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1 CHAPTER 1: IRRADIATION TEST FACILITIES 

1. RTNS-I1 I r r a d i a t i o n s  and Operat ions (LLNL) 
I r r a d i a t i o n s  w e r e  p e r f o r m e d  f o r  thirteen d i f f e r e n t  e x p e r i -  

m e n t e r s  d u r i n g  th is  q u a r t e r .  

A n e w  m o d u l a r  b u i l d i n g  was c o m p l e t e d ;  it p r o v i d e s  o f f i c e  

s p a c e  for  J a p a n e s e  scientists a s  w e l l  a s  some RTNS-11 

p e r s o n n e l .  D e d i c a t i o n  w i l l  t a k e  p l a c e  i n  e a r l y  F e b r u a r y .  

T h e  RTNS-11 S t e e r i n g  C o m m i t t e e  M e e t i n g  w i l l  be h e l d  F e b r u a r y  

10 and  11, 1983.  

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS 

1. S tandard ized  Dos imet ry  and Damaqe Data F i l e  (ANL) 
The f i r s t  version o f  a s t a n d a r d i z e d  d o s i m e t r y  and damage d a t a  

c o m p u t e r  f i l e  (LDSFILE).  c o v e r i n g  17 recent i r r a d i a t i o n s  a t  

ORR, HFIR, EBR-11, Omega West, CP5, HFBR, and IPNS,  was 

c o m p l e t e d .  

C o p i e s  o f  the d a t a  f i l e  and retrieval p r o g r a m s  w i l l  be made 

a v a i l a b l e  t o  i n t e r e s t e d  p a r t i e s  f o r  t e s t i n g .  
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2. Dos imet ry  and Damage A n a l y s i s  f o r  t h e  MFE4A S p e c t r a l  
T a i l o r i n g  Exper iment i n  ORR (ANLL 
T h e  maximum f l u e n c e  i n s i d e  the c a p s u l e  a f t e r  406 f u l l  power  

14 

2 d a y s  was  1 .76 x 1022n/cm p r o d u c i n g  4.67 dpa  and  63 appm 

H e  i n  stainless steel (13% N i ) .  The  s t a t u s  o f  a l l  other 

e x p e r i m e n t s  i s  s u m m a r i z e d .  

3. Displacement Code M o d i f i c a t i o n s  (HEDL) 24 

A n  i m p r o v e d  r e p r e s e n t a t i o n  of the s p e c t r u m  o f  o u t g o i n g  c h a r g e d  

p a r t i c l e s  was d e v e l o p e d  and  i n c o r p o r a t e d  i n t o  the NJOY N u c l e a r  

D a t a  Processing S y s t e m .  

4. Hel ium Genera t ion  Cross Sec t ions  f o r  Be(d,n) Neutrons (RIES) 31 

H e l i u m  a n a l y s e s  w e r e  c o m p l e t e d  f o r  the p u r e  e l e m e n t s  B e ,  S i ,  

T i ,  Y ,  A g ,  Sn, T a ,  W ,  and P t ,  i r r a d i a t e d  i n  a B e ( d , n )  n e u t r o n  

f i e l d ,  and  a v e r a g e  i n t e g r a l  cross sections w e r e  d e t e r m i n e d .  

5. 59N i  + n Cross S e c t i o n  E v a l u a t i o n  (HEDL) 

5 9 N i  + n r e a c t i o n  cross sections l e a d i n g  t o  

a n d  56Fe w e r e  e v a l u a t e d  f r o m  

60 . 5gc0 
N i ,  

ev  t o  10 MeV and p u t  

i n t o  ENDF/B f o r m a t .  

