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CMPTER 1: IRRADIATION TEST FACILITIES 

1. RTNS-I1  I r r a d i a t i o n s  and Operat ions (LLNL) 3 

Irradiat ions were performed on three primary experiments involving 
Nb, T i ,  V ,  Cu, and mica, and on three secondary ("piggyback") 
experiments. No major unscheduled outages occurred. A 50 em 

target  was operated a t  5000 r p m  and high vacum fo r  250 hours 
w i th  no probtems encountered. 

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS 

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

Fluenee and damage maps are presented fo r  the  EBR-II-X287 

experiment. 

experiments i n  HFIR. 

Dosimeters have been provided f o r  several new 

2. C h a r a c t e r i z a t i o n  o f  S p a l l a t i o n  Neutron Sources(ANL) 

The Radiation E f f ec t s  Fac i l i t y  (REF) of the  Intense Pul.sed 
Neutron Source IIPNSI became operational i n  J u l y  1382.  Fluence 
and damage parameters are given f o r  the  ver t i ca l  thimble ( V T 2 )  

and rabbit  i rradia t ion  tubes. 

3. Heliun Produc t ion  i n  ORR MFE 4A N i c k e l  (RIES) 

A ser i e s  of analyses has been performed on o m  of the  n icke l  
dosimetry wires removed from the  ORR MFE-4A experiment. 
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4. H e l i u n  Generat ion Cross Sec t i ons  f o r  14.8 MeV Neutrons (RIES) 

The t o t a l  heliwn generation cross sect ions have been measured 
for  V ,  Fe, N i ,  Cu, Zr, Nb, Mo, Au and the separated isotopes 
of Fe, N i ,  Cu, and Mo irradiated in RTNS-II. The r e s u l t s  are 

presented along wi th  the  previous cross-section measurements 
made as part of two RTNS-I experiments. 

5. Hel ium Generat ion Cross Sect ions f o r  Be(d,n) Neutrons (RIES) 

Hetiwn analyses have been completed f o r  the Fe, N i ,  and C u  

i so topes  irradiated in the  Be(d,n) neutron f i e l d ,  and average 
in tegral  cross sect ions huve been determined for a l l  of the 

Be (d,n)-irradiated materials  analyzed t o  date. 

6. Measurements o f  t h e  2 7 A l  (n,2n)26A1 Cross Sec t i on  (ANL) 

A new technique, AMS (accelerator mass spectrcmetry),  was used 
t o  measure the  (n,2n) cross sec t ion  in alwninum. The experimen- 

t a l l y  measured cross sec t ion  was found t o  be approceimately one 
half the theoret ical ly  calculated cross sect ion presently  being 

used i n  neutron damage calculat ions.  

7. Nuc lear  Data A p p l i c a t i o n s  i n  Rad ia t i on  Damage S tud ies  (HEDL) 

Vanudiwn was added t o  the nuclear cross sec t ion  l ibrary  associated 
wi th  t h e  transmutation code REAC. 
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The damage energy cross sect ions and helium production from ENDF/B-V 

fo r  25 materials were processed wi th  the N J 9 Y  code. 
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8. R e f l e c t i o n  o f  Low Energy H e l i m  Atoms From Tunqsten Surfaces (ORNLL 53 

The computer program MARLOWE (Version 1 1 . 5 )  has been used t o  simulate 
the re f l ec t ion  of 8 eV t o  i . 5  keV heliwn atoms from monocrystalline, 

polycrys ta l l ine ,  and amorphous tungsten targets .  Comparisons of 
calculated and measured ion ranges indicate that  the  electronic 
stopping cross sec t ion  of low energy heliwn atoms i n  tungsten i s  
s ign i f i can t l y  greater than the  t radi t ional  LSS value. 
coe f f i c i en t s  caZcuZated for  the <OOl> surface are i n  f a i r  agreement 

w i t h  experiment. 

The r e f l e c t i o n  

9. R a d i a t i o n  Damage S t u d i e s  (U. o f  Wisconsin) 

Range and damage caZculations with the  new Monte Carlo computer 
program HERAD shows improved agreement with recent range and 

damage experimental data. 
i rradia t ion  i s  included. 

electronic stopping cross sect ion of low energy He i n  N i  is 
s i g n i f i c a n t l y  lower than the  t m d i t i o n a l  US value. 

