
R e p o r t N o . B M I - 1408 

U C - 2 5 M e t a l l u r g y a n d C e r a m i c s 
( T I D - 4 5 0 0 , 15th E d . ) 

Contract No. W-7405-eng-92 

A M E T H O D O F C O R R E L A T I N G IRRADIATION 
E F F E C T S IN D I S P E R S I O N F U E L S 

by 

D o n a l d L , K e l l e r 
L e w i s E . H u l b e r t 
B r u c e W. D u n n i n g t o n 

J a n u a r y 2 0 , I 9 6 0 

B A T T E L L E M E M O R I A L I N S T I T U T E 
505 King A v e n u e 

C o l u m b u s 1, Ohio 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



TABLE OF CONTENTS 

Page 

ABSTRACT 

INTRODUCTION , 1 

DISCUSSION 2 

The Model of Creep Fa i lu r e 2 
The Model of Fa i l u r e by S h o r t - T e r m S t r e s s Peaks . 4 
Application of the Fa i l u r e Models 5 
P re sen t a t i on and Analysis of the Exper imenta l Resu l t s . . . . . . . 10 

CONCLUSIONS 14 

R E F E R E N C E S . . . . . . . . . . . . . . . 15 



A METHOD OF CORRELATING IRRADIATION E F F E C T S 
IN DISPERSION FUELS 

Donald L . Keller^ Lewis E . Hulber t , and Bruce W. Dunnington 

No satisfactory method of predicting the life of dispersion fuels is in 
present use because the complexity of the factors relating to the structure of 
the fuel material and to the fluctuations in irradiation conditions makes meaning­
ful correlation and interpretation of experimental data extremely difficult. In the 
present study, a method was proposed in which the effects of irradiation condi­
tions are considered independently of material variables. Two simple failure 
models were devised (failure by creep and by short-term yield), and criteria which 
permit estimates of the relative severity of tests made under different test con­
ditions but on identical specimens were developed. 

Numerical application of the procedures for 18-8 stainless steel —25 and 
—30 w/'o UOt) specimens was attempted. No positive verification of the short-
term stress model was obtained, but the creep model yielded the approximate 
failure limits for both specimen compositions. 

I N T R O D U C T I O N 

The successful use of d i spers ion fuels in the Army Package Power R e a c t o r ' ^ ? ^ ' 
and other compact sy s t ems has s t imula ted i n t e r e s t in fuels of this type. The t e r m 
"d i spers ion fuel" as used in this r e p o r t will be taken to m e a n a c e r m e t m a t e r i a l in 
which pa r t i c l e s of enr iched u ran ium oxide c e r a m i c a r e d i spe r sed in a me ta l l i c m a t r i x . 
Nonmetal l ic m a t r i x m a t e r i a l s will not be cons idered h e r e . 

The advantage of the d i spers ion concept is that fuels with widely differing p r o p e r ­
t ies may be obtained by mixing different m e t a l s with UO2 or other u ran ium compounds 
and by varying the composi t ion and geomet r i ca l s t r u c t u r e of the m i x t u r e s . Although 
significant advances have been made in the technology and fabricat ion of d i spers ion fuel 
e lements ' ' , s e rv i ce t ime of m o s t d i spers ion fuels is l imi ted by the neces s i t y of con­
taining the f ission gas produced by the i r r ad ia t ion p r o c e s s . A fraction of the gas prod­
ucts genera ted by f ission of u ran ium in the oxide will r each the surface of the oxide 
pa r t i c l e s and col lect a t the meta l -ox ide in t e r f aces . As the i r r ad ia t ion is continued, 
m o r e gas escapes to the in t e r face , and the resul t ing p r e s s u r e eventually becomes 
sufficient to d i s rup t the me ta l m a t r i x and cause the fuel e lement to swel l and to r u p t u r e . 
In p r e s e n t r e a c t o r de s igns , swelling of a fuel e lement is undes i r ab le . There is 
cu r r en t ly no method available for predic t ing the conditions at which a given fuel e lement 
will swe l l , and, as a safety m e a s u r e , d i spe r s ion fuel e lements m u s t be used in a 
r e a c t o r for only a fraction of the i r useful l ife. It would there fore be des i rab le to be 
able to p red ic t the conditions at which a given fuel e lement will swel l . 

