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l�sued for initial use. 

Update to incorporate design change from �ibrapacked 
B4C powder to sintered B4C pellets, discussion if m�xi
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3!>0 to 550 lbs., addition of keff criteriil for plant 
accident condition ( 0.�9 ) , discussion of effects on 
criticality analyses Cdused by a) change to B4C pellets, 
b ) lower storage pool water tern�crature, and c ) fuel 
particle size, addition of section regarding hydrogen 
controls within the Cdnister. 

Update to incor�orate change to allow fuel particles 
qreater than standard whole �ellets size to introduced 
into knockout and fuel cJnisters. Snecific reference 
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Section 2.3 to allow additiondl apolication of the 
�nockout Cdnister. 

Update to incorporate use of "deep-bed" filters, coagu
lants ani diJtomrlceous earth in �WCS, to correct 
statements regardinq the exposed �uantity of catalyst 
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after 2!> void volume devtater·in'J, and to refelct the usc: 
of deep suction in the owes. 
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1 . 0 I NTRODUCT I ON 

Can i s te r s  are requ i red d u r i ng the defue l l ng a t  THI - 2  to reta i n  core debr i s  
rang i ng from very sma l l  f i ne s  to par t i a l  l ength fue l a s semb l i e s . These 
can i s te r s  prov i de effec t i ve l ong term s torage of the THI-2 core debr i s .  Three 
types of can i s te r s  are requ i red to suppor t the defue l i ng sys tem to be used a t  
TMI-2: f i l te r ,  knockou t .  and fue l c an i s te r s . 

1 . 1  Purpose 

The purpose of th i s  report I s  to show t h a t  the c an i s te r s  are d e s i gned to 
rema i n  safe under norma l opera t i on and hand l i ng cond i t i ons as we l l  a s  
pos t u l a ted drop a c c i den ts and s torage . Sec t i on 2 . 0  of t h i s  repor t 
desc r i be s  the three types of can i s te r s� Se c t i on 3 . 0  addresses the 
safety of the c a n i ster  des i gn con s i der i ng des i gn drop analyses and drop 
tes t s  and c r i t i ca l i ty anal yse s .  Req u i reme n t s  for s pac l nq of the 
c an i s te r s  I n  an a r ray under normal cond i t i ons are a l so addre s sed . 
Sec t i on 4 . 0  ou t l i ne s  the rad i o l og i c a l  concerns a s soci ated w i th the 
hand l i ng and s torage of the can i s te r s . Sec t i on 5 . 0  drav.s conc l u s i ons 
about the safe ope ra t i on and hand l i ng of the c an i s te r s . 

1 . 2 Scope 

T h i s repor t addres�es on l y  those safety I s sues a s soc i ated w i th the 
l oad i n g ,  hand l i ng and s torage of the can i s te r s  a s  re l a ted to c an i s te r  
d e s i g n .  Ana l y s e s  o f  t h e  des i gn drop con s i de r s  on l y  t h e  effe c t  o f  tha t 
drop on a c an i s t e r ; damage to other compon e n t s  I s  not con s i dere d .  
A c t u a l  hand l i ng o f  the can i s ters  I s  not addre s se d  I n  t h i s  repor t and 
n e i ther are the s h i e l d i ng requi reme n t s  for can i s t e r  hand l i ng w i th the 
e x cept i on t h a t  the c r i t i ca l i ty concern assoc i a te d  w l t h  the u s e  of l ea d  
s h i e l d s around t h e  c a n i s te r s  I s  addressed I n  A t tachme n t  1 .  A l so ,  the 
c r i t i c a l i ty concern a s soc i a ted w i t h  a d r a i ned spent  fue l pool I s  
addressed I n  A t ta chme n t  2 .  Can i s te r  performance dur i ng defue l l ng I s  
addressed here on l y  a s  I t  l �pac t s  the safe use of the can i s te r .  
Can i s te r  I n terfac e s  w i t h  the defue l l ng equ i pmen t ,  c a n i s t e r  hand l i ng 
equ i pmen t  and the fuel  transfe r  sys tem are not covered I n  t h i s  repor t .  
The I s sues r e l ated to can i s te r  u s e  <e . g .  s h i e l d i ng requi reme n t s ,  l oad 
d rops , e t c . >  are eval uated I n  the Safety E va l ua t i on Report for Oefue l l ng 
of the TMJ-2 Reac tor V e s s e l  < reference 3 > .  The t r a n s por t a t i on requ i re 
men t s  for t h e  c an i s te r s  wi l l  be sepa ra te l y  addre s sed . 

2 . 0 CAN I S T E R  DESCR I P TION 

Th i s  se c t i on pre s e n t s  the de s i gn s  of three can i s te r s  to be used I n  defue l l ng 
TMI-2 . Compa t i b l e  wi th the RCS and spent  fue l pool env i ronme n t , these 
c a n i s te r s  prov i de l ong term s torage of the T M I -2 core debr i s .  I n  conjun c t i o n  
w i t h t h e  defue llng s y s t e m ,  t h e  ca n i s ters  wi l l  r e t a i n  a n d  encapsu l a te debr i s  
rang i ng from m i c ron s i ze par t i c l e s  to pa r t i a l  l ength fue l a s sembl i e s .  

The c an i s te r s  cons i s t o£ a c i r c u l ar p r e s s u r e  v e s s e l  hou s i ng one of t h ree types 
of I n terna l s ,  depend i ng on the func t i on of the can i s ter . E x c e p t  for the top 
c l os ure s , the outer s he l l I s  the same for a l l  three type s of c an i s t er des i gn .  
I t  serves a s  a p r e s s u r e  v e s s e l  prote c t i ng aga i n s t  l e akage of the c an i s t er 
con t e n t s  as we l l  as prov i d i ng s t r u c t u r a l  s upport for the neutron absor b i ng 
mater i a l s .  I t  I s  des i gned to wi t h s t a n d  the pressures  a s soc i a ted w i t h  norma l 
opera t i ng cond i t i on s .  A reversed d i s h end I s  used for the l ower c l osure head 
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for a l l  of the can i s te r s  wh l l e  the upper c l osure head des i gn v a r i e s  according 
to the can i s t er's func t i on .  The can i s te r s  are non-buoyant under a l l s tc 
and operat i onal cond i t i on s . 

Each can i s ter con t a i n s  a recomb l ne r  cata l y s t  package I ncorporated t- the 
upper and lower head s .  The c a t a l y s t  recomb i ne s  the hydrogen and ox1�en gases 
formed by rad l ol y t l c  decompos i t i on of wa ter I n  the can i s t e r s . 

Each can i s te r  has two pressur e  re l i ef val ves wh i ch are connected to th� 
can i s te r s  u s i ng Hansen q u i ck d i sconnect coup l i ng s .  The l ow pres sure re l i ef 
va l ve has a pres sure s e t po l n t  of 2 5  ps l g .  The h i gh pressure ASME code re l i ef 
va l ve has a 1 50 p s l g  s e tpol n t . 

2 . 1  Codes and Standards 

The defue l l ng can i s te r s  have been c l as s i f i e d  as Nuc l ea r  Safety Re l a ted 
for cr i t i ca l i ty con trol purposes . 

They are d e s i gned and d e s i gnated for fabr i ca t i on I n  accordance w i t h  the 
fol l ow i ng codes and s tandards: 

ANSI /ANS 8 . 1  < 1 98 3 )  

ANSI /ANS 8 . 1 7  < 1 98 4 )  

ANSI N45 . 2  < 1 97 7 )  

ANSI N4 5 . 2 . 2  < 1 972 ) 

ANSI N4 5 . 2 . 1 1  (1974) 

ANSI N45 . 2 . 1 3  < 1 976> 

ANSI /ASME NQA- 1 < 1 979> 
Append i x  1 7A-1 
< I nc l u d i ng ANSI /ASME 
NQA- l a- 1 98 1  Addenda > 

Ame r i can N a t i ona l Standards I n s t i t u t e /  
Ame r i can Nat ional  Standard , N u c l e a r  
Cr i t i ca l i ty Safe ty I n  Ope ra t i on s  w i t h  
F i s s i onab l e  Mater i a l s  Out s i de Reactors 

Ame r i can Nat i on a l  Standards I n s t i t u t e /  
Ame r i ca n  N a t i on a l  Standard , C r i t i ca l i ty 
Safety Cr i te r i a  for the Hand l i ng ,  
Storage , and Tran spor ta t i on of LHR Fuel 
Ou t s i de Rea c tors 

Ame r i can Nat i on a l  S t andards I n s t i t u t e, 
Qua l i ty A s s urance Program Req u i reme n t s  
for Nuc l ea r  Power P l an t s  

Ame r i can Nat i on a l  Standards I n s t i tu t e , 
Packag i ng ,  Sh i pp i ng ,  Rece i v i ng, Storage , 
and Hand l i ng of I tems for Nuc l ear Power 
P l an t s  

Ame r i ca n  Nat i on a l  S t andards I n s t i tute , 
Qua l i ty As surance Requ i r emen t s  for the 
Des i g n  of Nuc l ea r  Power P l a n t s  

Ame r i c an Nation a l  Standards I n s t i tu t e , 
Qu a l i ty As surance Requ i reme n t s  for 
Con trol of Procure- ment of I tems and 
Serv i ce s  for Nuc l ea r  Power P l a n t s  

Qua l i ty A s s urance Program Requ i reme n t s  for 
Nuc l e ar Power P l an t s ,  Nonmandatory 
Gui dance on Qua l i ty As surance Records 

- 5 - Rev. 3 0 1 3 3 P  



ANSI /ASHE NQA-1 ( 1 97 9 >  
Suppl ement 1 7S- l 
< I n c l ud i ng ANSI /ASHE 
NQA- l a - 1 98 1  Addenda> 

ASHE Bol l er and Pres sure 
Ve s s e l  Code , Sec t i on 
V I I I ,  P a r t  UH < l e t ha l > 
< 1 98 3 )  
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Qua l i ty A s s urance Program Requi reme n t s  for 
N u c l e a r  Power P l an t s ,  Suppl ementary 
Requ i reme n t s  for Qua l i ty A s surance Records 

Ame r i can Soc i e ty of Mechan i ca l  Eng i nee r s ,  
Pressure Ves se l s  

ASHE Bo l te r  and Pres sure Ame r i can Soc i e ty of Mechan i ca l  Eng i neers , 
Ve s s e l  Code , Sec t i on I X  We l d i ng a n d  Braz i ng Qua l i f i cat i ons 
< 1 980) 

ASTM A 3 1 2  ( 1 982> 

S N T - TC- l A  < 1 980 > 

1 0  CFR 2 1  

1 0  CFR SO, Append i x  A 

1 0  CFR SO, Append i x  B 

1 0  CFR 72 

NUREG-06 1 2  

2 . 2  Fue l Can i s ter 

Ame r i can Soc i e ty for Tes t i ng and 
Mater i a l s ,  Seaml e s s  and We l ded Austen i t i c  
Sta i n l e s s  S tee l P i pe 

Ame r i can Soc i e ty for Non d e s t r uc t i ve 
· re s t i ng ,  Recommended Pract i c e  for 
Nonde s t ru t l ve Tes t i ng ,  Personn e l  
Qua l i f i ca t i on a n d  Cer t i f i ca t i on 

Repor t i ng of Defec t s  and Noncomp l i ance 

Gener a l  De s i gn Cr i te r i a  for Nuc l ea r  Power 
P l a n t s  

Qua l i ty As surance Cr i t e r i a  for Nuc l ea r  
Power P l an t s  a n d  Fue l Reproce s s i ng P l an t s  

L i cens i ng Requ i reme n t s  for the Storage of 
Spent F u e l  I n  an I ndependent Spent Fue l 
Storage I n s t a l l a t i on 

Con t ro l  of Heavy Loads a t  Nucl ear Power 
P l an t s  

The fue l c a n i s ter I s  a receptac l e  for both l arge a n d  sma l l  p i eces  of 
core debr i s  to be p i cked u p  and p l aced I n  the can i s t e r . The fuel  
can i s ter cons i s t s  of a cy l i ndr i ca l  pre s sure v e s s e l  w i th a f l a t  upper 
c l osure head . I t  u s e s  the same outer she l l a s  the o t her can i s te r s . 
H I  t h i n  the s h e l l .  a fu l l  l en g t h  square shroud forms the I n terna l ca v i ty 
< see F i gure 2 . 2- 1 > .  Th i s  shroud I s  suppor ted a t  the top by a b u l khead 
that ma tes w i t h the upper c l osure head <see F i gure 2 . 2- 2 > .  Bot h  the 
shroud and core debr i s  r e s t  on a support p l a te tha t I s  we l ded to the 
she l l .  The suppo r t  p l a t e  has I mp a c t  p l a t e s  a t tached to absorb c a n i s te r  
drop l oa d s  and pay l oad drop l oad s .  

The shroud a s semb l y  cons i s t s  of a p a i r  of conce n t r i c  square s t a i n l e s s  
s te e l  p l a t e s  sea l we l ded t o  compl e t e l y  enc l os e  four shee t s  of Bora l ,  a 
neu tron absorb i ng ma ter i a l  < s e e  F i gure 2 . 2 - 1 > .  The s h roud I n t ernal  
d i mensions are l arger than the cros s s e c t i on of an undamaged fue l 
a s s emb l y . The shroud ex t e r na l d i me n s i on s  are s l i gh t l y sma l l er t han the 
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t nner d i ame t e r  of the c an i s te r , thus prov t d t ng support a t  the s h roud 
corner s  for l atera l l oads . The voi d  area outside of the shroud I s  
ft l l ed wt t h  a cement / g l a s s  bead m i x ture to the ma x t mum ex tent prac t i ca l  
to e l i m i nate mt gra t l on of the debr i s  to a n  area ou t s i de of the s h roud 
d ur i ng a des i gn bas t s  a c c i dent . 

The upper c l osure head I s  a t tached to the c a n i s te r  by e i gh t  equa l l y 
s paced bol t s .  These bo l t s are d e s i gned for the des i gn pressure l oad s , 
hand l i ng l oad s , and pos tu l a te d  I mpac t force due to s h i f t i ng of the 
c an i s te r  contents  d ur i ng an I n- p l a n t  l oad drop or a s h i p p i ng a c c i den t .  

2 . 3  Knockout Can i s te r  

The knockout c an i s te r ,  F i gure 2 . 3- 1 , w i l l  be u s e d  a s  part of the 
vacuum i ng sys tems . F l ow f i t t i ngs are 2" cam and groove type s i m i l ar to 
the f i l te r  cani s te r  f i t t i ngs and are capped or p l ugged after u s e .  
E x terna l ly ,  the knockout c an i s te r  I s  s i mi l ar to the other can i s t e r s , 
u s i ng the same outer she l l  d e s i g n .  I t  a l so I ncorporates the same 
hand l i ng tool I n terface . 

The I n terna l s  modu l e  for the knockout c an i s te r  I s  supported from a lower 
header we l ded to the outer she l l .  An a rray of four outer neut ron 
absorber rods around a cen tra l neutron a b sorber rod I s  l ocated I n  the 
c a n i s te r  for c r i t i ca l i ty con t ro l . The four ou t e r  rods are 1 . 3 1 5" O . D .  
tubes f i l l e d  wi t h  s l n ter�d B4C p e l l e t s . 

The c e n t r a l  absorber rod I s  comp r i sed of a n  outer s t rongback tube 
surroun d i ng a 2 . 1 2 5 "  O . D .  tube f i l l ed w i t h  s l n te re d  B4C p e l l e t s . 
Latera l s upport for the neutron absorber rods and center a ssembl y  I s  
prov i de d  by l n termed l a t� s upport p l a te s . 

The I n f l uent f l ow I s  d i rec ted tangen t t a l l y  a l ong the I nner d t ame ter of 
the s h e l l ,  s e t t i ng up a swi r l i ng ac t i on of the water w i th i n  the 
can i s ter . The l a rge par t i c u l a tes s e t t l e- out and the wa ter move s 
upwards , e x i t i ng the can i s te r  through a mac h i ned out l e t  I n  the hea d .  A 
fu l l  f l ow screen ensures that pa r t i c l e s  l a rger than·sso m i crons w i l l  not 
e s c ape from the knocrout c an i s te r . T h i s  s c reen has been des i gned to 
w i t h s tand the ma x i mum pressure d i fferent i a l  ac ro3s the s c reen that can 
be �evel oped by the vacuum sys tem equ i pmen t .  

A number of knockout ca n i s te r s  have been mod i f i ed for use as "deep-bed" 
f i l t e r s . The mod i f i c a t i ons I nc l ude: 

o Cutt i ng the e x i s t i ng I n l e t  tube b e l ow the suppor t r i ng .  
o Add i ng a 2 "  outer d i ame ter s t a i n l e s s  s t e e l  p i pe a s  an ou t l e t  tube . 
o S i z i ng the suppor t r i ng to a c commoda t e  the out l e t  tube . 
o E x tend i ng the ou t l e t  tube down to about l "above the bottom p l a te 

w i t h  the tube be i ng routed throLgh the gaps formed by two adjacent 
l egs of the support s p i de r s .  

o The bot tom 1 2" of th� out l e t  tube has mu l t i p l e  1 1 4 "  to 3 / 8 "  ho l e s 
and I s  covered w i th a 1 00 me sh s ta i n l e s s  s t e e l  s c r e e n .  

o D i a tomaceous earth ( d . e . >  and /or sand I s  added a s  the f i l te r  med i a .  

These "deep-beds '' were or i g i na l l y p l anned for s er v i ce I n  the Defuel lng 
Hater C l eanup Sy s t em < DHCS > .  Howeve r , t e s t i ng proved them to be not 
benefi c i a l  and are current l y  be i ng p l anned for u s e  as the cani s t e r  
Dewa t e r i ng Sy s tem f i l te r s . 
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A s  p a r t  of e i t her the OHCS or the f i nes/Debr i s  Vacuum System, the f i l te r  
can i s t e r s  a r e  �e s l gned t o  remove sma l l  debr i s  par t i c l es from t h e  wate r .  
E x terna l l y ,  I t  I s  s i mi l a r  to the other c an i s te r  type s .  The f i l te r  
a s semb l y  bund l e  tha t f i t s  I n s i de the can i s ter s he l l was d e s i gned to 
remove pa r t i c u l ates down to 0 . 5  < nomi na l > m i cron s .  F l ow I n to and out of 
the f i l te r  ca n i s te r  I s  through 2 1/2" cam and groove qu i ck d i scon n e c t  
f i t t i ng s  ( F i gure 2 . 4 - 1 ) .  

The I n terna l f i l te r  a s semb l y  bund l e  con s i s t s  of a c i rc u l a r  c l u s t e r  of 1 7  
f i l ter e l emen t s , a d ra i n  t i ne and a neutron absorber a s semb l y  < F i gure 
2 . 4-2 > .  The I nf l ue n t  e n t e r s  the upper p l enum reg i o n ,  f l ows down p a s t  
t h e  suppor t p l a t e .  through t h e  f l l ter.med l a  and down t h e  f i l te r  e l ement 
d ra i n  tube to the l ower sump . The f l ow I s  from ou t s i de to I n s i d e  w i th 
the par t i c u l ate rema i n i ng around the ou ter per i me te r  of the f i l te r  
e l emen t s .  The f i l tered wa t e r  e x i t s the can i s te r  v i a  the d ra i n  l i ne . 

A f i l te r  e l emen t  con s i s t s  of 1 1  modu l e s . Each modu l e  con s i s t s  of 
p l ea ted f i l te r  med i a  forming a n  annu l u s  around a c e n t ra l , perfor a ted 
d ra i n  tobe ( f i gure 2 . 4- 3 > . F a b r i ca ted from a porous s ta i n l e s s  s te e l  
ma te r i a l , the med i a  I s  pre-coated w i th a s l n tered meta l powder to 
con trol pore s i ze .  Bands a r e  p l aced around the ou ter pe r i me t e r  of the 
p l eated f i l te r  med i a  to r e s t r i c t the unfol d i ng of the p l e a t s . 

The f i l te r  a s semb l y  bund l e  I s  he l d  I n  p l ac e  by a n  upper support p l a t e  
a n d  tower heade r .  T h e  l ower header I s  we l ded t o  the ou ter she l l of the 
c an i s te r  to prcv l de a boundary be tween the p r i mary and secondary s i de of 
the f i l te r  sys tem. The upper header I s  equi pped wi t h  a ser i e s  of 
open i ng s  to a l l ow for the p a s sage of the I nf l uent I n to the f i l te r  
s ec t i on o f  t h e  c an i s te r  and t o  protect t h e  f i t te r  med i a  from d i r e c t  
I m p i ngement o f  part i c l e s  c a r r i ed I n  t h e  I nf l uent f l ow .  S i x  t i e  rods 
pos i t i on the upper p l a te a x i a l l y  re l a t i ve to the l ower support p l a t e .  

The f i l te r  can i s ter has a c e n t r a l  neutron a b sorber rod that I s  comp r i s ed 
of an ou ter s t rong back tube s urroun d i ng a 2 . 1 2 5" 0 . 0 .  tube f i l l ed w i th 
s l n tered B4C p e l l e t s . 

