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CHAPTER 1. IRRADIATION TEST FACILITIES 

1. R o t a t i n g  T a r g e t  Neut ron  Source (RTNS)-I1 Opera t ions  (LLNL) 3 
Irradiat ions were done for a t o t a l  of  e ight  d i f f e r e n t  experi-  
menters from s i x  laboratories.  Five “piggy’ back“ experiments 
were performed during t h i s  period. Major unscheduled outages 
during t h i s  period were due t o  experiment component f a i l u r e  
and funct ional  checks of accelerator equipment. 

2. Fus ion  M a t e r i a l s  I r r a d i a t i o n  T e s t  (FMIT) F a c i l i t y  (HEDL) 

Additional evaluation of deuteron-induced ac t iva t ion  of gold 

and aluminum was done t o  provide dose estimates.  

6 

An evaluation was made of the neutron environment a t  large 
angles t o  the 35-MeVdedteronbeam i n  the FMIT t e s t  c e l l  f o r  
comparison with pos i t ions  a t  small angles t o  a 20-MeV beam. 

Predictions of the  neutron sowee  character is t ics  for deuter- 

ons inc ident  upon gold were made t o  aid i n  estimating dose 
near the  accelerator.  

CHAPTER 2. DOSIMETRY AND DAMAGE PARAMETERS 

1. F i s s i o n  Reactor  Dosimetry  (ANL) 15 

A neutron spectral measurement was made i n  the core of the 
Omega West Reactor ILASL) on October % I ,  1980. A l l  radio- 
metric  samples have been analyzed and f l u  values are pre- 
sented along wi th  an unfolded spectrum. 

The dosimeters were received i n  December 1980 from the ORR- 
MFF: 2 i r radia t ion .  The capsules are now b&q opened and 
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s m p l e s  prepared for  y m a  counting. 

2. Hel ium P roduc t i on  by Fas t  Neutrons (RIES) 22 

Helium analyse-s have been i n i t i a t e d  f o r  the heliuni a c c m l a -  
t i o n  dosimetry materials irradiated i n  the RTNS-11 neutron 
characterization experiment. 

mult iple  samples of molybdenum and i t s  separated isotopes 
irradiated i n  the RTNS-I, R T N S- I ,  and Be (d,nl neutron 
spectra. 

Analyses are continuing of 

CHAPTER 3. FUNDAMENTAL MECHANICAL BEHAVIOR 

1.  M i c r o s t r u c t u r a l  Aspects o f  Hel ium Embr i t t l emen t  (U.  Va.) 29 

Experimental evidence indicates  tha t  a helium - f i l l e d ,  bubble- 
hardening model  can explain he7,ium embrittlement a t  t e n s i l e  
t e s t t e .nper~ tures3e low -55OOC. 

edge bubble spacing (Le  2 30 mi and bubble diameter (de ; 
4 wn) fo r  the onset of b r i t t l e  fracture were found. In t h i s  

t e s t  temperature regime, those bubbles may be s l i g h t l y  over- 
pressurized. In contrast ,  a t  t e s t  temperatures above -55O0C, 

no c r i t i c a l  values of L and d were discovered. In addit ion,  
bubble pressure was not a fac tor  in t h i s  temperature range 

Finally,  no c r i t i c a l  values f o r  a the  area f rac t ion  of 
bubbles covering grain boundaries, could be found a t  any 
temperature. 

Cr i t i ca l  values f o r  edge-to- 

c c 

R' 

2.  Small Specimen Tes t  Development (UCSB) 45 

An instrumented microhardness t e s t e r  was designed, b u i l t  and 
tes ted .  I t  has produced sa t i s fac tory  predict ions of material 
s t ress- s tra in  behavior i n  the  s t r a i n  range of 1-10% from data 
taken a t  as few as two penetration locations per sample. 

To complement the microhardness t e s t s ,  two d u c t i l i t y  t e s t  

techniques were invest igated;  namely, a shear punch t e s t  

v i  
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Preliminary r e s u l t s  on a var ie ty  of  sheet and a bulge t e s t .  

materials indicate that  both t e s t s  are promising f o r  monitor- 

ing changes, especial ly  reductions, i n  material d u c t i l i t y .  

Work has proceeded on the  development of an indentation 
load relaxat ion t e s t  t o  assess time-dependent f l o w  proper- 
t i e s .  

Work i s  i n  progress t o  develop small specimens and t e s t  
techniques t o  determine the fracture resis tance of materials.  

3. C r i t i c a l  Flaw S i z e  Determination (PNL) 65 
Thin -ml l ed  316 SS s t r e s s  rupture specimens with through 
wall microcracks have been characterized using scanning 

electron microscopy and opt ical  metallography. Through 
wall microcracks less  than 100 microns i n  s i z e  may be 
s u f f i c i e n t  t o  cause plasma contamination and fus ion  reactor 

shutdown. Slnch microcracks are s imilar t o  those observed 

a f t e r  s t re s s  rupture t e s t s .  