The fac tors that affect the life of a d i spers ion fuel e lement a r e the m a t e r i a l 
p rope r t i e s of the m a t r i x m e t a l , the s t r u c t u r e of the spec imen , and the i r r ad ia t ion con­
d i t ions , including the durat ion of i r r a d i a t i o n , the specimen t e m p e r a t u r e , and the burnup 
of the fuel. Many exper iments have been made to de te rmine the effects of these fac tors 
on fue l -e lement l i fe . However , it has been difficult to i n t e r p r e t these t e s t r e su l t s in a 
meaningful way for two r e a s o n s : 

(ll References at end. 
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(1) The s t r u c t u r e of a d i spers ion fuel is so complex that the development 
of a sa t i s fac tory fai lure theory based on a detai led ma thema t i ca l model 
of the s t r u c t u r e has been prohibi t ively difficult. 

(2) The t e s t conditions m a y fluctuate during an i r r ad ia t ion expe r imen t , 
making co r re l a t ions with spec imen t e m p e r a t u r e difficult, 

A method is proposed in this r e p o r t to uncouple the effects of the var ia t ion of the 
t e s t p a r a m e t e r s f rom the m a t e r i a l p r o p e r t i e s . Thus the re la t ive effects of changing the 
t e s t conditions a r e to be cons idered independently of the effects of o ther v a r i a b l e s . Two 
fai lure models a r e proposed (failure by c r eep and by s h o r t - t e r m yie ld) , and c r i t e r i a 
a r e developed f rom these mode l s which p e r m i t e s t ima te s of the re la t ive seve r i ty of t e s t s 
made under different t e s t conditions but on identical spec imens . If a se t of t e s t s yields 
both failed and unfailed s p e c i m e n s , the proposed ana lys is m a y be used to make es t ima tes 
of the va r ious combinat ions of the t e s t p a r a m e t e r s that will produce a failed spec imen of 
the given m a t e r i a l . 

Ntjmerical appl icat ion of the p r o c e d u r e s is p r e sen t ed for 18-8 s t a in less s t e e l - U 0 2 
c e r m e t s . Two se t s of exper iments w e r e evaluated using the proposed methods . The 
r e su l t s indicate that the p r o c e d u r e s m a y prove useful in in te rpre t ing exper imenta l 
r e s u l t s . 

DISCUSSION 

The Model of Creep F a i l u r e 

If a full specimien is i r r a d i a t e d for extended per iods at uniform elevated t e m p e r a ­
t u r e s , it will undergo c r e e p deformat ion. Although the s t r e s s dis t r ibut ion in such a 
spec imen is complex , i t will be a s s u m e d that the dependence of the o v e r - a l l c r eep ra te 
on s t r e s s and t e m p e r a t u r e will be of the same form as for uniaxial tens ion. F o r the 
p r e s e n t a n a l y s i s , this dependence can be e x p r e s s e d with sufficient genera l i ty by the 
empi r i ca l re la t ion: 

e = A ( r n e - Q / 9 , (1) 

where 

e is the s t r a in r a t e —— 
dt 

tr is the s t r e s s 

9 is the absolute spec imen t e m p e r a t u r e 

A , n , Q a r e cons tan t s . 

No a t tempt will be made he re to de te rmine the spat ia l s t r e s s dis t r ibut ion in the 
c e r m e t . The o v e r - a l l s t r e s s level p r i o r to spec imen failure will be a s sumed p ropor ­
tional to the gas p r e s s u r e in the voids . Since the ma jo r gaseous f ission products a r e 
noble g a s e s , the ideal gas law is a good approximat ion: 
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0- «:P = KM0/V 

where 

P is the p r e s s u r e 

K is a constant 

M is the amount of gas in the po re s 

V is the volume of the pore space . 

