4. (w 

Pg :=s.(wVi')-Pd-Pl - P2-P3- P4 

a) - prods - P I - P - P 

Ppipc :=P 1 + P2 + P3 + Pq + P 5 

Ppipc = 1481304b --Pcrit 

This shows that the 6" Schedule 120 center pipe combined with six l'diameter support rods 
incorporated into the preliminary desgn will support a vertical acceleration of 19.5 g before the 
allowable stress of the pipe is exceeded. Since this is less than 35 g investigate alternatives. 
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'Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenaull 

EVALUATION OF THE CENTER PIPE OF MARK 1ASTORAGE AND SCRAP BASKETS 

The minimum required wall thickness (Call) of a 6" nominal diameter center pipe to sustain an 

average vertical acceleration of the upper five baskets of 35 g is: 
a =35 

P I  :=Wy\.a- Prads P 1 = 19076 .Ib 

P : = 2 . ( ~  - pradr- P P 2  =719254b 

P :=3.(\vIA.a) - P rods- p 1 - p 2  P j  -71925,lb 

P 4 :=4.(W p) - Prods- P I - P 2 - P 3 Pq=719254b  

p 5 : = 5 . ( w y \ . a ) - p  rads- 1 - 2 -  3 - '4 Pg=71925. lb 

Ppipe .=e,  + P 2 + P 3 t P 4  + P 5 Ppipe =306776*lb 

The minumum wall thickness required for a 6 nominal diameter pipe is: 

Assume B = Bmax = 9780 B =97SO 

Checkvalue of E, 

0.I25.l \,.all 

05OD 
A I=- B :=8340+2720.log(A.IW) B =lo158 

Since B > Emax the assumption used for B was correct 

Thus, with six 1 .OW diameler support rods, a 6.625" OD center pipe with a 1.235" wall is 
required. Since this appears excessively thick and it not a slandard section investigate 
increasing the diameter of the support rods. 

SARR-OO5.APB 8-7 D u m b e r  30, 1w6 
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-Client: Westinghouse Hanford K Basin SNF Project Dale: 09/13/96 
Subject: MCO Storage Baskets Orginator: L. L. Hyde 

Checker : D. M. Chenault 

EVALUATION OF THE CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

If the six support rods around the perimeter of the baseplate are changed from 1" to 1-318' 
diameter then the wall thickness of a 6 nominal diameter center pipe required to suslain an 
average vertical acceleration of 35 g of the five upper baskets is, 

For, d, := 1.375-in the rod load is conlrolled by Code allowable stress instead of buckling, 

andforlhesixrods, Pdr =&Prod or, Prods=130700~lb 

a -35  

PI =W,.a-PrOds 

P ='.(w ,.a) - prods - P 

P ?  :=3 . ( \Vwa) -  P rods- 1 - p 2  P3 =71925.Ib 

pq .-4.(\VWa)- prods- P p 2 -  p 3  Pq'71925.Ib 

P 5  :=s.(w ,.a) - Prods- P - P - P - P 4  Pj"71925.lb 

Ppipe :=P t P  2 + P 3  t P 4  t P 5 Ppipe =228925+lb 

The rninumum wall thickness of a 6 nominal diameter pipe required is: 

Assume 8 is, B :=9139 

Check value of B, 
0.125.1,"a]I 

A::- B .=8340+2720~1og(A.100) B =9739 
O.5.OD 

Since B equals the assumed value the calculated thickness is correcl 

Thus, with six 1-3/8" diameter support rods a 6.625' OD center pipe wilh a 0.866' wall is 
required to sustain 35 g and conform lo  the lnlenl of the ASME Code. A6" nominal diameter 
double extra strong (6'-Schedule US) pipe with a wall thickness of 0.664" is adequate. 

SARR-OO5.APB B-8 D e c n k r  30, 1996 
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-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenault 

EVALUATION OF THE CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

SUMMARY 

To sustain an average vertical acceleration of the upper 5 baskets of 35 g requires: 

A. A 6.625” outside diameter center pipe with a 1.235” thick wall and six 

, 1 .OO‘ diameter support rods, or 

6. A 6.625 outside diameter center pipe with a 0.866” thick wall (6*-Scheule XXS) 
and six 1-318‘ diameter support rods. 

B-9 Dumber 30, 1996 
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'Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : 0. M. Chenault 

EVALUATION OF THE CENTER PlPE OF MARK 1A STORAGE AN0 SCRAP BASKETS 

Evaluate weld of center pipe lo basket baseplate 

Center 
PlDe I 

The diameter of the 6" nominal pipe is, OD :=6.625.in 

The length of a single fillet weld is. 

The area of a single fillet weld is, 

where I,., is the weld thickness 

The shear stress in the weld is, 

where P is the load in the center pipe 

I ," :=n OD 
&., = (0.707 XI,.,) x I,., 

Ss = P /Aw 

The maximum load in the center pipe occurs at the bottom basket and is due to 
the upper five baskets. The load from the bottom basket is reacted directly into the 
bottom of the MCO. For a 6-Schedule XXS pipe with 1-3/8" supports rods the load 
is (see page 6), 

P =228925 Ib 

The allowable shear stress for the weld, in accordance with Appendix F of (he ASME 

Code, is 42% of the material ultimate stress &). For 304L at 400OF. 

S, :=58700.'b 
in1 

The required thickness for a single fillet weld is, 

Note that this thickness may be distributed between the upper and 
lower single fillet welds as dictated by the design. For example, 
with a 3/16 upper weld the lower weld may be 112". 

U R R -  005 .APE B-10 Decar&r 30. 1% 
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-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenault 

EVALUATION OF T H E  CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

Since the required fillet welds are large and could result in warping of the baseplate, 
investigate an alternate configuration for this attachment. The amount of welding can 
be reduced if  the center pipe is fined inlo "socket" in the baseplate. as shown. 

Determine the required height 'h' of the ledge in the 
baseplale which will resist the maximum lpad of the 
center pipe 

Center 

h =0.446% 
Baseplate 

Since the baseplate is 3 inches thick, machine the socket 2 inches deep leaving 
h = 1". The weld must only transmit the load from the one baseplate into the 
pipe (71,925 Ibs). A partial penetration bun weld half the center pipe wall 
thickness. as shown, will be adequate. 
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-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/95 
Subject: MCO Storage Baskets Orginator: L. L. Hyde 

Checker : 0. M. Chenault 

EVALUATION OF THE CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

Evaluate the Outer Retaining Ring at the boltom of the basket baseplate 

To provide the required load transfer between the fing and support rods of the 
nexl lower basket, without introducing eccentricities. the ring must be in full 
contact with the rod. Thus the ring must be 1.375" wide. Find the thickness 
required to support the maximum rod load of 21,783 Ibs. as given on page 6.  

The worst case is the ring spanning one of the 2 .580  
diameter fuel element holes at the perimeter of the 

center of the span as shown 
baseplate with Ihe 1.375" support rod loading in the 

Consider the ring a simply supported beam with a span 
equal to the length of  the chord it subscribes in the 2.580" 
diameter hole at the rings mid-depth 

1.37512 

Due to relative flexibiiity of the ring in bending compared to the support rod axial 
stiffness the rod load will peak at its outer edges so the loading configuration will be, 

P.=217E3,lb 

The maximum bending moment in the ring 
occurs at mid-span and is, 

lpRj 1.375" lp7 
It a 

L M =-. ( 4  _ _  -.m I'r' ) M=4936.imlb 

The allowable bending stress (Fd, for 304L. in accordance with the ASME Code, 

Appendix F, is 2.4 x 1.5 x S, 

Ib S, = I S S O Q ' b  aI400OF F b  1 2 4 1 5 9 ,  Fb=57240.- 
in' in= 

The required thickness olthe ring then becomes, 

wide by  518" 1hick.stock 
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-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenault 

EVALUATION OF THE CENTER PIPE OF MARK i A  STORAGE AND SCRAP BASKETS 

Evaluate the Retaining Bars at the bottom of basket baseplate 

The fuel elements are retained in the baseplates by bars which are welded to the bottom. 
Each bar spans several holes of the baseplate and it welded between each hole. It is 
conservative to analyze these as simply supported beams uniformly loaded by the weight of 
the fuel element. 

Conservatively. assume the length of the span is the hole diameter plus 1/4", 

I :=(Z.SS0+0.25).in 

The weight of the Mark 1A fuel element is, W =39.71.lb 

or for the required 35 g acceleration, w* = 3 5 w l A  

The bending moment in the bar is, lrlb J . W A I b  
S 

The bars are 114" wide. Find the required height of the bar, 

I, bar = 0 454 .u, <==== 

Fabricate the bars 
from 1/4" x 1/2" stock 

Find the length of end welds (I,.,) required, assuming 118" fillets 

The allowable shear strength (Sa  is 42% of the ultimate tensile strength (Su). 

Su:=5S700.1b at40O0F,Ihus, S, .=0.42.Su ,or SS=24654 .1b  
in= in' 

l.W, 
1 \"'= I \" =0,319.in <===== 

(0.707.:.in).S I 

Weld the bars with a single 118"fillet 3/8" long or double 118" fillets 3/16" long on 
each side of each hole, i.e.. place two welds on the bar between holes, one adjacent 
to each hole. The weld of the bars to the rings should be the same size. 

SARR-OO5.APB 6-13 Duenber 30, 19% 
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Dale: 09/13/96 

Checker : D. M. Chenault 

-Client: Westinghouse Hanford K Basin SNF Project 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

EVALUATION OF THE CENTER PIPE OF MARK 1A STORAGE AND SCRAP BASKETS 

Evaluate the weld of the outer rinq to the baseplate, assume 118" fillet weld 

The bars are spaced 1.375' on the ring which has a 22.375" OD, thus the weld 
requirement Is Iw per space. 

The length of perimeter is, Pr =n22375in  Pr=703.in 

Pr ll ,v=16.34n The total length of weld required is, I =-. 
1.375.h 

I w 

1" long 118" fillet welds spaced a i  4" on the circumference are adequate 

Evaluate the weld of the inner rinqto the baseplate, assume lls" fillet weld 

The inner ring, which has an 00 of 8.187". interrupts five bars so must'carry 
the loading from these 

The length of the perimeter is, Pi =n.S IS7.in Pri =25.72.in 

The total length of weld required is, 1 .=2.(5.l ,v) I l,,.i = 3.2 .in 

Six equally spaced 1" long lls" fillet welds are adequate 

SARR-OOS.APB 8-14 Deca&r 30, 19% 
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-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenault 

Analyze the Mark IA Fuel Basket Center Pipe for Lateral Loadinq 

The center pipe of the baskets supporting the Mark IA fuel has the requirement that 
it can not move laterally more than two inches, for purposes of criticality control, 
when subjected to a lateral acceleration of 50 g (lightest basket). During a lateral 
acceleration the pipe will be loaded by a portion of the fuel elements in the basket. 
This loading wiii induce a local deformation in the pipe as well an overall beam type 
bending deformation. To check this local deformation analyze a section ofthe pipe 
as a ring and, to check the overall deformation, analyze the pipe as,a beam 
supported by the baseplates of the baskets. 

Consider a section of the pipe as a ring with the weight of eight fuel elements 

in a 30° sector acting on the it. Apply a cosine distribution of this load on 
the pipe as shown. 

Note: Use the pipe wall thickness determined for Alternate B since if it is adequate 
the larger thicknesses determined for Alternates A and C wiil be adequate also 

Weight of the MarkIAfuel element is. 