The f i l t er c a n i s te r s  are not expec ted to con t a i n  s i gn i f i c ant  quant i t i e s  
of fue l pa r t i c l e s  l arger than 850 m i c rons . The f i l te r  can i s ters are 
used w i t h the OHCS and the defue l l ng vacuum system.  The OHCS I s  u s e d  to 
proc e s s  both spen t fue l pool /fue l tran sfer c a n a l  wa ter and reac tor 
c oo l a n t  sys tem < RCS > wa ter . I n  the RCS , the O�ICS s uc t i on I s  l ocated I n  
the upper re g i on of the reac tor vess e l . where l a rge fuel debr i s  < I . e . , 
>850u> wou l d  not be e x pec ted to be s u spended I n  sol u t i on .  The owes has 
been n�d l f l ed to a l low s uc t i on from the Reactor Ve s s e l  annu l u s at  
approx i ma t e l y  the 296'  e l ev a t i on .  At th i s  tower e l ev a t i on, I t  I s  
pos s i b l e  that l a rger than 850 mi c ron s i ze part i c l e s  may be I n troduced 
I n to the f i l te r  ca n i s t e r s . Howev e r ,  a s c reen has been p l aced I n  the 
I n l e t p i pe to the f i l ter c an i s ter to prevent these l arger pa r t i c l e s  from 
e n t e r i ng the f i l t er can i s t e r s .  The spent fue l pool /fue l transfer cana l 
I s  not e x pec ted to con t a i n  s i gn i f i c a n t  qua n t i t i e s  of fue l par t i c l e s  
l a rger than 850 mi cron s . Consequ·en t l y ,  the OWCS f i l t er can i s t e r s  are 
not e x pect ed to con ta i n  s i gn i f i cant  quan t i t i e s  of fue l pa r t i c l e s  l a rger 
than 850 m i c rons . 

-8- Rev .  3 0 1 3 3 P  



3527-016 

When the f i l te r  can i s t e r s  are u s ed I n  conjunc t i on wtth the def�e l \ng 
vac uum sys tem, they are l oca ted down s t ream of the knockout c an i s te r s .  
Proof of p r i nc i p l e  t e s t tng < Reference 1 1 )  has shown that for the p l anned 
vacuum sys tem f l owra t e s , mi n i ma l  quant i t i e s ,  I f  any , of 850 mtc ron or 
l a rger s i zed par t i c l e s wou l d  be carr t ed out of the knockout c an i s t e r . 
Add i t i ona l l y ,  the d i scharge of the knockout c an i s te r s  are equi pped w i t h  
a 8 4 1  m i c ron s creen to prevent l arger fue l pa r t i c l e s  from e x i t i ng t h e  
knockout c an i s te r .  Thus the vacuum sys tem f i l te r  c an i s te r s  are not 
e xpected to conta i n  s i gn i f i ca n t  quant i t i e s  of fue l par t i c l e s  l arger than 
850 m i c rons . 
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3 . 0  TECH N I CAL EVALUATION 

T h i s sec t i on summar i ze s  the safety i s sues wh i c h  were eval uated d ur i ng the 
d e s i gn of the c an i s t er s .  These i s sues deal  w i t h  the e xpec ted performance of 
the c an i s ters dur ing norma l opera t i on s  and var i ou s  des i gn bas i s  even t s . 
Safety i s sues wh i ch were eva l uated i n c l ude s t ruc tura l forces on a c an i s te r  a s  
a resu l t  of a drop ac c i den t .  c r i t i c a l i ty i s sues a s soc i ated w i t h  both s i ng l e  
can i s te r s  and c an i s te r s  tn the s torage racks and the can i s ter/s torage rack 
I n terface , i n c l ud i ng any con s tr a i n t s  on the s torage rack des i gn .  

3 . 1  Can i s te r  Structura l Eva l ua t i on 

A s t ruc tura l eva l ua t i on has been performed < Reference 1 >  wh i c h addre s s e s  
both t h e  l oads I mposed on the c an i s ter during norma l operat i on s  < l oa d i ng 
and hand l i n g >  a s  we l l  a s  pos t u l ated drops . 

A comb i na t i on of ana l y t i c a l  methods and component t e s t i ng i s  u s e d  to 
ver i fy the adequacy of the des i gn .  Acceptance c r i t er i a  for normal 
ope rat i on i s  based on the ASME Pre s sure Ves s e l  Cod e ,  Sec t i on V I I I .  Part  
UH < l e thal > .  

Norma l operat i on of the c an i s ter i mposes very sma l l l oa d s  on the 
can i s ter I n terna l s .  The l arge s t  l oad on the I n t e rna l s  i s  the comb i n e d  
we i gh t  o f  t h e  debr i s  and i n terna l s .  The conf i gura t i on of the c an i s te r s  
I s  such  t h a t  on l y  t h e  l ower p l a t e  a s semb l y  t h a t  suppor t s  both t h e  debr i s  
and interna l s  exper i en c e s  any s i gn i f i can t l oa d s . Re s u l t s  of the s t r e s s  
ana l ys i s  shows a l arge marg i n  of safety for t h e  l ower p l a t e  a s semb l y  and 
i t s we l d  to the outer she l l  for a l l  c an i s ter type s .  The can i s t e r  s he l l  
i s  subj e c t  to ASME Cod e ,  Se c t i on V I I I  s tandard s .  Ver i f i c a t i on of the 
can i s te r  s he l l s t r u c tural  des i gn to the ASME requi remen t s  has been 
performed < Reference 1 ) .  The can i s t e r s  are de s i gned for a comb ined 
< c an i s te r ,  debr i s, and wa t e r >  s ta t i c  we i gh t  of 3500 pounds . 

Dur ing norma l hand l i ng operat i on s  < l i f t i ng ) , the s t a t i c  p l us dynam i c  
l oa d i ng con s i dered I n  the des i gn of the hand l i ng fea t ures of the 
c an i s te r  i s  1 . 1 5  t i me s  the s t a t i c  l i fted we i gh t .  Re s u l t s  from the 
s t ruc tura l eva l u a t i on s how an acce ptab l e  ma r g i n  of safety con s i d e r i n g  
t h e  s t r e s s  des i gn fac tor s spec i f i ed i n  NUREG-06 1 2  and A N S I  N 1 4 . 6 .  

Norma l l oa d i ng of the fue l c an i s te r  presen t s  two cases for eva l ua t i on .  
f i r s t  i s  the capab i l i ty of the l ower suppor t  p l a t e  to absorb the i mpa c t  
of debr i s  a c c i dPn ta l l y dropped i n to the c an i s ter . Re su l t s of the 
dynam i c  i mpact eva l ua t i on show that the suppor t p l a te can accommodate 
l oads of u p  t o  350 l bs < 2 3� of a fuel  a s semb l y >  dropped , in  a i r ,  the 
fu l l  can i st�r l en g t h  w i thout a fa i l ure of the l ower p l a t e  to s he l l  
we l d .  T�is we i gh t  l i mi t i n c reases to 550 l b s .  < I n a i r  we i gh t >  i f  c red i t  
I s  takrn for the drag forces of the wa ter i n  the c an i ster . Second I s  
t�� �er i f l ca t l on that p l acement of debr i s  w i t h i n  the can i s ter w i l l  not 
rupture the shrou d ' s  I nner wa l l .  T h i s wou l d  e x pose the Bora! s h e e t s  to 
the RCS wa t e r  wh i c h cou l d  cause corros i on of the bora l .  Howeve r ,  
e x a m i na t i on of t h e  shrouds subjec ted to drop t e s t s  < reference 1 0 >  
I nd i c a t e  that the I nner wa l l  I s  res i s t an t to debr i s  I mpa c t s  and scrape s .  

A dewa t e r i ng sys tem I s  u s ed to rem6ve wa ter from a l l can i s te r s  p r i or to 
s h i pmen t . Dur ing t h i s procedu r e ,  a pres sure d i fferen t i a l  i s  deve l oped 
a c ro s s  the debr i s  s c r ee n ,  l ower suppor t p l a te and dra in tube . The 
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ma x i mum pressure d i ffere n t i al a l lowe d .  v i a  a safety rel i ef v a l v e  i n  the 
dewater i ng system. ac ross c a n i ster  i n ternal  compon e n t s  d ur i ng dewa t e r i n g  
t s  55 p s i . The c a n i s ter i n terna l s  are d e s i gned for a max i mum d i fferen
t i a l  pres sure of 1 50 p s t  a l though f i l ter med i a  d i fferen t i a l  p r e s s ure t s  
l t m t ted by d e s i gn to 60 p s t d .  Hence . a n  adequate marg i n  of safety 
e x i s t s  for the dewa te r i ng proces s .  

The c a n i s ters  are capa b l e  of wi ths tand i ng enve l op i ng a c c i dent s . 
Vert i ca l  drops of 6'- 1  1 /2" t n  a t r  fol l owed by 1 9'-6" i n  wate r .  or 
1 1 ' -7" I n  a i r  are con s i dered a l ong w i t h  a comb i na t i on of vert i ca l  a n d  
hor i zontal  drops . These drops were a n a l yzed to bound a drop t n  any 
or i en ta t i on .  For these case s .  the s tructural  i n teg r i ty of the pol son 
compone n t s  mu s t  be ma i n t a i ned and the c an i s ter must rema i n  subc r l t l ca l . 
Deforma t i on of the can i s ter I s  accepta b l e .  A l though not expected based 
on the B&H drop test  resu l t s .  leakage of core mater i a l  from the 
c an i s te r .  u p  to t ts f u l l cont e n t s , t s  a l l owed prov i de d  that the con t e n t s  
l e f t  t n  t h e  c a n i s te r s  rema i n  s u b c r l t i ca l . An equ i va l en t  drop I n  a t r  was 
c a l c u l a ted for the wor s t  case and t h i s  e qu i va l en t  a t r  drop wa s used as 
the bas t s  for the s tr u c t ural  analys t s. Struc t ur a l  ana l y s t s methods were 
used to d e termi ne the e x te n t  of the deformat i on of the s h e l l  a n d  
c a n i s ter I n ternal s . Impact v e l oc t t t e s were c a l cu l a ted fer the spec i f i ed 
c an i s ter drop s . Based on these v e l oc i t i e s .  s tra i n  energy me thods were 
used to compute the i mpac t l oads a s soc i a ted w i t h  the v a r i ou s  pos t u l a te d  
drop s .  Vec tor comb i na t i ons o f  t h e  hor i zo n t a l  a n d  v e r t i ca l  compon e n t s  
were used t o  de termi ne t h e  effe c t  o f  a drop a t  a n y  or i en t a t i o n .  

I n  t h e  v er t i cal drop c a s e s  < reference 1 0 > . t h e  same deformat i on wi l l  
occur regardle s s  of the c a n i ster  type . s i nc e  i t  I s  s he l l dependen t .  
T e s t  res u l t s  from the a c t u a l  c a n i ster drops have ver i f i e d  that for the 
bottom i mpa c t . al l deforma t i on oc curs beicw the l ower support p l a te i n  
the lower head reg i on .  An upper bound s!1P l l  deforma t i on was computed 
u s i ng the ANSYS < Reference 5> computer code and the resu l t s are 
presented t n  F i gure 3 . 1 - 1  a l ong wi th the a c tual  t e s t  resu l ts .  

To determ i ne the consequences of a ve r t i cal and hor i zon t a l  drop on the 
f i lter and knockout c a n i s t ers . the i r  I n terna l s  were ana l yzed w i t h  f i n i te 
element methods u s i ng the A�SYS computer program. T h i s  analys t s  i ncor
porated the a c t u a l  non- l i nea. proper t i e s of the ma ter i a l . Geome t r i c  
con s t ra i n t s  i mposed by the shel l were a c counted for by l i mi t i ng the 
d i s placement of the suppor t s .  

I n  the f i l ter c an i s te r ,  c r i t i ca l i ty C)n t ro l  I s  prov i ded by the c e n t r a l  
84C pol son rod coup l e d  w i th t h e  ma s s  )f s teel i n  t h e  f i lter element 
dra i n  tubes and t i e  rod s . Us i ng the end c a p s  of the f i l ter modules a s  
deflec t i on l i m i te r s ,  t h e  en t i re tube array defl e c t i on I s  l i mi t e d  to 1 . 6" 
under pos t u l a ted a c c i de n t s . T h t s  anclys l s  i s  conserva t i ve because I t  
does not take I n to a c count the 5 c i rcumfe rent i a l  bands around the array 
or the v i scos i ty of the f i lter cake b�d . both of wh i c h would tend to 
ma i n ta i n  the s tandard spac i ng .  U s i ng the max i mum calculated deformed 
geome try < before the array bounced back c l oser to I t s or i g i nal 
pos i t ion>.  t h e  c r i t i c al i ty c r i t e r i on g i ve n  In s ec t i on 3 . 2  was me t .  

I n  the knockout c a n i s ter. c r i t i c al i ty con t ro l  I s  prov i ded by t he c e n t r al 
84C pol son rod coupled w i t h four absorber rod s .  Resu l t s fron• th� 
s t ructura l a na l y s t s  show that the pol son rods rema i n  e ssen t i ally e l a s t i c  
dur i ng a l l  pos t u l a t e d  acc i dents  ana the ma x i mum I ns t antaneous d i s p l a ce-
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men t s  are less  than 0 . 7 5  I n c h . The minor mod i f i ca t i on s  made t o  some of 
the knockout can i s te r s  to convert them to �deep-bed'' f i l t e r s  < Se c t i on 
2 . 3 > are w i t h i n  the bounds of the values used I n  the analysts and 
tes t i ng of the knockout can i s te r s .  Thu s , the �deep bed" f \ l t e r s  a re 
expec ted to e x h i b i t  s i milar s t ruc tural behav i or a s  the knockou t 
c an i s t e r s  dur i ng a drop a c c l dPn t .  As I n  the c a s e  o f  the f i l t e r  
can i s t e r , the re sultant de formed geome try s u c c e s s fully me t the c r i t i 
cal i ty c r i ter i on g i ven I n  s ec t i on 3 . 2 .  

The fuel c an i s t e r s . w i th the i r  square-w i t h i n- a  c i rcle geome try , e x h i b i t  
d i fferent drop behav ior than the other can i s te r s .  For both the v e r t i cal 
and s i de drops , the fuel c an i s te r  I n ternals w i ll not e x p e r i ence s i gn i f i 
cant deforma t i ons other than the shell deforma t i on s  d i s c u s se d  above . 
L i ghtwe i gh t  concrete f i ll i ng the vo i d  between the square I nner shroud 
and the c i rcular outer shell prov i der con t i nuous lateral support to both 
the ou ter shell and the shroud . Th i s  resul t s  I n  a d i s t r i bu te d  loa d i ng 
func t i on for hor i zontal drops resul t i ng I n  no calculated d eforma t i on to 
the shroud shape . Tes t i ng has demon s tra ted tha t the lower s uppor t pla t e  
rema ins  I n  place for d e s i gn drops while suppor t i ng a mas s  equal t o  the 
shroud , payload and the con c r e t e . The lack of s i gn i f i cant deforma t i on 
after a drop < reference 10) makes the c r i t i cal i ty analys i s  for the 
s tandard de s i gn appl i cable to the drop c a s e s  as well . 

3 . 2  Can i s t e r  C r i t i c al i ty Evalua t i on 

Cr i t i c al i ty calcula t i on s  were performed to ensure that I nd i v i dual 
c an i s t e r s  as well as an array of c an i s t e r s  w i ll rema i n  below the e s tab
l i shed k e ff c r i ter i on under normal and faulted cond i t i on s . The 
cr i t i cality safety c r i te rion e s tabl i shed I s  that no s i ngle can i s te r  or 
array of ca n l s t� r s  shall have a keff greater than 0 . 9 5 dur i ng normal 
handl ing and s torage at the TMI-2 s i te .  For plant a c c i den ts < e . g . ,  
d r a i ned spent fuel pool > . the c r i t i cality s afety c r i ter i on e s tabl i shed 
I s  a keff i0.99. These c r i t e r i a  are sa t i s f i ed for all c an i s ter 
confi gura t i on s .  

The "deep bed' ' f i lters do not al ter the placement of the pol son rods I n  
the knockout cans l te r s  and the d . e .  and/or sand added to these c an i s te r s  
has less modera t i ng a b i l i ty than water; thus, the c r i t i cal i ty evalua
t i ons performed for the knockout can i s t e r s  would bound the "deep-bed" 
f i l t e r s .  In addi t i on , t h e  c r i t i c al i t y evalua t i on s  performed o n  the 
knockout c an i s te r s  followi ng drop acc i de n t s  wou l d  bound dropped 
"deep-bed" f i l te r s  s i ne"' the s t ruc tural beha v i or of the "deep-bed" 
f i lters I s  s i m i lar to to.t: rrockout can i s te r s . 

Coagula n t s  and d . e .  used I n  OWCS to I mprove f i l ter can i s te r  performance 
has been evaluated In Reference 1 2 .  Th i s  evalua t i on has shown that the 
add i t ion of these ma te r i al s  I n  the can i s te r s  would not adver sely I mpac t 
the c r i t i cal i ty evalua t i on s  presented here i n .  Add i tionally , the a c c umu
lat ion of coag�lants  and d . e .  In the c an i s t e r s  would not advers�ly 
affec t the conclus i on s  present e d  I n  At tachment 2 rega r d i ng the 
subc r i t l c a l l ty of the s tored c a n i s t e r s  I n  a postulated dry s torage pool . 

The computer code') used I n  th I s  wod .. were NUL IF. Nl TAVIL , XSORNPI·1 and 
KENOIV < Re ferences 6,  7 ,  8 and 9>: The NULIF code was  used pr i ma r i ly 
for fuel  op t i m i zat i on s t ud i e s l n  a 1 1 1  ene rgy group represen t a t i on .  
NITAHL and XSDRNPM were used for process i ng c ross sect i on s  from the 1 2 3  
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group AMPX master c ross sec t i on l i b r a r y .  N I TAHL prov i des the resona n c e  
treatmen t  a n d  formats t h e  c ross sec t i on for use by e i ther XSDRNPM or 
K E NOI V .  I n  most c ases , XSDRNPM c e l l we i ghted c ross se c t i ons were used 
I n  the KENOIV c a l c u l a t i ons but for some compa r a t i v e  fue l  opt i m i za t i on 
runs the N I TAHL output l i brary was used d i re c t l y  by KENO I V .  

The c a l c u l a t i onal  mode l s  assume the fo l l owi n g  cond i t i ons for the 
c a n i s t e r  conten ts: 

1 .  Ba t c h  3 fresh fue l on l y  

2 .  E n r i chment: b a t c h  3 ave rage + 2o < h i ghes t core enr i chme n t >  

3 .  No c l ad d i ng or core s t r u c t u r a l  ma te r i a l  

4 .  No sol u b l e  polson o r  control ma ter i a l  from the core 

5 .  Opt i ma l l y  mode rated , s tacked , standard whole fuel  pe l l e ts 

6 .  Can is te r  fue l regi ons are comp l e t e l y  f i l l e d  w i thout we i g h t  
res t r i c t ions 

7 .  Un i form 50°F tempera ture 

8 .  B - 1 0  surface density was assumed to be 0 . 040 gm/cm2 I n  t h e  eora l  
used for the fue l  c a n i s te r . < A c t u a l  B- 1 0  surface dens i ty w i l l  be 
0 . 040 gm/cm2 w i th a 95/951 con f i dence l e v e l  I n  the test i ng to 
prov ide at l �ast a 2o ma rg i n . >  

9 .  B4C den s i ty used I s  the pol son tubes f�r the f i l te r  and knockout 
can ister was assumed to be 1 . 3 5  gm/cm3 w i t h the boron we i gh t  
percent assumed t o  be 701 . < A c t u a l  B4C dens i ty w�11 be a t  l east  
1 . 38 gm/cm3 w i t h a boron we i gh t  percent  mee t i ng requ i rements for 
ASTM-C-750 Type 2 B4C powde r ,  m i n i mum boron we i gh t  percent 7 34 . > 

Op t i m i za t ion s t ud i es were per formed to determ i ne . t he v a l ue of these 
parameters. These opt i m i za t i on s t ud i es are prese n te d  I n  Refe rence 1 
a l ong w i th other parame tr i c  s t ud i es performed for spec i a l  cases . 

The KENO a na l ys i s  emp l oys a fuel mode l  tha t bounds a l l  deb r i s  l oa d i ng 
con f i gura t i ons . Three bas i c  con f i gu r a t i ons were a n a l yzed for e a c h  
c a n i s t e r :  a s i ng l e  c a n i s ter surrounded b y  wat�r . a n  a r r a y  o f  c a n i s t er� 
I n  the storage pool a n d  a d i srupted c a n i s ter mode l res u l t i ng frcm a n  
enve l op i ng drop . The standard c a n i s t e r  con f i gurat ion assumed t h a t  some 
m i n i mum degree of damage cou l d  have occurred I n  the c a n i s t ers d u r i ng 
norma l l oad i ng ore ra t i ons . A l l  the c a n i s ters a na l yzed In a n  a r r a y  were 
assumed to have th is m i n i mum damage . A 1 7 . 3" c e n t e r - to- c e n t e r  s pa c i ng 
was a na l yzed for the a rray cases. The 1 7 . 3" c e n t e r - to- c e n t e r  spacing 
a c counts for a l l  storage rack tol erances and Is the m i n i muM 
center - to-center spa c i ng possible for any two c a n i sters . The c an i s t en 
are assumed to be l oaded w i th de bris cons i s t i ng of who l e  fue l pellets 
e n r i ched to 2.98 w/o, opt i ma l l y modera ted w i t h  soor unborated water 
The a na l ys i s  w i l l  prov i de con serva t i ve resu l ts a n d  bound any a c t u a l  
conf i gura t i on Inc l ud i ng dra i n i ng of the ca n i s ters dur i ng the dewa ter i ng 
operation. For a c c i dent con d i t i ons , I t  I s  a s s umed that op t i m i ze d  fue l 
Is present In both nor�\ 1 fue l  l oca t i ons and I n  a l l  vo i d  regions 
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I n ternal to the c an i s t e r . F i ll i ng all vo i d  reg i on s  w i t h  fuel has the 
effe c t  of adding fuel to the c an i s t e r  after a drop . 