CHAPTER 4 .  CORRELATION METHODOLOGY 

1. I r rad ia t ion  Response o f  Materials (!+R&D) 
Annealing Experiments on Ti-Modified 316 SS 
Comparison of  cav i ty  microstructures f o r  p r e -  and post-  
anneal dual-ion bombarded specimens of Ti-modified 316 

SS suggests that  t h i s  material could have good micro- 
s truc tural  s t a b i l i t y  i f  subjected t o  thermal spikes 

during reactor operation. 

Continuation 
A second s e t  of dual-ion experiments on aged 316 SS has 
been completed and specimen evaluation i s  i n  progrcss. 
Preliminary r e s u l t s  indicate qual i ta t ive  agreement w i t h  

p reu ims  data. 

75 

o f  Dual-Ion Experiments on Aged 316 SS 77 
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2. M i c r o s t r u c t u r a l  Development o f  20% Cold-blorked 316 SS 
I r r a d i a t e d  i n  EBR-I1 (HEDL) 

Comparative exminat ions  o f  specimens of DO heat of 316 SS 
irradiated i n  both EBR-11 and HFIR are underway. Prelimi- 
nary e zmina t ion  of spechens irradiaied t o  70 dpa i n  EBR-11 
shows tha t  microstructural development i s  consis tent  with 
i m e r s i o n  densi ty  mdasurements. 
t i o n  i s  cons is ten t  wi th  est imates.  

Measured heliwn coneentra- 

81 

3. The I n f l u e n c e  o f  D i s l o c a t i o n  Dens i ty  and Rad ia t i on  on Carbon 88 

A c t i v i t y  and Phase Development i n  A I S I  316 (HEDL, U. Wisc.) 

I t  i s  proposed that  the primary role  o f  cold work on the 

swelling o f  A I S I  316 i s  t o  d i s t r ibu te  the  element carbon 
throughout the  aZlvy m a t r i x  and inemase  the u p p u r m t  SOL+ 

b i l i t y  o f  carbon by  binding i t  i n  the s t re s s  f i c z 7 , d  of the 

dis locat ion core. 
and a c t i v i t y  of  carbon leads t o  a decrease i n  the ra te  o f  

phase formation which pwceeds  swelling. 

The resul tant  decrease i n  supersaturation 

4. Stress-Enhanced Swe l l i ng  o f  Meta ls  Dur ing I r r a d i a t i o n  

(HEDL, ANL--WEST) 

Data are now available which d e f i n i t i v e l y  show tha t  s t r e s s  

plays a major role  i n  the develoFmeni: o f  radiation-induced 
void growth of  A I S  316 andr,..-.,! othar a l l o y s .  

a f fee ted  swcLling spans the en t i re  tavperature range i n  
f a s t  reactor i rradia t ions  and accelerates w i t h  increasing 
i rradia t ion  temperature. 

Stress-  

5 .  Dose and Temperature Dependence o f  C a v i t y  Formation i n  

S ing le  and Dual- Ion I r r a d i a t e d  9Cr-1Mo F e r r i t i c  A l l o y  

(ANL 1 

103 

126 
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The dose and temperature dependence o f  cavi ty  formation i a  
a 9Cr-1Mo f e r r i t i c  a l loy  was studied under dual-ion and single-  
i o n  (pre-injected wi th  He) bombardment. For 45OoC single- ion 

i r rad ia t ion  and f o r  450 and 550'C dual-ion i rradiat ion ,  there 
was a correZation between subgrain s i z e  and mux imwn cavi ty  

s i z e ,  suggesting that  the boundaries o f  the  srcall ( t y p i c a l l y  

2.0.5 um) subgrains a c t  as the  primary de fec t  s ink .  

6. Yield Strength Correlat ion f o r  20% CW 316 S t a i n l e s s  Steel  
(HEDL) 

139 

Yie ld  strength data on 20% cold-worked 316 s t a i n l e s s  s t e e l  
irradiated in f a s t  and thermal reactors and by 14-MeV neutrons 

were analyzed and a ten-parameter equation was developed 
t o  describe the  y i e l d  s t rery th  behavior for the temperature 
range 25 T 800'C. 

7. Spectral  Effects  Experiments (HEDL) 

Specimen and t e s t  matrices are presented f o r  comparative 
i rradiat ions  w i t h  f i s s i o n  and fus ion  neutrons in the 50 

t o  300°C temperature range. A 90°C experiment has been 
prepared  for i n ser t ion  into the  Omega West Reactor at 
Los Alamos. 

RTNS-II. 

A 9O0C/29OoC experiment is underway a t  the  

8. Expanded Matrix o f  Fe-Ni-Cr Solute Alloys f o r  HEDL 
Experiments (HEDL) 

!Thirty-sir d i f f e r e n t  iron-based a l loys ,  previously used on 
other programs, have been obtained and are being processed 
i n t o  TEM d i sks .  

159 

178 
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