Applying the weight of eight fuel elements on a 30° sector gives qmax of, 

W f  r39.7t.lb 

qmax = i IS.!! 
in 

Applying this same qmax over a 180° sector of the pipe as shown above will 
then result in a total load on the ring (pipe) of, 

P = q m a x . R p . ~ ~  cos(0)2d 2.P=522.1b 

or, -. 2'p 100 = 21.4 percent of the total basket load 
48.Wf 
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DES'GN 

-Client: Wesbnghouse Hanford K Basin SNF Project Dale: 09/13/96 
Subject: MCO Storage Baskets Orginator: L. L. Hyde 

Cbecker : 0. M. Chenault 

Analvze the Mark IA Fuel Basket Center Pipe for LaIeral Loadinq (conrd) 

Reference: Rings endArcuafe Beams. A. Blake, Aerojet General 
COrp.. Product Engineering, January 7. 1963. 

O'=O..OS.n ... 5.a 

p . = s . ~ , . s S ~ x . . ~  

o M ,(a) - _ _  

~ 

270 

1.3701 

3.11139 

URR-OO5.APB 

p M2(P) - _ _  
imlb 

B 

90 

210 

1 
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Subject: MCO Storage Baskets Orginator : L. L. Hyde 

DES'GN 

-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 

Checker : D. M. Chenault 

Analvze the Mark IA Fuel Basket Center Pipe for Lateral Loadinq (cont'd) 

Maximum Radial Displacement; 

Unsupported length of pipe (max), L p  ' ~ 2 3 . 1 1  

E =26.6 IO6.& &4OO0F 
in' 

o : = o  

P.R ' 
u I - P . [ 0 . 5 5 7 0 . 0 . s i n ( B )  + (0 9382 - 0.l592.O2).c~(0)- 0.9053] 

E.1 w 

p :=n 

P.R 
u 2 .=2.((0.0796.p - 0.2500) sin(p) + 0.06SI.cor(p) + 0.0947) 

E.1 ,,, 

Maximum bending stress in pipe wall, p ' 2  

The allowable bending slress per ASME Section 111 Appendix F is 150% of 2.4 x S, 

S, =lS900.& at4OOoF. 
in2 

Ib F b 57240 .- b .-I50 .---.(2.4.Sm) 
100 112 
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-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Orginator : L. L. Hyde 
Checker : D. M. Chenault 

Subject: MCO Storage Baskets 

Analvze the Mark IA Fuel Basket Center Pipe for Lateral Loadinq (conl'd) 

The overall beam bending deformation is, 

I b :=".[OD 64 - (OD - 2. t 

The total lateral deformation of the center pipe when subjected to the maximum 
lateral acceleration is, 

(u + u b) 50 =0.003.in <<< 2 inch limit of criteria 

The longitudinal bending stress in the pipe is, 
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- Client: Weslinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenault 

EVALUATION OF THE CENTER PIPE OF MARK 1A STORAGE AN0 SCRAP BASKETS 

RECOMMENDATION 

The preliminary design requires that the basket baseplates separate from the center pipe before 
the basket reaches its maximum vertical acceleration in order to limit the load in the center 
pipe lo below the ASME Code allowable stress. While this is theoretically achievable, the 
criticality requirements imposed on the Mark 1A basket center pipes make it difficult to control 
this separation load in practice. (Note: This is not a concern for the Mark IV baskets which do 
not have any criticality requirements.) Additionally, lor the postulated accident scenario of side 
slapdown subsequent to a vertical drop there exists uncertainty in predicting the configuration 
of the lateral support these separated baseplates provide the center pipe as well as the 
magnitude and distribution ofthe lateral loading on the center pipe. To address these concerns 
it is recommendedthe combination ofthe center pipe and the six support rods be designed to 
resist the maximum vertical acceleration prior to reaching their allowable stress. I t  is further 
recommended the design accommodate the 35g vertical acceleration invoked by the MCO 
Performance Specification. 

To accomplish this i t  is recommended the center pipe wail thickness be increased to 0.864 
inches (6-Schedule XXS pipe) and the diameter of the six support rods to 1-318 inches. 
Additionally. the outer retaining ring, attached to the bonom ofthe baseplate, must be 
increased in size to 1-38" wide b y  5Wthick and the retaining bars must be 1/4" by 1E". It is 
believed these changes will not affect any other geometry of the Mark I A  baskets with the 
exception olthose items which interface with the center pipe internal diameter. And those 
items only require that their outer diameter by decreased by a like amount. This change will 
increase the MCO total weight. However, the maximum weight of the MCO fully loaded with 
MarklA baskets will still be less than one loaded with Mark IV baskets. 

CONCLUSION 

These analyses show that the basket baseplates can be designed to remain in position with 
respect to their axial location on the center pipe. They also show that the structural 
deformation of the center pipe with respect to the MCO, due to lateral loading, is well within 
the required criticality displacement limit of two inches. 

The Mark 1A loaded MCO will remain subcritical during the most severe accidental drop 
condition postulated by the P@rformance Specification. 
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-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator : L. L. Hyde 

Checker : D. M. Chenault 

Analvze the Mark N Fuel Basket Center Pirre for Lateral Loadinq 

The cenler pipe of the baskets supporting the Mark IV fuel has the requirement that 
it can not move so far laterally that it impinges upon the 1‘ diameter process lube 
when subjected to a lateral acceleration of 35 g (heaviest basket). During a lateral 
acceleration the pipe m’ll be loaded by a portion of the fuel elements in the basket. 
This loading will induce a local deformation in the pipe as well an overall beam type 
bending deformation. To check this local deformation analyze a section of the pipe 
as ring and to check the overall deformation analyze the pipe as a beam supported 
by the baseplates ofthe baskets. 

Consider a section of the pipe as a ring with the weight of nine fuel elements 

in a 30° sector acting on the it. Apply a cosine distribution of this load on 
the pipe as shown. 

2.75” OD Tube with 0.5” wall 

ODt -2.75.in l,,.all =0.5.in 

P 

Weight of the Mark IV fuel element is, 

Applying the weight of nine fuel elements on a 30° sector gives qmax of. 

W = 55.38.lb 

q ma. = 463.135 .!! 
in 

Applying this same qmax over a 1 BOo sector of the pipe as shown above will 

then result in a total load on the ring (pipe) of, 

P =qma..R1/: cos(0)’dB 2 P=8184274b 

SARR-OOS.APB 

or, -. 2’p 100 =27.4 percent of the total basket load 
54.w f 
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Checker : D. M. Chenault 

Analvze the Mark IV Fuel Basket Center Pipe for Lateral Loadinq (conPd) 

Reference: Rings andArcuafe Beams, A. Blake, Aerojet (-jeneral 
Corp., Product Engineering. January 7, 1963. 

0 M , (a)  - _ _  

I 1108 
0 

90 

MzlP) - 
110 

in Ib - 0 

270 

3.14119 
P 
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-Client: Wddnghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskels Orginator : L. L. Hyde 

Checker : D. M. Chenault 

Analyze the Mark IV Fuel Basket Center PiDe for  Lateral Loadinq (cont'd) 

Maximum Radial Displacement; 

Length of pipe on each basket, L ,  ~ ( 2 6 . 8 5  - 3.375).in 

E :=26.6.106.'b @ 400OF L i' \Val; 

in= 12 

o : = o  

P.R ,' 
u :=-~(0.55704 sia(0) + (0.93S2 - 0.t592~02)~cos(0) - 0.9053] 

E.1 w 

p : = n  

P.R 
u 2  ' = - - - ! - . ( ( 0 . 0 7 9 6 . p -  0.2500)-sin((l)+ 0.0681.cor(p) +0.0947) 

E.1 w 

Maximum bending stress in pipe wall, p -1 

The allowable bending stress is 150% of 2.4  x Sm. 

S, = IS900.'b at 400oF 
in2 

The overall beam bending deformation is, 

I .=L-.[oD ,'- (OD ,- ~.,,,4~] 
64 
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- Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Storage Baskets Orginator: L. L. Hyde 

Checker : D. M. Chenault 

Analvze the Mark IV Fuel Basket Center Pipe for Lateral Loadinq (cont'd) 

The total lateral deformation ofthe center pipe when subjected to the maximum 
lateral acceleration is, 

(ODl- 2.1,,.all)- ].in 

2 
(ul + ub) .3j  =0.077% c< =0.375%1 

The longitudinal bending stress in the pipe is, 

SARR-OOS.APB 6-23 Decm&?r 30, (996 



HNF-SD-SNF-SARR-005 REV 0 

ICF KAISER HANFORD 
Revision 0 
Page No. 22 of 50 
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Checker : D. M. Chenault 

Axial Bucklins Analvsis of Mark IV Basket Center PiDe 

Center Pipe for Mark IV FueL(2.75" OD x 0.5" wall) 

The Mark IV fuel baskets. which are 28.65 in. high, are stacked k e  high in the MCO. 

Ip = 28 65 in where Ip is the height of each basket. Then 

I, = 28.65". 12= 57.30", 13 = 85.85", and 
Id= 114.60". 

OD 1275m 

t .= O.5.in 

rl -0.81% 

The Euler concentrated buckling load for the center pipe of one basket is, 

n 2 . ~ . ~  

Pcrit :=Ca '2  P c"t = 7506604b 

1:) 
This structure does not have to meet any criticality requirements so for this accident scenario 
the maximum compressive load in the pipe will be limited by the material yield stress. 

F '=176OO.E at400°F Y ' in2 

P c"l -62204 .Ib 
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~~ 

Axial Bucklina Analvsis of Mark IV Basket Center PiDe (cont‘d) 

Center Pipe for Mark IV Fuel-(2 75” OD x 0.5” wall) 

The pipe load is limited by Fy when the unsupported length is less than. 

L =¶¶.5.in P 

when the unsupported length is greater than this the Euler load controls. Thus, the 
pipe can span more than the height of three baskets before it becomes buckling 
crilical. 

In addition to the center pipe the baskets are supported by six (6) 1-1/4“ diameter rods 
located symmelrically about the baseplate circumference. The rods are attached to the 
baseplate and cantilevered upward from it. 

The length ofthe rods is, I r  = I  - 3.375.in I = 25.275 .in 

The buckling load ofthe rodis, ~~:=?&??.i~~ 1 .=&.in‘ r r  

1 *I 
4. r ’  64 

c :=- 
4 

Three of the rods will carry the vertical load initially until they begin to buckle when the 
remaining rods will start to pick up load until eventually all six react the load 

Each basket holds 54 Mark IV fuel elements which weigh 55.38 Ibs each. The basket 
weighs approximately 150 Ibs. so the total weight Is, 

W =3140 Ib 
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Axial Bucklinci Analvsis of Mark IV Basket Center Pipe (cont'd) 

Center Pipe for Mark IV Fuel-(cont'd) 

Use the same methodolgy as for the Mark IA fuel baskets. Vertical loads resulting 
from vertical accelerations of each basket are reacted by the six 1-114" rods of the 
basket directly below. When the a basket loading exceeds the buckling capability 
of these rods the center pipe lakes the additional load. Assuming the baskets are 
accelerated uniformly find the maximum vertical acceleration which they may 
experience Without exceeding the structural capability of the center pipe. 

Let the load of each basket be the weight of the basket (Wiv) times the 

acceleration (a) and the reaction be the buckling load of the six rods (Prods) 

and the load in the center pipe (Pn). 

a :IO83 

P 1 =-39869 .Ib 

P I  = o h  

P =-5S63 .lb 

P 2  =01b 

P j  =281434b 

P 4 = 34006 .Ib 

This shows that a 2.75" OD x 0.5 wall tube will not buckle but it will achieve its yield 
load if the baskets are uniformly accelerated vertically at 10.83g. Which is greater than 
the normal handling loads of 3g/5g. This acceleration level is based on 1-114" diameter 
support rods. 
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-Client: Weslinghouse Hanford K Basin SNF Project Date: 09/13/96 
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Attachment of Mark tV Basket BaseDlates to the Center PiDe \ 

Cenler Pipe for Mark IV Fuel 

OD = 2 7 5 i n  

II OD = 8 64 .m 

outside diameter of pipe 

perimeter of pipe 

In accordance with the MCO Perlormance Specification the attachment of the 
baseplales should limit the load in the center pipe to 75% of its buckling load 
so the amachment of the Mark IV baseplates to the center pipe must support 
a load of 75% of 28,143 Ibs. 