The e f f e c t  of voids deveZoped during 
A parameter study indicates  tha t  the 

66 

CHAPTER 3: FUNDAMENTAL MECHANICAL BEHAVIOR 

1. Environmental E f f e c t s  on F rac tu re  o f  Fusion Reactor  M a t e r i a l s  (PNL) 

The known s t r e s s  corrosion and corrosion fa t igue  f rac ture  processes 
i n  aus ten i t i c  and ferrit ic s t e e l s  are reviewed wi th  an emphasis on 
aqueous and l iquid metal environments. 
t i o n  are discussed and precautions are given f o r  the  use of aus tdn i t i c  
and f e r r i t i c  s t a i n l e s s  s t e e l s  in fus ion  reactor environments. 

an approach t o  modeling the  environmental e f f e c t  on the  local f rac ture  
toughness a t  t he  t i p  of  a crack i s  g$ven. 

81 

Possible e f f e c t s  of irradia-  
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CHAPTER 4: CORRELATION METHODOLOGY 

1. Fus ion S w e l l i n g  P r e d i c t i o n s  From a Model-Based F iss ion- Fus ion-  

F i s s i o n  I n t e r p o l a t i o n  (UCSB) 

The he l im/dpa  (He/dpa) r a t i o  in s ta in les s  s t e e l  under fus ion  
conditions w i l l  be about 30 times greater than i n  EBR-II and 
about 7 times l e s s  than i n  HFIR. 

e x p l i c i t l y  considers some potent ia l  He/dpa r a t i o  e f f e c t s  has 

been calibrated using data from both EBR-11 and HFIR. 

cat ion of the model t o  fus ion  conditions indicates that simple 

extrapolations of swelling data from e i t h e r  EBR-11 or WIi? may 
not be va l id .  

A ra te  theory model tha t  

A p p l i -  

97 

2. t l e l i m  Bubble Format ion and S w e l l i n g  i n  Meta ls  (U. o f  Wisconsin, 114 

HEOL) 

The e f f e c t  of continuous production of h e l i m  on swell ing i s  analyzed 
using an improved equation of s t a t e  for gaseous h e l i m  that incorporates 

both a g a s - k i n e t i c  as we l l  as a s t a t i c  pressure for densely packed 

h e l i m .  
a t  d is locat ions  and t h e i r  absorption a t  c a v i t i e s .  
r a t i o s ,  bubbles remain overpressurized, and swelling is l e s s  than i f  
equil ibriwn i s  assmed.  A t  low temperatures, swell ing or void growth 
driven by  a modest bias i s  a h a y s  larger than bubble swelling, and 
helim has no e f f e c t  on the swelling ra te .  

A t  high temperatures, bubbles grow by thermal vacancy emission 

For high He/dpa 

3. The Radia t ion- Induced E v o l u t i o n  o f  A I S 1  316 (DO-Heat) i n  HFIR 

and E B R - I 1  (HEDL) 

Examination of a HFIR-irradiated specimen a t  4 2  dpa shows that  the  

d is locat ion  and phase evolut ion are cons is tent  w i th  that of com- 
parnble EBR- II irradiated material but that  the void dens i t i e s  are 

higher. Microchemical analyses s h m  tha t  evolut ion i s  i n  progress 

127 
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& 
a t  42 dpa and it i s  expected that the  swelling ra te  w i l l  increase 

a t  higher fluence. 

4. Miqrat ion and Trapp ing  of Heliun by Cavities and Dislocations i n  
Dual Ion I r rad ia ted  S ta in less  S t e e l s  (W-R&D) 

The r e s u l t s  of dual ion  experiments suggest that  approximately 
99 percent of the h e l i m  i s  i n  v i s i b l e  c a v i t i e s  near the peak 
swelling temperature. 
t ioning  based on c a v i t y  and dis locat ion sink strengths fo r  

vacancies are shown t o  over-estimate the  number of gas atoms 
associated w i th  dis locat ions,  and t o  reduce the  moximwn possible 
equilibrium bubble s i z e  by a fac tor  of two. 

142 

Numerical calculat ions of h e l i m  par t i-  

5. Bubble Growth Kinetics Associated With I r rad ia ted  and Pos t i r rad ia t ion  155 
Annealed Metals (U. o f  Virginia)  

D h n g  i n - s i t u  observations o f  the i rradia t ion  of chevk?al vapor 
deposited N i  f i l m s  w i th  He ions ,  it was found tha t  the  growth ra te  
of bubbles on the grain botmdary increased up t o  4 . 5  times tha t  of 

bubbles growing i n  the  grain i n t e r i o r .  
grain boundary were d y m i c a l Z y  seen shrinking and growing i n  
voZme exchange pat terns when the  He-irradiated N i  was anneakd.  
The annealing of He i r m d i a t e d  316 s ta in le s s  s t ee l  specimens shared 
t h a t  bubbles grew in underpressurized s ta te s  as wel l  as i n  over- 

pressurized s ta te s ;  the overpressurized bubbles were found t o  grow 
more rapidly than underpressurized bubbles. 