It will be a s s u m e d that a constant fraction of the genera ted fission products is 
r e l e a sed to the po re spaces so that the amount of gas in the po re s is p ropor t iona l to the 
burnup. The mechan i sm of r e l e a s e of f ission gas to the pore space and its dependence 
on t i m e , t e m p e r a t u r e , and burnup is not known. It is in this a r e a that future r e s e a r c h 
will be m o s t i l luminat ing. In addi t ion, the e las t ic s t r a in a t the e levated t e m p e r a t u r e s 
of the t e s t m a y be neglected in compar i son with the c r e e p s t r a in so that V is effectively 
a function only of the c r e e p s t r a i n € . We have then 

(r = c B 0 / V ( e ) , (2) 

where c is some propor t ional i ty constant and B is burnup. 

Substituting Equation (2) in Equation (1) and r e a r r a n g i n g g ives : 

X M . de = Bnene "Q '^ dt . (3) 
c'lA 

Integrat ing both s ides g ives : 

ef tf 

- L . \ vn(e) de = \ B n 0 n e - Q / 0 d t , 
c^A J -J 

o o 

where Ef and tf a r e the c r e e p and t ime at the end of the exper iment . 

We will now define the c r e e p p a r a m e t e r a (e) by the re la t ion 
e 

a(e) =-J_ \ vn(e) de. 
c^A i 

It is seen that a is a function only of e and the s t r u c t u r e of the specimen. We have 
then 

a (ef) = j B'̂ e'̂ e " ° ^̂  dt. (4) 
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If the burnup and t e m p e r a t u r e a r e known functions of t ime for an exper imen t , the 
in tegra l on the r ight side of Equation (4) m a y be evaluated numer i ca l ly . The values of 
a obtained f rom a niimber of different e3q>eriments on ident ical spec imens may be used 
to compare the re la t ive seve r i ty with r e s p e c t to c r e e p of the different t e s t s . In 
p a r t i c u l a r , if the c r eep s t r a in at rup tu re for uniaxial c r e e p w e r e independent of t e m p e r ­
a tu re and p r e s s u r e , then a s e t of ident ical spec imens would a l l be expected to fail a t the 
same value of a. Although the assumpt ion of the independence of €f f rom t e m p e r a t u r e 
and s t r e s s is not s t r i c t ly va l id , it should be poss ib le to obtain exper imenta l cor re la t ions 
between the t e s t p a r a m e t e r s and the value of a at spec imen fa i lu re . 

An in te res t ing spec ia l c a se of Equation (4) is obtained if the burnup r a t e , b , and 
the t e m p e r a t u r e a r e constant during the cour se of the exper imen t . Then B = bt and we 
can wr i te f rom Equation (4) 

tf 

o r 

a (ef) = b ^ e n e - Q / ^ C t^dt 
o 

n+1 ^ 

- Q / 0 a (C) = JL^ B f V " « . (5) 
n+1 

Equation (5) shows the effect of the t e s t durat ion on the fai lure of a spec imen. If 
two spec imens a r e i r r a d i a t e d a t the s a m e t e m p e r a t u r e to the same total burnup but at 
different burnup r a t e s , the spec imen i r r a d i a t e d a t a lower burnup r a t e over a longer 
per iod of t ime will be m o r e l ikely to fail than the rapidly i r r a d i a t e d spec imen . This 
t ime effect i s frequently over looked in the compar i son of i r r ad i a t i on e x p e r i m e n t s . 

The Model of F a i l u r e by S h o r t - T e r m S t r e s s Peaks 

If the d i spers ion fuel spec imen undergoes a sudden t e m p e r a t u r e r i s e during i ts 
i r r ad i a t i on , i t is poss ib le for the r e su l t an t s t r e s s e s to cause fa i lure by exceeding the 
u l t imate tens i le s t r e s s of the m e t a l m a t r i x at the given t e m p e r a t u r e . Since it is not 
poss ib le to e s t ima te the ac tua l s t r e s s dis t r ibut ion in the m a t r i x of the c e r m e t , the 
fai lure conditions cannot be calcula ted d i rec t ly . However , it is poss ib le to compare the 
re la t ive seve r i ty with r e s p e c t to the s t r e s s conditions of different combinations of t i m e , 
t e m p e r a t u r e , and burnup. 