P," .0.7528143.h 

The ultimate shear strength (Sd of fillet welds is 42% of the material ultimate 

tensile strength (Su). For 304L at 4OO0F, 

S .= SS700.k  
in' 

The length of 3/16 fillet weld required is, 

A 3 /16  fillet skip weld around the perimeter which is 6 - l P  in total length is adequate. 
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Analvze Retainino Bars at Bottom of Mark IV Basket BaseDlates 

The fuel elements are retained in the basket baseplates by 114" x 318" bars 
which are welded to the bottom. These bars terminate at rings around the 
inside and outside diameters of the baseplate. Reference is made to Items 
2.11. and 12 of drawing SK-1-80208. 

The analysis of the Center Pipe showed the baseplates of the MarkJV fuel 
baskets should only support 8.1 g (75% x 10.839) in order to control the loading 
of the center pipe. To be conservative with these resulls analyze the fuel element 
retaining bars for 15g. 

Each bar span several holes in the baseplate. They are welded to the baseplate 
with 118" fillet welds 114" long on each of the hole. It is conservatrve to analyze 
these as simply supported beams uniformly loaded by the weight of the fuel 
element. 

The hole diameter is 2.58". so use a beam length to the center of the welds of, 

l b  '=(Z55S+0.25) in  

The weight of a Mark IV fuel element is, W : 55.3s lb 

I The bending moment in the bar is, M .=-.W Iv.l 
a 

The allowable bending stress is 150% of 2.4 x Sm. 

S,:=IS~OOE at4000F 
in2 

F = 51240 .'b F b  .=--.(2.4.S,) 1 SO 

100 in= 

The actual bending stress in the bar is, 
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Analvze Retainins Bars a1 Bottom of Mark IV Basket Baseplates (conl'd) 

The allowable shear stress (SJ is 42% of the material ultimate tensile stress 

(Su), For 304L at 4OO0F, 

S, :=SS700.'b 
in' 

The stress in the end welds is. 

S = 24654 
in2 
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Analvsis of  the Mark 1A and Mark IV Storaae Basket Basedates 

Summary 

The following elastic finite element (ANSYS) static analysis considered both the 
Mark IV fuel baseplate (Plale 1) and the Mark IA fuel baseplate (Plale 2). These 
baseplales are constructed of 3" thick 304L stainless steel plate which is drilled 
through to accept the fuel elements. The analysis also considered various support 
boundary conditions. Load Case 1 represents a tight fit of the baseplale to its 
center pipe in which the pipe provides radial support to the plate at it center hole. 
This is the most realistic condition for center support. Load Cases 2 and 3 
provided only vertical support at tho center pipe. Load Case 4 represents the 
baseplate supported by Ihe six rods around its periphery. In addition a solid plate 
was used as a check. All results shown are for a 1g vertical down load ofthe 
baseplale fully loaded with fuel elements, 

The allowable stress intensity is 23.850 psi (1.5 x 15,900) for normal conditions 
(Level A) and 57,240 psi (1.5 x 2.4 x 15,900) for accident conditions (Level 0) at 

400OF. As expected the stresses in the Mark IV baseplate are the highest, 
concentrating in the thin ligaments near the center pipe. When supported by the 
rods (Load Case 4) only, which the tolerancing requires, the stresses allow nearly 
179 vertical acceleration to the normal (Level A) allov~able. This is well above the 
39/59 handling requirements. When the vertical accelerations exceed the buckling 
allowable of the rods the center pipe picks up the load (Load Case 1). It is seen 
the resulting stresses allow aboul 15g to obtain the accident (Level D) allowable. 
Load Case 1 for the Mark 1A baseplate shows the accident (Level D) allowable is 
not reached until over 369 vertical acceleration. 

Conclusion 

The baseplates are struclurally adequate for Ihe expected vertical accelerations. 
Since the bending stresses, which are shown to peakvery locallyin the ligaments 
of the baseplales. resulted from a static elaslic anaiysis there is considerable 
potential for plastic deformation and redistribution of stresses. A more rigorous 
analysis would also confirm the baseplates are structurally adequate. 
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Analysis o f  t he  Mark 1A and Mark I V  Storaqe Basket Baseplates (cont'd) 

INTRODUCTION 

For the dry  storage o f  spent nuclear fuel current ly stored i n  the 
K-Basin, two d i f f e ren t  designs o f  rerack basket are being considered. 
the two designs has a base p la te wi th  f i f t y  four  2.583-in. diameter holes. 
Under these holes, bars w i l l  be welded t o  hold 54 Mark I V  fuel  assemblies i n  
place. This p la te  also has a 2 5/8-in. diameter hole which provides space f o r  
a d i p  tube t o  run down the center o f  the Multi-Canister Overpack (MCO).  The 
second design o f  the base p la te w i l l  ho ld  48 Mark 1A fuel assemblies. The 
holes which hold the fue l  assemblies i n  place have 2.58-in. diameter and the 
center ho le f o r  the d ip  tube i s  o f  6 5/8-in. diameter. 
thickness o f  the base plates are 22 5/8-in. and 3-in.; respectively f o r  both 
designs. 

This calculat ion i s  performed t o  evaluate the maximum stress in tens i ty  
i n  the p la tes resu l t i ng  from l g  ve r t i ca l  loading. 

One o f  

She diameter and 

BASEPLATE MODEL 

The holes f o r  the fuel  assemblies are symmetric i n  each 1/6th segment o f  
the p la te.  As only the ve r t i ca l  loading needs t o  be considered, a 1/6th model 
i s  s u f f i c i e n t  t o  analyze the plate. The ANSYS finite-element program, version 
5.2 i s  used t o  generate the model and analyze the p la te  f o r  the grav i ty  
loading. 
Figure 3 shows a s im i la r  model o f  a s o l i d  p la te which has a 2 5/8-in. diameter 
center hole. This model i s  analyzed t o  provide a comparison o f  stress 
i n tens i t i es  f o r  a s o l i d  p la te and a perforated p la te.  

the ANSYS program. The perforated plates are meshed w i th  tetrahedron elements 
as b r i c k  elements cannot be u t i l i z e d  because the holes make the p la te geometry 
too complex f o r  b r i ck  elements. 
b r i ck  elements which are more suitable than the tetrahedrons f o r  s t ructura l  
analyses. 

A t  the center hole, d i f f e ren t  boundary conditions are applied i n  three 
d i f f e r e n t  analyses. 

Figures 1 and 2 show the finite-element models o f  the two plates. 

Both the perforated p la te and s o l i d  p la te models use SOLID45 element o f  

The so l i d  plate, however, i s  meshed w i th  

Symmetry kinematic boundary conditions are imposed a t  9 = 0' and 60'. 

These are described l a t e r  w i th  the load cases. 
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Analvsis  o f  t h e  Mark 1A and Mark I V  Storaqe Basket Baseolates (cont 'd)  

INPUT DATA 

P l a t e  ou t s ide  r ad ius  = 11.3125 in .  

P l a t e  1 (Mark IV) in s ide  r ad ius  = 1.3125 in .  

P l a t e  2 (Mark 1A) in s ide  

P l a t e  Thickness = 3 i n .  

Mater ia l  dens i ty  - 0.283 

E l a s t i c  Modulus = 28.3 x 

Poi s son ' s  Ratio = 0.3 

adius = 3.3125 in .  

bf/in3, P l a t e  Mater ia l :  SS 304L 

O6 l b f / i n 2  

For p l a t e  1, t h e  weight o f  each Mark IV fuel  assembly i s  55.38 l b f  which 
i s  d i s t r i b u t e d  on 24 nodes around the hole circumference, i . e .  t h e  fo rce  a t  
each node i s  2.31 l b f .  S imi l a r ly ,  f o r  p l a t e  2, t h e  weight o f  each Mark 1 A  
fue l  assembly (39.71 l b f )  i s  d i s t r i b u t e d  on 24 nodes. Force on each node is  
1.655 l b f .  

The mater ia l  d e n s i t y  in  case o f  t he  so l id  p l a t e  i s  adjusted t o  account 
f o r  t h e  t o t a l  fuel  assembly weight o f  2,990 l b f .  
2.008 lb f / in3 .  

The r e su l t i ng  dens i ty  i s  

LOAD CASES 

For both p l a t e s ,  t h e  following load cases have been analyzed: 

Load Case 1: The nodes a t  inner  radius  a r e  r a d i a l l y  r e s t r a ined .  
Also, t h e  bottom nodes a t  t h a t  l oca t ion  a r e  v e r t i c a l l y  
r e s t r a ined .  The so l id  p l a t e  i s  analyzed only f o r  t h i s  
case.  

The nodes a t  inner  radius  a r e  only v e r t i c a l l y  
r e s t r a ined .  

Only t h e  bottom nodes a t  t h e  inne r  r ad ius  a r e  
v e r t i c a l l y  r e s t r a ined  as  i n  case o f  Load Case 1. 
However, nodes a r e  not r e s t r a ined  i n  t h e  r ad ia l  
d i r e c t i o n .  

Load Case 2: 

Load Case 3: 
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1 

2 

3 

4 
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Stress Intensity, lbf/in, 
Plate 1,Mark IV Plate 2,Mark 1A Solid P1. 

3,879 1,578 1,638 

5,454 2,413 n/a 
6,134 2,636 n/a 
1,426 n/a n/a 

DESIGN ANALYSIS Revision 0 
Page No 3 I of 50 

Client 
Subject : MCO Storage Basket Date : dt&b 

: Westinghouse Hanford K Basin SNF Project 

Orginator: H.Shrivastava 
Checker : L L Hyde 

Analysis of the Mark 1A and Mark I V  Storaoe Basket BaseDlates (cont'd) 

Load Case 4: This case is analyzed for plate 1 (Mark IV) only. 
nodes at the inner surface are free. 
near 8 = 0' and a node near 8 - 60" near the outer 
radius are vertically restrained. 

The 
However, a node 

Figures 4 ,  5, and 6 show the three plate models with applied forces and the 
nodal displacement boundary conditions. 