Neighboring bubbles on a 

6 .  Single-  and Dual-Ion I r rad ia t ions  o f  Ferritic Alloys and Type 316 
S t a i n l e s s  Steel  (ANL) 

167 

Ferritic a l loys  were s ingle-  and dual-ion irradiated t o  i so la te  

the  e f f e c t s  of  n icke l  additions and helium; 316 SS was irradiated 
fo r  studies  of h e l i m  in jec t ion  schedule and prior thennomechanical 

treatment. Spechens have not y e t  been analyzed. 

i x  



CONTENTS (Con t 'd )  

7. F u r t h e r  Examinat ion of S w e l l i n g  o f  "Pure" A I S I  316 I r r a d i a t e d  i n  172 

DRR (HEDL), 

E m i n a t i o n  of additional specimens of Fe-17Cr-16. 7Ni-2.5Vo 
corroborate the  previously reported r e s u l t  that  coM working 

of t h i s  "pure" 316 a l loy  has no inf luence on suppressing void 
formation. 

Density change and aging s tudies  indicate that  swelling e x i s t s  
i n  the  form of  mresolvable voids i n  specimens o f  t h i s  a l loy  
preinjected w i th  40 appm heliwn. 

8. The E f f e c t  o f  App l i ed  S t r e s s  on P r e c i p i t a t e  S t a b i l i t y  i n  I r r a d i a t e d  180 
A I S I  316 (MIT, HEDL) 

A part icular s t a t e  of applied s t re s s  may e i ther  s t a b i l i z e ,  de- 
s t a b i l i z e ,  o r  have no e f f e c t  on a part icular phase, depending 

on the  transformation s t ra in .  

Shear s t re s ses  can a l t e r  prec ip i ta t ion  as e f f e c t i v e l y  as hydrostatic 

s t resses .  I t  appears, however, that  the acee lemt ion  of swelling 
of AISI  316 by applied s t r e s s  a t  high temperature i s  accomplished 
by the hydrostatic and not the deviatoric  components. 

9. Measurement and C a l c u l a t i o n  of S o l i d  Transmutants Formed i n  

A I S I  316 (HEDL) 

A reassessment of the calculat ion of two transmutation products 
produced i n  HFIR irradiat ions of  A I S I  316 has shown tha t  the 

inclusion of  a l l  competing reactions leads t o  changes i n  the  
predicted concentrations. 
somewhat from what was reported ear l i e r ,  but not enough t o  

dismiss i t  as a potent ial  determinant of al loy  behavior. 

The peak vmadiwn l eve l  i s  reduced 

The 
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copper l eve l  has been increased subs tant ia l ly ,  but not enough 
t o  inf luence the  swelling of AISI  316. 

10. 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  D e n s i t y  i n  

I r r a d i a t e d  Meta ls  (U. o f  Wisconsin, HEDL) 

2 10 

A model has been developed t o  explain the re la t i ve  i n s e n s i t i v i t y  
of network d is locat ion  dens i ty  i n  i rmdia ted  metals a t  high 
fluence t o  s tar t ing  microstructure, temperature, s t re s s  and 
displacement rurte. The model a lso  explains how the ra te  of 

approach t o  saturat ion can be sens i t i ve  t o  flw, a d  temperature 
while the  saturat ion l e v e l  i t s e l f  i s  not dependent on temperature. 

11. The M i c r o s t r u c t u r a l  O r i g i n s  o f  Y i e l d  S t reng th  Changes i n  A I S I  316 220 

Dur ing  F i s s i o n  o r  Fusion I r r a d i a t i o n  (HEDL) 

The changes i n  y i e ld  s trength of N S I  316 irradiated i n  f a s t  

reactors have been successful ly  modeled i n  t e n s  of concurrent 
changes i n  microstructural components. Extrapolation t o  an t i-  

cipated fus ion  behavior based on microstructural cmparisons 
leads t o  the  conclusion tha t  the primary influence of trans-  
mutational di f ferences i n  non-pulsed environments is t o  aZter 
the  t m n s i e n t  behavior and not the  saturation l eve l  o f  y i e ld  

strength. 

12. Canpos i t i  onal  Dependence o f  Rad ia t ion- Induced Change i n  Dimensional 234 
g 
Wisconsin, HEDL) 

Nickel segregates t o  void embryos i n  these a l loys ,  increasing 
the  n icke l  l eve l  a t  t h e i r  surfaces,  and leading t o  changes i n  t h e i r  

i n t e r s t i t i a 2  capture efficiency. This leads t o  changes i n  the void 

n w t k a t i o n  rate  and the  duration of  the  transient  regime o f  swelling. 
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