The can i s t e r  shell , I n clud i ng the lower head , I s  I den t i cal for all three 
can i s t e r s . The cyl i n d r i cal shell I s  modeled u s i ng the ma x i mum shell OD 
of 1 4 . 093" and the nom i nal· 0 . 2 5" wall t h i ckne s s .  The model e x pl i c i tly 
d e s c r i bes the concave I nner surface b u t  squares off the rounded 
corne r s . T h i s l n c re�ses the volume of the lower head . 

All three c an i s te r s  con t a i n  c a talyt i c  ma t er i al for hydrogen recomb i na
t i on In both the lower and upper head . Th i s  mate r i al and I t s s tr u c tural 
suppor t s  are not I ncluded I n  the model s .  The volume occupi ed by these 
mater i al s  I s  replaced w i t h  fuel . In add i t i on ,  the prote c t i v e  sk i r t and 
nozzles on the upper can i s t e r  head are not modeled . 

The s torage rack c a s e s  a s sume the can i s t e r s  are s tored I n  unbora te d  
water w i t h  a 1 7 . 3" m i n i mum center-to-center spac i n g .  Sen s i t i v i ty 
s tud i e s were performed on the nom inal 1 8" cen t e r  to center s pa c i ng to 
de termine the effe c t  of a c an i s te r  dropped ou t s i de of the rack. . These 
analys i s  show that k.eff <0 . 95 for c an i s te r s  dropped ou t s i de the rack 
as long a s  the s i de of the dr·opped c an i s t e r  does not come wi t h i n  2" of 
the s i de of the neare s t  can i s t e r  In the r ac k .  T h i s r e q u i rement I s  me t by 
the s torage rack des i gn < Reference 2 > .  

Three c a s e s  are e xamined for a dropped c an i s ter: a ver t i cal drop , a 
hor i zon tal drop and a comb i ne d  ver t i cal and �or l zontal drop . The shell 
deforma t i on I s  e s s en t i ally the same for all cas e s . For these drop s , t h e  
c yl i n d r i cal shell I s  a s sumed not t o  deform. Any d ev i a t i on from the 
c yl i n d r i cal shape would I n c rease the surface to volume r a t i o  and 
I n c rease the neutron leakage from the sys tem. In the lower head reg i on 
of the shell , a tear drop shape e x pans i on I s  a s s umed to occur . The 
bot tom head I s  modeled a s  a fla t plate wtth the I n t e rnal componen t s  
r e s t ing on l t .  To bound all drop c a s e s , the c an i s ter was a�sumed to 
rota te dur i ng a drop and land on I t s head . A s i m i l a r  tear drop shape 
w i ll resul t .  Both of these c a s e s  were merged I n to a s i ngle •nodel that 
a s s umes the tear drop de forma t i on a t  both the top and bot tom w i th the 
I n t e rnals d i s placed to the flattened lower head surfac e .  For the 
comb ined ve r t i cal-ho r i zontal drop , the r ad i al d i s placement of the 
I n te rnal componen t s  I s  comb i n e d  wi t h  the double tear drop model . Th i s  
drop model bounds any conce i vable drop con f i gu ra t i on by exceeding 
conserva t i ve stress  e s t i mates of deforma t i on .  

Resu l t s 

The resul t s  of KENO, u s i ng bas i c  three d i men s i onal c an i s te r  models are 
presen te d  In Table 3- 1 .  These results repre sent boun d i ng values for any 
con f i gura t i on of the c an i s t e r s  a t  TMI -2 .  

Ba s i cally , they show t h a t  for any con f i gu ra t i on ,  the e f fec t i ve mul t l pl l c alton 
fac tor , w i th unc e r t a i n t i e s  I n cluded , w i ll be less  than 0 . 9 5 .  Due to the 
conserva t i sm b u i l t  I n t o  the model s , the k.eff of any a c tual conf i gurat i on 
w i ll be le s s  than these bound ing value s .  

Three a s sump t i on s  us�d I n  the analyses rep·orted I n  Table 3-1 have been 
reevalua ted . The affe c te d  a s s ump t i ons are: 
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1 .  type of pol son used I n  the f i l te r  and knockout c an i s te r s . 

2 .  s torage pool water tempera ture . and 

3 .  fue l pa r t i c l e  s i ze . 

The va l ue s  repor t e d  I n  T ab l e  3 - 1  for t he f i l t e r  and knockout c a n i s t e r s  are 
based on the a s sump t i on that the pol son tubes for the c a n i s t e r s  are f i l l e d  
w i th v l brapacked B4C powde r .  A c t u a l  fabr i ca ted f i l te r  and knockout 
ca n i s t e r s  conta i n  compressed s l n tered B4C p e l l e t s .  Th i s  change r e s u l t e d  i n  
a sma l l reduc t i on to the d i ame ter of the pol son I n  the can i s te r s  wh i ch r e s u l t s 
I n  a sma l l  I ncrease I n  the mu l t i p l i ca t i on va l ue < keff ) of the two can i s te r  
type s .  Based on a n a l y s e s  the I nc rease t n · mu l t l p l l ca t l o n  w i l l  not e xceed 
0 . 4t �k . 

The va l ue s  reported I n  Tab l e  3-1  a s sume a mi n i mum temperat ure of so•r for a l l 
c an i s te r  type s .  for c an i s t ers s tored I n  the s p e n t  fue l pool the tempe rature 
cou l d  be a s  l ow a s  32•r . E x p l i c i t  c r i t i ca l i ty array c a l c u l a t i ons were not 
performed at t h i s l ower tempe r a t u r e .  Rather. an eva l ua t i on was performed to 
determ i n e  the ma x i mum I nc rease I n  mul t i p l i c a t i on due to cool i ng from so•r to 
32•r . The max i mum change I n  mu l t i p l i ca t i on was determ i ned to be an I nc rease 
of O . l t �k.  

The r e su l ts repor t e d  I n  Tab l e  3 - 1  are a l so based on the a s sump t i on that no 
s i ng l e  fue l ma s s  greater than a whol e fuel  p e l l e t  e x i s t s  I n  the TMI-2 cor e .  
E x am i na t i on s  o f  t h e  core have I nd i c a te d  that fue l me l t i ng may have occurre d .  
To a s s e s s  the I mpac t of th i s  pos s i b i l i ty .  a n  e va l ua t i on was performed to 
determ i n e  t he k00for the mos t reac t i ve batch 3 fue l p a r t i c l e  s i ze . The k00for 
t he op t i mum s i ze part i c l e  was on l y  0 . 07t 6k h i gher than the k00for the 
s tandard whol e p e l l e t .  The cor r e s pond i ng I ncrease I n  keff wou l d  be appro� i 
ma t e l y  the same magn i t ude . Thus . there I s  no l i mi t on the s i ze s  of fuel  
part i c l e s  t h a t  can be p l aced i n  the  fue l and knockout can i s te r s .  

I n  con c l u s i on .  t he changes In  keff re s u l t i ng from the three mod i f i ed a s s ump
t i ons w i l l  not resu l t  I n  exceeding the keff c r i t e r ion of 0 . 95 for the c a s e s  
repor ted I n  Tab l e  3- 1 .  

3 . 3  Can i s t e r  Hydrogen Con t ro l  E va l ua t i on 

A gene r i c  fea ture of the c a n i s te r s  I s  t he recomb l ne r  c a t a l y s t  package 
I ncorporated I n to the upper and l ower heads of a l l  t he ca n i s te r s .  The 
c a t a l y s t  r ecomb i ne s  the hydrogen and oxygen gases formed by radlol y t l c  
decompos i t i on of the water t rapped I n  the damp debr i s .  Th i s  redtlces the 
bu i l d up of I n terna l p r e s s u r e  I n  t he c an i s te r  and keeps the gases be l o� 
the f l amma b i l i ty l i m i t .  The redundan t  l oca t i ons ensure t h a t  a suffi
c i en t  quan t i ty of c a ta l ys t  i s  ava i l ab l e  for any can i s t er or i en t a t i on i n  
wh i c h  hydrogen mi ght be gene rated < e . g  . •  an a c c ident w h i c h  l eaves a 
can i s t e r  u p s i de do�n > .  T e s t  resu l t s < Reference 4 >  have shown that  t h e  
c a t a l ys t  w i l l  perform effe c t i v e l y  when d r i pp i ng wet , b u t  not when 
s ubmerged . 

A s i ng l e  c a t a l ys t  bed . wh i c h  con t a i n s a t  lea s t  1 00 grams of c a t a l y s t ,  I s  
l ncorpot a t e d  I n  t he uppe r he ads of the fue l c a n i sters . Two c a t a l y s t  
bed s , e a c h  contain i ng at l e a s t  SO grams of cata l ys t . a r e  l ncorpot a t e d  i n  
t he upper hedds of the filter and knoc�out c a n i ster s . Four c a t alys t 
bed s ,  each con t a i n i ng at l e ast 25 grams of c a t l ays t ,  a re I n s ta l l ed in 
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the l ower heads of a l l the c an i s te r s . Thus , each c an i s te r  con ta i ns a t  
l ea s t  200 grams of c a t a l ys t .  The c a ta l ys t  beds were d e s i gned to mee t 
the shape and vol ume r e q u i reme n t s  e s t a b l i shed from t e s t i ng by RHO 
< Reference 4 > . 

Can i s te r  dewa t e r i ng ' i n  the FHB w i l l  en sure that  a s u ff i c i en t  qua n t i t y  of 
c a ta l y s t  wou l d  be e x posed < not submerged i n  wa t e r >  i n  a dewa tered 
c an i s te r  i n  any or i en t a t i o n .  Th i s  suff i c i en t  quan t i ty of c a t a l ys t  w i l l  
be sot more c a t a l y s t  than requi red. The requ i re d  quan t i ty of c a t a l y s t  
I s  d e t ermined b y  c a t a l y s t  tes t i ng t h a t  cons i de r s  c a t a l y s t  con t am i na t i on s  
wh i c h  may occur dur i ng c an i s te r  fabr i c a t i on a n d  l oa d i ng and chemi c a l  
add i t i on s  t o  I mprove DHCS f i l te r  performance and t o  con trol m i c rob i o
l og i c a l  growth I n  the RCS . Reference 1 3  prov i de s  a deta i l ed eva l uat i on 
on c a n i s t e r  dewa t er i ng c r i ter i a  I n  order to e x pose a suff i c i en t  quan t i ty 
of c a t a l y s t  to a c h i eve a m i n i mum s ·afety fac tor of 1 . 5 .  

The ma x i mum pred i c ted gas genera t i on rate I n  a c an i s t e r  has  been deter
m i ned by two separate mode l s: < 1 >  the max i mum theore t i ca l  gas genera t i on 
rate  and < 2 >  the ma x i mum r ea l i s t i c  gas gene ra t i on r a t e .  The ma x i mum 
theore t i ca l  gas genera t ion rate  was determi ned by Rockwe l l  Hanford 
Ope r a t i on s  < RHO> i n  t he i r  document RHO-HM-EV-7 < G END-05 1 >  for purpose of 
deve l op i ng the c a ta l y t i c  recomb l ne r  bed des i g n .  The ma x i mum r e a l i s t i c  
gas  genera t i on rates were determ i ned by GPU for purposes of pred i c t i ng 
c a n i s te r  I n ternal  pressures  d u r i n g  per i od s  when the can i s te r s  are water 
sol i d .  

Both mode l s  are based on the Turner paper, " Rad l o l y t l c  Decompos i t i o n  of 
W a t e r  I n  Hate r-Mode rated Reactor s Under Acc i dent Cond i t i ons " ,  referenced 
I n  the RHO repor t .  The bas i c  r e l a tions h i p  I s :  

Hz. < H > < F > < G > < r >  8 . 4  x l o-3 l i t e r s / hour 

where: 
F = f r ac t ion of a and y energy absorbed I n  wa ter 
G = H2 genera t i on va l ue I n  mo l e s / 1 00 eV 
r & r a t i o  of peak to average decay heat energy I n  the fue l debr i s  
W a I on i z i ng rad i a t i on per can i s te r  < wa t t s >  
8 . 4  x l o-3 = un i t  conve r s ions < L  e v /H . hr >  

For the ma x i m'� theore t i ca l  generation , the above factors are ma x i m i zed a s  
fol l ows: 

o H - the max i mum quan t i ty of fuel  debr i s  I n  any c a n i ster , not I nc l ud i ng 
res i du a l  water we i ght or we i gh i ng accuracy , I s  a ssumed . <H  = 54 . 2 >  

o F - The frac tion of a and y energy absorbed I s  conser vat i ve l y  h i gh 
and l a rge amounts of water are a l so assumed to be avai l a b l e  for 
absor b t l on which I s  I n  e x c ess of what I s  poss i b l e  I n  the 
canisters . <F = 0 . 2 >  

o G - The hydrogen gas genera tion va l ue I s  based en a >  comp l e t e l y  
turbu l en t /boi ling cond i tions when the radiolyt l c  gases are 
I ns tan t l y  removed from the generat ion s i te and b) no bu i l d  up of 
hydrogen ove r pressure which tends to retard rad l o l ysi s . < G  = 0 . 44 >  
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o r - The r a t i o  of peak-to-average decay heat  energy I n  the fuel  t s  based 
on the most ac t i ve reg i on of an undamaged cor e . T h t s  a s s umes the 
fuel  I s  I n tac t and not scattered to other reg i on s . <r  • 1 . 9 >  

for t h e  maxi mum real i s t i c  gene r a t i on o f  hydrogen and oxygen ,  the wor s t  �1�e 
r ea l i s t i c  factors for the damaged TMI core are used as fol lows: 

o H - The max i mum quant i ty of fuel  d e br i s  e x pected I n  any can i s te r  I s  
used wh i c h  I nc l ud e s  a l lowances for r e s i dual  water and we i gh i ng 
accuracy. < H  • SO> 

o F - The frac t i on of B and y energy absorbed I s  based on the max i mum 
amount of water pos s i b l e  i n  an actual  c an i s ter. < F  • 0 . 07 )  

o G - The hydrogen gas generat ion va l ue I s  based on the actual  wor s t  c a s e  
core deb r i s cond i t i on s  expected I n  a c a n i s t e r  wh i ch I nc l ud e s  l ower 
temperature , q u i e s c e n t  cond i t i on s .  < G  • 0 .  1 2 >  

o r - The r a t i o  of peak to average decay h e a t  energy I n  the f u e l  oebr l s  
I s  based on the wor s t  case cond i t i on s  I n  the damaged THI core. 
< r  • 1 . 4 >  

The r e s u l t i ng hydrogen / oxygen gener a t i on rates for the two mode l s  are: 

Hz 
02 
Tot a l  

Max . Theore t i c a l  
l i ter /hour 

1. 6 x 1 o-2 
3 . 8  x 1 o-2 
1 . 1 4  x 1 o- 1  

Max . Rea l i s t i c  
l i ter / hour 

5 .o x 1 o-J 
2 .  5 X JQ-3 
1.s x lo-3 

The gene r a t i on of other g a s e s  was not con s i dered . S i nce the amount of contam
I na n t s  I n  the RCS I s  sma l l ,  the genera t i on of other gases from the r ad l ol yt l c  
decompos i t i on of these contam i na n t s  I s  not expe cted to be s i gn i f i ca n t . 

U s i ng the max i m�m real i s t i c  gas  genera t i on r a t e  of 0 . 0075 l i t e r s / hour and 
a s s um i ng no recomb i na t i on or scaveng i ng of oxyge n ,  the 25 p s l g  re l i e f  v a l ve I s  
e s t i ma te d  to f i r s t  open I n  approx i ma t e l y  2 5  days for the wor s t  cas� c�� l s t e r .  
Re l ea s e d  g a s  wi l l  b e  vented t h rough the pool water d i re c t l y  t o  the conta i nment 
or fue l h a nd l i ng b u i l d i ng and I s  such  a sma l l  qua n t i ty that I t  w i l l  cause no 
combu s t i on concerns I n  the atmosphere of these b u i l d i ng s .  

To addre s s  the I s sue of can i s t e r  p re s s u r l zat!on r e su l t i ng from fa i l ure of t h e  
2 5  p s l g  r e l i ef val ve a second re l i ef v a l ve I s  I n s t a l l ed o n  t h e  can i s t e r s . 
T h i s  r e l i e f  va l v e  w i l l  e n sure t h a t  c a n i s te r  pressure does not exceed the 
d e s i g n  l i m i t  of 1 50 p s l g .  The a dd i t i on a l  r e l i ef v a l ve w i l l  make the c a n i s te r  
s i ng l e  fa i l ur e  proof w i th regards t o  pressur i za t i on .  Th i s  s e cond va l ve wi l l  
a l so b e  I n s ta l l e d  I n  s uch a manner to e l i m i nate common mode fa i l ure of t h e  two 
p r e s s ur e  r e l i e f  va l v e s .  

The reLomb t ne r  cJ t a l y s t  \ s  I neffec t i ve whe n  t t  t s  under wa ter . An e va l ua t i on 
has  been pe rformed to determ i ne vw '�ng 1 t  takes an undewatered ca n i s t e r  t o  · 

reach 1 50 p s l g  I f  the 2 5  p s l g  r e l i ef . a l v e  fa l l s  c l osed . Th i s  t i me for the 
wor s t  c a s e  c a n i s te r  1 s  1 39 day s .  A s i mi l ar concern e� i s t s  for the de�atered 
can i s t e r  shou l d  a s l gn f l cant  amount of oxygen scaveng i ng occur and the 25 p s l g  
re l i e f  v a l ve fa l l s  c l ose d .  A s s um i ng no r ecomb i na t i on, < I . e .  comp l e t e  oxygen 
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s c aveng i ng >  the c an i s te r  w i l l  reach the de s i gn pressure I n  2362 days for a 
fu l l y loaded fue l c an i s te r  w i th 2 5t vo i d  vol ume fo l l ow i ng dewater i n g .  

I f  the r e l i ef v a l v e  shou l d  f a l l open whi l e  the c an i s te r s  are be i ng s tored 
there I s  the pos s i b i l i ty that  fuel debr i s  can be r e l eased I n to the pool 
wa ter . I f  contami na n t s  are r e l eased I n to the pool the defue l l ng wa t e r  c l eanup 
sys tem < DWCS> can be used a s  neces sary to l i m i t the contam i n a t i on l ev e l  of the 
wa t e r .  Hence . a fa i l ed open r e l i ef v a l ve does not pose a safety conce r n .  
Add i t i ona l l y ,  g i ven that  I t  I s  p l anned , a l though not requ i red , to dewa ter the 
c an i s te r s  shor t l y  after they are l oade d ,  pressur i za t i on of the can i s te r s  
caused b y  hydrogen/o�ygen genera t i on w i l l  b e  m i n i ma l  and the r e l i ef va l ve I s  
not expec ted to ope n . 