6. 5 9 N i  I s o t o p i c  Enr ichment as a Means o f  S i m u l a t i n g  t h e  

H e l i u d d p a  R a t i o  o f  a Fus ion  Neutron Environment (HEDL) 
A p o t e n t i a l  t e c h n i q u e  i s  e x a m i n e d  for  a c h i e v i n g  f u s i o n -  

relevant He/dpa r a t i o s  i n  n i c k e l - b e a r i n g  a l l o y s ,  e s p e c i a l l y  

d u r i n g  the e a r l y  s t a g e s  of i r r a d i a t i o n  when m i c r o s t r u c t u r a l  

f e a t u r e s  a r e  n u c l e a t e d .  T h e  p r o j e c t e d  m a t e r i a l  costs are 

h i g h .  
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7.  Transmutat ion- Induced D e p o s i t i o n  P r o f i l e s  i n  Halos Su r round inp  

Sphe r i ca l  P r e c i p i t a t e s  (U. o f  M i s s o u r i - R o l l a  and HEDL) 49 
A general derivation was performed to  determine the deposi- 

t ion profi le  concentrations around a precipitate for  any 

transmutation reaction and precipitate/matrix combination; 

the ''B(n,a) Li reaction i s  o f  primary interest .  7 .  

8. MUXS: A Code t o  Generate M u l t i g r o u p  Cross Sec t ions  f o r  

S p u t t e r i n g  C a l c u l a t i o n s  (Union Carb ide  Nuc lear  Div., 

ORNL, U. o f  Tennessee) 
Cross sections generated by MUXS can be used i n  many m u l t i -  

group transport codes, w i t h  minor modifications t o  these 

codes, t o  calculate sputtering yields, reflection coe f f i -  

cients ,  penetration distances, etc .  

CHAPTER 3. REDUCED ACTIVATION MATERIALS 

1. A c t i v a t i o n  o f  Components o f  a Fus ion  A l l o y  (HEDL) 
Ten days a f ter  a two-year irradiation a t  the STARFYRE f i r s t  
w a l l  position, Mn, C o ,  and Ni have the highest unshielded 

dose rates per unit volume. Af ter  3 x 10 d a y s ,  N 

(considered as a l i q u i d ) ,  N i ,  and Mo have the highest decay 

rates per unit volume. 
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CHAPTER 4. FUNDAMENTAL MECHANICAL BEHAVIOR 

% 
75 

1. E f f e c t  o f  Temperature on t h e  Crack Propagat ion  C h a r a c t e r i s t i c s  

i n  RTNS-I1 I r r a d i a t e d  Type 316 S t a i n l e s s  S tee l  Microspecimens 
(U. of  V i r g i n i a )  77 

Microtensile specimens irradiated in RTNS- 11 at room tempera- 

ture to a fluence of 1 x 10 n/m2 and subsequently tensile 

tested at room temperature, 4OO0C, and 600OC exhibited the 

highest ductility at 600°C and a shallow ductility minimum at 

40O0C. 

22 

2. C o r r e l a t i o n  o f  F r a c t u r e  Toughness w i t h  T e n s i l e  P r o p e r t i e s  

f o r  I r r a d i a t e d  20% CW 316 S t a i n l e s s  S t e e l  (HEDL and U. o f  

Wiscons in )  
Plane strain fracture toughness of irradiated 20% CW 316 SS 

was predicted successfully from tensile properties, using a 

model originally developed by Krafft. 

3. The Dependence on Displacement Rate o f  Rad ia t ion- Induced 
Changes i n  T e n s i l e  P r o p e r t i e s  o f  A I S 1  304 (HEDL) 

The dependence of the tensile strength of 304 SS on displace- 

ment rate at around 4OO0C is shown to arise from the sensi- 

tivity of microstructural components to this variable. 

86 

101 

CHAPTER 5. CORRELATION METHOOOLOGY 115 

1. Ex tens ion  and Comparison o f  Var ious  Equat ions  o f  S t a t e  f o r  
Gaseous and S o l i d  He l ium (U. o f  Wisconsin)  

A previously developed equation of state (EOS) for gaseous 

helium is further improved so that it can be applied to 

densities approaching solid densities of helium. A solid EO5 

has also been developed. 
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2. Temperature Independence o f  the Swelling Rate in Austenitic 

Stainless Steels (U. o f  Wisconsin and HEOL) 
W i t h  the new experimental value o f  1.1 eV for the vacancy 
migration energy, the steady-state swelling rate predicted b y  

rate theory becomes nearly independent o f  temperature a f t er  

the microstructural sink strength has reached or exceeded 

5 x 10” cm 

141 

-2 , i n  agreement w i t h  swelling measurements. 