RESULTS 

The results are tabulated below: 
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Analysis o f  the Mark 1A and Mark IV Storaqe Basket BaseDlates (cont'd) 

-.%- 
I 

MARK IA 
BASEPLATE 
(PLATE 2) 

f 
." n.. E 

MARK IV 
BASEPLATE 
(PLATE 1) 

6-34 Dcsenber 30, 1996 



w 

I 

I 

a s k e t  bottom uldte l  

ANSYS 5.2 
MAR 25 1996 
10:28:26 
PLOT NO. 2 
ELEMENTS 
TYPE NUM 

xu = . 5  
YV =.5 
zu =1 
DIST=6.591 
XF =5.984 
YF = 4 . 8 9 8  
ZF =1.5 
2-BUFFER 

I z n I 

v) 

v) z n 

v) 

D W 

P 

P 
0 
0 
In 
W 

< 
0 

m 

m 

P, 

I, 



-- ., P y c  f f 
0 

? 
B I 

W 

w 01 

R 
! 
w 0 

3 

i 

basket bottom plate2 

FICUKE z : ELEVE~JT PLOT FOR PLATE 

ANSYS 5.2 
MAR 25 1996 
12:42:43 
PLOT NO. 1 
ELEMENTS 
TYPE NUM 

xv =.5 
YV =.5 
zv =1 
DIST=6.491 
XF = 6 . 4 a 4  
YF =4.89Q 
Z F  =1.5 
Z-DUFI:CR 

I z 11 

la W W 

0 0 VI 

W rn < 
0 

H 
u e 
a 

Ln 
0 

n 

I1 



m 
W .I 

olid basket p l a t e  

ANSYS 5.2 
APR 2 1996 
07:43: 13 
P M T  NO. 1 
ELEMENTS 
TYPE NUM 

xv :1 
YV = 2  
ZV = 3  
DIST=6.381 
XF = 5 . 9 8 4  
Yi: =.1.@98 
2“ = 1 . s  
2-BUFFER 

I z n I 

v) a 

v) z n I 

v) D 
W W 

0 0 m 

W 

< rn 

0 



1 ANSYS 5.2 
MAR 2 5  1996 
10:27: 31 
PLOT NO. 1 

h I ELEMENTS 

[basket - , w ~ , ~ -  bottom plate1 

ACEL 

xv = . 5  
YV = . 5  
zv =1 
DIST=6.591 
XF = 5 . 9 6 4  
Y F  =1.693 
ZF 11.5 

. Z-BUFFEII 

ZI rn < 
0 

I1 

I 



!.I- .. 

HNF-SD-SNF-SARR-005 REV 0 

3 ~ 4 ~ 3 1  OF SO ' 

I- 
a 
n. 
r 
c 
E C 

C I: 

a 
2 

n 

SARR-0OS.APB 6-39 Decnher 30, 1W6 



w 
! 

1 

'Y' .$, olid basket plate 

ANSYS 5.2 
APR 2 1996 
07:43:27 
PLOT NO. 2 
ELEMENTS 
TYPE NUM 
U 
ACEL 

xv =1 
YV =2 
zv E3 
DIST=6.381 
XF =5.984 
Y F  = 4 . 8 9 8  
ZI' =l. 5 
7.-BUFFER 

, 

I ln 

ln z 
7 



m 

:: 

1 

'asket bottom platel 

ANSYS 5 . 2  
MAR 2 5  1996 
10:29:35 
PLOT NO, 3 
NODAL SOLUTION 
STEP=l 
SUB =1 
TIME-1 
S I N T  IAVG) 
DilX = .001351 
SMN = 5 . 4 9 9  
SMS =3879  
SPlSB-54 1 7  

1 2 9 7  
1 7 2 7  
215: 

I z -n 

VI 0 

VI z n 

VI D W 

0 0 VI 

P 

W m < 
0 



W 

P N 

basket bottom Dlatel 

\ 

1 ANSYS 5.2 
MAR 28 1996 
08:33: 10 
PLOT NO. 1 
NODAL SOLUTION 
STEP=l 
SUB =1 
TIME=l 
SINT (AVG) 
DMX =.001751 
SMN =7.35 
SMX =5454 
SMXB=644 1 

7.35 
612.561 
1218 
1823 

3033 
1=3 3639 

,1211 

5 4 5 1  

2 4 2 8  
z n 

% 
P 
W 

0 
0 ul 

W rn < 
0 

9 m 
P 
0 

B 
0 :  
0 



w 
asket Dlate 1. inner f ace  bottom nodes uz = 0 

ANSYS 5.2 
MAR 28 1996 
07:59:33 
PLOT NO. 1 
NODAL SOLUTION 
STEP=1 . 
SUB =1 
TIME=l 
SINT (AVG)  
DMX =.001799 
SMN =6.532 
SMS =6134 
SMXB.7479 
I 6.532 

687.326 
1366 
2 0 4 9  
2730 
3411 

4772 

6134 
5453 D W W 

0 
0 VI 



W 

P P 

1 ANSYS 5 . 2  
MAR 27 1 9 9 6  
10:21:40 
PLOT NO. 1. 
NODAL SOLUTION 
STEP=1 
SUB =1 
TIME=1 
SINT (AVG) 
DMX = . 9 5 4 1 - 0 3  
SMN =6.677 
SMX =I426 
SMXB= 1602 

6.677 = 1 6 6 . 1 8 3  
3 1 3 . 6 ( 1 7  = 461.195 
6 3 8 . 7 0 2  
7 9 6 . 2 9 6  
' ) 5 3 . 7 ! . :  
:ill  

