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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 Operat ions (LLNL) 

Irradiat ions were performed f o r  a to ta l  o f  seventeen d i f f e r e n t  
experimenters during t h i s  quarter.  

A f t e r  nearly four years of operation, the  accelerator tube electron 

t rap  f a i l e d ,  causing approximately three weeks of  unscheduled outage. 

Plans f o r  fabr icat ion  of a na) accelerator c o l m  have begun. 

The f i r s t  U.S.-Japan Steering Committee meeting was held A p r i l  19-21 

i n  Tokyo. An i n i t i a l  l i s t  of experiments was approved. 

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS 

1.  Dosimetry Resu l t s  f o r  t h e  TRIO Tes t  i n  ORR (ANL) 

Dosimetry was performed f o r  the  TRIO t r i t ium recovery experiment i n  

the  Oak Ridge Research Reactor (ORRI. 
from the  ' L i ( n , a )  reaction calculated using the measured flux- 
spectrum i s  i n  exee l len t  agreement with Oak Ri'dge measurements. 

The s ta tus  of a l l  other dosimetry i s  s u m a r i z d  i n  Table I .  

The t r i t i u m  production ra te  

2. Experiments a t  t h e  I P N S  S p a l l a t i o n  Neutron Source (ANL) 

Dosimetry r e s u l t s  are presented f o r  an i rradia t ion  by G.  Hurley ILANL) 

a t  IPNS (ANLI on February 22-27, 1982 (described elsewhere i n  t h i s  

repor t ) .  

2.23 x l O I 7  n/cm2 ( t o t a l ) .  

The rmximWn neutron f luence w7.7 1 . 5 5  x 10l7 n/cm2 ( > O . l  MeV), 
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3 .  Helium Product ion  Cross Sect ions  f o r  14.8-MeV Neutrons ( R I E S )  

Total helium production cross sect ions fo r  -14.8-MeV neutrons have 

been determined for L i F ,  PbF2, F ,  L i ,  B ,  the  separated isotopes of 

L i  and B,  and the  three a l loys  HT-9, 9Cr-IMo, and Type 316 s ta in le s s  
s t e e l .  Some minor a l loy  cons t i tuents  are s ign i f i can t  contributors.  

The measured 'L i (n ,n ' t )a  cross sect ion i s  -30% higher than a recent 
evaluation. 

m e .  

19 

4. Damage Energy f o r  (n,y) and Beta-Decay (ANL) 28 

Calculation of recoil-atom energy d i s t r ibu t ions  from neutron capture 

reactions have been revised t o  take i n t o  account the  e f f e c t s  of 
incident  neutron energy, g a m - r a y  recoiZ momentum summing and y-y 

angular corre1.ations i n  y-cascades, l i f e t i m e s  of the  intermediate 

s ta t e s ,  and reco i l  e f f e c t s  resul t ing  from subsequent 8-decay when 
relevant .  

5. Nuclear Data A p p l i c a t i o n s  i n  Rad ia t i on  Damage Stud ies  (HEDL) 39 

The calculated transmutation rate  of V-l59?&-5%Ti i s  low except i n  
mixed s p e c t m  reactors such as HFIR. 

The f i r s t  module of t he  NJOY code has been successful ly  m d i f i e d  t o  

handle data i n  the  .ZO-MeV ENDF/B f o r m t s .  

6. A Semi-Empir ical K i n e t i c  Model f o r  Quenching o f  High Energy D is-  

placement Cascades (HEDL) 44 

The quenching stage of simulated cascades m s  accomplished using the 
s tochast ic  computer code ALSOME with exaggerated values f o r  defec t  
mob i l i t i e s  and c r i t i c a l  recombination and c lus ter ing  reaction d i s -  
tances. 

de fec t  y i e l d s .  The number of defect  pairs  a f t e r  quenching and a f t e r  

annealing, and the  number o f  f r e e l y  migrating de fec ts ,  vary l inear ly  
with cascade damage energy from 10 t o  100 keV. 