Let the re la t ive s t r e s s o-j. be defined as a quantity p ropor t iona l to the ra t io between 
actual and allowable s t r e s s e s . Then the t e s t condition producing the g r e a t e s t re la t ive 
s t r e s s is the m o s t c r i t i c a l condition with r e s p e c t to yield fa i lu re . 

In this c a s e , the me ta l m a t r i x will be a s s u m e d r igid so that by Equation (2): 

o" = cBe . (6) 
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If it is now a s s u m e d that the allowable s t r e s s is p ropor t iona l to the ul t imate s t rength 
*^ult of the m a t r i x m e t a l in uniaxial t ens ion , then: 

KB9 ,_. 

where K is a cons tant . 

If (T ĵ̂  is a known function of t e m p e r a t u r e , then the point at which the g r e a t e s t o"̂  
is reached during any exper imen t can be evaluated from Equation (7), A graphical 
method for per forming this operat ion will be p re sen ted in the next sect ion. 

Application of the Fa i lu re Models 

The n u m e r i c a l applicat ion of the fa i lure models will be i l l u s t r a t ed for the case 
where the m a t r i x me ta l is 18-8 s t a in less s t ee l . 

In o rde r to use these m o d e l s , it is n e c e s s a r y to evaluate n and Q from Equation (1) 
and %][t^^^ from Equation (7), 

F igure 1 p r e s e n t s graphical ly some data on the c reep r a t e s of 18-8 s ta in less 
s t ee l . ^^' The solid l ines w e r e fitted to the data by e y e , subject to the r e s t r i c t i on that 
n is independent of t e m p e r a t u r e . F r o m these l i n e s , n was found to be 4 .46 and two 
values of Q were found: 

Qj = - 3 . 11 X 104 for 0 < 1560 R 
(8) 

Q2 = - 5 . 4 3 X 10^ for 0 > 1560 R. 

Substituting these values in Equation (4) and a r r ang ing the express ion so that the 
two segments i n t e r s e c t at 0 = 1560 R give the r e su l t s 

tf 

where Q- is taken to be Q^ of Equation (8) during those t imes that 9 < 1560 R and QT 
during those t imes that 0 > 1560 R. 

Substitution of Equation (8) into Equation (5) gives for constant t e m p e r a t u r e and 
burnup r a t e : 

a =_L™. (Bx0)^-^^ t . exp [ - 3 . 11 x 10^ f 1 - L__ | 1 , 0 < 1560 R 
5.46 * * L \e 1560/ J ' -

(10) 

- 7 X 6 (%^)'-''%-P [-5.43x104(1 . M j , e>1560R. 



0.6 

1/0, ^ x 10' 
0.7 0.8 

0 25569 

FIGURE 1. CREEP RATE DATA VERSUS TEMPERATURE AND STRESS 
FOR 18-8 STAINLESS STEEL 
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Figure 2 is plotted f rom Equation (10) and shows the var ia t ion of a with 0 for 
constant values of B^t. The values of a and B^t a r e en te red as the common logar i thms 
because of the i r wide r a n g e s . (To facil i tate use of the graph 0 is given he re in F . ) 

To obtain a be t te r insight into the r e su l t s of an i r r ad ia t ion expe r imen t , it is 
des i r ab le to be able to obtain an average t e m p e r a t u r e for the exper iment . The a r i thme­
tic average of the spec imen t e m p e r a t u r e has often been used: 

' = V I '^'' 

Figure 2 can be used to obtain a m o r e meaningful average t e m p e r a t u r e in a manne r 
s i m i l a r to that used by Sherby and Dorn^^ ' in c r e e p t e s t s . The value of a is f i r s t com­
puted according to Equation (9). Then with this value of a and the value of B£'^t£ known 
for the expe r imen t , the average t e m p e r a t u r e (which will be denoted as the "effective 
t e m p e r a t u r e " ) is r ead f rom F igu re 2. This t e m p e r a t u r e is the uniform t e m p e r a t u r e at 
which a t e s t would have to be pe r fo rmed to give the s a m e total c r eep at the s a m e final 
values of burnup and t ime as the given exper iment . 