A l though not con s i dered a cred i b l e  even t .  the consequences of a hydrogen 
Ign i t i on I n s i de a c an i s t e r  has been e v a l ua ted . The ma x i mum pressure t h a t  can 
be reached i n s i de a c an i s te r  under norma l cond i t i ons ,  because of the 25 p s i g  
re l i ef v a l v e ,  I s  approx i ma te l y  4 2  p s l a .  T h i s  pres sure I n c l udes the 2 5  p s i g  
s e t  pressure and 5 feet of wa ter submergence . Under the a s s umpt i on t h a t  the 
r ecomb l ne r  c a t a l y s t  does not fun c t i on proper l y .  a f l ammab l e  m i xture of 
hydrogen and oxygen can accumu l a t e  w i t h i n  a c an i s te r .  If  a n  i gn i t i on of t h i s 
m i x ture I s  pos t u l a t ed . a n  overpr e s s u r l za t l on of the c an i s te r  cou l d  occ u r . The 
u l t i ma t e  s t r e s se s  w i l l  be reached for var i ou s  c an i s te r  componen t s  a t  the 
e s t t ma � ed pres sure s :  

o ca n i s te r  s he l l  - 2 1 60 p s i  
o fue l c an l s ce r  bol t s  - 2900 p s i  
o threaded connec t i on s  - 2500 p s i  

Con s i de r i ng the l arge ma r g i n  that  e x i s t s  between these pressures and the 
max i mum , norma l cond i t i on c a n i s te r  pres sure < I . e . ,  approx i ma t e l y  a fac tor of 
SO> . the overpre s s u r l z a t l on r e s u l t i ng from an I gn i t i on of hydrogen w i t h i n the 
can i s te r  I s  not expec ted to affect the overa l l  c an i s te r  I n te g r i ty . 
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TABLE 3 - 1  

Re s u l t s  of 3 0  KEtO Cr l t t c a l l t y Ca l c u l a t 1 on 

De s c r ipt i on 

F i l te r  Can i s t e r • •  

S i ng l e ,  Ruptured F i l t e r s  0 . 795 ! 0 . 024 

1 7 . 3� Array , Ruptu red F i l t e r s  0 . 823 � 0 . 02 1  

Ve r t i c a l  Drop , Ruptured , 
wi thout f i l te r  s c r e e n s  0 . 798 ! 0 . 025 

Hor i zon t a l  Drop , Rupture d .  
wi thou t s c reens 0 . 8 4 3  � 0 . 0 1 0  

Comb i ned Hor i zon t a l /Ve r t i ca l  
Drop , Rupt ured . wi thout s c reens 0 . 85 1  + 0 . 02 1 

Fue l Can i s te r  

S i ng l e ,  S t andard Conf i g u r a t i on 0 . 82 5  .. 0 . 0 1 2  

1 7 . 3d A r r ay , St andard Conf i gu ra t i on 0 . 82 9  ! 0 . 02 5  

S i ng l e ,  Stand�rd Con f i gurat ion 0 835 ! 0 . 0 1 8  

1 7 . 3� Array , Standard Con f i gura t i on 0 . 8 7 7  ! 0 . 0 1 5  

Ver t i c a l  Drop , S l n9 l e  

Hor l zon t d l  Drop , S i ng l e  

Comb \ ned Hor i zon t a  l iVet t 1 c .t l  
Drop , S i ng l e  

0 . 843 • 0 -0 1 9  

0 . 8 5 3  =- 0 . 008 

0 . 85 1  !. 0 . 0 1 6  

* k err• 2a +
·

c a l cu l a t i ona l b i a s  < s �� Refererce 1 >  

H i s tor i e s  Ma x i mum � eff •  

933 1 

52374 

8 1 27 

1 5050 

4 4849 

1 5050 

632 1 

1 05 3 5  

l 1 438 

1 29�3 

0 . 839 

f'l . 867 

0 . 84 3  

0 . 8 7 3  

0 . 892 

0 . 8 57 

0 . 8 7 7  

0 . 8 7 3  

0 . 9 1 5  

0 . 882 

0 . 88 1 

0 . 58 1  
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4 . 0  RADIOLOGICAL CONSI DERATIONS 

The c an i s te r s  are d e s i gned to be l oaded wi th core debr i s  from the TMI -2 RCS . 
These c an i s t e r s  c� not conta i n  Interna l s h i e l d i ng and must  be sh t e l de d  dur i ng 
a l l hand l i n g  and s torage ope r a t i on s . 

The s h i e l d i ng requ i reme n t s  for the v ar i ou s  c a n i s ter ope ra t i ons < e . g .  l oa d i n g ,  
hand l i ng ,  and s torage > are d i s c u s s e d  I n  reference 3 .  

Personne l e x posure from the l oaded can l �ters w i l l  be addressed I n  Reference 3 
a s  part of the c an i s ter hand l i ng seq�enc e .  

5 . 0  1 0  CFR 50. 59 EVALUATION 

Changes, Tests and E x per i ment s ,  1 0  CFR 50 , paragraph 50 . 59 ,  permi t s the ho l de r  
of an opera t i ng l i cense t o  make changes to the fac i l i ty o r  perform a t e s t  or 
expe r i men t ,  prov i ded the change , t e s t  or e x pe r i me n t  1 s  determi ned not to be an 
unrev 1 ewed safety que s t i on and does not Invo l ve a mod i f i ca t i on of the p l a n t  
techn i ca l  spec i f i ca t i on s .  A proposed change I nvo l ve s  a n  unrev l ewed s a fe ty 
que s t i on I f : 

a .  The probab i l i ty of occurrence or the consequences of a n  a c c i dent or 
ma l func t i on of equ i pme n t  Impor t a n t  to safety prev i ou s l y  eva l ua t e d  I n  the 
safe ty ana l ys t s  report may be Increased ; or 

b .  the pos s i b i l i ty for a n  a c c i de n t  or ma l func t i on of a d i ffe rent type than 
any e v a l uated prev i ou s l y  I n  the safe ty a na l ys t s  repor t may be create d �  o r  

c .  the mar9 l n  of safety , a s  d e f i ned I n  the bas t s  for any tec hn i ca l  
spec i f i c a t i on ,  I s  reduced . 

The defue l l n g  c a n i ster s r e p l ace the fue l c l add i ng l ost d ur i ng the a c c i dent a s  
t h e  ba r r i e r for conta i n i ng the fue l . A s  d i scussed I n  Sec t i on 1 . 1  o f  t h i s  T E R ,  
t h e  purpose of th i s  e v a l ua t i on I s  t o  show t h a t  t h e  can i s te r s  a r e  d e s i gned t o  
rema i n  s a fe under norma l operat i on a n d  hand l i ng cond i t i on s  a s  we l l  a s  postu
l ated drop a c c i dents and storage . The s cope of the ev a l u a t i on r e l at e s  on l y  to 
de s i gn aspects and not In f i e l d  c an i ster  use wh i ch I s  addressed I n  the Safety 
Eva l uat i on Report for Ear l y  Defue l l ng of the TMI-2 Reac tor Ve s s e l  < Reference 
3 > . On th i s  b a s i s  the scope of t h i s  10 C F R  50. 59 E v a l uat i on Is l i m i ted to 
d e s i gn a spects of the ca n i s t e r . 

The I s s u e s  of concern w i t h c an i ster des i gn a r e  c r i t i c a l i ty con t ro l  and ove r 
p r e s s u r i zat i on protect i o n .  H l th re spec t to c r i t i c a l i ty con t rol . t h t s  e v a l ua
t i on shows that  the c an . s te r  w i l l  rema i n  subc r l t l c a l  under any conf i gu r at i on 
or fol l ow i ng str uctur a l  deformat i on due to a l oa d  drop . H l t h  r e s pect to 
ov e r pr e s s u r l zat l on protec t i on .  two r e l i e f  va l ve s  w \ 1 1  be I n s t a l l e d  on e a c h  
can i s t e r  to prevent t h e  pos s i b i l i ty o f  a s i ng l e  fa i l ure or c��n mode fa i l ure 
from � v � r p re s s u r l z \ ng the c a n i ste r .  Thus , I t  can be conc l uded that the d e s i gn 
of the defue l l ng c a n i sters ne i t h e r  l n cr�ases  the proba b i l ity of any acc i dent 
prev i ou s l y  e v a l uated nor c reates the pos s i b i l i t y  of a d i fferent type of 
acc i dent . Add i t i ona l l y ,  as the c u r re n t  TMI-2 Techn i ca l  Spec i f i c a t i ons do not 
spec i f i c a l l y a d d r e s s  conta i nment of the fue l deb r i s ,  the  mar g i n  of s afety a s  
d e f i ned I n  t h e  b a s t s  of the T e c h n i c a l  Spec i f i cat i on s  t s  not reduced . 

As d i s c u s s e d  abov e ,  these ca n i st e r s  a r e  c r i t i ca l l y safe by de s i g n .  Add l 
t \ on a l l y . act i v i t i e s  a s soc i ated w i th c a n i ster  c l osure and hand l i n g ,  I nc l u d i ng 
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I n s ta l l a t i on of the re l i e f dev i c e s . wi l l  be performed I n  accordance w i t h  
procedures prepared, rev i ewed and approved I n  accordance w i th TMI-2 Techn i ca l  
Spe c i f i ca t i on s  Sec t i on 6 . 8 ,  wh i c h req u i res NRC approva l  of c e r ta i n  types of 
procedures . Therefore , a s  no f u r t he r  eng t ne e r l ng control s are needed to 
ensure c r i t i ca l i ty safety and a c t i v i t i e s  a s soc i a te d  w i t h  c a n i s te r  c l osure and 
hand l i ng w i l l  be control l ed I n  a c cordance w i th p : ocedures subj e c t  to T e c h n i ca l  
Spec i f i ca t i on Sec t i on 6 . 8 ,  I t  I s  GPU Nuc l ea r ' s  be l i ef that  no changes to the 
Tech n i c a l  Spec i f i ca t ions are r equ i re d . 

I n  conc l u s i on ,  w i t h i n  the bounds d e s c r i bed I n  t h i s repor t .  the des i gn and use 
of the defue l l ng can i s ters do not resu l t  I n  an unrev i ewed safety ques t i on , nor 
requ i re changes to the TMI-2 Techn i c a l  Spec i f i ca t i on s . 

6 . 0  CONCLUS ION 

Can i s t e r s  are needed to prov i de effec t i ve l ong term s torage for the T M I - 2  core 
debr i s .  Three type s of c an i s te r s  are requ i re d  to s upport t he defue l l ng 
sys tem: fue l , f i l te r  and knockout can i s t e r s . These c a n l . ce r s  have been 
e v a l uated to determi ne I f  they cou l d  safe l y  perform t he i r  furc t l on under 
norma l and a c c i dent cond i t i on s . The res u l t s  of t h i s  eva l ua t i on show that  the 
can i s te r s  w i l l  rema i n  subcr l t l ca l  under norma l oper a t i on s . h a nd l i ng and 
a c c i dent  cond i t i on s .  A s t r u c t u r a l  �va l ua t i on of the c an i s te r s  has  shown tha t 
they ma i n ta i n  t he i r  I n tegr i ty and w i l l  func t i on a s  d e s i gned �nder norma l 
ope r a t i n g  cond i t i ons .  Drop a n a l yses and drop t e s t s  were u s e d  to determ i ne the 
e ffect  of a d e s i gn bas t s  d rop on the c an i s te r  she l l and I nternal s .  The 
r e su l t s  from t h e s e  ana l yses were u s ed I n  determ i n i ng the reac t i vi ty of the 
can i s t e r s  under a c c i dent  cond \ t \ on s .  Therefore . based on s tructural  and 
c r i t i c a l i ty cons i de ra t i on s . \ t  c a n  be conc l uded that  these c a n i s t e r s  can 
safe l y  func t i on under norma l and a c c l de�t  cond i t i on s  a t  TMI-2 . 
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The resu l t s of th i s  ana l ys i s  are ba sed on the a s sump t i on t h a t  the mo s t  reac t i ve 
fue l pa r t i c l e capab l e  of be i n g I n  the knockout can i s ter I s  a n  op t i ma l l y  mode rated 
s t anca r d ,  who l e  fue l pe l l e t .  H l t h the cha nge to the vacuum sys tem t h a t  permi t s  
fuel  pa r t i c l e s  greater I n  s i ze than who l e  pe l l e t s  t o  b e  l oaded I n to a knockout 
c an i s t er , th i s  a s s ump t i on I s  no l onger appropr i a te .  To a s s e s s  the I mpac t of t h i s  
a s sump t i o n ,  an eva l ua t \ on was pe rformed to determi ne k 00  for the mo s t  reac t i ve 
batch 3 fue l pa r t i c l e ,  when opt i ma l l y  moderated w i t h unborated wa te r . The k00 for 
the opt i mum s i ze wa s found to be on l y  0 . 07tuk h i gher than the k �  for the 
s t andard who l e  pe l l e t .  S i n c e  th i s  I ncrease i s. sma l l  and the other a s sump t i on s  
I nc l uded I n  the ana l y s i s  are conserva t i ve .  tend i ng t o  I nc r e a s e  keff · the resu l t s 
presen ted I n  th i s  a t tachment a re s t i l l  con s i dered appropr i a te . Add i t i ona l l y ,  even 
w i th an I n c rease of 0 . 0716k . the keff c r i t e r i on for the can i s t e r s  w i t h i n  the 
crs w i l l  s t i l l  be a c h i eved . 

_ , _  Re� . 3 / 0 1 33P 



TMI-2 TRANSFER SYSTEM 

CRI T I CA L I T Y  TECHNICAL REPORT 

Document No . 77- 1 1 557 39-02 

Publ t shed June 1 9 ,  1 985 

Babcock & W t l coA Company 

Nuc l e ar Power 0 \ v l s \ on 

Lynchburg , � \ r g l n \ a  

Prepared for 

GPU Nuc l ea r  Corpora t i on 

Under Master Serv t c e s  Con t ra c t  665-32 1 2  

-2-

ATTACHMENT 1 
3527-0 1 6  

Rev . 3/0l 33P 



TH1·2 Transfer System 

Critical i ty Technical  Report 

Prepared by: f. L .  � 
: L .  hol�a r. ,  Fr1nctpal [ngr . ,  Slw 

· 3-

ATTACHMENT 1 
3527-01 6 

Pcv . 3/01 J3P 



TABLE OF CONTENTS 

SECT ION 

1 . 0 ABSTRACT 

2 . 0 I NTRODUCT ION 

3 . 0  TRANS F E R  SH I ELD AND CASK C R I T ICAL I TY ANALY S I S  

3 .  1 Back ground 

3 . 2  Scope of Ca i cu l a t lons  

3 . 3  Reac t i v i ty C r i ter i on 

3 . 4  Ca l c u l a t i ona l A s sump t i on s  

3 . 5  Dancoff Fac tor A s s umpt ions 

3 . 6  Computer Codes and Cros s Sec t i on s  

3 . 7  KENIOV B i a s  

3 . 8  Fue l Opt i m i za t i on for Lead Sh i e l ded Can i s te r s  

3 . 9  Can i s ter-Sh i e l d  Gap Cr i t i ca l i ty Ana l ys i s  

3 .  1 0  Transfer Sh i e l d  Wa ter Ref l e c tor Ana l ys i s  

3 .  1 1  OFF-Centered Can i s ter I n  Transfer S h i e l d  

3 . 1 2 Ca n i s te r  Opt i m i za t i on I n  Transfe r  Sh i e l d  

3 . 1 3  Can i ster I ns e r t i on Ana l ys i s  

3 . 1 4 Transfer Cask Ana l ys i s  

4 . 0  CONCLUS I ONS 

5 . 0  R E F ERENCES 

- 11 -

ATTACHMENT 
3527-0 1 6  

PAGE 

6 

6 

7 

7 

7 

7 

7 

1 5  

1 5  

1 5 

1 5  

1 8  

20 

2 3  

2 6  

2 9  

38 

4 1  

42 

Rev 3 /0 l 3 3P 



L I S T  OF TABLES 

TABLE NUt�BER 

AT TACHMENT 
3527-01 6 

1 .  Compa r i son of KENOIV and XSORNPM Resu l t s for S i mp l e  Ce l l  1 7  
Types H l t h and H t thout Lead and No Pol son Rods 

2 .  XSORNPM K-effec t l ve Res u l t s for Can i s te r-Sh i e l d  Gap Ana l y s t s  1 9  

3 .  XSDRNPM Ha ter Ref l e c tor Ana l ys i s  2 2  

4 .  XSDRNPM K-effec t l ve Res u l t s for Off-Ce n t e r ed Can i s t e r  2 5  

5 .  Can i s te r- T r a n s fe r  Sh i e l d  Opt i m i z a t i on Resu l t s 28 

6 .  Knockout Can i s ter I n s e r t i on Study K-effe c t l ve Resu l t s 3 3  

7 .  XSORNPM S t e e l  L i ne r  Ane l ys l s  36 

8 .  K-effe c t l ve for the Ruptured Knockout Can i s t e r  I n  the 40 
Transfe r  Cask 

L I S T  OF F I GURES 

fl.G!JRE NUt�BER 

1 .  Re v i s i on Transfer  Sh i e l d  Mode l 

PAGE 

1 1  

2 .  Rev i s i on 2 Transfer Sh i e l d  Mod e l  1 2  

3 .  Transfer Sh i e l d  Hal l Cros s-Se c t i on 1 3  

4 .  Transfe r  Ca�k. Mode l  1 4  

5 .  Off-Centered Can i s t e r  XSORNPM Mode l  2 .1  

6 .  Typ i ca l  Rupt ured Knockout Ca n i ster  I ns e r t i on Leve l s  i n  3 1  
T ransfe r  Sh i e l d  

7 .  Reac t i v i ty Dependence of Knockout Can i s ter I n s e r t ion I n to 35 
Tran sfer Sh i e l d  

- 5- Re v .  3 / 0 1 33P 



I . 0 ABSTRACT 
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The TMI-2 defue l l ng ca n i s te r s  w i l l  be t ran sfer red to l oc a t i on s  wi t h i n  the 
Reac tor and F u e l  Hand l \ ng Bui l d i ng s  u s i ng a t ransfer s h i e l d  con ta i n i ng l ead . 
Transfer of c a n i s t e r s  to the s h i pp i ng c a s k  w i l l  u t i l i ze a d i ffere n t  dev i ce 
c a l l ed a t ra n s f e r  c a s k . Th i s  report e xami n e s  K-effe c t l ve for both t h e  t r a n s 
fer s h i e l d  c a s k , w i t h d i me n s i on s  s�pp l l ed by GPU Nuc l e a r .  The e n c l osed 
r e s u l t s I nd i cate  tha t for ruptured and non-ruptured c a n i s t e r s  no poi son 
ma ter i a l s  other than t hose con t a i ned I n  the c an i s te r s  are reau l r e d  I n  the 
des i gn of e i ther the t r a n sfer s h i e l d  o r  cask to ma i n t a i n  K-effe c : l ve < . 95 . 
Can i s t e r s  w i th e x t en s i ve I n t e r n a l  damage a n d /or e x t e r n a l  damage from be i n g  
d ropped o r  deformed a r e  not addre s s e d  s i n c e  these c a n i s te r s  w i l l  b e  hand l ed by 
GPU Nuc l ea r  on a c a s e  by c a s e  bas i s  and a r e , therefore . not I nc l uded I n  the 
c u r r e n t  wor k s cope . 

2 . 0  I N T RODUC1 . 0N 

T r a n s f e r  af the fue l . f i l t e r , and knockout c a n i s t e r  des i gn s  w i t h i n  the Reac tor 
Bu i l d i ng < RB >  and F u e l  Hand l i ng Bui l d i ng < F H B >  I s  ac comp l i shed i n  pa r t  u s i ng 
the transfe�  s h i e l d  and t r a n s fe r  c a s k . The func t i on of the t r a n s f e r  s h i e l d  I s  
to a l l ow s a fe remov a l  and t r a n � fer of can i s te r s  out of con ta i nment for reac tor 
defue l l ng .  The transfer s h i e l d  w i l l  fac i l i t a t e  l oa d i ng the can i s t e r s  I n to the 
tran s fer basket for moveme n t  to the FHB . A se cond t r a n s f e r  s h i e l d  w i l l  be 
l oc a te d  w i t h i n  the fue l hand l i ng fa c i l i ty for the p l a ceme n t  of c an i s t e r s  
w i t h i n  t h e  s torage r a ck s , sub sequen t  tran sfe r to a dewate r i ng s t a t i on ,  and 
t r a n s f e r  of c an i s t e r s  to a t r a n s fe r  cask l oad i ng s t a t i on .  A t r a n s f e r  c a s k  
wi l l  b e  l oca ted wi t h i n  t h e  FHB to a l l ow moveme n t  o f  debr i s  f i l l e d  ca n i s te r s  
I n to s h i pp i ng c a s k s . 

F rom the d e s c r i p t i on prov i de d  I n  Re ference 1 by GPU Nuc l ea r  t he t r a n s fe r  
s h i e l d  compr i se s  a l ong hol l ow c y l i nd r i c a l  l ead sh i e l d .  · The I n s i de and 
ou t s i de of the l ead s h i e l d  w i l l  be  l i ne d  w i t h  s te e l  for s t ruc tura l s u ppor t .  A 
sma l l e r  movab l e  ou ter l ead s h i e l d  w i l l  be l owered a t  l ea s t  one foot b e l ow the 
water s u r face pr i or to w i thd rawa l of the c an i s te r  i n to the t ra n s fe r  s h i e l d .  
Th i s  outer  s h i e l d  can be r a i sed once t h e  c a n i s t e r  I s  ful l y  I n s e r te d  to a l l ow 
c l earance of t he s h i e l d  from ob s t r uc t i on s . The shor t e r  l ength o u t e r  s h i e l d s  
wi l l  a l so b e  l i ned w i t h  s t ee l for s t r u c t u r a l  suppor t .  The t r a n s f e r  s h i e l d  
wi l l  be a t t a ched to a c a n i s t e r  hand l i ng t ro l l y  t o  a l l ow t r a r s fe r  of the 
c a n i s t e r s  w i t h i n  t he s h i e l d  as  a un i t .  The can i s te r s  w i l l  be  w i thdrawn I n t o  
t h e  t ra n s fer s h i e l d  b y  a can i s te r  grapp l e  a n d  ca b l e s  connected t o  a ho l s t  
wh i c h I s  moun ted on the movab l e  t rol l y .  

The t r a n s fe r  c a s k  I s  s i m i l a r  to the t ra n s fe r  s h i e l d  w i t h  the ma i n  wa l l s of the 
t r a n s fe r  cas�  conta i n i n g 4 . 5  I nc h e s  of l ead w i t h  1 i nc h  i nner and ou t e r  s t ee l 
l i n i ng s  for s t ruc t ur a l  suppo• t .  The t r a n s fe r  c a s k  h a s  a mo'a b l e  bot t om d::x>t 
to a l l ow I n ser t i on of a can i s te r  by a grapp l e  and cab l e  mechan i sm and s u o s e 
quent  c l o s u r e  o f  t he c a s k  urJn c an i s t e r  i n s e r t i on . Loc a t e d  be l ow the bot tom 
door I s  a l ea d / s t ee l - l i ned f l ange that  proj e c t s  outwa r d  from the c a s l  to 
reduce l e ve l s  of ba c k s c a t tered rad i a t i on .  The hoi s t  for t he t r a n s fer c a s �  i s  
l o c a t e d  to one s i de of the c a s r  and n�ar the cask m i d p l arc The e n t i re 
t ra n s fer c a s k  I s  s u �pcrded by � crane . 
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3 . 0  TRANSF E R  SH I E LD AND CASK CRI T i CAL I TY ANALYS I S  

3 . 1 Background 
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The c r i t i c a l i t y s t ud i e s  I n  th i s  report have proceeded a t  t i me s  I n  
para l l e l  or I n  advance of norma l l y  r e q u i red mechan i c a l  de s i gn I n forma
t i on .  Where spec i f i c  d i mens i ons on the transfer cask or s h i e l d  were 
�va l l a b l e  they , we re I n corporated I n to the ana l y s i s .  I n  some cases  
I n forma t ion was not ava i l a b l e  and d i me n s i on s  were chased I n  a fa s l on to 
produce a bound i ng ana l y s i s  and ma i n ta i n  con s e rva t i sm .  For further 
d e ta i l s  see the s e c t i on on a s sump t i on s . 