Quenching pammeter values were chosen t o  f i t  experimental 
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7. Comparison o f  Neutron and Gamma I r r a d i a t i o n  Damage i n  Organic 

I n s u l a t o r s  (LANL1 53 

Three epoxy- and three polyimide-based materials were neutron ir- 
radiated i n  IPNS-1 t o  an average f luence of 1.51 x l o z 1  n/cm2, En 

>0.1 MeV, a t  4 . 2  K. !The g a m  dose was l e s s  than 25% of the neutron 

dose (Cy). The environmental and thermal conditions during and 
a f t e r  i rradiat ion  were similar t o  those employed i n  a previous study 

of gama irradiat ion  e f f e c t s  a t  ORiVL. 

mechanical, e l ec t r i ca l ,  and opt ical  propert ies  have disclosed some 
di f ferences  betueen neutron and gamm e f f e c t s .  

Incomplete measurements of 

CHAPTER 3: FUNDAMENTAL MECHANICAL BEHAVIOR 

1. C o r r e l a t i o n  of Hardness and St rength  Data f o r  High Energy Neutron 

I r r a d i a t e d  Annealed 316 S ta in less  S tee l  (HEDL) 77 

Strength values derived from hardness data are in good agreement 
wi th  actual t e n s i l e  data f o r  14-MeV neutron-irradiated annealed 
316 s t c i n l e s s  s t e e l .  

2. Hardening o f  I r r a d i a t e d  A l l o y s  Due t o  t h e  Simultaneous Formation 

o f  Vacancy and I n t e r s t i t i a l  Loops (UCLA and HEDL1 84 

A model based on homogeneous time-dependent ra te  theory i s  presented 

for the  simultaneous nucleation and growth of vacancy and i n t e r s t i t i a l  
loops i n  irradiated metals. 
A simple hardening model re la t ing  the  microstructural calculat ions t o  
changes i n  t e n s i l e  s trength gives good agreement with hardening data 
for copper irradiated i n  RTNS-11 a t  room temperature. 

3. A Model f o r  t h e  E v o l u t i o n  o f  Network D i s l o c a t i o n  Dens i ty  i n  I r r a d i a t e d  

Metals (HEDL and U. o f  Wisconsin) 

A l i t e m t u r e  rev iev  shows tha t  the network dislocation densi ty  i n  
irradiated m t a l s  ipproaches a s a t u m t i o n  leve l  which i s  r e l a t i v e l y  

106 
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i n sens i t i ve  t o  s tar t ing  microstructure, s t re s s ,  i rradia t ion  tem- 
perature, displacement ra te  and helium leve l .  A model, taking 

i n t o  account the  correlated nature of d-islocation components i n  

a dense array, has been developed t o  explain th i s  i n s e n s i t i v i t y .  

4. Re la t ionsh ips  Between Crack Propagat ion and T e n s i l e  P roper t i es  

i n  Type 316 S t a i n l e s s  S tee l  F o i l  Microspecimens (U. of  V i r g i n i a )  

I t  has been demonstrated that some t e n s i l e  data obtained from 40-urn 

th ick  f o i l  microspecimens pulled i n- s i t u  i n  an HVEMare related t o  
bulk t e n s i l e  data.  The in- s i tu  data are related t o  the  manner i n  
which the rmin crack propagates through the  t h in  k l - p m l  regions of 

the  specimen. 

made from t h i s  re la t ionship .  

Statements about specimen d u c t i l i t y  may possibZy be 

CHAPTER 4 :  CORRELATION METHODOLOGY 

1. C a v i t y  F o r m t i o n  and So lu te  Segregat ion i n  Dual- Ion I r r a d i a t e d  

Fe-2ONi-15Cr A l l o y  (ANL) 

Swelling of  specimens receiving heliwn deposition ra te s  of 1 5  o r  

50 appm He per dpa a t  975K tends t o  achieve a l imi t ing  value a f t e r  
2.70 dpa. Grain boundaries and voids are increasingly enriched i n  

n icke l ,  with a corresponding deplet ion of the  n icke l  concentration 
i n  the  matrix, f o r  increasing displacement damage up t o  2.70 d p .  
For displacement damage >70 dpa, the n icke l  enrichment appears t o  

diminish. 
daries  and voids and i n  the  m a t r k  i s  opposite t o  the  change i n  
n icke l  concentration and of smaller magnitude. 

