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CHAPTER 1 :  IRRADIATION TEST FACILITIES 

1. RTNS-I1 I r r a d i a t i o n s  and Opera t ions  (LLNL) 

Irradiations were performed for 13 different experimenters 
during this quarter. The 50-cm targets are now in use on 
both the right and left machines. 
supply upgrade for the left and right machines was completed. 

The extraction power 

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS 
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F i s s i o n  Reactor  Dosimetry  - HFIR-T1, CTR39 (ANL) 

Dosimetry measurements and damage calculations are reported 
f o r  the T1 and CTR39 irradiations in HFIR. "he T1 experi- 
ment had a maximum fluence of 1.47 x L O z 3  n/cm2 with 29 dpa 
and 2291 appm He in 316 SS, while CTR39 had 5.32 x 
with 13 dpa and f i17 appm He in 316 5.9. 

n/cm2 

Hel ium Produc t i on  Cross Sec t ions  f o r  14.8-MeV Neutrons (RI-ESG) 

Total helium production cross-section measurements have 
been completed for the elements Be, 0, C r ,  and Mn, based 
on samples irradiated in the 14.8-MeV T(d,n) neutron spec- 
tIWII Of RTNS-II. 

TKIO-1 T r i t i u m  Breed ing  Experiment i n  ORR (ANL) 

The TRIO-1 solid breeder (LiA102) tritium experiment has 
been completed in ORR. 
purge  stream and counted on-line, providing a time- and 
temperature-dependent prorile of tritium release. These 
tritium measurements and the dosimetry-based tritium cal- 
culations are in excellent agreement with a total tritium 
generation of 35.1 Ci, corresponding to a 6Li burnup of 
33% (0.18% of total lithium). 

Tritium was extracted by a helium 

CHAPTER 3: REDUCED ACTIVATION MATERIALS 

1. Reduced A c t i v a t i o n  A c t i v i t i e s  (HEDL) 

4 

5 

9 

12 

16 

17 

Four reduced activation alloy classes, two austenitic and 
two ferritic, have been incorporated into the WTA-LE 
experiment in the FFTF reactor to provide an early assess- 
ment of the suitability of such alloys for fusion reactor 
service. 
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CHAPTER 4:  FUNDAMENTAL MECHANICAL BEHAVIOR 

1. S u b - c r i t i c a l  Crack Growth i n  HT9 (PNL) 

S u b - c r i t i c a l  c r a c k  g r o w t h  m e a s u r e m e n t s  h a v e  been made on 
HT9 a t  25OC i n  a 1 N H2.504 solution w i t h  the s a m p l e  h e l d  
a t  a c a t h o d i c  p o t e n t i a l  o f  -600 mV ( S C E ) .  
t i l i t y  o f  HT9 h a s  p r e v i o u s l y  b e e n s h o w n  t o  be a min imum a t  
-600 mV ( S C E ) .  T h e  s u b - c r i t i c a l  c r a c k  g r o w t h  b e h a v i o r  of HT9 
was  s i m i l a r  f o r  m a t e r i a l  i n  the t e m p e r e d  (760°C/2 .5  h )  or 
t e m p e r e d  + s e g r e g a t e d  154OoC/240 h )  c o n d i t i o n s .  A r i s i n g  
l o a d  f r a c t u r e  t h r e s h o l d  o f  20 MPa G a n d  a d e c r e a s i n g  l o a d  
f r a c t u r e  t h r e s h o l d  o f  6 5  MPa h i i w a s  m e a s u r e d .  A r i s i n g  l o a d  
f r a c t u r e  t o u g h n e s s  o f  110 fi was  d e t e r m i n e d  from e x t r a p o l a -  
t ion  of the s t a g e  111 c r a c k  g r o w t h  c u r v e .  A K i n d e p e n d e n t  
s t a g e  11 was o b s e r v e d ,  and  a s t a g e  11 c r a c k  g r o w t h  r a t e  O f  

0.5 t o  1 x mm/s was  m e a s u r e d .  

T h e  tensile d u c-  
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R e s u l t s  s u g g e s t  t h a t  the c r i t i c a l  l eak  r a t e  f l a w  s i z e  for 
helium and  water are the smallest f l a w s  t h a t  may a f f e c t  
reactor p e r f o r m a n c e  and  t h a t  the t h r e s h o l d  for  s u b c r i t i c a l  
c r a c k  g r o w t h  i n  f a t i g u e  i s  a c r i t i c a l  m a t e r i a l  p r o p e r t y .  
C r e e p  p r o c e s s e s  a r e  s h o w n  t o  have a s i g n i f i c a n t  e f f e c t  on 
the critical l e a k  r a t e  f l a w  s i ze .  