3. Void Swelling in the Presence o f  Small Helium Bubbles 
(U .  o f  Wisconsin) 
I t  i s  shown t h a t  bubbles treated as neutral sinks have no 

e f f e c t  whatsoever on the void swelling rate i f  the sink 

strength of a l l  other sinks exceeds the value of about 

2 x 10 
10 cm-2 

4. Growth Mechanisms for Helium Inclusions and Bubbles 
(U. of Wisconsin) 
Three mechanisms are considered for pressure-driven growth 

o f  small clusters of helium atoms and vacancies: s e l f -  
in ters t i t ia l  ejection, dislocation loop punching, and stess- 

assisted thermal vacancy absorption. Regimes of cavity s ize 

and o f  temperature i n  which the di f ferent  mechanisms dominate 

are identi f ied.  

5. Radiation-Induced Evolution o f  Fe-Ni-Cr Ternary Alloys 
(HEDL) 
During irradiation o f  austenitic Fe-Ni-Cr alloys w i t h  nickel 

levels of *35%, some regions become rich i n  nickel and 

reduced in chromium and iron, while other regions become 

depleted i n  nickel and enhanced i n  chromium and iron. 
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6. The Influence of Reactor Spectra and Irradiation Temperature 
on the Swelling of AIS1 316 Stainless Steel (HEDL) 178 
The results of a reanalysis of the swelling for the m-heat 

of 316 SS, including 56Fe recoil-induced displacements and 

three data points inadvertently omitted previously, confirm 

the earlier proposal that the additional helium generated in 

HFIR does not substantially alter the swelling behavior from 

that observed in EBR-II. 

7. Cavity Formation in Single- and Dual-Ion Irradiated 
V-15 Cr-5 Ti Alloy (ANL) 
The swelling of V-15 Cr-5 Ti alloy on self-ion irradiation was 

negligible for irradiation temperatures Z725"C and damage 

levels 9 0  dpa. Dual-ion irradiation produced negligible 

swelling for irradiation temperatures <67S°C, damage levels 

3 5  dpa for 10 appm He/dpa, and irradiation temperatures 

<65OoC and damage levels 160 dpa when the He/dpa ratio was 

reduced to 3 appm He/dpa. 

8. Helium Bubble Formation in Cu, N i  and Cu-Ni Alloys 
(U. o f  Wisconsin and ORNL) 
Bubble sizes and concentrations were similar in pure copper 

and Cu-Ni alloys irradiated with 200 - 400 keV 3He ions at 

T/Tm = 0.65. 

found in pure nickel. 

Smaller bubbles at higher concentrations were 

194 
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9. Suppression o f  Vo id  N u c l e a t i o n  by I n j e c t e d  I n t e r s t i t i a l s  
(U .  o f  W iscons in1  
The void nucleation rate is drastically reduced by injected 

216 

interstitials whenever recombination is an important process, 

leading to a suppression of void nucleation in ion-bombard- 

ment experiments below a characteristic threshold temperature. 

This also leads to a void free zone at intermediate depth in 

low temperature ion-bombardment experiments. 

CHAPTER 6. INSULATORS 

1. Comparison o f  Low Dose Neutron and Gamma I r r a d i a t i o n  Damage 
i n  G - ~ O C ~  (LANL) 235 

Samples of the epoxy-matrix laminate G-IOCr were irradiated 

with high energy neutrons in liquid helium to a dose of 2.5 

MGy to simulate the operating environment of a fusion reactor 

magnet. Mechanical and electrical properties were subse- 

quently measured at room and liquid nitrogen temperatures, 

and the results compared to effects produced by gammas. 

Interpretation is complicated by the microscopically 
inhomogeneous nature of the damage production. 
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