The change i n  chromiwn concentration a t  the  grain boun- 
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2. On Radiat ion- Induced Segregat ion and the Composit ional Dependence 

of Swe l l i ng  i n  Fe-Ni-Cr A l l o y s  (U. of Wisconsin and HEDL) 

I t  appears tha t  elemental segregation t o  void surfaces plays an 

important ro le  i n  the  developmnt of voids.  
d r i f t  terms are shown t o  a r i s e  in the descript ion of the  b ias  as  a 
r e s u l t  of elementnl segregation. When compounded with the  operation 
of the  inverse Kirkendall segregation mechanism, these terms provide 

an explanation f o r  the  rmrked variat ion of void nucleation and 
swetLing with n icke l  concentration. 

157 

Previously unconsidered 

3. The I n f l u e n c e  o f  Co ld  Work Leve l ,  So lu te  and Helium Content on t h e  
Swe l l i ng  of “Pure” AIS1 316 (Fe-17Cr-16.7Ni-2.5Mo) (HEDL) 181 

Examination of “pure 316” specimens irradiated t o  3-5 dpa i n  ORR 

shows t h a t  both the  volume and densi ty  of voids are insens i t i ve  t o  
cold work. 
The preinject ion of  30 appm helium appears t o  suppress v i s i b l e  

swelling; however, both dens i ty  change measurements and pos t i r-  
radiat ion aging s tudies  indicate tha t  swelling m y  e x i s t  i n  the  
form of  unresolvable cav i t i e s .  

4. The E f f e c t  of Hel ium on Swe l l i ng  i n  S t a i n l e s s  Stee l :  I n f l uence  of 

C a v i t y  Dens i t y  and Morphology ( U C S B l  199 

Data on irradiated 316 s ta in le s s  s t e e l  suggests tha t  the  cavi ty  
densi ty  scales  as IHe/dpalp, where O q x l .  A rate  theory model, 

calibrated using data from EBR-11 i rradia t ions  o f  20% cold worked 
316 s ta in le s s  s t e e l ,  was used t o  examine the  parametric dependence 
of  cav i ty  swelling on the  value of  p and the  He/dpa r a t i o .  Beyond 

a c r i t i c a l  value of p there i s  a b i furcat ion  i n  the  cavi ty  evolu- 
t i o n  path from microstructures dominated by precipitate-associated 
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voids t o  microstructure dominated by matria: bubbles. 
predicts  peak swelling near the  fus ion  He/dpa r a t i o  suggesting 

that the  use of f i s s i o n  reactor swelling data m y  lead t o  non- 

conservative estimates of swelling for fusion. 

The model 

5. Microstructural/Microchemical Evolution o f  AIS1 316 Irradiated 
at Temperatures in the Range 650-750°C (HEDL) 

Swelling i n  two specimens irradiated i n  EBR-II t o  temperatures o f  

70O-72O0C i s  found t o  be comparable t o  that observed a t  65OOC and 
below, but  the void dens i t i e s  are lower. 

grains that  have n icke l  l eve l s  below 12-13 ut.%. The matrix 
content o f  n icke l  decZines t o  -9% as  the sweZZing increases. 

Voids appear f i r s t  i n  

6. Lithium Doping o f  316 Stainless Steel to Simulate Irradiation 
Damage in a Fusion Reactor Environment (MIT) 

233 

249 

Austeni t ic  stainZess s t e e l  containing a uniform d i s t r ibu t ion  of 

l i th iwn was prepared using rapid s o l i d i f i c a t i o n  processing and a 
powder metallurgy s a l t  decomposition technique. 
of a l i th ium dopant i s  that  it produces only helium and hydrogen. 

The advantage 
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