Ca l cu l a t i on s  I n  th i s  report address  the fo l l ow i ng obj ec t i v e s : 1 >  
eva l ua t e  the op t i ma l  fue l compos i t i on w i t h the l ead s h i e l d  I n  p l ac e , 2 >  
d e termi ne the effe c t  of the gap reg i on between the I ns e r ted c an i s t e r  and 
the c a sk or s h i e l d  for centered and off-centered can i s te r s ,  3> determ i ne 
the most reac t i ve c a n i s t e r  type I n  the transfer s h i e l d ,  and 5 )  eva l ua te 
the mos t reac t i v e ca n i s te r  for the wor s t  l n ser t t on po i n t I n  the transfer 
cask . Can i s ter c r i t i c a l i ty resu l t s for both ruptured and non-ruptured 
as we l l  as s i ng l e  and l a t t i c e conf i gu ra t i on s  arc summa r i zed I n  recent 
techn i c a l  repor t s . 2 , 3  

3 . 2  Scope of Ca l c u l a t i on s  

T h e  requ i red scope o f  c r i t i c a l i ty c a l c u l a t i ons I �  d e ta i l ed I n  the 
" Techn i ca l  Spe c i f i c a t i on s  for De s i gn of Oefue l l ng Can i s t e r s  for GPU 
Nuc l ear Corpor a t i on Three M i l e  I s l and Un i t  2 - Nu c l ear Power P l an t "  
Append i x  E ,  Se c t i on 1 . 2 . 4 Sec t i on 1 . 2 . 3  spec i f i ca l l y  d e ta i l s  t r ansfer 
c r i t i c a l i t y ,  a l though subsequent changes to the work scope were 
negot i a ted . 

3 . 3  Reac t i v i t y Cr i t e r i on 

The rea c t i v i ty c r i ter i on for c r i t i ca l i ty safety used I n  th i s  ana l ys i s  I s  
that the va l ue of K-effe c t l ve for the mo s t  reac tor can i s te r  I n s i de the 
transfer sys tem sha l l  not e x ceed 0 . 9 5 .  These ana l ys i s  are con s i s t ent 
w i th 10 C F R  7 2 . 7 3  and ANSI /ANS 8 . 1 ,  8 . 1 7 ,  and 1 6 . 55 , 6 , 7 , 8 w i th i n  the 
work s cope negot i a ted by GPU Nuc l e a r .  

3 . 4  Ca l c u l a t i on a l  A s s ump t i on s  

T h e  c a l c u l a t i ona l mode l s  for t h e  can l s te r s 2 . 3 I n  t h e  transfer s h i e l d  
or cask  a s sume the fo l l owi ng conserva t i v e cond i t i on s . 

I .  Batch 3 u n l r ra d i a t ed fresh fue l on l y .  

2 .  E n r i chment : batch 3 average � 2o < 2 . 98 wtl U-2 35 > .  

3 .  No c l a dd i ng or COI'e s t r u c t u r a l  ma ter i a l . 

4 .  No sol u b l e  po l son or con trol  ma ter i a l s  from the reac tor cor e .  

5 .  Op t i ma l fue l l ump s i ze and vol ume frac t i on and op t i ma l wa ter 
moderator dens l ty < e � cPpl  l n parame t r i c  cases  for the op t l m i  Zd t i on 
s tudy > . 
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6 .  Can i s t e r  fue l reg i ons comp l e t e l y  f i l l ed w i thou t we i g h t  res t r i c
t i on . I f  a we i gh t  res t r i c t i on w�re to a pp l y  and c a n i s te r s  were 
par t i a l l y  f i l l e d  w i t h  c l ean water or s t r u c t u re the re s u l t  wou l d  be 
l ower c a n i s te r  reac t l v l ty . 3 . 

7 .  A t  l e a s t s  2o a l l owance I n  f i x e d  pol son conce n t r a t i on s . 

8 .  U n i form 50° F tempera ture : 

9 .  I n f i n i te med i a  Oancoff fac tor s < s ee Oancoff F a c tor A s s ump t i on s > .  

The mode l  for the t r a n s fe r  s h i e l d  a s s umes the fol l ow i n g  cond i t i on s  < s ee 
F i gure 1 for Rev i s i on 1 mode l  and F i gure 2 for Rev i s i on 2 mode l > .  

1 .  The trol l y  was mode l e d  a s  a 4 x 4  foot , 1 2  i nc h  t h i ck b l oc k  of 
s tee l . T h i s  a s sump t i on w i l l  be con serva t i ve s i nc e  s te e l  I n  a i r  
w i l l  be a good ref l ec tor of e p i t herma l neu t ron s . 

2 .  A mova b l e  hor i zon t a l  l ead s h i e l d  1 5 . 5  I nc h e s  I n  d i ame ter i s  a s s umed 
to be 6 I nc h e s  and l oc a ted 20 I nc h e s  from t h e  top of t h e  upper 
can i s t e r  head at a l l  c a n i s t e r  I n s e r t i on l e ve l s .  Bec ause of the 
cons erva t i ve s i ze of th i s  l ead s h i e l d ,  the grapp l e  was not 
spec i f i c a l l y mode l e d .  

3 .  The s h i e l d  wa l l s were or i g i na l l y  a s s umed to be made e n t i r e l y  of 
l ead for the transfe r  s h i e l d  to prov i de ma x i mum r ef l e c t i on w i thout 
absor p t i on or remov a l  of e p i therma l neu t rons . Th i s  a s sump t i on 
app l i e s to a l l t ra n s fe r  sh i e l d  c a s e s  or i g i na l l y con ta i ned I n  
Rev i s i on 1 of th i s  do�ument . For Rev i s i on 2 c a l c u l a t i ons . the 
s t e e l  l i ne r s  are e x p l i c i t l y  mode l ed ·. 

4 .  For Rev i s i on 1 c a l c u l a t i ons . the l ead wa l l s were a s s umed to be 
5 . 1 2 5 I nc h e s  t h i ck wh i c h  I nc l udes the 0 . 1 2 5  I nc h  a i r  gap mode l e d  a s  
be i ng l ea d  f i l l e d  for conserv a t i sm .  Addi t i ona l l y ,  the I n s i de 
d i ame t e r  of t h e  wa l l s  are 1 5 . 5  I nc h e s  a n d  e x tend the en t i re l en g t h  
o f  t h e  t ra n sfer sh i e l d .  Rev i s i on 2 ana l ys e s  a s sume a n  I nner s h i e l d  
wa l l  t h a t  e x t e n d s  the fu l l  l en g t h  of the t ra n s fe r  s h i e l d  w l tn a 
comb i ned s t e e l  and l ead t h i ckness of 3 · 7 1 32 I nc h e s . The I nner fu l l  
l en g t h  s h i e l d  I s  fol l owed by a n  1 1 /64 I n c h  a i r  gap a n d  a 9 f t . l ong 
mova b l e  outer s h i e l d .  The 9 f t .  l ong mova b l e  outer s h i e l d  h a s  a 
comb i ned l ea d  and s t e e l  t h i ckness of 2 - 5 / 32 i nches . Attac hed to 
the mova b l e  outer 9 f t .  s h i e l d  I s  a shor t e r  30 I nc h  l ong s h i e l d  
w i th a l ea d  a nd s t e e l  t h i ckness of 2 - 6 1 /64 I nches . These d i men
s i on s  y i e l d  a ma x i mum l ead and s t e e l  t h i c k n e s s  l e s s  the a i r  gap of 
8 - 2 1 /64 I nc h e s  a t  the base and a m i n i mum t h l c�ness  of 3 - 7 / 3 2  i nc h e s  
above the 9 f t .  long o u t e r  s h i e l d .  T h e  I n s i de d i ame t e r  o f  the 
transfer s h i e l d  I s  1 5-5/8 I nc h e s . Shown i n  F i gure 3 I s  a 
cros s - se c t l ond l c u t  of the t ransfer sh i e l d  wa l l  w i t h l ead and s te e l  
d i men s i on s . 

5 .  For' Re·, l s l on 1 c a l c u l a t i on s . t h� watet  l e ·te l  of the pool I s  l ev e l  
w i t h  t h e  bot tom o f  the t r ansfe r  s h i e l d  s i nc e  l e a j w i t h a n  a i r  gap 
between the c a n i s t e r  and s h i e l d  was sho"'·n to be mo.:>re r ea c t i ve t h a n  
l e a d  w i t h o w a t e r  g a p  < s ee c a n l s t e ,· s h i e l d  gap a na l y s i s > .  I n  
Rev i s i on 2 ana l ys e s , t he ca n i s t e r  s h i e l d  gap was a i r  f i l l ed a s  
be for'e b u t  w a t e t"  was mode l ed for a l en g t h  of 2 f t .  out s i de t h e  
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s h i e l d  to ma x i m i ze ref l ec ted neu trons to the c an i s t e r .  Th i s  
mod i f i c a t i on was shown w i th XSDRNPM to be con s e rv a t i ve < s ee Sec t i on 
3 . 1 0 - Tran s fe r  Sh i e l d  Ha ter Ref l e c tor Ana l ys t s > .  

6 .  Dry a i r  I s  mode l ed I n  the r e g i on between the c an i s te r  and s h i e l d  
a n d  I n  reg i on s  e x ternal  to the s h i e l d .  Th i s  w i l l  m i n i m i ze the rma
l !  za t I on of ref 1 ec ted neu trons and reduce subsequ� .•  t absorpt I on I n  
non-f l s s l on l ng s t ru c t u r a l  ma t e r i a l . Dry a i r  • s  a s sumed to cons i s t  
of pure oxygen w i l l  have a neg l i g i b l e  effect on k-effec t t ve con s i d
e r i ng the sma l l den s i ty of a i r  even for the 20 I nc h  ver t i ca l  gap 
between the top of the can i s te r  and l ead s h i e l d .  There are three 
orders of magn i tude d i fference be tween the den s i ty of a \ r  and a 
ma ter i a l  l i ke wa t e r .  Furthe rmore , r e su l t s of the can i s te r  s h i e l d  
gap ana l y s t s  < see Sec t i on 3 . 9 . 2 >  shows a t rend that I nd i ca t e s  the 
most reac t i ve mater i a l  for the gap reg i on tha t cou l d  be a s sumed I s  
vo i d .  F i na l l y ,  s i nce the top and bottom heads of the can i s te r  are 
l ow I mpor tance and l ow f i s s i on den s i ty reg i on s  the effec t of the 
a s sumed compos i t i on of a i r  I n  t h i s  reg i on I s  I n s i gn i f i ca n t  on 
c a l c u l a t ed r e su l t s w i th a pub l i shed code l i ke KENO I V .  

7 .  A l though there I s  a n  a i r  gap between the bot tom of the t r a n s fe r  
s h i e l d  a n d  t h e  wa ter l ev e l  when t h e  outer s h i e l d  I s  ra i sed , th i s  
gap I s  not mode l ed to prevent neu t ron s t ream i n g .  

8 .  No sol ub l e  boron I s  a s sumed I n  any wa ter r e g i on s .  

9 .  For the can i s t e r  types exam i ne d , on l y  I n te r na l l y  ruptured con f i gu
ra t i ons due to f i l te r  s creen fa i l u re were exami ned I n  the t ra n s fe r  
s h i e l d  s i nc e  t h e s e  a r e  mos t reac t l ve . 2 , 3  

1 0 .  The upper head protec t i ve sk. l r t o n  the c an i s te r s  I s  not mode l ed .  

1 1 .  The t ra n s fe r  s h i e l d  I n  Rev i s i on 2 c a l c u l a t i on s  mode l s  the l a t e s t  
knockout c an i s te r  geome try w i t h shor ter B4C rod s . 

The mode l for the t r a n s fe r  cask a s s ume s the fo l l ow i ng < see F i gure 4 > .  

1 .  No trol l y  I s  mode l ed s i nc e  the t r ans fe,· cask I s  suppor ted by a 
c r ane . 

2 .  A hor i zon ta l l ead s h i e l d  1 5  I nches I n  d i ame ter I s  a s sumed to be 6 
I nc h e s  t h i c k  and l ocated 1 0  I nches f rom the top of the upper 
ca n i s te r  head . Be cause of the con serva t i ve s i z e  of t h i s  l ead 
s h i e l d ,  the grapp l e  was not spec i f i c a l l y mode l ed .  

3 .  The 1 5  foo t  1 I nch l ong upper l ead �h l e l d  I s  a s sumed to have 4 . 5  
I nches of l ead w i t h a l I nc h  s te e l  l i ne r  on a l l  s i de s .  The I n s i de 
d l am� ter of the ma l n  s h i e l d  i s  1 5  I nches . 

4 .  The bot tom l ea d  door I s  a s s umed to be 4 i nc h e s  t h i ck w i t h 0 . 5  
I nc h e s  of s tee l l i ne '  on a l l  s i de s . The d l dmeter of the bot tom 
door i s  cons e r va t i ve l y  e .< tended to 43 I nches I n  Rev i s i on 2 ana l ys e s . 

5 .  The l e a d / s t e e l  f l ange l oca t e d  be l ow the bot tom door proj e c t s  7 . 5  
I n ches rad i a l l y  beyond t he m a i n  cask wal l s .  Th i s  f l ang� i s  4 
I nches t h i ck w i th a 0 . 5  I nc h  l i ner  on a l l s i de s .  The rad i a l  w i d t h  

o f  the f l ange I s  1 4  I nches . 
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6 .  The reg i on be l ow the 4 I nc h  t h l c �  l ead-door was f i l l e d  w i t h  l ead 
for con serva t i sm I n  Rev i s i on 2 ca l c u l a t i on s .  Th i s  g i ve s  a comb i ne d  
l ead a n d  s t e e l  t h i ck n e s s  o e l ow t h e  c an i s te r  o f  1 0  I nche s . 

7 .  A l ower s h i e l d  col l a r < l oa d i ng boo t >  I s  a s sumed to be 3 f t .  l ong , 
w i th a t h i ckness  of 3 I nches of l ead a n d  1 I nc h  of s te e l  l i ner on 
a l l  s i de s . A l t hough the · l oad i ng boot I s  no l onger requ i red . I t  I s  
r e t a i ned for con s e rv a t i sm.  

8 .  The l oad i ng boot e x tends 2 f t .  l ong b e l ow the water surfac e .  

9 .  Dry a i r  i s  mode l e d  I n  the gap reg i on be tween the c an i s te r  and c a s k  
a n d  I n  reg i on s  above t h e  w a t e r  s u r face e x t e r n a l  t o  the cask . 

1 0 .  No so l ub l e  boron I s  a s sumed I n  any w a t e r  reg i on s .  

1 1 .  On l y  I n terna l l y  ruptured c a n i s te r  con f i gura t i ons due to scree n  
fa i l u re were con s i dered s i nce these a r e  mo s t  rea c t l ve . 3 

1 2 .  The protec t i ve sk i r t  on the c a n i s t e r s  a r e  not mode l e d .  

1 3 .  The t r a n sfer cask mode l s  the knockout c a n i s t e r  wi t h  the l a te s t  
geome t r y  a n d  shor ter B4C rods I n  Rev i s i on 2 a na l yse s .  
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6 .  The reg i on be l ow the 4 I nch t h i ck l ead-door was f i l l e d  w i t h  l e ad 
for conserva t i sm I n  Rev i s i o n  2 ca l c u l a t i ons . T h i s g i ve s  a comb i ne d  
l ea d  and s te e l  t h i c k ne s s  be l ow t h e  c an i s te r  of 1 0  I nc he s .  

7 .  A l ower s h i e l d  col l a r  < l oad i ng boot >  I s  a s s umed to be 3 f t .  l ong , 
w i t h a t h i c k ne s s  of 3 I nc h e s  of l ea d  and 1 I nc h  of s te e l  l i ne r  on 
a l l  s i de s .  A l though the l oad i ng boot I s  no l onger requ i red , I t  I s  
r e ta i ned for conserva t i sm .  

8 .  The l oa d i ng boot e x tends 2 f t .  long b e l ow the water s u rface . 

9 .  Dry a i r  I s  mode l ed I n  the gap r e g l c n  between the c a n i s te r  and c a s k  
and I n  r e g i o n s  above the w a t e r  s u rface e x te r n a l  to the c a s k .  

1 0 .  No so l u b l e  boron I s  a s s umed I n  any water reg i on s . 

1 1 .  On l y  I n terna l l y  ruptured c a n i s t e r  conf i gu r a t i ons due to s creen 
f a i l u r e  were con s i dered s i nce these are most reac t l ve . 3 

1 2 .  The protec t i ve s k i r t  on the c a n i s te r s  a r e  not mode l e d .  

1 3 . The transfe r  c a s k  mode l s  the knockout c an i s te r  w i th the l a t e s t  
geome try and shor ter B4C rods I n  Rev i s i on 2 ana l ys e s .  
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3 . 5  Oancoff Fa c tor A s s ump t i on s  

ATTACHMENT 
3527-0 1 6  

A n  obv ious l i m i t a t i o n  I n  genera t i ng c ro s s-sec t i on s  for comp l i c a te d  
geome t r i c a l  conf i gura t i on s  where d i f fe r i ng f u e l  r e g i o n s  are I nvol ved I s  
determ i n i ng the effe c t i ve Oanccff s e l f- s h i e l d i ng e f fe c t  on e p i the rma l 
fue l resonances . The Oancoff fac tor u s i ng Saue r ' s  method c a n  be ana l y
t i ca l l y  determ i ned for on l y  the s i mp l e s t  geome t r i e s .  I n  the c ase of the 
three ca n i s te r  des i g n s ., the fuel  reg i on geome t r i e s c annot be treated 
ana l yt i ca l l y  w i th re spec t to Dancoff fac tor s . I n  t h i s  a na l ys t s ,  i t  I s  
o n l y  necessary to demon s t r a t e  t h a t  whatever Oancoff factors are u t i l i ze d  
they res u l t I n  the pred i c t i on o f  a conserva t i ve e i genva l ue .  For t h i s  
purpos e ,  the NUL i f  code was u t i l i ze d .  Eva l u a t i on of NUL I F  resu l t s w t t h 
d i fferent Dancoff fac tors I nd i c a t e s  t h a t  any I nc r e a s e  I n  the Oancoff 
D·< l -C >  fac tor from the I n f i n i te c e l l a r ray cond i t i on res u l t s I n  a 
decrease I n  K-effe c t t ve a s  a r e su l t  of decrease U-238 s e l f - s h i e l d i ng .  
Resu l t s a l so I nd i ca te tha t the poten t i a l  decrease I n  K-effec t l ve I s  
greater for h i gher dens i ty fue l . I n  the determi n a t i on of Oancoff 
fac tors for cros s - se c t i on s e t s  used by KENO I V  and XSORNPM, I nf i n i te c e l l  
a r ray cond i t i o n s  w t l l  be a s s umed for conserva t i sm.  

3 . 6  Compute1  Codes and Cros s-Se c t i on s  

T h e  computer cod e s  used I n  th i s  work were NUL i f 9 , N ! TAWL 1 0 , 
XSORNPMl l , and KENOiv 1 2 . The NUL I F  code was used on l y  for the s tudy 
of Oancoff factor effec t s .  N I TAHL and XSORNPM were used for proc e s s i ng 
c ros s -sec t i on s  from the 1 2 3  group AMPX ma s te r  cros s-sec t i on 
l t brary 1 3 . N I TAHL prov i de s  the resonance trea tme n t  and forma t s  the 
cros s -sec t i on s  for use by e i ther XSORNPM or KENO I V .  I n  a l l  c a s e s . 
XSORNPM c e l l  we i ghted cros s - sec t i ons are used by KENO I V  and 
XSDRNPM/AN I S N  type c a l c u l a t i ons . 

3 . 7  KENO I V  B i a s  

N o  benchmark res u l t s a r e  I nc l uded I n  the c u r r e n t  workscope t o  a l l ow a 
d i re c t  a s s e s smen t  of the K E NO I V  b i a s  for a fue l / l ead s y s t e m .  P.�wever 
the compa r i son of res u l t s  between c r i t i ca l  e x pe r i me n t s  and KENOiv l 4 , 1 S 
I nd i cates  a trend of I nc r e a s i ng KENOIV b i a s r e l a t e d  on l y  to the s pa c i ng 
between fue l a s semb l i e s w t t h no d l s c e r n ab l e  t rend due to ma ter i a l s  
p l aced between a s sembl i e s . The ma ter i a l s  p l aced be tween the a s semb l i e s  
were s t a i n l e s s  s t e e l , a l um i num, and B4C rod s , they prov i de a suff i 
c i e n t  dens i ty c hange to i nd i c a te I f  there I s  a r c 1 a ted b i a s .  Th i s  
a s sump t i on I s  c a r r i ed over for the s i ng l e  c an l s te .- .  where I t  t s  a s sumed 
that the KENOIV b i a s  I s  not dependent upon the ref l ec tor dens i ty .  Thu s , 
the b i a s  for th l s  case I s  a ssumed to be t h a t  of the s i ng l e  can i s te r  l n  
water < I . e . , 0 . 02 �k ) 3 . 