1,126 
% 
W 

0 
0 VI 

R < 
0 



W 

P UI 

w 

5 
& 

sasket bottom plate2 
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PLOT NO, 3 
NODAL SOLUTION 
STEP.1 
SUB =1 
TIME-1 
SINT IAVG)  
DMX =.334E-03 
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APR 2 1996 
09:54:34 
PLOT NO. 2 
NODAL SOLUTION 
STEP=1 
SUB =1 . 
TIME=l 
SINT (AVG)  
DMX =.850E-03 
S N N  = E .  103 
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ICF KAISER HANFORD 
DESIGN ANALYSIS 

~~~~~, ,", of 5o 

-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Orginator : L. L. Hyde 

Checker : D. M. Chenault 

Will a fuel element perforate the bottom of the MCO during an accidental drop? 

References: 1) Design of Sfrucfures Tor Missile Impact, BC-TOP-SA. 
Rev.2, Bechtel Power Corporation, San Francisco, CA. 
September 1974. 

2) SNFP TechnicalDatabook. WHC-SD-SNF-TI-015, Rev. 0 
Weslinghouse Hanford Company, Richland. WA. 

There are two major types of fuel elements the Mark N a n d  the Mark IA. The MK IV fuel 
elements are heavier and more are loaded per MCO basket so it presents the maximum 
load case even though there are only 5 baskets per MCO while there are 6 baskets with 
MK IA fuel. The SK-1-80110, Rev. 0 drawing shows 54 MK IV fuel elements per baskel. 

Weight of MK IV fuel element per Reference 2: W e  .=  55.39 Ib 

Weight of fully loaded basket: Wb .=54.we 

Diameter of MK IV fuel element per Reference 2: D =2.4 in 

The maximum drop height of the unprotected MCO is two feet. However, during 
transportation it may be dropped 30 feet in the cask. Conservatively assume this 
scenario is equivalent to a missile (fuel element) being dropped onto a steel plate 
(bonom of the MCO). Find the thickness of plate 0 required to prevent perforation 
in accordance with the methodology of Reference 1. 

Drop height H=30 ft 

(If2 x Meffx Vs2)m 
T =  

672 x D 

where, Mefi= W e f f / g  and. Vs=(2xgxH)1R 

Wen x W m  
thus, T =  - 

672 x D 

SARR-005.APB 8-49 Desaker 30, 1996 
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ICF KAISER HANFORD 
Revision 0 

DES'GNANALYS'S PageNo. 48 of 50 

-Client: Westinghouse Hanford K Basin SNF Project Date: 09/13/96 
Subject: MCO Orginator: L. L. Hyde 

Checker : D. M. Chenault 

Will a fuel element perforate the bottom of the MCO? (cont'd) 

Assume a percentage of the weight (pw) of the fuel in the four baskets above the 

bottom basket act with one fuel element in the bottom basket and this fuel element 
must be prevented from perforating the bottom of the MCO. Consider a range of 
thicknesses for the bottom of the MCO and find the effective weight of the missile 
 we^) and the percentage of lhe total fuel weight (p,.,) at incipient perforation. 

let. T =0.5.0.75. 3 in 

3 

(672.D.T)' 
H 

Wca(T) '=- Ib 

P ,,U) 
nrodi(T) -:(4.54).-+ 1 

IO0 

T . = thickness of bottom of MCO, inches 
Weff = weight of a 2.4 inch diameter missile which, when dropped 30 feet, 

p,., = the percentage of the fuel weight in the four baskets above the 
bottom basket which are included in Weff. percenl 

nrods = the number of fuel rods whose combined weight is  we^. Note: 

the total number of rods in the upper four baskets is (4 x 54 = 216) 

Will just perforate the bonom of an MCO of thickness 0, pounds 

T 

U 

P ,,ST) 

SARR-OO5.APB B-50 
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Calc. No. 
DESIGN ANALYSIS Revirion 

I'sgc No 

XCF ICAXSEII HANF'ORD 

Cliciil Wesringhourc Haorord Company 
Subjccl Rerulrr Dropped MCO Londed io Cenrer I < e p w  u i r l l  h l ~ r  

Lonil Bomni MCO 
I.otntion 100 K. K-Basins 

WO/Job No. CS047 IfLEO I6K7L7A I 
D:tlc July lo,  1996 

CllCCkCd I ly Larry 1.. H y d c  
Rcviscd 

f l y  Carlcro,! I. hloore 

LlY 

Dropped MCO BolIo!n Cotitncl Prcrsure n i  0.003 sccond 

Figiirc 5-21 

4 0  
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JCF IWXSER IXANFOXID Calc No 
DESIGN ANALYSIS Rcvirion 

I'agcNo ~- 
Clieiit Wrrtinghourc I Innford Company 
Suhjcct Ilerulis Droppcd MCO Londcd in Cenlcl IIcg~on with E.larr 

Lond Doltom bICO C1icCl;cd Dy LsrryL llyde 
Locntioii 100 IC. IC-Basins l ( c v i ? c d  I ? "  

\VOt.Jo b No.  E504 7 I /LEO I GtFl  L l A  I 
Uatc July IO. 1996 ny c.liicton I. hloore 

MRR-005.AW 

Droppcd MCO liot lom Coiilnct I'ressiirc nr 0.031 second 

L.l 

I! 

rtgurc 5-23 

4 2  
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rcx; IUISER HANFORI) Cdc. K O  
DESIGN ANALYSIS ICevisinn 

ragc NO. 
Client Wcrlinghourc HnuTortl Conipany \VO/.lob Nn. ESO4711LE01G/F7L7AI 
Siibjecl Ilcsul~r Dropped MCO Mars Loaded 1.dI Dnlc Ju ly  IS ,  199s Ily Carlulon 1. hloore 

C l l C C l i C d  Ily I.a,,y I. llyd: UinrnclCr Wllli Mass LnaIIca uoliom ClLU 

Lornl ioi i  IOOK. K-flnsinn l l c v i r c t l  I1 v 

5 . 2  Dropped MCO Mass Loaded F u l l  Diameter w i th  Mans Loaded Bottom 
MCO 

The baske t  and f u e l  mass i n  t h e  dropped E4CO i s  s imula t ed  
wi th  lump masses connected a t  t h e  bottom a c r o s s  t h e  f u l l  diameter  
co r re spond ing  an assumed shear- f a i l u r e  of the baske t  bot toms.  
The b a s k e t  and f u e l  mass i.n t h e  hottoni MCO i s  s imula t ed  with 
lumped masses o n  t h e  i n s i d e  hoLtoin o f  t h e  s h i e l d  p lug  
correspondiny t o  t h e  i n e r t i a  load t r ansmi t t ed  Lhrough t h e  basket  
coluinn . 

Figure  5 ; s  shows tho d j  spl.acement ( i n c h )  ve r sus  t ime 
( second)  of tlie bottom of t he  dl-opped MCO, t h e  impacted s h i e l d  
p l u g ,  and t h e  impact l i i i i i te i - .  In Figure 5-25 t h e  maximum 
d e f l e c t i o n  can be soen t o  be a t  0 . 0 4 0  second.  F i g u r e  5-26 shopis 
t h e  vo lo i . i t y  ( i n / s e c )  ve r sus  time (second) of the hottom of t h e  
dropped MCO, t h c  impacted shie1.d plug,  and t h e  impact l i m i t e r .  
Figur-c 5 - 2 7  shows the g raph ica l  c a l c u l a t i o n  of deceleraLion g 
l e v e l .  l i i  T'i.gure 5-27. a f t e r -  the i n i t i a l  con tac t  t he  MCO'r ;  and 
t o p  of tho iinpacL 1 . i rn j~e r  can bo seen t o  clecelerate  a t  
iipproxi.inateiy 1.4. a g .  l'iguxc 5-2s shows a d d i t i o n a l  accc ie raL ion  
dyiiainics superiiiiposed on Lhe c a l c u l a t e d  average d e c e l e r a t i o n .  

F igu re  5 - 2 3  shows t h e  d e f l e c t e d  shape of t h e  I K O  t o  MCO 
c o n t a c t  a t  0 . 0 4 8  second. In Figure 5 - 2 9  the c e n t e r  1-egion of t h e  
bottom of t h e  dropped MCO c a n  he seen t o  no t  be a s  s i g n i f i c a n t l y  
deformed a s  was f o r  t h e  case  s t u d i e d  i n  Sec t ion  5 . 1 ,  Figure 5 - 9 .  
Also, i n  Figure 5-29 t h e  bottom of the s h i e l d  plug can be seen t o  
he deformed by the  i n e r t i a  f o r c e s  prorluced by t h e  lumped masses 
modeling t h e  f u e l  and basket  load t r a n s f e r  L o  the top of t h e  
impacted MCO. 

Figurp 5 - 3 0  shows a von Mises s t r e s s  con tou l -  at 0 . 0 0 6  
second.  Figure 5-31 shoeis t h e  v e r t i c a l  S t r e s s  contour  a t  0 . 0 0 6  
second.  The iiiaxiiiiuiii t ens ion  s t ress  i S  a t  t h e  c e n l e r  boltoiii o i  
t h e  impacted s h i e l d  p luy .  Figure 5-32 shows t h e  r a d i a l  s t r e s s  
con tour  f o r  t h e  solicl  elements at: 0.00.6 second.  Figure 5-33,  
g i v e s  t h e  s h e a r  s t r e s s  i.n the plane of t h e  f i g u r e .  Figure 5-34 
shows the  c i r c u m f e r e n t i a l  s t r e s s  f o r  t he  s o l i d  e lements  a t  0 . 0 0 6  
second.  

SARR-OO5.m D u a r k r  30, 1996 
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XCP ICAXSER I-IANFORD Calc. No. 
DESIGN ANALYSIS Revision 

Pagc No. 
Cliciit Wcr~inphome Hsnford Company WONob No. E5017 llLCOl(lIF7L7A I 
Subjccl Rcnillr Dropped k lC0  Mass I.ondcd Full I h t c  July 15. 1995 ny Carlcion J Moore 

Cllcclicd Dy Larry L. Hyde Ulanicier W I I I I  Mass Loaucd Uollonl ClLU 

Location IOOK. K-Basins Ilwiscd I l Y  

Figure  5-35 shows t h e  v e r t i c a l  p l a s t i c  s t r a i n  a t  0 . 0 0 6  
second.  Figure 5-36 g i v e s  t h e  equivalenL p l a s t i c  sLra in  at 0 . 0 0 6  
second.  

F i g w e  5-37 shows t h e  von Mises stress contour  a t  0 . 0 4 0  
second.  Figure 5-30 shows t h e  v e r t i c a l  s t r e s s  contour  a t  0 . 0 4 0  
second.  Figure 5-39 shows t h e  r a d i a l  s t r e s s  of t h e  s o l i d  
el-ements a t  0.040 second.  F igu re  5-40 shows t h e  shea r  s t r e s s  i n  
t h e  p l a n e  of t h e  f i g u r e .  F igu re  5-41 shows t h e  c i r cumfe ren t i a l  
s t r e s s  of t h e  s o l i d  e l emen t s .  

The s t r e s s e s  i n  F igu res  5-30 through 5 - 4 1  show h igh  s t r e s s e s  
i n  t h e  bottom o f  t h e  impacted s h i e l d  p lug .  Th i s  region is 
s u b j e c t  t o  h igh  l o c a l  l o a d s  imposed by t h e  assuinecl l oad  p a t h  f o r  
t h e  concen t r a t ed  lumped masses (mass modeling of haskeLs and 
f u e l )  . The h igh  s t . r e s s  r eg ion  i s  confined i n  a manner t h a t  
p r e v e n t s  f a i l u r e  b u t  allows p l a s t i c  deformation.  I n  t hese  p l o t s  
t h e  s t r e s s e s  n t  t h e  l i f t i n g  r i n g  and MCO c y l i n d e r  do not have a 
h igh  s t r c s s  h i s t o r y .  

Fiyurc. 5-42 shoris t h e  v e r t i c a l  p l a s t i c  s t r a i n  a t  ( 1 . 0 4 8  
second.  Figill-c 5-43 shows t h e  equ iva len t  p l a s t i c  s t r a i n  a t  0.040 
second.  Again t h e  h igh  p l a s t i c  s t r a i n s  on t h e  bottom c e n t e r  of 
t h e  impacted s h i e l d  p lug  imply a p a s t  stress h i s t o r y  
s i g n i f i c a n t l y  exceed ing  y i e l d .  

Fi.gure 5-41 shows a shaded contour  p l o t  of the  con tac t  
p r e s s u r e  a c r o s s  t h e  bottom of tlie dropped MCO a t  0.003 second 
F igure  5-45 shoiis 
Figure 5 - 4 6  shows 
F igure  5-47 shows 
F igure  5-40 shows 
F igure  5-49 shows 
Figure 5-50 shorn 

F igures  5-44 

Lhe c o n t a c t  p re s su re  contour  aL 0.009 second.  
t h e  c o n t a c t  p re s su re  con tour  a t  0.015 second.  
t h e  c o n t a c t  p re s su re  con tour  a t  0.018 second. 
t l ie  c o n t a c t  p r e s s u r e  contour  at 0 . 0 2 0  second.  
t h e  c o n t a c t  p re s su re  con tour  a t  0.033 second.  
Lhe c o n t a c t  p re s su re  c o n t o u r . a t  0 . 0 4 0  second.  