The var ia t ion of •'"^It with t e m p e r a t u r e for 18-8 s t a in less s tee l is shown in 
F igu re 3 . Although the usual co r re l a t ion used for these types of data is exponent ia l , the 
data were c o r r e l a t e d ve ry well with the two s t ra igh t l ines shown in F igure 3 . The 
equations obtained from this co r re l a t ion w e r e : 

0-̂ ^̂  = 9 6 , 0 0 0 - 2 9 , 1 7 9 0 l l 5 6 O R 
(11) 

0-^5^^=154,100-66 .45 0 0 > 1 5 6 O R 

We now rewr i t e Equation (7) in the form: 

c^r 0 B 1 , 
KBf r^it (12) 

where B j = B/B£, and cr̂ ]_̂  is given by Equation (11). Using this equat ion. F igure 4 was 
cons t ruc ted to show curves of constant T / K B X for a var ia t ion in Bi and 0. If t e m p e r a ­
tu re v e r s u s Bi for a given exper iment is plotted to the same s c a l e . F igu re 4 can be used 
as an over lay . The m o s t c r i t i c a l s t r e s s s ta te will then be readi ly apparent as that 
point on the b u r n u p - t e m p e r a t u r e curve that p ro jec t s above the highest cu rve of <Jj. /KBr 
(as in F igure 2 , 0 is given in F to facil i tate using the graph) . Note tha t , because of this 
method of appl ica t ion , no labeling of individual cu rves is needed in F igure 4 since the 
specific value of fTj-ZKEf is not of p r i m a r y i n t e r e s t , but r a t h e r the burnup at which the 
m o s t s eve re condition exis ted . The convergence of a l l cu rves to the same value of 
t e m p e r a t u r e at B , = 0 is a r e su l t of the fact that a t that t e m p e r a t u r e the u l t imate 
s t rength of the m e t a l is z e r o , as shown in F igure 3. 

Construct ing the graph of t e m p e r a t u r e v e r s u s re la t ive burnup B | may be a tedious 
p r o c e d u r e . If the burnup ra te is re la t ive ly cons tant over the durat ion of the expe r imen t , 
an es t imate of the c r i t i c a l s t r e s s condition of the exper imen t m a y be obtained in the 
following way: Assuming a constant burnup ra te gives 

B = bt = bt^t£ = B£t | , 
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where t , = t / t r is the fraction of t ime e lapsed in the exper imen t . Substituting this in 
Equation (12) gives 

ITT _ 0 t l 

Thus , F igure 4 m a y be in t e rp re t ed a s showing curves of constant o-j./KB£ for a var ia t ion 
in t i and 0 , and the t e m p e r a t u r e - v e r s u s - t i m e graph m a y be used to es t imate the 
c r i t i ca l s t r e s s condition. 

It is emphas ized that F igu re 4 m a y not be used to de t e rmine whether a specimen 
has failed by a yield m e c h a n i s m , but only to show the m o s t probable t ime of fai lure if it 
is suspected that the fai lure was by s h o r t - t e r m yield because of ve ry shor t duration of 
high imposed s t r e s s e s , a s in a shor t t e m p e r a t u r e s u r g e . 

P re sen t a t i on and Analysis of the Exper imen ta l Resul t s 

The methods outlined above were applied to exper iments made on two sets of 
speciiTiens i r r a d i a t e d in the MTR^" l The two se ts differed only in the i r composi t ion. 
The method of fabricat ion was the sarae in each c a s e . 

The c e r m e t s were made by blending the powdered components of the s ta in less s tee l 
and then mixing the r e su l t with e i ther 25 or 30 w / o of UO2 powder . The mix tu re s were 
cold p r e s s e d , s i n t e r ed , a s s e m b l e d into s t a in less s tee l j a c k e t s , and rol led to give spec i ­
mens 1. 5 by 0. 75 by 0. 045 in. 