3 . 8  Fue l Opt i m i za t i on for Lead Sh i e l ded Can i s ters 

3 . 8 .  1 Background l n for ma t l on and A s sumpt i ons 

Of l n l e r � s t  i n  t h i s  e x t e n s l cn of the fue l opt i m i za t i on s t udy 
I s  the effec t of the e x t e r n a l  l e a d  s h i e l d  wh i c h makes up the 
t ransfer s h i e l d  and trdn sfer cas� . To e Y am l ne the effec t of 
the l ead s h i e l d  on the op t i m i zed fue l m l x t ur� . s i mp l i f i ed 
KENOIV and XSDRNPH mode l s  we re u t i l i zed . A s s ump t i ons u sed I n  
th i s  op t i m i za t i on s tudy wh i ch we r e  based on p r ev i ou s  c � n l s t e r  
s t u d i e s  con t a i ne d  I n  Refe re n c e s  2 a n d  3 .  

-lS- Rev . 3 / 0 l 33P 



3 . 8 . 2  Fue l O p t i m i zat i on Resu l t s 
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I t  was  d e c i ded to benchma r k  KENOIV aga i n s t  XSORNPM for s i mp l e  
c e l l types and to u s e  XSDRNPM to quan t i fy the effec t of the 
l ea d  s h i e l d .  A s i mp l e  2 0  c e l l  was r u n  wi th KENOIV wh i c h 
con s i s te d  of a 1 4  I nc h  d i ame ter fuel r e g i on sur rounded by 
wa ter . No pol son rods are mode l ed for these s i mp l e  c a se s .  
Th i s  c a s e  was run . 3 1 and . 37 vol ume frac t i on cases  and whe n 
taken w i th the I nf i n i te med i a  NUL I F  r e su l t s 2 , 3  pred i c t  the 
. 3 1 084 fue l vol ume frac t i on to be op t i mum . These r e s u l t s are 
shown I n  Tab l e  1 .  Two XSDRNPM cases were run for a 1 3 . 5  I nc h  
d i ame ter f u e l  reg i on w i t h a 1 /4 I nc h  th i ck s t e e l  ou t e r  s he l l  
s u r rounded by wa ter . These XSDRNPH re s u l t s  a l so I nd i cate the 
. 3 1 084 vol ume frac t i on I s  opt i mum and are shown I n  Ta b l e  1 .  

A s i x  I nc h  l ead s h i e l d  wa s mode l ed around the outs i de of tne 
14 I nc h  c an i s te r  I n  XSORNPM . The l ead s h i e l d  had a 1 5 . 5  I nc h  
l n s l rle d i ameter resu l t i ng I n  a . 7 5 I nc h  dry a i r  g a p  between 
the c an i s ter and the l e a d  s h i e l d .  Dry a i r  was a l so mode l e d  
outs i d e  the s i x  I nc h  t h i c k  l ea d  s h i e l d .  S i x  I nches of l ea d  
w a s  chosen s i nc e  I t  w a s  con s : rlered to b e  the ma x i mum t h i c k n e s s  
o f  t h e  l ead for e i ther t h e  transfer s h i e l d  or transfe r  c as k .  
No mode l i ng of the s t e e l  l i ne r s  on the s h i e l d i ng was 
con s i dered . Dry a i r  was a l so cons i dered to cons i s t  of pure 
oxygen . 

Three l ead sh i e l ded XSORNPM c a s e s  were P � •  formed for vol ume 
f r ac t i on s  of . 2 5 ,  . 3 1 08 4 ,  and . 37 .  The res u l t i ng e i ge n v a l u e s  
a r e  shown I n  Tab l e  1 a n d  demon s t ra t e s  for t h e  l ead s h i e l d  
c a s e s  that the opt i mum fuel  vol ume fra c t i on rema i n s a s  
. 3 1 084 . For the . 3 1 084 fue l vol ume fra c t i on a s i x  I nc h  l ead 
s h i e l d  causes a . 05 5  I ncrease I n  de l ta k-effe c t l ve over the 
water modera ted case . Th i s  I s  the res u l t  of both decreased 
absor p t i on I n  hydrogen and the can i s ter s he l l a s  w e l l a s  
e p i thermal back s c a t te r l ng o f  neu tron s from the l ead t o  the 
c an i s ter . 

One f i na l  case was per formed w i t h XSDRNPM to d e t e rm i ne the 
effec t of a decrease I n  the water den s i ty for the fue l water 
m i x t ure I n  the can i s te r  s u r rounded by l e ad . New 
N I TAWL-XSORNPM c ros s - s ec t i on s  were generated for the . 3 1 084 
fue l vol ume frac t i on w i t h a 951 nom i n a l  wa ter dens i ty .  The 
resu l t  wa s a decrease I n  K-effe c t l ve of . 0 1 56k due to the 
dec reased hydrogen den s i ty and ne�tron therma l l za t i on . 
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TABLE 1 

COMP.O.RISON OF K ENOI V  AND XSDRNPH RESULTS FOR S IMPLE 
CELL  TYPES W I TH AND HI THOUT LEAD AND NO PO I SON RODS* 

N e u t ron 
Ce l l  T�Qe Model  Vol . Frac t i on K-effe c t l ve/2o dev . H l s tor l e s  

1 4  l nch d l a .  fue l , K E NO I V  . 3 1 084 1 . 07� . 0 1 0  1 8963 ( 1 )  
no s tee 1 , w/HzO 

1 4  I nc h  d l a .  fue l , K ENO I V  . 37 1 . 065� . 008 1 9565 ( ) )  
no s t ee l ,  wiHzO 

1 3 . 5  t nch d I a .  fue l , XSORNPM . 3 1 084 1 . 0300 ( 1 )  
1 / 4 t nc h  s t e e l  can , 
w / HzO 

1 3 . 5  I nc h  d l a .  fue 1 ,  XSCRNPH . 37 1 . 0 1 95 ( 1 ) 
1 / 4 t nc h  s te e l  can , 
w/ HzO 

1 3 . 5  l nc h  d l a .  f ue l , XSDRNPM . 2 5 1 . 0797 < 1 >  
1 / 4 t nc h  s te e l  can , 
w /a t r  9ap and 6 I nc h  
l ead ) he l l  

i 3 . 5  l nc h  d l a .  fue l , XSORNPH . 3 1 084 1 . 0853 ( 1 ) 
1 /4 t nc h  s t e e l  can , 
w/a l r  gap and 6 i nc h  
l ead s he l l  

1 3 . 5  i nch d l a .  f ue l , XSDRNPM . 37 1 . 07 1 2  ( 1 }  
1 / 4 I nc h  s tee l c a n ,  
w/a l r  1ap and 6 I nc h  
l ead s ne l l  

951. Nom i n a l  H20 XSORNPM . 3 1 084/ 1 . 0703 ( 1 }  
Dens i ty 95t HzO 

* The absol u t e  mag n i tude of K-effec t l ve I s  not s i gn i f i cant . S i mp l e  ce l l  re s u l t s  are · 
on l y  used to i nd i c a te trends . 
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3 . 9  Can i s te r - Sh i e l d  Gap C r i t i ca l i ty Ana l ys i s  

3 . 9 . 1  Mod e l  Desc r i p t i o n  and Background 

3 . 9 . 2  

When the t ra n s f e r  s h i e l d  I s  l owered I n to the pool to a l l ow 
I ns e r t i ng of a c an i s te r , p a r t  of the gap reg i on between the 
t ra n s fe r  s h i e l d  and c an i s t e r  w i l l  be w a t e r  f i l l ed and p a r t  of 
l t  may �on ta i n  on l y  a i r .  To determi ne the mos t c r i t i ca l  
c a n i s t e r  conf i g u ra t i on \ n  the s h i e l d , I t  I s  necessary to 
quan t i fy the effect of the . 7 5 I nc h  gap reg i on .  For th i s  
ana l ys i s ,  XSORNPM wa s used s i nce the changes I n  reac t i v i ty due 
to the gap are sma l l  and wou l d  not be s u i ted for a Monte-Car l o  
code w i th I t s a s soc i a t ed u n c e r ta i n t i e s . Two add i t i on a l  
XSDRNPM cases were r u n  for the op t i ma l fuel  vol ume frac t i on of 
. 3 1 084 w i th so•F nom i na l  dens i ty wa t e r  a1d 5� dense water I n  
the gap reg i on .  The l ead s h i e l d  wa s a s s umed to be s i x  I nches 
t h i ck and the c an i s te r  was mode l ed a s  a 1 3 . 5  I nc h  d i ame ter 
fue l region w i t h a 1 / 4 I nc h  s te e l  s h e l l .  No po l son rods are 
mode l ed I n  these s i mp l e  can i s te r  type s .  

Gap Ana l ys i s  Resu l t s 

The resu l t s shown I n  Tab l e  2 ,  wh i c h I n c l ude two cases from the 
fue l opt i m i za t i o n  s t udy , demons t r a t e  tha t the mos t reac t i ve 
con f i gu r a t i on occurs wh l th an a i r  gap be tween the l ead s h i e l d  
and c an i s t e r .  These res u l t s  a r e  e x p l a i ned by the backsca t te r  
o f  neu t rons from the l ead s h i e l d  t o  t h e  wa t e r  f i l l ed 
can i s t e r . The a i r  between the c an i s te r  and s h i e l d  a t tenuates 
fue l neu t rons and does not con t r i bute s i gn i f i ca n t l y  to the 
the rma l neut ron s p e c t rum. H l thout the con s i de ra t i on of 30 
geome try I nduced l eakage effec t s . these res u l t s  pred i c t  the 
most c r i t i ca l  con f i gurat i on for a can i s te r  I s  to be f u l l y  
I ns e r ted I n to the t ransfe r  s h i e l d .  
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TABLE 2 

XSDRNPM K-EFFECT I VE RESULTS FOR 
CAN I ST E R-SH I E LD GAP ANALYS I S *  

Mod e l  De s c r ipt i on 

Fue l Can i s te r  < 1 4  I nc h  d l a . >  and water on l y  

Fuel  Can i s t e r  < 1 3 . 5  I nc h  d l a .  fue l . 
1 1 4 I nc h  s te e l  s h e l l ,  . 75 I nc h  water 
gap ,  6 I nches l ea d >  

Fue l Can i s te r  < 1 3 . 5  i nc h  d i a .  fue l , 
1 / 4 I nc h  s te e l  s he l l  • .  75 I nc h  51 water 
dens i ty gap ,  6 l nche� l ea d >  

Fue l Can i s te r  ( 1 3 . 5  I nc h  d l a .  fue l . 
1 14 I nc h  s te e l  s h e l l ,  . 75 I nc h  a i r  
gap , 6 I nches l ea d >  

K-effe c t l ve 

1 . 030 

1 . 06 6  

1 . 0848 

1 .  0853 

ATTACHMENT 1 
3527-01 6 

( 1 )  

( 1 ) 

( 1 ) 

( 1 ) 

* The absol u t e  magn i tude K-effec t l ve I s  not s i gn i f i c an t .  S i mp l e  c e l l res u l t s are 
on l y  used to I nd i ca t e  tren d s .  
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3 . 1 0  Transfer Sh i e l d  Ha t e r  Re f l ec tor Ana l y s t s  

3 .  1 0 . 1  

) . 1 0 . 2  

Mod e l  Descr i p t i o n  and Background 

Rev i s i on 1 a na l ys t s  d i d  not have water mode l e d  on the out s i de 
of the t r a n s fe r  s h i e l d  because when the can i s te r  I s  fu l l y  
I n serted I n to the s h i e l d  I t  I s  above the wa t e r  l e ve l . Th i s  
was d e t e r m i n e d  to be the mos t reac t i ve i n ser t i on poi n t < se e  
Sec t i on 3 . 1 3 ,  Can i s ter I n s e r t i on Ana l y s t s > .  Add i t i ona l l y ,  the 
XSDRNPM gap ana l ys t s  ( Se c t i on 3 . 9 >  demon s t ra ted t h a t  a n  a i r  or 
vo i d  f i l l e d  gap I s  most reac t i v e .  I n  the subsequent Rev i s i o n  
2 ana l y ses t h a t  I ncorporate t h e  l a t e s t  knockout c an i s te r  
geome try,  I s  was theor i ze d  t h a t  a 2 f t .  h i gh water re f l e c tor 
out s i de the s h i e l d  may he l p  r ef l ec t  neu t rons back to c an i s te r  
a n d  prove to b e  a n  add i t i on a l  con s e rva t i ve mode l i ng a s sump
t i on .  Therefor e , I n  Rev i s i on 2 tran sfer s h i e l d  ana l y s e s , the 
fol l ow i ng conserva t l sms wi l l  be I mp l emen ted . 

1 .  The outer movab l e  s h i e l d  w i l l  be comp l e t e l y  r a i s e d  to 
ma x i m i ze the to t a l  l ead and s te e l  t h i cknes s ,  

2 .  The water l ev e l  of the pool w i l l  be r a i sed to a h e i gh t  2 
ft . from the bottom of the t ra n sfer � h l e l d  to he l p  reduce 
l eakage , 

3 .  The c a n i s te r - s h i e l d  gap reg i on w i l l  be a s sumed to cons i s t  
ent i re l y  of a i r  to ma � l m l ze reac t i v i ty of the sys tem, and 

4 .  Wa ter w i l l  be a s sumed a l on g  the bottom of the can i s t e r  to 
reduce l e akage and prevent n e u t ron s � reaml n g  < compare 
F i gures 1 and 2 > .  

Hater Re f l ec to r  Resu l t s 

Two c y l i nd r i ca l  XSORNPM c a s e s  we r e  performed mode l i ng a 
c an i s te r  w i th a c en t r a l  pol son rod s u rrounded by the t ransfer 
s h i e l d  geome t r y  accor d i ng to f ' gur·e 3.  One c a s e  was run wHh 
a 1 f t . w i de a i r  ref l e c tor and one w i t h  a 1 ft . water 
r e f l e c tor . I n  bo h c a s e s  the c a n i ster s h i e l d  gap reg i on was 
f i l l ed w i t h a i r  to be cons i s t e n t  w i th the con s ervat i ve manner 
I n  wh i ch l a ter 30 KENO l V  transfer s h i e l d  c a s e s  wou l d  be run . 
The r e su l t s  of t h i s  ana l y s i s ,  shown I n  Ta b l e  3 demon s trate 
that the water r e f l e c tor e x te r n a l  to the l e ad s h i e l d  I s  a 
pos i t i ve reac t i ve � dd l t l on by reduc i ng neut ron l ea�age . The 
d i fference I n  K-effec t l ve for these two cases i s  appro• l ma te l y  
. 008 1 4k . The 2 ft . I nc rease i n  wa ter l ev e l  above the 
can i s t e r  bot tom i n  the e x t e r n a l  reg i on around the s h l e l d  
compri se s  on l y  1 6 . 41. of the knc :!,out can i s ter l eng t h .  S i nce 
the XSORt�PM c a l c u l a t i on I s  mode l i ng the wa t e r  reg i on over the 
ent i re l en g t h  of the sh i e l d  the react i v i t y I nc r ease i n  the 30 
KENOIV model I s  much l e s s  t han . 008 1 4k . It  i s  a l so I mpor
tant  to recog n l ; e  that the bottom ca n i s t e r  reg i on has l e s s  
neu t ron i mport ance than t h e  m i d d l e  reg i on s  o f  the c an i ster . 
For s i mpl i c i ty ,  I f  we a s s ume a l l can i s t e r  reg i on s  are equa l l y 
I mpor t an t .  i t  i s  e w pe c t e d  that  the I ncrease I �-effe c t i ve of 
t h i s  a l ready conserv a t i v e mod� l wou l d  be a poro d ma t e l y  
. 00 1 3.\k. . 
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For the e a r l y  Rev i s i on 1 ana l ys t s ,  t h i s  I nc re a s e  I n  
K-effe c t t v e  from the 2 f t .  water l ev e l  I s  more than offset by 
the e x tens i on of the outer l ead sh i e l d  the fu l l  l en g t h  of 
t r a n s fe r  dev i ce .  Add i t i ona l l y ,  I f  the e n t i re c an i s te r  s h i e l d  
gap reg i on conta i ned water I n s tead of a i r ,  K-effec t t ve based 
on XSORNPM r e su l t s wou l d  drop by approx i ma t e l y  . 0 1 93Ak < s ee 
Sec t i on 3 . 9 > . Therefore , the gap reg i on be tween the c an i s te r  
a n d  s h i e l d  appears t o  be worth more I n  terms o f  reac t i v i ty 
than the water or a i r  reg i on surround i ng the l ead t r a n s fe r  
s h i e l d .  For these reasons the c a l c u l a te d  K-effe c t l ve s  from 
the Rev i s i on 1 transfe r  sys tem ana l ys t s  are con s e r v a t i ve .  
A l though I t  t s  recog n i zed t h a t  I s  t s  phys i c a l l y  I mpos s i b l e  to 
have an a i r  gap between the can i s ter and s h i e l d  and have water 
ou t s i de the s h i e l d  at the same l eve l . t h i s  c h a rge was 
I mp l emented I n  a l l Rev i s i on 2 transfer s h i e l d  a na l ys e s . 
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XSDRNPM HAT E R  R E FLECTOR ANALYS I S *  

Mod e l  De� c r l pt l on 

Can i s te r  1 n  s t � e l  and l ead s h i e l d ,  
a i r  gap , and a i r  , ef l e c tor 

Can i s ter I n  s te e l  and l ea d  s h i e l d ,  
a i r  gap ,  and water ref l e c tor 

K-effe c t 1 v e  

1 . 02742 ( 2 )  

1 . 03548 ( 2 )  

* The abso l u t e  magn i tude K-effec t l ve I s  not s i gn i f i c an t .  S i m p l e  ce l l  res u l t s  are 
on l y  used to I nd i c a t e  trend s . 
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3 . 1 1  Off-Centered Can i s te r  I n  Transfer Sh i e l d  

3 . 1 1 . 1 

3 . 1 1 . 2 

Mod e l  Desc r i p t i on and Background 

To a s s e s s  the effe c t  of a c an i s te r  t h a t  I s  off-center I n  the 
tran sfer s h i e l d  or sw i ng i ng from s i de-to- s i de w i th i n  the 
s h i e l d ,  the XSDRNPH code was u t i l i ze d .  The off- cen tered 
c a n i s te r  was mode l ed I n s i de the s h i e l d  u s i ng 1 0  s t ab geome try 
w i t h  a buck l i ng factor to a l l ow a x i a l  l eakage . The e n t i r e  
d i ame ter o f  the s h i e l d  w a s  mode l ed p l u s 1 f t .  o f  a i r  on e i ther  
s i de .  The  gap reg ion was  a s s umed to conta i n  a i r .  Shown I n  
F i gure 5 I s  the geome try ·deta t l  of the off-centered c an i s te r  
c a s e . T h e  t h i cke s t  l ea d  reg i on o f  the transfer s h i e l d  was 
mode l ed s i nc e  th i s  wou l d  ma x i mi ze the number of ref l ec t e d  
neutrons t o  t h e  c an i s t e r s . The two I nc h  pol son rod I n  the 
c e n t e r  of the c a n i s te r  was a l so mode l e d .  