CHAPTER 5: CORR ELAT I O N  METHODOLOGY 37 

1. S w e l l i n g  o f  Fe-Ni-Cr Ternary  A l l o y s  a t  H i g h  Exposure (HEDL) 38 

A c q u i s i t i o n  o f  h i g h e r  f l u e n c e  d a t a  (70-110 d p a )  on the 
s w e l l i n g  o f  au s t en i t i c  F e- N i- C r  t e r n a r y  a l l o y s  c o n f i r m s  
the c o n c l u s i o n  drawn e a r l i e r  t h a t  the e v e n t u a l  s w e l l i n g  
r a t e  of a l l  a u s t e n i t i c  F e- N i- C r  a l l o y s  i n  EBR-11 i s  % l % / d p a  
i n  the r a n g e  40O-65O0C. 
t e m p e r a t u r e  l i e s  o n l y  i n  t he  d u r a t i o n  o f  the t r a n s i e n t  
r e g i m e  o f  s w e l l i n g .  
t ion  of s w e l l i n g  a p p e a r s  t o  be o c c u r r i n g ,  o f t e n  a t  v e r y  
h i g h  s w e l l i n g  levels .  
w i t h  d e c r e a s i n g  t e m p e r a t u r e ,  i n c r e a s i n g  nickel level a n d  
d e c r e a s i n g  c h r o m i u m  content. 

T h e  i n f l u e n c e  o f  c o m p o s i t i o n  a n d  

A t  t e m p e r a t u r e s  b e l o w  5OO0C, s a t u r a -  

T h e  s a t u r a t i o n  level d e c r e a s e s  
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2. T ransmuta t ion  of Manganese-Subst i tuted S t e e l s  i n  STARFIRE 
(HtDL) 

The transmutations calculated for a STARFIRE f i r s t  w a l l  
employing the manganese substitution alloys currently 
under investigation i n  the DAFS program are not expected 
t o  a l ter  the phase s tabi l i ty  o f  these alloys. 

3. Recent I n s i g h t s  on t h e  S w e l l i n g  and Creep o f  I r r a d i a t e d  
A u s t e n i t i c  A l l o y s  (HEDL) 
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I t  appears that a l l  austenitic Fe-Ni-Cr a l l o y s  eventually 
swell during neutron irradiation a t  a rate o f  ?. l%/dpa 
over a surprisingly large range o f  temperature. In a d d i -  
t i o n ,  there i s  no evidence t h a t  saturation o f  swelling w i l l  
occur i n  commercial alloys a t  engineering-relevant levels .  
The sensi t iv i t ies  o f  swelling t o  variations i n  composition, 
fabrication, and environment l i e  almost exclusively i n  the 
duration o f  the transient regime of swelling. Irradiation 
creep rates a t  high exposures are also expected t o  exhibit 
a similar parametric insensi t ivi ty ,  largely because the 
major creep contribution appears t o  be proportional t o  the 
swelling rate. 

4. S w e l l i n g  of A I S I  304L i n  Response t o  Simultaneous V a r i a t i o n s  
i n  S t ress  and Displacement Rate (ANL-HEDL) 62 

The duration of the transient regime o f  neutron-induced 
swelling i n  annealed A I S I  304L a t  400'C i s  sensitive t o  
both stress and displacement rate variations. However, 
the duration cannot be reduced below an exposure of1.10 d p a ,  
which has been found t o  be characteristic o f  a l l  Fe-Ni-Cr 
austenitic alloys. This i s  four times larger than  t h a t  
currently assumed i n  the stress-affected swelling equation 
for  20% cold-worked A I S I  3 1 6 .  

5. Simple Polynomial  Express ions  f o r  t h e  He l ium Equat ion  
of S t a t e  (U. w i s c )  68 

The compressibility factor z = pV/NkT for  gaseous and 
solid helium has been f i t t e d  t o  expressions o f  the form 
z = A + Ex + Cx2 + Ox3, where x i s  the density, and 
the coeff icients  A through Dare functions o f  temperature. 
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