The spec imens were i r r a d i a t e d in the Ma te r i a l s Test ing Reac to r at A r c o , Idaho. 
In addit ion, two spec imens of each type were i r r a d i a t e d in the Battel le R e s e a r c h Reactor . 

A typical t e m p e r a t u r e h i s to ry obtained for one of the spec imens is shown in 
F igure 5. The t e m p e r a t u r e va r iab i l i ty of this exper iment can be c l ea r ly seen . It a lso 
can be c l ea r ly seen by compar ing F igu re s 4 and 5 that the m o s t c r i t i c a l s t r e s s s ta te was 
reached a t the end of the expe r imen t . If the m a t e r i a l had failed by s h o r t - t e r m yield , 
the m o s t probable fai lure t ime was at o r nea r the end of the exper iment . The tenapera-
tu re h i s to r i e s of the other spec imens w e r e also examined from the point of view of 
s h o r t - t e r m yield. In no t e s t was the re any timLe at which the re was a s t r e s s s ta te 
seve re ly m o r e c r i t i c a l than the s t r e s s at the end of the t e s t . 

Using the t e m p e r a t u r e h i s to r i e s for each i r r a d i a t e d spec imen , the numer i ca l in te­
grat ion of Equation (9) was pe r fo rmed to obtain the c reep p a r a m e t e r a. The effective 
t e m p e r a t u r e s for each case were then read from F igure 2. The effective t e m p e r a t u r e 
and the t i m e - a v e r a g e d t e m p e r a t u r e s obtained from the t e m p e r a t u r e h i s to ry shown in 
F igure 5 were a lso plotted in F igure 5. It is c l ea r that the method of obtaining the 
effective t e m p e r a t u r e weights the t e m p e r a t u r e s nea r the end of an exper iment m o r e 
heavily than t e m p e r a t u r e s n e a r the s t a r t of the exper imen t . 

Table 1 gives the r e su l t s of the exper iments for 14 spec imens and the values of 
average t e m p e r a t u r e and log a computed for each. 

F igure 6 was plotted from Table 1 and shows the co r re l a t ion between log OL and per 
cent density loss for the 25 w/o UO? s p e c i m e n s . This co r re l a t ion shows that o ther 
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TABLE 1. RESULTS OF IRRADIATION EXPERIMENTS AND APPLICATION 
OF ANALYSIS FOR TWO TYPES OF STAINLESS STEEL CERMETS 