The res u l t s for centered and off-centered can i s t e r  XSDRNPH 
c a l c u l a t i on s  are shown I n  Tab l e  4 .  For the centered c an i s te r  
c a s e  the g a p  mode l e d  I s  4 9 / 6 4  I nches  o n  e i ther s i de o f  the 
Cd n l s te r .  For the off-c e n tered c a s e , the to t a l  gap w i d t h  
1 - 1 7/32  I nches I s  mode l ed ent i re l y  o n  one s i de o f  t h e  can i s te r  
w i t h  t h e  outer s i de f l u : h  aga i n s t  the s tee l - l i ned l ea d  wal t .  
E x am i n a t i on of the resu l t s of these two c a s e s  I n d i cate that  
the d i fference I n  K -effe c t l v e  I s  approx i ma te l y  . 000 1 Ak wh i c h  
i s  con s i dered neg l i g i b l e .  Add i t i ona l l y ,  the cen t e red c a n i s t e r  
I s  mo s t  reac t i v e .  Therefore , for t h e  rema i nder o f  th i s  
ana l ys i s  a l l  can i s te r s  w i l l  be a s s umed to be cente red w i th i n  
the re spec t i ve s h i e l d s . 
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XSDRNPM K-EFFECTIVE RESULTS FOR OFF-CENTERED CAN I STER• 

Mode l  De s c r ipt i on 

Centered Fue l Can i s te r  

Off-Cent ered F u e l  Can i s ter 

K-effe c t l ve 

1 . 05547 

1 . 05534 

• rhe abso l u t e  magn i t ude K-effe c t l ve I s  not s i gn i f i can t .  S i m p l e  ce l l  resu l t s are 
on l y  used to 1 n d l c a t e  trend s .  
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3 . 1 2  Can i s ter Opt t mt z a t t on t n  Transfer Sh i e l d  

3 . 1 2 .  1 

3 . 1 2  . 2  

Mode l De s c r i p t i on and Back9round 

For determ i n i ng wh t ch c an i s te r  type I s  mo s t  reac t i ve t n  the 
transfer s h i e l d  and the s i m i l ar transfer c a s k .  a 30 KENOIV 
trans fer s h i e l d  mode l  wa s used . For con s e rv a t i sm i n  Rev i s i on 
1 ana l ys e s  that 9 f t .  l ong outer s h i e l d  was e x t ended the f u l l 
l ength of the transfe r  s h i e l d .  I n  a s t m t l ar manner the 1 6 f t . 
l ong I nner s h i e l d  was e x tended to the water l e v e l . The s te e l  
I nner and ou ter l i ne r s  on e a c h  s h i e l d  a n d  the a i r  g a p  were 
mode l ed as l ead g t v l ng a comb i ned t h i ckness of 5 . 1 25 I nc h e s . 
A c i rc u l a r  shaped 3 I nch l ead p l a t e  i s  l ocated 20 i nches above 
the top of the c an i s t e r . A sma l l er 3 I nc h  l ead s h i e l d  i s  
l oc a ted w i th i n  the c a n i s t e r  grappl e .  These two sh ! e l d s were 
comb i ned to form one 6 I nc h  l ead s h ! e l d  20 I nches above the 
c an i s te r .  A l though few neutrons w t l l  penetrate the 6 I nc h  
c i r c u l a r  sh i e l d .  the r e s t  o f  the transfe r  s h i e l d  w a s  mode l ed 
by a n  add i t i on a l  7 . 84 f t .  of s h i e l d i ng w i t h a 1 f t .  t h t ck 
b l ock of s t e e l  p l aced hor i zonta l l y on top of the s h i e l d  to 
repre s e n t  the trol l y  underframe . The tot a l  l ength of the 
t h i ckened l ead s h i e l d  and trol l y  under frdme t s  2 1  f t .  Th t s  
s t ructure t s  s u r rounded by 1 f t .  of wa ter < up to the bot tom of 
the s h i e l d >  on a l l  s t des . The transfe r  s h i e l d  was not 
e x tended be l ow the water surface t n  the or t g t na l  ana l ys e s  
s t nce t t  was shown b y  prev i ou s  XSDRNPM c a l c u l at i on s  t n  Tab l e  2 
that the l ead s h i e l d  w t th an a t r  gap t s  most reac- t t v e .  The 
wa ter l ev e l  was a l so e x tended to the bot tom of the can i s te r  
and s h i e l d  to pre c l ude neutron s t ream i ng out o f  the t r a n s fe r  
s h i e l d  when the outer sh i e l d  I s  r a i sed . The prev i ous l y  
de s c r i bed transfer s h t e l d  mode l t s  shown t n  F i gure 1 .  

The ruptured knockout and f i l te r  c an i s te r s  were mode l ed t n  30 
w t th t h t s transfer s h i e l d  mode l to determi ne wh t ch c an i s te r  
type t s  most reac t i ve .  The fuel a s semb l y  can i s te r  wa s not 
cons i dered s t nc e  concrete w i l l  be p l aced t n  the outer l obes a n  
w t l l  prevent the mo r e  reac t t ve ruptured conf i gu ra t i on .  For 
can i s te r s  w t th th t s  concrete mod t f t ca t t on t n  a 1 7 . 3  I nc h  
array . K-effe c t t v e  t s  0 . 829!0 . 02 53 . Th i s  K-effec t l ve I s  l ow 
enough r e l a t i ve to the knockout c an i s te r  1 7 . 3  I nc h  l a t t i c e 
K-effec t t ve 3 that  the fuel c an i s te r  can be e l i m i na ted from 
cons \ de r a t i o n .  

Transfer Sh i e l d  Opt i m i za t i on Res u l t s  

The resu l t s of the t r an s fer s h i e l d  ana l ys t s  w i th the ruptured 
knockout and f i l t e r  c a n i s te r  fu l l y I n s e r ted I n to the s h i e l d  
demon s t r a t e  the knockout can i s te r  to be mos t rea c t i ve .  These 
r e su l t s are shown I n  Tab l e  5 and I nd i c a t e  that the ruptured 
knoc�out c a n i s te r  I s  0 . 36+0. 1 4�� more r eac t i v e than the 
rup ' Jred f i l te r  c a n i s te r  Tn the t ransfer sh i e l d .  The respec
t i ve I n c rease In  K- effec t l ve from the l ead s h i e l d  for the 
knockout and f i l t e r  c a n i ster c a s e s  I s  0 . 43+ . 0 1 8  and 
. 04 5 + 0 .  1 8 .  I t  shou l d  be recogn i zed that the no s h i e l d  c a s e s  
I n  Tab l e  5 were ta�en from Reference 2 ,  and have an ove r l y  
h i gh K-e ffec t l ve from t�e prev i ou s l y  documented U-238 
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cros s - s e c t i on treatmen t .  I f  the 0 .  1 56k conserva t l sm3 I s  
subtracted from these r e su l ts . the I ncrease t n  K-effe c t t v e  
from the 5 . 1 2 5  I nch l ead s h i e l d  becomes . 058+ . 0 1 8  and 
. 060+ . 0 1 8 ,  r e s pec t i ve l y .  for the two c a s e s  exami ned . Th i s  
I nc rea s e  I n  reac t i v i ty I s  I n  good agreement w t th the . 0556k 
reac t i v i ty I ncrease from XSORNPM ris u l t s  d i s cu s s e d  t n  the 
opt i m i z a t i on ana l ys t s .  Ba s e d  on the resu l t s  of Tab l e  5 ,  the 
ruptured knockout c a n i ster  was used I n  subsequent ana l ys t s  of 
the transfer s h i e l d  and c a s k . 
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CAN I S T E R  - TRANSfER SHI ELD OPT I M I ZAT I ON RESULTS 

K-effe c t t v e / 2 o  Keno B i a s  Ma .< .  K-effec t l ve H I s  tor t e s  

Transfe r  Sh i e l d * *  . 887!. . 009 . 02 . 9 1 6  2 1 37 1  
w/Knockout Can i s ter 

Transfer Sh i e l d * *  . 8 5 1 !. . 0 1 1 . 02 . 882 1 83 6 1  
w/ F i l te r  Can i s t e r  

S i ng l e  Knockou t *  . 844!. . 0 1 6  . 02 . 880 1 02 34 
Can i s te r , No Sh i e l d  

S i ng l e  F i l t e r •  . 806! . 0 1 4  . 02 . 840 9 3 3 1  
Can i s t e r , N o  Sh i e l d  

* F rom Reference 2 .  
* * These c a s e s  were run for a c a n i s t e r  s h i e l d  gap of 0 . 5  I nc h e s . 

( 1 )  

( 1 )  

( 1 )  

( 1 )  
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3 . 1 3  Can i s ter I n s er t i on Ana l y s t s  

3 .  1 3 .  I Mod e l  Oesc r \ p t t on and Background 

From the c a n i s te r  opt l ml za t l or. s tudy , t t  was d e t ermi ned tnat  
the knockout can i s te r  was  the mos t reac t i ve c a n i s t e r  type . 
For tnat a na l ys t s  I t  was a s sume d , based on XSORNPM r e su l t s ,  
that a c a n i s t e r  fu l l y  I ns e r te d  I n to the t r a n s fe r  s h i e l d  was 
the most reac t i ve conf i gu ra t i on .  Th i s  a s sump t i on I s  ver i f i ed 
by the I n s e r t i on s tudy des c r i bed I n  th i s  s � c t l on .  

The bas i c  transfer s h i e l d  mode l  I s  the same a s  t h a t  desc r i bed 
I n  the c an i s te r  opt i m i za t i on s tudy . To s i mpl i fy the genera
l i zed geome t r y ,  the c a n i s te r  w \ 1 1  be r a i sed I n to the s h i e l d  
w i th the wa ter l ev e l  f l u s h  w i th the bot tom of the s h i e l d  to 
preven t n e u t ron s treami n g .  The outer s h i e l d  w i l l  not be 
e x tended be l ow the wa ter surface s i nce XSORNPM r e s u l t s  from 
the gap s tudy I nd i cated that l ead w i th an a i r  gap I s  more 
rea c t i ve than l ead w i th a water gap approx i ma te l y  1 . 91Ao . 
The hor i zon t a l  s i x  I nc h  l ea d  s h i e l d  w \ 1 1  be ma i n t a i ned 20 
I nches  above the c a n i s t e r  upper head even though the downward 
trave l of th i s  � h t e l d  I s  l i mi ted to the l ower enJ of the I nner 
s h i e l d .  Th i s  approx i ma t i on I s  con serva t i ve for the sma l l e r 
percen tage I n s e r t i on c a s e s  because the 6 I nc h  hor i zon t a l  
� h l e l d  w i l l  b e  mode l ed c l oser to the upper head t h a n  I t  shou l d  
be ma x i m i z i ng K-effec t l v e .  

F i gure 6 shows the knockout can i s t er a t  I t s 6 . 8 ,  54 . 4 ,  96 . 6 ,  
and l OOt I n se r t i on l eve l s .  These l eve l s  correspond to the 
d i fferent geome try b l ock bounda r i e s .  Other I n s e r t i on l eve l s 
were u s e d  to generate the I n ser t i on curve shown I n  F i gure 7 .  
A l though the prob l em h s napshotH changes I n  F i gure 6 a s  the 
knockout c a n t s t� r  I s  I n se r t e d  I n to the s h i e l d ,  the area be i ng 
mode l ed I s  suf f i c i en t l y  l arge that ma ter i a l  e f fec t s  e x terna l 
to the pr0b l em boundary are I n s i gn i f i c a n t  I n  the comput a t i on 
of K-effed l ve .  Th i s  \ <;  true I n  the- \<ta ter moder�ted r e g i on 
where a m i n i mum of 1 2  I nches  of water I s  u s e d , effec t i v e l y  
decou p l l n g the c a n i s t e r  fr�� other pool ma ter i a l s .  Neu t rons 
that do pene t r a t e  the l ead s h i e l d  above the water surface 
s tream t h rough the a i r  med i um and wou l u  proba b l y  not ret urn to 
the can i s te r - s h i e l d  sys tem . E f fe c t s  of the pool wa l l s  and 
other conc rete s t ruc tures were not con s i dered s i n ce poo l - wa l l  
re f l e c tor c a l c u l a t i ons I n  Referenced 2 and 3 demon s t r a t e that 
con c r e t e  beha v e s  I n  a fa s h i on s i mi l a r to wa ter . The e f fe c t  of 
the con c r e t e  w i l l  be to therma l l ze mos t n e u t ··on s e s c a p i ng from 
the l ea d  sh • e l d ,  th�y wou l d  be subj P c t  to absor p t i on I n  the 
s te e l  ca n i s te r  she l l  and gap med i um p r i or to reac h i ng the fue l 
water m i x t ure . F i n a l l y ,  the W3ter ref l e c tor a na l y s i s  of 
Sec t i on 3 . 1 0 deiTIOns t rated that I f  the en t i r e tran sfer de v i c e 
were s u r rounded by wa ter , the mos t K-effec t l v e cou l d  I n c rease 
from reduced l eakage I s  . OOB l �k . S i nc e  I t  I s  not pos s i b l e  
to comp l e t e l y  s ur round the s h i e l d  wi th con c r e t e , any I n c r e a s e 
I n  K-effe c t l ve from wa l l s or other s t r u c t u r e  w i l l  be smal l .  
for these reasons . I t  I s  fe l t  that an e � te r n a l  con c r e t e  
s t r u c t u r e  near t h e  t r a n s f e r  s h i e l d  o r  cask  w i l l  have a 
negl i g i b l e  I mpac t on the c a l c u l ated K-effe c t l v e .  
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The r e s u l t s of the T r a n s fe r  s h i e l d  I n s er t i on s tudy w i th the 
knockout can i s t e r  a r e  tabu l ated I n  T ab l e  6 and shown I n  F i gu r e  
7 .  These res u l t s  conf i rm the XSORNPM r e su l t s that  the mos t 
reac t i ve conf i gu ra t i on I s  for the knockout c a n i s t e r  fu l l y 
I ns e r te d .  The c a s e s  pe rf0rmed for the Rev i s i on 1 I ns e r t i on 
s t udy used the knockout c an i s te r  mode l t h a t  does not ref l e c t  
t h e  recent  3 . 7 5  I nc h  reduc t i on I n  t h e  four outer 84C pol son 
rod s .  The 3 . 7 5 I nc h  reduc t i on I n  l ength represents  on l y  a 
2 . 84 redu c t i on I n  the tot a l  pol son l e ngth and shou l d  not 
r e s u l t I n  a more s i gn i f i ca n t l y  l i m i t i ng I n s e r t i on ca s e .  
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Th i s  effe c t  was ver i f i ed by compu t i ng the r u ptured knockout 
c a n i s t e r  c a s e  fu l l y I n serted I n to the transfer s h i e l d  w i t h  the 
shortened rod s . The r � s u l tant K-effe c t l ve was . 002 sma l l er 
than the c a s e  w i th l onger rods and I s  shown I n  Tab l e  6 .  Th i s  
d i fference I n  K-effe c t l ve I s  I ns i g n i f i c a n t  s i nce I t  I s  sma l l e r 
than the . 006- . 007 2o KENOlV uncerta i n t y .  Because of the 
I n s i gn i f i cance of the B4C rod l en g t h  change on K-effe c t l ve 
va l ue s , the or i g i na l  s t ud i e s  are v a l i d  for the current  
des i g n .  S i nce the tran sfer c a s k  I s  s i m i l a r to the transfer 
s h i e l d ,  the fu l l y I n s e r ted pos i t i on shou l d  be opt l m�m for the 
cask , e s pec i a l l y  w i t h  the cask l ea d  door c l osed . 

A l so I n c l uded I n  Tab l e  6 I s  a reana l ys i s  of the rup tured 
knockout c an i s te r  l OOt I nserted I n to the t ran sfer s h i e l d .  The 
transfer s h i e l d  was mode l ed accor d i ng to d i men s i ons I n  F i gure 
2 .  D i fferences be tween th i s  c a l c u l a t i on and e ar l i e r  ana l ys i s  
are : 

1 .  The e x a c t  he i gh t  of the outer 9 f t .  and 30 I nc h  s h i e l d s  
ar� mode l e d .  

2 .  The water ref l e c tor ou t s i de of the s h i e l d  I s  r a i sed 2 f t .  

3 .  The new knockout c a n i s t e r  geome try w i t h  baff l e  p l a t e  
mod i f i ca t i on s  and po l son rod l ength reduc t i ons a r e  
I m p l ement e d .  

· 

4 .  The s t e e l  l i ne r s  are mode l ed I n  the sh i e l d  wal l s .  

W i t h the above mod i f i ca t i on s , the r e s u l tant K-effec t l ve I s  
0 . 8 79! . 0 1  wh i c h y i e l d s a ma x i mum K-effe c t i ve w i th the KENO I V  
b i a s of . 909 . The r e su l t s a r e  cons i s te n t  w i th the Rev i s i on 1 
ana l ys i s  I nd i c a t i ng the e ar l i e r  c a s e s  are suff i c i e n t l y  
con serva t i ve .  

Two add i t i on a l  c a s e s  were c a l c u l a t ed for the tran �fer s h i e l d .  
The f i r s t  case u t i l i ze d  the NUL I F  code to determ i ne a n  op t i mum 
fue l - water vol ume fr a c t i on w i th l ow den s i t y wat e r .  An op t i mum 
fue l vol ume fra c t i on of 0 . 02 1  was determ i ned for 0 . 05 g l e e  
dense wa ter . Th i s  case wa s performed because of a concern 
that for l ow dens i ty water cases  there cou l d  e x i s t  the pos s i 
b i l i ty of secondary reac t i v i t y s p i ke for an a r ray of a s sem
b l i e s  or ca n i s t e r s .  S i nce l ead and s t e e l  are good re f l e c tors 
of neu t ron s t h i s  case was performed to ensure that  n e i ther the 
tran sfer s h i e l d  or cask cou l d  I m i tate th i s  a r ray eff�c t .  As 
Tab l e  6 I nd i c a t e s . K-effec t l ve I s  nea r l y  zero due to the l ow 
f i s s i on dens i t y of neutron s .  Th i s  l ow f i s s i on de ns i t y I s  the 
r e s u l t  of the sma l l op t i m i ze d  fue l vol ume at l ow water 
dens i t i e s  toge t h e r  w i t h s i gn i f i c a n t  amou n t s  of s t r u c t ura l and 
pol son ma t e r i a l . The second case a l so u t i l i zed 0 . 05 g l e e  
dense wa t e r  b u t  for a fue l - water vol ume fract i on of . 3 1 084 . 
As shown I n  T ab l e  6 ,  t h i s  case y i e l d s  a max i mum K-effec t i v e of 
on l y  . 205 . Therefor e .  I t  appea r s  • n a t  the rea c t i v i t y s p i k e  at 
l ow watrr den s i t i e s does not occur fol' s \ ng l e  can i s t e r s  I n  
l e ad sh \ e l ded dev i c e .  
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TABLE 6 

KNOCKOUT CAN I STER I NSERT ION STUDY K-EFFECTIVE RESULTS 

Neut ron 
'1. I n s e r t e d  K-effec t l ve / 2 o  KEtm B l  a s  Ma x .  K-effec t I ve H i s tor i e s  

1 00 . 01. . 882:. . 006 . 02 . 908 38354 { 1 )  

86 . 0'1. . 8 8 1 :. . 007 . 02 . 908 39864 { 1 )  

6 5 .  01. . 8 75+ . 007 . 02 . 902 3744� ( I ) 

54 . 4'1. . 866:. . 008 . 02 . 894 30200 ( 1 )  

42 . 4'1. . 8 55:. . 009 . 02 . 884 2 1 744 ( 1 ) 

2 2 . 81. . 8 3b:. . O i l . 02 . 867 1 66 1 0  ( 1 )  

6 . 8'1. . 82 7:. . 0 1 1 . 02 . 858 1 9328 ( I ) 

1 00 . 01. . 880:. . 007 . 02 . ':J07 42582 ( 1 ) 
< s hor t rod s >  

1 00 . 01. . 8 79:. . 0 1 0  . 02 . 909 2 3 6 5 5  < 2 >  
< new ca n i s te r  

a n d  s h i e l d  
geome t r y >  

Op t i m i zed Fue l . 020:_ .001  . 02 . 04 1  1 6 1 8 5 < 2 >  
< . 02 1 V F  fue l , 

0 . 05 g l e e  
dense w a t e r >  

Low Hater . 1 8 1 :. . 004 . 02 . 205 1 6600 ( 2 )  
Dens i ty 
< . 3 1 804 VF 

fue l . 0 . 05 
g l e e  dense 
wa t e r >  
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Exam i n a t i on of the s c a t te r i ng cross-sec t i on for I ron I n  the 
e p i therma l range I nd i ca t e s  t h a t  steel  i n  a i r  cou l d  be poten
t i a l l y  � s  good of a �ef l ec tor of e p i thermal  neu trons as l ead 
due to both cross-s�c t l cn magn i tude and the h i gher number 
dens i ty of I ron a toms . To I nve s t i ga t e  the s i gn i f i cance of 
s t e e l  versus  l ead I n  an a i r  med i um ,  three XSDRNPM c a s e s  were 
per formed w i th c y l i nd r i ca l  geome t r y .  T h e  c a s e s  performed 
con s i s te d  of a s h i e l d  con ta l r  l ng a t h i ckness  of 8 . 5  I nc h e s  of 
l ead , one con t a i n i ng 8 . 5  l nc�es of s te e l , and one w i t h  8 . 5  
I nches  of a l terna t i ng l ay� r s  of s te e l  and l ead accord i ng to 
F i gure 3 .  

-34- R�v . 3 / 0 1 3 3 P  
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For the XSORNPM r e su l t s shown I n  Tab l e  7 .  the a l l s t ee l s h i e l d  
I s  more reac t i ve than the a l l  l ead s h i e l d  c a s e  by . 004 �k . 