through 5-50 were s e l e c t e d  t o  provide t h e  
maxiinurn c o n t a c t  p r e s s u r e s .  The dynamics of t h e  impact event  a r e  
such t h a t  t h e  c o n t a c t  p r e s s u r e s  hetween t h e s e  maximums can be 
s i g n i f i c a n t l y  l ess .  I n  f a c t  du r ing  t h e  i n i t i a l  impact t h e  bottom 

45 
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- ICF IUISER HANFORD Calc No. 
DESIGN ANALYSIS Ik",,k,,> 

P a x  No 
Clicnt Wertingliousc Hanlord Company womb NO. ~ 5 0 4 7 1 1 ~ ~ 0 1 6 n : 7 ~ 7 , ~  I 
Subjcct  Ilcrulls Dropped MCO Mass Loaded 1:oIl Dxlc J u l y  IS, 1795 iiy Cnrlclon J. Moore 

Cilcetcd Ily Larry L tlyde Ulillnclrr Wllh MBSS Loaded UOllUln NlLU 

Location IOOK. K-Basins llcvirerl I 'Y 

of t h e  dropped MCO is bouncing a g a i n s t  t h e  top  of the s t a t i c  MCO 
( p r e s s u r e  can and do go t o  zero du r ing  t h i s  bounc ing) .  A l s o  t h e  

r n a x i m u m  con tac t  p r e s s u r e s  can he seen t o  be h igh  compared to  !he 
normal s t a t i c  c a p a b i l i t y  of t h e  i n a t e r i n l s .  Again the dynamics 
a r c  such t h a t  both i n e r t i a  f o r c e s  and e l a s t i c  f o r c e s  ba l ance  t h e  
c o n t a c t  p r e s s u r e s .  Dut p l a s t i c  deformation of t h e  impacted 
s l i i c ld  plug call ull iy l x  I ~ ~ L L C V C L ~  bj, itxsc:~Li:.$ s s i w c k  a!,;;,rher 
bmrrreen t h e  Lwo t.1Co's. 

SARR-005 .Am 
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DESIGN ANALYSIS Kcvirion 

P a y  No. 

Cliciil \\“ertingbouse I lanlord Company \\‘O/.lOl, No. ESO.I71/LEO16/F7L7AI 

Subjcrt Results Droppcd MCO hlars Loaded rull D:ilc July I S .  1995 11) Carlcloii J .  tvloorr 

Locnlion IOOK. I(-Dnsins 
Ily Larry I.. Hyde Uiameier Wllh klarr Loaded Uolioni cl leckc, l  

lleriretl UY 
- 

Displaccn1cnt Vcrsus Tinw of l l t e  Dotloni of Dropped MCO, 
llic liiipactcd Shi:id Plug, xitl tlic lnipacr Lini i lcr.  

. I  

0 .  

- 2 .  

. o o  . D 1  . 0 2  .03 .04 . 0 5  . o c  
TWTAL TIME 

rigitre 5-25 
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DIlSIGN ANALYSIS Rcviriori 

I'age No. 
Clicnl \vcrtingho~~rc Harllortl Company 
Subject Rcsiiltr Dropped MCO Mars Loadcd 1.1111 

Ulalnclcr \Villi h.l.lSr LoildcU lJ011om IMLU 

Local ioo IOOK. K-Darinr 

\\'O/.lob No. ESO-I7 I/LEO l l lF7L7A I 

I h l c  July I S .  1995 I ly  Carlcturi J. Moort 

Itcsired 
CllCCkCtl 1ly I.nrry 1. llyde 

nY - 

I ~ C f l C C l C C I  Sllnpc at 0.04s Secollrl 

SARR-005 .ApD 

5 1  

D-55 D e c h r  30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

ICF IUISER HANFORD Calc. No. 
DESIGN ,\N/\I.YSIS I l c > i i i o n  

rage N O  
Cliciit Wcslinghousc Hanford Company \!'()/.lOlJ N O .  CSOJ7 l/Lcol GlF7L7A I 
Subjccl I < c r u l ~ r  Droppcd MCO ivlarr Loodud Full I).ilc July I S .  199s Ily Cnrlcloo J. Moore 

Locnl ion .IOOK. K-Dxins 
Cltrcl;c,l Dy Larry I. I-lydc 

I (c \  i i c d  W 
Ui.lnlclcr Wllh hlXS LoilUcd UOllom MLU 
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5.3 Dropped 14CO Mars Loaded in Center  Rcgion wikh Empty Dottom 
MCO 

The basket  and f u e l  rnasrj i n  t h e  dropped MCO j s  s imula t ed  
w i t h  lump inasses connected a t  t h e  bottom i n  the ccn te r  r eg ion  
co r re spond ing  t o  tlic i n e r t i a  l o a d  pa th  being t r ansmi t t ed  through 
t h e  b a s k c t  coliiinn. The  basket  and f u e l  mass i n  the  bottom MCO i s  
not s imula t ed  (empty MCO) . This  a n a l y s i s  case models t h e  impact 
b e f o r e  Lhe baskct  and f u e l  i....iss j.n t h e  impacted MCO c o n t a c t s  t h e  
i l l s ide  bottom of the  s h j  c l d  p l u g .  

F igu re  5 -51  sho~.~is t l ie displaceirrent ( inch)  ve r sus  t ime 
( second)  of t h e  bottom of t h e  dropped MCO, the  jmpacLed s h i e l d  
p l u g ,  and t h e  impact l imiLci-.  In Figure 5 - 5 1  Lhe maximum 
d e f l e c t i o n  of can be seen t -D bc a i  0 . 0 4 5  second. 1,'igul-c 5-52 
shows t h e  vclocity ( i n / s e c )  v e l s u s  rirnc (sccond) of t h e  bottom of 
t h e  dropped MCO, Lhc imp+ztrd sh j c i r l  plug,  a!id Llic impact 
l i n i i t e r .  1,'igui;c 5 - 5 3  :,IIOWT: L h e  g~ -ap I l i ca l  ca l cu la t io i :  of 
deceler-zit ion q l c v c l .  111 r 'iqi:~-c 5 - 5 3 ,  a f t e l -  L11e in i l . i a1  contacL 
the F l C O ' s  and top 01 L h c  i a c t  1 i.niit:er can bc w e n  1.0 d e c e l e r a t e  
a t  approx~niaLcly Z 0 . G  y. g u r e  5 5 4  ahowr, add i t iona l  
a c c e l e r a t i o n  dynamj c.7 nu!>nri.niposecl on Lhe calculaLed average 
d e c e l e r a t i o n .  

Fjgure 5 - 5 5  shows ?.he d e f l e c t e d  shape of t he  MCO t o  MCO 
c o n t a c t  a t  0 . 0 4 8  second. I n  F igu re  5-55 the  cen te r  r eg ion  of the 
bottom of t h e  dropped MCO can be seen to  not be as  s i g n i f i c a n t l y  
ciefornicd a s  was f o r  Lhe case sLudied jn  Scct ion 5 . 1 ,  FiguI-e 5 - 9 .  
Also,  i n  Vigure 5-55 t h e  bottom of the s h i e l d  plug remains 
undef ormed. 

F igu re  5-5G shows a von Mises s t r e s s  contour a t  0 . 0 0 6  
s econd . '  Figure 5-57 shows the v c r t i c a l  s t r e s s  contour a t  0 , 0 0 6  
s fco rd .  The niaxiinuin t ens ion  s t r e s s  is a t  t he  cen tc r  bottom of 
t h e  impacted s h i e l d  p lug .  F igu re  5-50 sho,::s t he  r a d i a l  s t r e s s  
con tour  f o r  t h e  s o l i d  e lements  a t  0 . 0 0 6  second. Figure 5 - 5 9  
g i v e s  t h e  shea r  s t r e s s  i n  t he  p l ane  of L1:e f i g u r e .  Flgurc 5 - 6 0  
shows t h e  c i r c u m f e r e n t i a l  s t r e s s  f o r  the s o l i d  clements at 0 . 0 0 6  
second .  
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F i y i i r e  5 - 6 3  shows the  v e r t i c a l  p l a s t i c  strain a t  0 . 0 0 6  
s e c o n d .  Figure 5 - 6 2  given t h e  eciujvalent p1asti.c. s t r a i n  a t  0.006 
second. 

F igu re  5-63 shows tile voii Mises stress con tour  a t  0 . 0 1 5  
se::ond. F jgu re  5-64 shows thc vertjcal s t r c s s  coiitoui- a t  0 . 0 4 5  
s'econd. F igu re  5-65 shows t h e  r a d i a l  s t r e s s  of t h e  s o l i d  
e1en;ents a t  0.045 second.  F i g u r e  5-66 shows t h e  s h e a r  s t r e s s  i n  
Lhe p l ane  of t.he fjgure. Fjg i i r e  5 - C 7  shm:s the  c i r c u m f e r e n t i a l  
s1~'es;:  of tlic s o l i d  e lements .  

The st:i-ilsses . in  l. 'iqiires %!iG I:hrough 5 -6'7 sl~ow low stl-esses 
at the l i f t i n g  r i n g  and  MCO cy l i i i de r  position:;. 

F igu re  5-GO shows tlic v e r t i c a l  p l a s t i c  s t ra j .n  a: 0 .045  
second. F igure  5-69 shows tlic eqi i ivalcnt  p l a s t i c  s t r a i n  aL 0 . 0 4 5  
s e c o n d .  

I : i g u ~ - c  5 - 7 0  shows. R r.hadcc1 contour  plo: of tlie c o n t a c t  
pressui-e itcross t h e  lmtl.o;i~ o i  t:he dropped I . IC0 :~t 0 . 0 0 6  second. 
FigUi-e ' B - 7 1  ~ ; h o v r . s  L l i e  coriLacI pr?suiire co l i t o~ i r  a t  0 .  0 2 7  sec:ond. 
Figure 5 7 %  shows the con tac t  p re s su re  contour  a t  0 .036 s e c o n d .  

Figure 5-79 shows the contilcl. pressui-e contour- a t  0 .042 second.  
F j g u r c  5-75  shows t h e  c o n t a c t  p re s su re  contour  a t  0 .  045 second,  

.. . 
t lglil-C 5 - 7 3  S h O W S  t h e  C O l l i i l G t  pJ:CSSllre cOntOLi1~ 81. 0 .  039 second. 

F igu res  5-70 through 5-75 were s e l e c t e d  t o  prov ide  t h e  
n;axj.mum c o n t a c t  pressure:;. The  .dynamics of t h e  impact even t  a r e  
such t h a t  the  c o n t a c t  p r e s s u r e s  Ixtrreen t h e s e  maximums can he 
s i g i i j f i c e i i i ~ l y  l e s s .  In f a c t  du r ing  t h e  i n i t i a l  impact t h e  bottom 
oi chi- di-opped 1.4Co i s  bouncing ; :gainst  t l ie Lop of L l i e  s t a t j c  IwO 
( p r e s s u r e  can ancl clo go to  ze ro  diiring t h i s  bouncing) . Also t h o  
rnaximuln contact p r e s s u r e s  can  be seen to be h igh  coinpared t o  t h e  
!:orinal s t a t i c  capab i l . i t y  of t.lic m a t e r i a l s .  Again t h e  dynamics 
are sucli that bo th  iner t . ia  f o r c e s  and e l a s t i c  f o r c e s  ba l ance  the  
contiic: p r e s s u r e s .  n u t  pI a s t i c  cleforiiiation of t he  impacted 
s h i e l d  p lug  can only bc r e l i e v e d  by i n s e r t i n g  a shock abso rbe r  
between t h e  two MCO' s . .  
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6 . 0  Eva lua t ion  of t h e  blechanical Closure L i f t i n g  Ring Thread S t r e s s e s  

Tile MCO t o  MCO 3 1  fooL impact a i ia lysfs  do 11011 model t h c  th read  between 
t h e  l i f t i n g  r i n g  and t h e  MCO cy l inde r  w a l l .  But. t he  threads can be checked 
by employing t h e  s t r e s s e s  between t he  l i f t i n g  1-ing and t h c  MCO c y l i n d e r  
r i a l 1  w i t h  an a p p r o p r i a t e  stress i n t e n s i t y  f a c t o r .  

The a p p r o p r i a t e  s t r e s s  i n t e n s i t y  f a c t o r  can 13e ohtained from I;. E .  
P e t e r s o n ' s  book ( '  Stress Concentration Design Facto?-s" ,  publ ished by John 
Wiley L Sons, I n c . ,  N e w  Y o r k ,  1 9 5 3 .  The Lhreaded l i f t i n g  r i n g  can be 
cons ide red  t o  be a 1.arge bolt w i t h  the threadcd PIC0 cy l inde r  wal l  a l a r g e  
nut. I. conse rva t ive  stress i i i t c n s i t y  f ac to l -  can he s e l c c t c d  from t h e  bol t .  
and nu t  t h ree -d imens iona l  p h o t o e l a s t i c  t e s t  r e s u l t s .  

K i t h  r e g a r d  t o  failure i n  Lhe th reads  all t l i i :  nul :;ice, var i .011~ b o l t  
and n u t  combinat ions were i n v e s t i g a t e d  by means 01 Lhi-cc-dirnensional 
pho t .oe l a s t i c  t . e s t s .  For staiidard b o l t s  a n 3  nu t s  a sti-ess i n t r n s i i y  f a c t o r  
of 3 . 8 5  was obtoi.ned. 

TIK: v e r t i c a l  s t r e s s e s  corresponding t o  bo1 t awl i i u t  a x i a l  load  f o r c e s  
were r e v j  ewsd at the t r e a d  l o c a t i o n s  fo i  t he  three dociiniented impact c a s e s  
of S e c t i o n s  5 . 1 ,  5 . 2 ,  and 5 . 3 .  l'he review requ i r ed  the  zooming i n t o  t h e  
propei. r eg ion  and then r e s e t t i n g  the s t r e s s  I.egen:l ncs l e  t o  p o v i d z  clctai l  
i n  t h e  t h r e a d  r e g i o n .  