Sample 

23 
33 
35 
39 

40 

42 
43 
21 

31 

32 
36 
37 
44 
45 

U O „ 
w / o 

25 
25 
25 
25 

25 

25 
25 
30 

30 

30 
30 
30 
30 
30 

Reac to r 
Used 

MTR 
MTR 
MTR 
MTR 

MTR 

BRR 
BRR 
MTR 

MTR 

MTR 
MTR 
MTR 
BRR 
BRR 

Exposure 
T i m e , 
days 

32 .7 
4 7 . 5 
4 7 . 5 
85 .2 

85 .2 

52 .7 
52 .7 
32 .7 

4 7 . 5 

47 .5 
85 .2 
85 .2 
52 .7 
52 .7 

Uranium 
Burnup, 

p e r 
cent 

5 . 4 
12.7 
16.6 
20 .4 

20 .7 

2 . 2 
2 . 6 
4 . 9 

17.5 

15.6 
25 .1 
22 .2 

2 . 4 
2 . 8 

Density 
L o s s , 

p e r 
cent 

1.04 
0 .86 
1.72 
3.70 

3.45 

0.00 
0,00 
1. 15 

2 .09 

1.84 
__ 

5. 17 
0.00 
0.00 

Sample 
Condition 

Good 
Good 
Good 
La rge 

b l i s t e r 

Smal l 
b l i s t e r 

Good 
Good 
Small 

b l i s t e r 

Smal l 
b l i s t e r 

Ruptured 
Ruptured 
Ruptured 
Good 
Good 

Calculated 
Average 

T e m p e r a t u r e , 
F 

1725 
1430 
1550 
1400 

1417 

1650 
1650 
1655 

1533 

1395 
1475 
1300 
1650 
1650 

Log a 

13.9 
14.4 
15.7 
15.6 

15.7 

12.4 
1Z.7 
13.7 

15.7 

14.3 
16.2 
14.5 
12.6 
12.9 
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spec imens of the same const ruct ion would probably fail a t a value of log a between 
15, 25 and 16. 0. The fai lure point is seen as that point for which the value of the 
densi ty loss becomes l a rge for l i t t le o r no fur ther i n c r e a s e in the value of log a. 

The data for the 30 w/o UO2 spec imens were not plot ted, since al l but two of the 
spec imens had failed and since the deformations of a se t of failed spec imens could not 
be expected to c o r r e l a t e with log a. However , the data indicate that the 30 w/o UO^ 
spec imens could be expected to fail a t values of log a between 13 and 13. 7. 

It is obvious that the obtained values of log a at fa i lure a r e ve ry uncer ta in because 
of the sma l l n u m b e r s of spec imens tes ted for each type. However , the r e su l t s indicate 
that , with a sufficient number of e x p e r i m e n t s , the above p rocedu re s could be used to 
de te rmine accu ra t e ly the fa i lure conditions for a given se t of s p e c i m e n s . 

Suppose now that the values of log a of 15. 25 and 13 were found to be the upper 
safe l imi t s for the i r r ad ia t ion of the 25 w / o and 30 w/o UO2 s p e c i m e n s . On this 
a s sumpt ion , cu rves were cons t ruc ted in F igure 7 to show the p e r m i s s i b l e burnups as 
functions of t e s t t e m p e r a t u r e for two different t e s t dura t ions . This graph i l lu s t r a t e s 
the in t e r re l a t ions between the t e s t conditions that could be used for r e a c t o r design if 
the fai lure conditions were de te rmined m o r e accu ra t e ly . 

The r e su l t s of the ana lys is of the two se t s of data c l ea r ly i l l u s t r a t e the way that L, 
the l imi t value of log a , could be used to c o r r e l a t e the effects of changes in spec imen 
s t r u c t u r e . Here the change in amount of UO? from 25 w / o to 30 w / o caused a dec rea se 
in L from around 15 to 13. Tes t s of s imi l a r spec imens containing o ther fractions of 
UO2 could be made to demons t r a t e the effects of varying the composit ion of this type of 
c e r m e t . The advantages of using a single p a r a m e t e r such as L for this co r re la t ion a r e 
obvious. Once L is found as a function of composi t ion , graphs s i m i l a r to F igure 7 could 
then be cons t ruc ted to de te rmine the opt imum reac to r design. 

CONCLUSIONS 

Methods have been p r e sen t ed in this r e p o r t for the compar i son of the sever i ty of 
the conditions of i r r ad ia t ion of d i spers ion fuel e lements for two types of fai lure mecha ­
n i s m s . The assumpt ions that were made led to ve ry s imple models which a r e never the ­
l e s s bel ieved to be reasonable and a significant advance over theor i e s previous ly 
avai lable for solution of the p rob lem cons idered . These models w e r e checked against 
the exper imenta l r e su l t s for two se t s of s p e c i m e n s . Although no posit ive verif icat ion of 
the s h o r t - t e r m s t r e s s model was obtained, the c r e e p model yielded approximate failure 
l imi ts for both spec imen types . However , the models a r e to be r ega rded as only the 
f i r s t s tep in c rea t ing a complete model of the i r r ad ia t ion effects on d i spers ion fuels . It 
is expected that much exper imenta t ion will be needed to es tab l i sh quantitative m e a s u r e s 
of the s t r u c t u r a l effects . The models p r e sen t ed he re in should facil i tate the i n t e r p r e t a ­
tion of such e x p e r i m e n t s . The application of the models has been explained in detai l to 
aid and encourage other inves t iga tors in evaluating the applicabil i ty of this method of 
cor re la t ing i r r ad ia t ion data . 
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