Howeve r .  when s t e e r  and l ea d  a r e  comb i ne d .  there I s  a decrease 
I n  K-effec t l ve re l a t i ve t o  the a l l  l ead c a s e  of 0 . 002 �k . 
Th i s  decrease I n  K-effe c t l ve I s  curren t l y  thought to be a 
space-energy I n t erac t i on between the s t e e l  and l ead . S i nce 
both the t ra n s fe r  s h i e l d  and cask have a l terna t i ng l ayers of 
s te e l  and l ead , the s te e l  l i ne r s  I n  a l l Rev i s i on 2 ana l ys e s  
are mode l e d .  
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XSDRNPM STEEL L I NE R  ANALYS I S •  

Ce l l  Type Mod e l  K-Effec t t ve 

1 4 I n c h  ca n i s t e r . a i r  gap . XSDRNPH 1 . 03 3 7 1  < 2 >  
8 . 5 " s te e l  s h i e l d  

1 4  I nc h  c a n i s te r .  a t r  gap , XSDRNPM 1 . 02961 ( 2 )  
8 . 5" l ead s h i e l d  

1 4 I n c h  can i s t e r .  a i r  ga p .  XSDRNPM 1 . 02742 < 2 >  
8 . 5 " s h i e l d  w i th a l t erna t i ng 
l ayers of s te e l  and l ead 

* The abso l u t e  magn i t ude of K-effec \ l ve I s  not s i gn i f i c an t .  Ce l l  resu l t s u s ed to 
I nd i c a t e  trends . 
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3 . 1 4  Transfer Cask Ana l ys t s  

3 . 1 4 . 1 

3 . 1 4 . 2  

Mod e l  Des c r i p t i on and Background 

The t ra n s fe r  cask I s  shown I n  F i gure 4 .  The 1 5  f t .  1 I nc h  
l on g  upper l ead s h i e l d  I s  4 . 5  I nches  t h i ck wi t h  a n  add i t i on a l  
1 I n ch s t e e l  l i ne r  I n  both s i de s .  A 6 I nc h  t h i ck hor i zont a l  
l ead s h i e l d ,  l ocated 1 0  I nches  above t h e  upper head of the 
knockout can I s  a s sume d .  The bottom l ea d  door , s hown I n  the 
c l osed pos i t i on I n  F i gure 4 , I s  4 I nches  t h i c k  w i t h  a n  add i 
t i on a l  0 . 5  I nc h  of s te e l  l i ner on a l l  s i des . For Rev i s ion 2 
a na l ys t s  on l y ,  the reg i on be l ow the 4 i nc h  l ead door was 
f i l l ed w i th l ead to add a n  e x tra 5 I nches  of l ea d  for con s e r
v a t i sm.  T h i s  g i ve n  a comb i ned l ea d  and s te e l  t h i ckness  b e l ow 
the c a n i s t e r  of 1 0  I nc h e s . I t  I s  a s s umed the door cons i s t s  of 
two heml -cyl i nd e r s  that can be opened . For con s e rva t i sm i n  
Rev i s i on 2 c a l c u l a t i on s  on l y ,  the door was e x tended to a n  
ou t s i de d i ame ter o f  4 3  I nches and I s  I nd i ca ted I n  F i gure 4 .  
Located be l ow the bottom door I s  a l ea d  s h i e l d  f l ange that 
proj e c t s  7 . 5  I nches  I n  a rad i a l  d i r ec t i on beyond the ma i n  c a s k  
w a l l s .  Th i s  l ead f l ange i s  a l so 4 I nches  th i ck w i t h a n  
a d d i t i on a l  0 . 5  I nc h  t h i ck s te e l  l i ne r  o n  a l l  s i de s .  The tot a l  
l e ngth  o f  t h e  f l ange I s  1 4  I nche s . A l ower s h i e l d  col l a r ,  
c a l l e d  a l oad i ng boot was i nc l uded I n  the mode l  and e x t e n d s  2 
f t .  I n to the pool . The l oad i ng bot has  a 3 I nc h  l ea d  
t h i ckness w i t h  a I I nc h  s te e l  · n ne r  o n  a l l  s i de s . T h e  t o t a l  
l en g t h  of th i s  col l a r  I s  a s s umed to b e  3 f t .  A l though the 
l oad i ng boot I s  no l onger requ i red , i t  was ma i n t a i ned for 
conserva t i sm s i nce the I n s i de d i ame t e r  of the l oa d i ng boot I s  
l e s s  than the op t i on a l  v er t i ca l  s h i e l d  u sed w i t h  the cask . 
The I n s i de d i ame ter of the transfe r  cask I s  a s s umed to be 1 5  
I nches resu l t i ng I n  a 0 . 5  I nch a i r  gap between the c an i s t e r  
and t h e  I nner c a s k  wa l l  s te e l  l i ne r .  

Cask Ana l ys i s  Resu l t s 

S i nce I t  was d e t e rm i ned from the t ra n s f e r  s h i e l d  I n s e r t i on 
s t udy that the f u l l y  I n s e r t ed c a n i s t e r  I n  most rea c t i ve ,  
ca l c u l a t i ons dur i ng the ruptured knockout ca n i s t e r  were . 
pe rformed w i th the c a n i s t e r  f u l l y  I n serted and the bottom l ead 
door c l os e d .  Re s u l t s  from the ruptured knockout c a n i s te r  
fu l l y I n s e r t ed I n to t h e  tran s fe r  cask a r e  shown I n  Tab l e  8 .  
These resu l t s I nd i c a te that w i th the 2o uncer t a i n t y  and 
KENOIV b i a s adde d ,  the ma x i mum K-effec t l ve i s  l e s s  than the 
. 9 5  c r i t e r i a .  Th i s  c a l c u l a t i on wa s per formed for the rupture d  
knockout can i s te r  w i th t h e  or i g i n a l  l onger B4C red s .  The 
prev i ous I n s e r t i on s t udy demon s t ra t ed that the reduc t i on I n  
po l son l ength by 3 . 7 5 I nches re s u l t e d  I n  a effec t on 
K - effec t l v e of l e s s  than the 2o uncerta i n ty of the 
c a l c u l a t i on .  

I t  was not e x per ted that  the e x t e r n a l  l e a d / s t e e l  f t arge wou l d  
have any s i gn i f i c a n t  I mpact on the wor s t  reac t i v e I n se r t i on 
pos i t i on s i n ce th i s  f l ange I s  1 0  I n ches t h i ck and wou l d  cover 
on l y  a 2 . 8t s l i c e of the can i s t e r  a t  any t i me dur i ng i n ser
t i on . To ve r i fy t h i s  a s s ump t i on and to s i mp l i fy geome t ry 
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mod i f i ca t i on s , ear l y  c a l c u l a t i ons were p e r formed w i th a n  
a dd i t i on a l  1 0  I nch t h i c k  l ea d / s te e l  col l ar ,  7 . 5  I nches  th i ck 
r ad i a l l y ,  t h a t  wa s added to the ou t s i de of the c a s k  a t  the 
approx i ma t e  m i d p l ane of the knockout c a n i s ter . Th i s  pos i t i on 
w t l l  be nea r l y  the mo s t  rea c t i ve pos i t i o n  for th i s  c a n i s te r  
d e s t g n .  Add i t i ona l l y .  the ou ter B4C rods were 3 . 7 5 I nches  
shor t e r .  Th i s  c a s e  I n  a l l  other r e spec t s  t s  the  same a s  the 
prev i ou s  case  w t th l onger rod s . S t n c e  both the add i t i ona l 
l ead and shor ter B4C rods a r e  pos i t i ve reac t i v i ty a dd i t i on s , 
the c l ose reac t i v i ty agreenaent between the f i r s t  and second 
c a s e s  I nd i c a t e s  that the change t n  pol son rod l ength and 
add i t i on a l  l ead col l a r  have an I ns i gn i f i ca n t  effec t on 
reac t i v i ty .  These c a l cu l a t i ons are I n  c l ose agreement w i t h 
the transfer s h i e l d  I ns e r t i on s tudy wh i c h a l so I nd i ca t e d  the 
d i fference I n  B4C l ength to be w i th i n  the KENOIV uncerta i n t y .  

One add i t i ona l c a s k  c a s e  was run wh i c h u t i l i zed the e x a c t  
geome try o f  t h e  knockout c a n i ster  wi th t h e  rev i s ed baff l e  
p l a te pos i t i on s  and pol son rod l e ngths . I n  a dd i t i on ,  e x t r a  
l ead was added b e l ow the bot tom door a n d  I n  the f l ange reg i on 
for conserva t i sm .  Th t s  c a s e  shown I n  Tab l e  8 I s  the mos t 
l t ml t l ng of a l l  c a s e s  e x ami ned w t th a ma x i mum K-effe c t l ve of 
. 93 1 . 

The resu l t s of the I n s e r t i on a na l ys i s  for the ruptured 
knockout can i s te r  t n  the transfe r  c a s k  I nd i c a t e  that 
c r i t i c a l i ty c r i te r i a  w i l l  not be v i o l a ted . I t  I s ,  therefore , 
reasonab l e  to a s sume that no borated po l ye t h y l ene l i ne r  w i l l  
be requ i re d  a s  a reac t i v i ty control dev i c e for e i ther the 
tran sfer s h i e l d  or c a s k . No ana l ys i s  h a s  been made of 
e x terna l l y  damaged or de formed c a n i s te r s  s i nc e  these c an i s te r s  
w i l l  b e  ha nd l ed b y  GPU Nuc l ear o n  a c a s e  b y  c a s e  bas i s  and , 
therefore . are not I n c l uded I n  the current works cope . 
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K-EFF ECT I VE FOR THE RUPTURED KNOCKOUT CAN I S T E R  I N  THE TRANSFER CASK 

Neutron 
t. I n s e r t e d  K-effec t t ve/2o K E NO 8 \ a s Ma x .  K-effec t t ve H t s tor t e s  

l OOt. . 897!; . 006 . 02 . 92 3  47725 ( 1 ) 
< Longer 84C 

rod s >  

1 007. . 897!; . 007 . 02 . 92 4  43990 ( 1 )  
< Shor ter 84C 

rods and 
e x t r a  l ea d  
col l a r >  

1 007. . 904! . 007 . 02 . 93 1  40255 ( 1 )  
< La t e s t  

geome try 
and e x t r a  
l ea d >  
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H l t h  the ca n i s te r  des i gn a s sump t i on s  def i ned by Refe r e n c e s  2 and 3 and u n i que 
c ross-sec t i on s e t s  gene r a t ed by the N I TAHL-XSORNPM code s , the opt i ma l fue l 
vol ume m i x ture was demon s t ra te d  to rema i n  a s  . 3 1 084 w i t h  a 6 I nc h  l ead 
s h i e l d .  Cond i t i on s  of water at so•F and 1 001· noml n a l  dens i ty were 
demon s t r a ted to be most reac t i ve .  

The mo s t  reac t i ve compos i t i ons for the gap reg i on between t he c an i s te r  and 
t ransfer cask or s h i e l d  l ead wa l l  was shown to be e i ther  vo i d  or a i r .  Par t i a l  
m i x tures of water and a i r  pure water were shown to be l e s s  reac t i ve compos i 
t i ons for the gap reg i on .  Hater regions s u r round i ng the l ead s h i e l d  were 
shown to be sma l l  pos i t i ve reac t i v i ty add i t i ons and l e s s  than the gap effec t .  
XSDRNPM s l a b  c a l c u l a t ions demon s t r a ted t h a t  there wa s a l mos t no c hange I n  
K-effe c t l ve for a n  off- c e n tered c a n i s te r  w i th i n  the tran sfer s h i e l d  w i t h  the 
centered pos i t ion be i ng mos t reac t i ve .  

I nse r t i on s t ud i e s w i t h  the t ran sfer s h i e l d  demon s t r a t e  t h a t  the knockou t 
c an i s te r  I s  the mo s t  reac t i ve of the three can i s t e r  des i g n s .  The presence of 
a transfer s h i e l d  prov i de s  a reac t i v i ty I nc rease ove r  t h e  s i ng l e  can i s te r  I n  
wa ter of approx i ma te l y  < . 055 to . 06Ak > � . 0 1 8Ak . The I n s e r t i on ana l ys i s  
a l so def i ned the 1 001 I n s er t i on l ev e l  a s  the mos t reac t i ve con f i gu ra t i on for a 
can i s t er e i ther the t ra n s fe r  s h i e l d  or c a s k .  Mode l i ng t h e  s te e l  l i ne r s  w i t h i n  
the t ransfer s h i e l d  wa l l  a s  we l l  a s  other mode l i ng c hanges r e s u l ted I n  
K-effec t l ve b e i ng nea r l y  the same a s  that  compu ted by ear l i e r  s h i e l d  mode l s .  
Therefore , prev i ous a n a l y s e s  for the t ransfe r  s h i e l d  are suff i c i e n t l y  con s e r 
vat i ve .  XSDRNPM c a l c u l a t i o n s  v e r i f i ed t h a t  an a l l  s t e e l  l i ne r  I s  mo r e  reac
t i ve than an a l l l ead l i ne r  by 0 . 004AK . A comb i ned s t e e l  and l ea d  l i ner was 
found to be 0 . 002Ak l e s s  reac t i ve than the a l l  l ead s h i e l d .  Further  
a n a l yses for the  t r a n s f e r  s h i e l d  wi t h  a reduced water dens i ty of 0 . 05 g lee 
ver i f i ed t h a t  there I s  no secondary reac t i v i ty s p i k e  for l ow wa t e r  dens i ty 
c a s e s . Ana l ys e s  were performed for the knockout c a n i s ter I n  the t ra n s fer 
s h i e l d  and cask w i t h t h e  3 . 7 5 I nc h  shortened outer B4C rod mod i f i c a t ion . 
These resu l t s demon s t r a te d  t h a t  the reac t i v i ty I n c rease due to the s l i gh t l y  
shorter  outer B4C rods I s  l e s s  than the KENOIV uncer ta i n ty . The effe c t  of 
the l ea d / s t e e l  f l ange was conserva t i ve l y  quan t i f i e d  by p l a c i ng an add i t i ona l 
l ead col l a r  a round the m i dd l e  of the t ransfe r  cask a t  po tent i a l l y  the mos t 
reac t i ve pos i t ion w i t h a knockout c a n i s t er fu l l y I n s e r t e d .  S i nce the col l a r 
cou l d  cover on l y  2 . 81 of the c a n i s t e r  a t  any t i me dur i ng I n se r t i on ,  the 
reac t i v i t y effec t wa s shown to be l e s s  than the KENO I V  uncer ta i n ty and c a l c u 
l a t l ona l l y  I n s i gn i f i c a n t .  A cask c a s e  wa s performed I m p l emen t i ng the l a t e s t  
knockout c a n i s t e r  geome t ry wh i c h  eKa c t l y  mode l s  t he shor ter po l son rods and 
the rev i s ed baff l e  p l a t e  l oc a t i ons . E x t r a  l ead was added to the bot tom door 
and f l ange reg ion of the cask for con s e rva t i sm .  T h i s  c a s e  was the mos t 
l i m i t i ng w i t h a max i mum K-effe c t i ve of 0 . 9 ) 1 . 

Resu l t s of these ana l y s e s  I nd i c a te that no bor a t e d  polyethy l ene or other 
pol son mat e r i a l  I s  requ i re d  I n  the des i gn of the t r a n s fe r  s h i e l d  or cask for 
reac t i v i ty con t rol . These r e s u l t s are va l i d for s t a n d a r d  unruptured c a n i s t e r s  
a n d  c d n l s te r s  w i t h  I n t e r n a l l y  ruptured f i l t er sc reens conta i n i ng fue l I n  upper 
and lowe r head reg i ons . Can i s ters w i t h  e • t en s l ve .I n t e r n a l damage and /or 
e x t e r n a l  damage from be i ng dropped and deformed are not addres sed s i nce t h e s e  
c a n i s t e r s  w l  1 1  b e  hand l e d  b y  GPU Nuc l e a r  o n  a c a s e  b y  c a s e  ba s i s  and , 
therefor e .  are not I nc l uded I n  the c u r r ent work scope . 
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The resu l t s of t h i s  ana l ys t s  are based on the a s sump t i on t h a t  the mos t r ea c t i ve 
fue l pa r t i c l e  capa b l e  of be i ng I n  the �nockout c an i s te r  i s  a n  op t i ma l l y  mode r a t e d .  
s tandard . who l e  f u e l  p e l l e t .  H l th t h e  change t o  t h e  vacuum sys tem t h a t  perm i t s  
fue l par t i c l e s greater I n  s i ze than- whol e pe l l e t s  t o  b e  l oaded I n to a knockout 
ca n i s te r  t h i s a s sump t i on I s  no l onger appropr i a t e .  The a na l ys i s  i n  t h i s s t a temen t 
has  been comp l e ted u s i ng conservat i ve a s sump t i on s  < e . g  . •  neg l ec ted four s a t e l l i te 
pol son tube s > .  Add i t i ona l l y ,  the proba b i l i ty of a dra i ned pool scenar i o  occur r i ng 
i s  sma l l .  Therefore , the ana l y s i s  was not repeated u s i ng op t i mum s i ze fue l 
par t i c l e s .  however , the conc l u s i on that k e ff wi l l  not e x c eed 0 . 99 for a d r a i ned 
pool s c enar i o  I s  s t i l l  con s i dered approp r 1 a t e . 
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TMI - 2  DRA I NED POOL ANALY S I S  

ATTACHMENT 2 
3527-0 1 6  

Cases Ana lyzed 

Two dra i ned pool cases represen t i ng d i ffe r e n t  s ta te s  of i n t e r n a l  trdnsfe r  modera
t i on are con s i dered here . These cases  are j u dged to b e  bound i ng w i th r e s p e c t  to 
the pos s i b l e  rea l con ten t s  of the c a n i s te r s  I n  the u n l i k e l y  event of l o s s  of pool 
wa ter . The cond i t i on s  a s s umed for these c a s e s  a r e  a s  fol l ows : 

Ca se 1 :  

Case 2 :  

Op t i ma l  fuel  vol ume frac t i on I n  4350 ppm boron moderator of f u l l dens i ty 
a t  so•F. 

Rea l i s t i c  fuel  vol ume fract i on w i th pure wa t e r  modera t i on a t  1 001 
hum i d i ty cond i t i ons a t  so• F . 

Ca l c u l a t i on a l  Mode l s  and Procedures 

In both cases  the bas i c  c an i s te r  mode l  I s  the s tandard con f i gura t i on knockout 
can i s ter desc r i bed I n  B&W Documen t  No . 77 - 1 1 53937-0 3 , Page 2 - 3 1 . For con s e rv a t i sm ,  
and t o  fac i l i ta t e  mode l i ng I n  KENO s tandard geome try , the four sate l l i te pol son 
tubes and a l l l a te r a l  suppor t p l a t e s  are om i t ted and t he i r  space I s  oc c up i ed by 
fue l .  

Add i t i on a l  con serva t i sm I s  prov i ded by a s sump t i ons of I nf i n i te e x tent  of the 
can i s t er array and enhancement of overhead re f l e c t i on by concrete mode l ed above the 
a r ray . A 1 7 . 3  I nc h  square p i tch  was a s sumed . 

For Case 1 ,  the op t i ma l fue l vol ume frac t i on wa s d e t e rm i ned by NUL I F  c a l c u l a t ions  
to be  0 . 620 w i t h  a K� of 1 . 02890 and c e l l we i gh t e d  cross s e c t i on s  for t h e  KENO 
c a l c u l a t i on s  were genera ted by N I TAWL/XSDRNPM c a l c u l a t i on s . 

For Case 2 .  a measured fue l vol ume frac t i on for rand�� l y  packed who l e  fue l p e l l e t s  
wa s used < B&W Commerc i a l  P l a n t  L i cense SNM- 1 1 68 ,  Dock e t  70- 1 20 1 , Se c t i on 3 ,  Page 
35 > .  Th i s  vol ume frac t i on was 0 . 624 w h l ' h  by coi n c i dence I s  c l ose to that  of Case 
1 .  NUL I F  c a l c u l a t i on for t h i s  vol ume frac t i on w i t h  s a t ura ted s team < pure HzO> a s  
moderator ga1e  a K �  of 0 . 65706 . Further NUL I F  ca l cu l a t i on s  a t  t h i s  fue l vol ume 
frac t i on v s . I n creas i ng water dens i ty gave a monotom l a l l y  I ncreas i ng K- up to 
1 . 2 1 4 1 2 ,  at 1 001 water dens i ty .  However , beyond the s a t u ra t i on poi n t  there wo� l d  
be l i q u i d  wa t e r  not removed I n  the dewa t e r i ng proc e s s  and t h i s  wa t e r  wou l d  be 
bora ted . T h i s  cond i t i on I s  covered I n  Case 1 .  

Re��and Conc l u s ions 

For Case I ,  the ca l c u l a t ed ma � ! mum Keff · I n c l ud i ng a 0 . 02 benchmark uncer t a i n t y  
and t h e  2 o  KENO uncer t a i n ty .  I s  0 . 964 . T h i s I s  for an I n f i n i t e X - Y  array w i t h  no 
concrete s i de r e f l e c t i on . The effec t of con c r e te ref l ec t i on on the s i de s  r a t h e r  
than a n  add i t i onal  knockout can i s t e r s  was shown to be nega t i ve w i t h  respec t t o  
reac t i v i t y .  

For Ca s e  2 ,  t h e  very l ow va l ue o f  K - compared t o  t h a t  for Case 3 a s su r e s  t h a t  
Keff for an a r ray o f  ca n i s te r  w i l l  b e  we l l  b e l o w  t h a t  for Ca s e  1 .  T h i s  was 
ver i f i ed by a KENO ca l c u l a t i on for an I nf i n i te 1 7 . 3  I nc h  p i t c h  a r ray y i e l d i ng a 
va l ue of Keff of 0 . 637 i nc l ud i ng unce r t a i n t i e s .  The effe c t  of conc r e t e  
r e f l ec t i on w a s  found to b e  r1ega t l v e for t h l s  case a l so .  
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I t  I s  con c l uded that  no real i s t i ca l l y  conc e i va b l e cond i t i ons that  cou l d  occur 
dur i ng a TMI-2 s torage pool d r a i nage event wou l d  l ea d  to a va l ue of Keff grea t e r  
t h � n  the s pe c i f i ed 0 . 99 acceptance c r i t e r i on .  Th i s  a s s umes that  d i l u t i ng or 
ref l ood l ng the c an i s te r  contents  w i t h  pu.re water l s  p re c l uded by admi n i s t ra t i ve 
con t ro l . 
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