The 3.oacl case  from Sec t ion  5 . 2  tiad the l a r g e s t  v e r t i c a l  s t r e s s e s  a t  
I:he p o s i t i o n  of t h r e a d  i n t e r f a c e  betveen t h e  l i f t i n g  r i n g  and t h e  MCO 
c y l i n d e r .  The average coiiipressive s t r e s s  was under 4 ,  0 0 0  l b f / i n 2 .  The 
maxjinum inipulsive compressive s t r e s s  was under 12,000 l b f / i n 2 .  Even w i t h  
iipp3ic;:tion of  t h e  s t r e s s  i n t e n s i t y  f a c t o r  of 3 . 0 5  t h e  i i ia ter ia l  does no t  
f a i l .  

The s h e a r  stresses a t  t h e  thi-ead i n t e r f a c e  between the  l i f t i n g  r i n g  
a n d  the Pic0 c y l i n d e r  were found t.0 he a !naxi.mum of 3 ,  000 p s i .  Even i f  a 
i n t e n s i t y  f a c t o r  of 4 i s  app l i ed  f o r  t he  thread d e t a i l  t he  ma te r i a l  -..:ill 
iiot f a i l .  
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7 . 0  Eva lua t ion  of t he  Sh ie ld  Plug Scol Ledge Shoulder 

The bottom of the s h i e l d  plug has a q u a r t e r  inch squa re  
shou lde r  around the  ciycumferencc a t  the seal. l o c a t i o n .  The 
p1asl:ic deformation of t h i s  shou lde r  war: eva lua ted  f o r  the t h r e e  
documented impact ca ses  of Sec t ions  5 . 3 ,  5 . 2 ,  and  5 . 3 .  'The 
review requ i r ed  zoomilgg i n t o  t h e  proper  r eg ion  arid r e s e t t i n g  t h e  
s t r a i n  legend s c a l e  to provide d e t a i l  i n  t h e  shou lde r  r e g i o n .  
A l s o  t h e  def lecLions a t  each se t  were monitorad f o r  t h e  nodes 
rlc-fining 1 . 1 1 ~  ::liouldc.~- 

Ilie i o a x i  i i , i i i~ i  coii,pi-esr;ion oil t h c  shoulder  was 0 .  0 3 0  i n c h  f o r  
tlic iiiipact- caLs documentcd i n  Sec t ion  5 . 3 .  The m a x i m u m  
compres:;i.on of t h e  a n a l y s i s  of S e c L j a n  5 .3  corresponds 1-0 a 
s t i - a i n  l e v e l  t.hat v a r i e s  froro 1 0  t o  1 3 % .  The impact a n a l y s e s  
dociiroented i n  s e c t i o n  5 .  1 and 5 .  2 hall a maximum compression of 
t.he shou lde r  O S  0 ,012 incli .  

Titus du r ing  an 3 1  foo t  hIC0 t o  MCO drop and  iinpact ~ h c  
impac::cd s h i e l d  pJ.ug s e a l  k:ould compress a maximum O F  0 .  030  i n c h .  

The p l a s t i c  compression could be decreased b y  making t h e  
squa re  0 .  25 s t e e l  shoalder  of h ighe r  y i e l d  or hardened i n a t e r i a l .  
B u t  i t  would a l s o  be necessary to  harden t h e  both s u r f a c e s  on t h e  
bottom of L1ie shie1.d plug and t h e  top  of t h e  s e a l  ledge t o  
c b n t r o l  [.he s e a l  compression 

SARR-005 .*PO 

101 

D-105 Decnnber 30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

_____ XCF ICAISER HANFORD Calc. No 
DESIGN ANALYSIS Kcviiion 

h g e  No 
Client Wcslinghotirc I Istiford Cnmpnny \VOl.lob No. ES0471iLEO16/F7L,7AI 
Suhjccl Evnhinlion olCompresrion I'rcload Ualir for Ihtc  AUEUS~ I S .  1996 Ily Ci i r lm i i  J. hloorr - 

Cllcclicd Uy Larry L. Hydc l l l c  MLU tu hlLU I m ~ m c L  

Loc;itiori IOOK. K.8asins Ilcvired 11). 

C.0 Evaluat ion of t h e  8 Compression Preload B o l t s  

The axial loads dur ing  t h e  t h r e e  impact s i m u l a t i o n s  were 
eva lua ted .  The f i n i t e  element q u a r t e r  model. s i m u l a t i o n  included 
compression p re load  b o l t s  modeled w i t h  i d e a l  beam elements 
connected d i r e c t l y  t o  t h e  1 i f t i . ng  r i n g  b r i c k  element s o l i d  mesh. 
The symmetry of t h e  meshes t h a t  have been used on t h i s  p r o j e c t  
a r e  such t h a t  i t  simulaLecl twelve bo l t s .  Although t h e r e  iias been 
sonic d i scuss ion  of i n c r e a s i n g  t h e  number of compression p re load  
b o l t s ,  aL t h i s  t ime t h e  design i s  r e a l l y  on ly  U b o l t s .  The b o l t s  
i n t e r f a c e  with t h e  s h i e l d  plug Lhrough col i tact  nodes on t h e  b o l t  
cnds arid a c o n t a c t  s u r f a c e  011 Lhe s h i e l d  plug s h o u l d e r .  

A maximum compressive f o r c e  p e r  bolt of 2G.400 l b f  was found 
i n  s ea rch ing  Lhrouyh the saved r e s t a r t  f i l c s  ( r e s t a r t  w i - i ~ t e n  
every 0 .  0 0 3  second of s i r i ~ u l a t i o n )  . Tt1l.s number must be factorecl  
up f o r  fl b o l t s  g i v i n g  a iiiarjmum b o l t  forre of 3 9 , 6 0 0  I b f .  ? 'h is  
maximum fo rce  was from Liie simul atj.on doc:umcnted i n  Sec t lon  !i. 2 .  

A n  cv2luaLion of I-he thrc-d S t r e s s e s  was made using the 
r e f e r e n c e ,  "Machine Design Titeol-y and P r a c t i c e "  , by Deutschma!~, 
M j  chel.6, and lli l s o n ,  page 009. The mechanical c l o s u r e  MCO desj-gn 
drawings show the  bolts Lo be 1" 0U"C with 2 . 5  i nches  of mated 
t h r e a d s .  

The bolt. t h read  maximum shear- s t r e s s  i n  t h e  l i f t i n g  r i n g  was 
c a l c u l a t e d  t o  be 1 0 , 0 0 0  p s i .  The maximum b o l t  t h r e a d  s h e a r  
s t r e s s  was 12,000 p s i .  The maximum t h r e a d  b e a r i n g  s c r e s s  was 
c a l c u l a t e d  t o  be fl,900 p s i .  

A g a i n  (lie f o r c e s  were i n  compression a t  t h e  maximum €or a 
ve ry  s h o r t  t ime .  The numbers can change some w i t h  a v a r i a t i o n  in 
b o l t  and tappcd ho le  t o l e r a n c e s ,  b u t  t hese  s t r e s s  l e v e l s  a r e  no t  
c l o s e  t o  m a t e r i a l  f a i l u r e .  A l s o ,  t h e s e  impact s i m u l a t i o n s  a r e  
acc iden t  cond i t ions  not  des ign  o p e r a t i o n a l  1 oaJ c o n d i t i o n s .  

102 
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Densi ty  of Uranium a t  Room Temperature 

Minimum Densi ty  Average Densi ty  

1) 301 I 18.82 I 0.680 I I 
503 18.80 0.679 I 801 18.76 0.678 

SARR-005.APE E-3 Decnher 30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

Theoretical Density of Uranium 

I 662 I 18.17 

!I I 675 I 18.15 

II I 700 I 18.13 

II I 725 I 18.11 

750 18.09 

18.07 

Y 772 I 17.94 

I 800 17.91 

17.85 

900 17.79 

950 17.73 

1000 17.67 

1050 17.62 

1100 17.56 
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Thermal Conduct iv i ty  of  Uranium 

“Thermal c o n d u c t i v i t y  is s e n s i t i v e  t o  p u r i t y  and s t r u c t u r e .  
v a l u e s  i n  t h i s  t a b l e  probably may v a r y  by * 20%. 

The 
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127 

227 

327 

427 

Specific Heat, Enthalpy, and Entropy of Uranium 

124.3 3.873~10‘ 245.1 

133.7 5.160~10~ 274.3 

144.6 6.549~10~ 299.8 

157.4 8.057~10~ 323.2 

668 206.3 1.Z4ZxlOS 376.8 

P 668 178.4 1.361~10~ 389.4 

727 178.4 1 466x10’ 400.1 

- 

n I 527 I 173.4 I 9.704~10~ I 345.4 11 
I I 627 I 195.3 1 1.154~10~ 1 367.1 1 

774 I 178.4 1 1.550~10’ 1 408.5 1 I I 
H r l  774 I 160.8 I 1.749~10’ 1 427.5 I 
I1 I 827 I 160.8 I 1.834~10’ 1 435.3 11 
II I 927 I 161.7 I 1.995~10~ I 446.2 11 
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E m i s s i v i t y  ( t h e  r a t i o  of r a d i a n t  e n e r g y  a c t u a l l y  t r a n s f e r r e d  
t o  t h a t  t r a n s f e r r e d  from a b l a c k b o d y )  f o r  u r a n i u m  is as follows: 

T h e r m a l  E m i s s i v i t y  of Uranium 

II M o l t e n  Uranium I 0 . 3 4  G 
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Uranium Allotropic Transformation Temperatures 

Average Temperature 

"C "F 
Phase Change 
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Enthalpy, o r  Heat Content, f o r  Uranium Transformations 

Enthalpy 
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Nickel 

Zi rca loy  Alloy Concent ra t ions  

0.03-0.08 0.007 Max. 

Al loying  Element 

0.07-0.20 0.18-0.24 

I Chromium I 0.05-0.15 I 0 . 0 7 - 0 :  13 I 
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Reported Dens i t i e s  of Zirconium and Z i rca loys  
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Theoretical Density of Zirconium and Zircaloys 

100 6.501 6.541 

200 I 6.488 I 6.528 

I 300 1 6.474 I 6.5131 

400 6.458 6.498 

500 1 6.442 1 6.481 

II I 600 I 6.424 I 

862 6.44 P I  I I 1 
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200 

300 

Thermal Conductivity of Z r - 2  

14.50 

15.60 
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The s p e c i f i c  h e a t  of Zr-2  is approximated by t h e  fo l lowing  l i n e a r  
equa t ions :  

S p e c i f i c  Heat of Zr-2  

32 - 1171 

II 1171 - 1495 1 0.08589 + ( 2 . 3 8 7 2 ~ 1 0 - ~ ) T  I 
1782 - 1922 

To conve r t  t h e  va lue  f o r  s p e c i f i c  h e a t  from U.S. u n i t s  t o  S.1 
u n i t s  (J/kg-"C), mu l t ip ly  t h e  resul t  from t h e  s p e c i f i c  h e a t  
equat ion  by 4 ,186 .8 .  
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Zr-2 and Zr-4 Allotropic Transformation Temperatures 

Phase Change Average Temperature 

"C 1 "F 

Heating : 

P + = + P  815-830 1499-1526 

= + P - + P  975-995 1787- 1823 

Cooling: ' 

P - + , + P  960-930 1760- 1706 

785-770 1445-1418 

II fl Liquid I -1849 I -3360 
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Entha lpy  for  zirconium t ransformat ions  is as follows: 

Enthalpy o r  Heat Content o f  Zr-4 

-+ Liquid  me l t ing  

Liquid  --f gas 
(vapor i za t ion )  I I 1558 2805 
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E m i s s i v i t y  ( the  r a t i o  of r a d i a n t  energy a c t u a l l y  t r a n s f e r r e d  t o  
t h a t  t r a n s f e r r e d  from a blackbody) f o r  zirconium and Zr-2 is as 
follows : 

Thermal Emiss iv i ty  of Zirconium and Zr-2 

II Zirconium I 820-840 I 0 . 4 3 6  II 
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Estimated Density of 304L Stainless Steel 
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The d e n s i t y  o f  304 S t a i n l e s s  S t e e l  is approximated from t h e  
fo l lowing  polynomial equat ion:  

p = 5 . 0 2 5 4 4 7 ~ 1 0 ~  - (1 .603769~1O~)T [ l b / f t 3 ]  

where 

T E t empera ture  ("F) 

To conver t  t h e  v a l u e  f o r  d e n s i t y  from U.S. u n i t s  t o  S . I .  u n i t s  
(Mg/m3), m u l t i p l y  "p" by 1 .601846x1OZ. 

L i m i t a t i o n s  of  Use o f  Equation 

The use  of t h i s  e q u a t i o n  is l i m i t e d  t o  t h e  tempera ture  range  100- 
1500°F (38-816°C). 
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Estimated Thermal Conductivity of 304L Stainless 
