
LETTERS TO THE EDITOR 

ARGUMENTS CONCERNING THE EVALUATION 
OF CLADDING DILATATION DUE TO 
THERAAODIFFUSION 

In his evaluat ion, Nor r i s ' derives t he d i f fus iv i ty of 
vacancies and la t t ice a t o m s f r o m the mob i l i t y of vacancies 
unde r the rma l equi l ibr ium cond i t ions , mul t ip l ied b y their 
i r rad ia t ion- induced supersa tu ra t ion . This is called "s imple 
t h e o r y " unde r s teady-s ta te cond i t ions in the l i terature.^ 

However , rad ia t ion can also accelerate d i f fu s ion b y 
increasing the j u m p f r e q u e n c y of p o i n t defects .^ Exper i -
m e n t s have shown tha t e n h a n c e m e n t of d i f fus ion is 
cons iderably larger than the e f f ec t expla ined b y the super-
sa tu ra t ion of vacancies on ly . ' ' ' ' In our calculat ions , we have 
used exper imen ta l ly de t e rmined e n h a n c e m e n t fac to r s of 
copper and gold d i f fu s ion in a luminum, ' ' t r ans fe r red t o 
h o m o l o g o u s t empera tu re s in stainless steel . Di f fus ion u n d e r 
the rma l equi l ibr ium has been m u l t i p h e d b y this f a c t o r in 
o u r calcula t ions . This is the ma in reason fo r the d i f f e r e n t 
results ob t a ined b y Norris and by us. 

Expe r imen ta l work on i r rad ia t ion-enhanced se l f -di f fu-
sion of nickel^ yields an accelera t ion f a c t o r of 8 X 10^ at 
5 0 0 ° C and 3 t o 3 2 X I C dpa /s . Typical d i sp lacement rates 
in fas t b reeders are 10"^ dpa / s . Thus , an accelera t ion f ac to r 
of ~ 8 X 10" can be used. This is in acco rdance wi th t he 
value used in our calculat ions , wh ich had been es t imated 
f r o m the data p u b h s h e d b y Acke r e t al.' ' We have n o t 
considered the fac t t ha t e n h a n c e m e n t is par t ly due t o 
interst i t ia l migration,® wh ich can reduce s o m e w h a t t h e 
calculated e f f ec t . 

As t o t he hea t s of t r a n s p o r t , we agree wi th Norr is in 
tha t d i f f e r en t es t imat ions are possible. We have t aken a 
value of half the ac t ivat ion energy of d i f fu s ion , wh ich 
seemed to be reasonable for an e s t ima t ion . 
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REPLY TO "ARGUMENTS CONCERNING THE 
EVALUATION OF CLADDING DILATATION 
DUE TO THERMODIFFUSION" 

There is d i sagreement b e t w e e n al ternat ive evaluat ions of 
the same e f f ec t s b y V e n k e r et a l . ' and b y Norris.^ The 
consequen t d i a m e t e r increase of typical fast r eac to r fuel pin 
cladding is p red ic ted to be a m a x i m u m of 4 or 0 .01 jum/yr, 
accord ing t o which al ternat ive is bel ieved. The c o m m e n t s 
a b o v e ' he lp i d e n t i f y the origin of the d iscrepancy. 

The evaluat ion in Ref . 1 is based on expe r imen ta l results 
fo r i r rad ia t ion-enhanced d i f fus ion of coppe r and gold in 
a l u m i n u m " and claims suppor t f r o m da ta for i r radia t ion-
enhanced se l f -d i f fus ion in n i cke l . ' Bo th sets of work were 
carried o u t on annealed single crystals in which dis locat ion 
densi t ies wou ld have been low, in the f o r m e r case being 
q u o t e d as 10'® m"^. In b o t h sets of work , it was shown 



t ha t t he m u t u a l vacancy inters t i t ia l r e c o m b i n a t i o n ra te 
exceeded t h e ra te of loss of de fec t s t o sinks. By con t ras t , 
the stainless-steel c ladding of a fast r eac to r fuel pin rapidly 
develops voids and dis locat ions in the n e u t r o n f lux t ha t it 
exper iences . A to ta l sink dens i ty of 10*'* m"^ is a low esti-
ma te . Genera l ly , d i f fu s ion t o sinks replaces m u t u a l r ecom-
bina t ion as t he d o m i n a n t de fec t loss mechan i sm, so t ha t t he 
s teady-s ta te vacancy and inters t i t ia l c o n c e n t r a t i o n s b e c o m e 
inversely p r o p o r t i o n a l t o sink dens i ty . T rans fe r of an 
"acce le ra t ion f a c t o r " t o this s i tua t ion f r o m annealed single-
crystal da t a is on ly valid if b o t h t he d i f f e r en t sink dens i ty 
and the d i f f e r e n t d o m i n a n t de fec t loss mechan i sm are t aken 
in to a c c o u n t ; it c a n n o t be d o n e w i t h o u t some t h e o r y . I 
suggest t ha t neglect of these cons idera t ions m a k e s t he accel-
e ra t ion f a c t o r appl ied in Ref . 1 t o stainless steel a f ac to r of 
M O O t o o high. 

T h e evalua t ion b y Norris^ e m p l o y s a s imple t h e o r y of 
vacancy and inters t i t ia l concen t r a t i ons u n d e r i r rad ia t ion , 
w i t h o u t cons ider ing the i r radia t ion e n h a n c e m e n t of inters t i -
tial mob i l i ty (an e f f ec t of m o s t i m p o r t a n c e a t very low 
t e m p e r a t u r e s ) or t he role of mul t ip le de fec t s such as 
divacancies. V e n k e r e t al.^ are critical of these omiss ions , 
b u t t h e y are incor rec t in suggesting t h a t the s imple t h e o r y , 
wh ich inc ludes inters t i t ia ls , does n o t a c c o u n t fo r the 
expe r imen ta l da t a t h a t they e m p l o y . In f ac t . A c k e r et al.' ' 
and Schiile e t al.® use t he s imple t h e o r y for t he in t e rp re t a -
t ion of their resul ts . 

T h e evalua t ion of c ladding di la ta t ion is l imited by 
uncer ta in t i e s in the hea t s of t r anspor t r a ther than by use of 
t he s imple t h e o r y of i r rad ia t ion-enhanced d i f fu s ion . The 

conclus ion remains t ha t t he c o n t r i b u t i o n of these t he rmo-
migra t ion e f f e c t s to c ladding d i la ta t ion is negligible. 
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