Steel 
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I 

The thermal  conduc t iv i ty  of 304L S t a i n l e s s  S t e e l  is approximated 
from t h e  fo l lowing  polynomial equa t ion :  

k = 8.168027 + (5 .845912~10-~)T  - 

( 1 . 0 9 5 4 7 6 ~ 1 0 - ~ ) T ~  + (2 .469959x10-")T3 [BTWhr-ft-"F] 

where 

T E t empera ture  ("F) 

To conver t  t h e  va lue  f o r  thermal  conduc t iv i ty  from U.S. u n i t s  t o  
S .  I .  u n i t s  (W/m-"C) , mul t ip ly  "k" by 1.729577. 
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100 38 0.000202 15.10 0.111 464 r 
200 93 0.000215 16.07 0.116 485 

, 400 204 0.000239 17.86 0.125 523 

Mater ia l  P r o p e r t i e s  o f  304 S t a i n l e s s  S t e e l  

800 427 

1 Temperature 1 Thermal Conductivity I Specific Heat 11 

0.000284 21.23 0.135 565 

1 70 I 21 I 0.000198 I 14.80 1 0.109 1 456 I 

0.000364 27.20 0.151 632 

11 600 I 316 I 0.000262 I 19.58 I 0.130 I 544 1 

I [ -  1400 I 760 I 0.000344 I 25.71 I 0.145 I 607 1 
1 1500 I 816 I 0.000354 I 26.46 I 0.149 1 623 / 
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Estimated Specific Heat of 304L Stain less Steel 
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The s p e c i f i c  h e a t  of 304L S t a i n l e s s  S t e e l  is approximated from 
t h e  f o l l o w i n g  polynomial equat ion:  

c = 1.102380~10-' + (5 .750184~10.~)T - 

( 4 . 1 8 9 0 6 0 ~ 1 0 - ~ ) T ~  + (1 .369815~1O-~l )T [BTU/lb-"F] 

where 

T tempera ture  (OF) 

To c o n v e r t  t h e  v a l u e  fo r  s p e c i f i c  h e a t  from U.S. u n i t s  t o  S . I .  
u n i t s  (J/kg-"C) , m u l t i p l y  "c" by 4.186800~10~. 
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Estimated Thermal Emissivity of Type 300 Stainless 
Steels 
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Densi ty o f  A i r  

The dens i t y  o f  a i r  i s  approximated by t h e  f o l  lowing equat ion:  

p = 38.6438/(Tt460) [ I b / f t 3 ]  

where 

T = temperature ( O F )  

To conver t  t he  value f o r  densi ty  from U . S .  u n i t s  t o  S. I .  u n i t s  (Mg/m3) 
m u l t i p l y  "p" by 1.601846~10-~. 

SARR-OO5.APE E-26 Decerhr 30, 1996 



HNF-SD-SNF-SARR-005 REV 0 

Spec i f i c  Heat o f  Air 
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Therma I Conduct i v i  ty o f  A i  r 

342 0.01723 0.009962 

360 0.01810 0.01047 

210 378 0.01895 0.01096 

396 I O  01980 1 0 01145 

414 I O  02063 I 0 01193 

240 I 432 10.02145 I 0.01240 

250 I 450 10.02226 I 0.01287 11 :;: 1 Nj: 1 0  02305 1 0.01333 11 
0 02384 0 01378 

280 504 0 02461 0 01423 

290 522 0 02538 0 01467 

300 540 0 02614 0 01511 

310 558 0 02687 0 01554 

320 I 576 10.02759 1 0.01595 

330 I 594 10.02830 I 0.01636 
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Therma I Conduct iv i ty  o f  A i r  (contd) 

Data Qual i t y  

The est imated accuracy on t h i s  data i s  as fol  lows: 

90 t o  400°K = 1% 
400 t o  1500°K = 5% 
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Dynam i c V i  scos i Cy (Abso I ute) of Ai  r 

3 020 905 It 210 I 378 I 13.92 I 
220 I 396 I 14.47 [ 

3 352 

3 458 

270 I 186 I 11.07 I 3.562 

280 I 504 I 17.57 I 3.661 

3.767 

3.067 
19.00 3.965 

19 46 1.061 

19.92 4.157 

340 612 20.37 4.251 

Temperature I Viscosi ty 

('K) I ( O R )  I(10.' Pa-s) I(10. '  Ib-s/ft') 

5.520 

5.597 

27.18 5.672 

520 936 27.54 5.747 

27.90 5.823 

540 972 28.25 5.896 

550 990 28.60 5.969 

6 113 

560 I 1.008 I 28 95 

570 I 1 026 I 29 29 
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Dynam i c V i  scos i ty (Abso I ute) o f  A i  r (contd) 

Data Qual ity 

The estimated accuracy on this data i s  2% over the  entire temperature range. 
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S p e c i f i c  Heat o f  He1 ium a t  1 A t m  

Temperature ( O K )  S p e c i f i c  Heat (J/ka-"K) 
173 5,188 
273 5,188 
298 5.188 
322 5,188 
373 5,188 
473 5.188 
773 5,188 

1,473 5,188 
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Thermal Conductivity o f  Helium at 1 A t m  

Thermal Conductivrty 
( W I m - Y )  I (Btu/hr-ft-*R: 

0.225 I 0.1301 
0.229 0.1324 
0.233 0.1341 
0.236 0.1364 
0.240 0.1388 
0.243 0.1405 
0.247 0.1428 
0.251 0.1451 
0.254 0 1469 
0.258 0.1492 
0.261 0.1509 
0 264 0.1526 
0.267 0.1544 
0.269 0.1555 
0 272 0.1573 
0.275 0.159 
0 278 0 1607 
0.281 0.1625 
0.254 0.1642 
0 281 0.1659 
0.29 0.1676 

I 0 1688 310 I 558 I 0 1530 I 750 l . < O  I 0.292 I :.:Og 320 I 576 I 0 1560 I 760 1.368 I 0.295 I 0.1706 
330 I 594 I 0 1590 I 0.0919 770 1.386 I 0.298 I 0.1723 1 1 

0 1678 0 097 
0 0988 

380 I 684 I 0.1737 1 0 1004 
390 I 702 I 0 1766 I 0 I021 
400 1 720 I 0 1195 1 0 1038 I 

I 
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Therma I Conductivity o f  He1 ium at 1 Atm (contd) 

11,WO 1 1,803 I 0.363 1 1::: 1 
1.1W 1.980 0.389 0.225 
1.200 2.160 0.416 
1,300 2.340 0.443 0.256 
1.403 2.520 0.469 0.271 
1.5W 2.700 0.494 0.286 
1.6W I 2.880 I 0.521 I 0.301 

1.7W 3,060 0,545 0.315 

Temperature Thermal Conductivity 

('K) I ('R) (W/m-'K) (Btu/hr-ft-"R) 

I ' OM I 3.240 0.57 0.33 
0.345 ' " '"'I 0.596 

Data Qual ity 

The estimated accuracy on this data is as f o l  lows: 

100 to 340°K = 5% 
340 to 1900°K = 10% 
1900 to 5000°K = 25% 
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Dynam i c V i  scos i t y  (Abso I Ute) o f  He I i urn 

0.6063 ;; 29.03 
29.78 0.6220 

1,008 30.53 0.6376 

1.044 31.27 0.6531 1 i5i 1 

3 
- ("K) - 

600 

620 

640 

660 

680 

700 

720 

740 
760 

780 

800 

850 

900 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

rature Viscosity 

('R) ( I  0 6 1 1  Pa-s) ( I  Od 
1,080 31.99 I 0.6681 

1.1717 
1.2239 

2.2740 

1.3722 
1.4620 

1.5497 
1.6353 

Data Quality 

The estimated accuracy on t h i s  data i s  as f o l  lows: 

100 t o  300°K = 3% 
300 to 2400°K = 1% 
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S p e c i f i c  Heat o f  Ni t rogen a t  1 A t m  

Data Qua I i t y  

The est imated accuracy on t h i s  data i s  0.6% 
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Thermal Conduct iv i t y  o f  Ni t rogen a t  1 A t m  

-Tempe&re Thermal Conductivity I 80 I 1 4 4  0.00762 I 0 00441 

( O K )  I ("R)  (W/m-"K) I (B tu /h r - f t - "R)  
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Therma I Conduct iv i t y  of  Ni t rogen a t  1 A t m  (contd) 

2,100 I 3.780 I 0.1207 I 0.0698 
2,200 I 3,960 I 0.1263 I 0.0730 

Data O u a l i t y  

The est imated accuracy on t h i s  data is as fol  lows: 

80 t o  350°K = 2% 
350 t o  1200°K = 5% 
1200 t o  3500°K = 10% 
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Dynamic V i scos i ty (Abso I ute) o f  N i trogen 

Data Q u a l i t y  

The estimated accuracy on this data i s  2% 
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Temperature 

( O K )  ( O R )  

99 179 

150 269 

S p e c i f i c  Heat of Argon a t  1 A t m  

S p e c i f i c  Heat 
(J/kg-"K) (Btu/lb - "R) 

542.9 0.1297 

527.3  0.1260 
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Thermal Conductivi ty o f  Argon a t  1 A t m  

Da ta  Qual i ty  

The estimated accuracy on t h i s  data i s  as follows: 

100 t o  340°K = 1% 
340 t o  740°K = 5% 

740 t o  2000°K = 10% 
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Dynamic V i s c o s i t y  (Abso I ute) o f  Argon 

("K) - 
500 

550 

600 

650 

700 

750 

so0 

850 

900 

- 
- 
- 
- 
- 
- 
- 
- 
- 

~~ ~~~ 

,ratore 1 Viscosity 

(OR) 1(106 Pa-s)l(lOd Ibrs/ft') 

0.7519 

1.080 38.3 0.7999 

1.350 44.5 0.9294 

1,440 0.9691 

1,530 1.0088 

1.620 1.0464 

11 950 I 1.710 I 51.8 I 1.0519 11 
1,000 

1.100 

1,200 

1,300 

- 
- 
- 2,160 1.25 I 

2,340 1.3116 

Data Q u a l i t y  

The est imated accuracy on t h i s  data i s  2% over t h e  e n t i r e  temperature range 

SARR-OO5.APE E-42 Decentxr 30, 1996 
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Therrna I C o n d u c t i v i t y  o f  Hydrogen 
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HNF-SD-SNF-SARR-005 REV 0 

Thermal Conduc t i v i t y  o f  Hydrogen (contd) 

Temperature I Thermal Conductivity 

( O K )  I ( O R )  I(W/m-'K)I ( B t u / h r - f t - " R )  

Temperature I Therma I Conductivity 

("K) I ( O R )  [ (W/m-"K) I ( B t u / h r - f t - ' R )  

I W I l  
1,480 2.664 0.5900 0.34112 

Decenber 30, 1996 SARR-OO5.APE E-44 
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Therma I Conduc t i v i t y  o f  Hydrogen (contd) 

SARR-OO5.APE 

Data Qual i t y  

The est imated accuracy on t h i s  data i s  as f o l  lows: 

100 t o  400°K = 2% 
400 t o  1350°K = 5% 

1350 t o  2000°K = 15% 

E-45 Oecenber 30, 1996 
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Specific Heat of Oxygen a t  1 A t m  

Data Q u a l i t y  

The est imated accuracy on t h i s  data i s  1 .l% 

SARR-OO5.APE E-46 December 30, 1946 



HNF-SD-SNF-SARR-005 REV 0 

Thermal Conductivity o f  Oxygen at 1 Atm 

Temperature 1 Thermal Conductivity 

( O K )  I ('R) I (Wlm-"K) I(Btnlhr-A-"R) 

0.00998 0.00577 
120 216 0.01092 0.00631 

0.01 187 0.00686 
140 252 0.01281 0.00741 

0.01646 0.00952 
0.01735 0.01003 

360 0.01824 0.01055 
0.0191 I 0 01 I05 

396 0.01997 001155 
414 0.02083 001204 

(1 Temperature I Thermal Conductivity 11 

i 11 400 I 720 I 0.03420 I 0.01977 11 
450 810 
500 900 

550 990 
600 1.080 
650 1.170 
700 1,260 
750 1.350 
800 1,440 
850 1,530 
900 1,620 
950 1.710 
1,000 1,800 
1.050 1,890 
1,100 1,980 
1,150 2,070 
1.200 2.160 
1.250 2,250 
1,300 2.340 
1,350 2,430 
1,400 2.520 
1,450 2,610 
1,500 2,700 

0.05130 0.02966 
0.05440 0.03145 
0.05740 0.033 19 
0.06030 0.03486 
0.06320 0.03654 
0.06610 0.03822 
0.06890 0.03984 
0.07170 0.04146 
0.07450 0.04307 
0.07710 0.04458 
0.07960 0.04602 
0.08210 0.04747 
0.08460 0.04891 
0.08710 0.05036 
0.08960 0.051 80 
0.09210 0.05325 
0.09460 0.05470 
0.09700 0.05608 

Data Ouality 

The estimated accuracy on this data is as fol lows: 

100 to 340°K = 0.5% 
340 to 600°K = 2% 
600 to 850°K = 4% 
850 to 1500°K = 6% 

SARR-005 .APE E-47 D e c h r  30, 1996 
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Dynarn i c V i  scos i t y  (Abso I u te)  o f  Oxygen 

Data Q u a l i t y  

The estimated accuracy on t h i s  data i s  2%. 

SARR-005 .APE 
E-48 O e c d r  30. 1996 
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