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CHAPTER 1. IRRADIATION TEST FACILITIES 

1 .  Rota t i ng  Target  Neutron Source (RTNS)-I1 Operat ions (LLNL) 

I r a d i a t i o n s  were performed f o r  e ight  d i f f e ren t  experimenters 

from f i v e  d i f f e ren t  laboratories. These include f i v e  "piggy- 
back" experiments. 

during t h i s  period. 

No major unscheduled outages occurred 

3 

2. Fusion Ma te r i a l s  I r r a d i a t i o n  Test  (FMIT) F a c i l i t y  (HEDL) 5 

Evalwt ion  of deuteron-induced act ivat ion o f  goZd and a l m i n m  

was done and residual doses were calculated. 

CHAPTER 2. DOSIMETRY AND DAMAGE PARAMETERS 

1. Dosimetry Resul ts  f o r  t he  ORR-MFE2 Experiment (ANL) 

Dosimetry r e s u l t s  are presented f o r  the ORR-MFE2 irradiat ion.  

There uppears t o  be no spectral s h i f t  from our more complete 
spectral measurement a t  low power i n  January 1979. The m a x i -  

m m  ftuence (Level 4 )  was 1.75 x n/em2. 

2. Hel ium Generation Cross Sect ions f o r  Fas t  Neutrons (RIES) 

Total h e l i m  generation cross sections have been determined 
for Mo, Zr, V ,  and the seven separated isotopes of  Mo i n  the 
14.8-MeV RTNS-I neutron spectrwn, ad a l l  h e l i m  analyses 
have been completed f o r  the h e l i m  acmrmulatwn dosimetry 

materials irradiated i n  t ke  RTNS-II neutron characterization 
experiment. 
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3. I n t e r n a t i o n a l  Comparison o f  Dosimetry Cross Sect ions (REAL-80) 
(ANL) 24 

The progress of the international REAL-80 Project t o  compare 
dos imetq  data and techniques i s  discussed. 
sect ion comparisons with W. L .  Z i j p  (ECN, Pet ten)  have re- 
vealed some minor errors in our multigroup processing code, 

which have rww been corrected. 

Detailed cross 

4. Displacement Damage Ca lcu la t ions  (ANL) 

Displacement cross sections are now being revised f o r  25 

elements of i n t e res t  t o  the fus ion  materials program. 
cross sections are derived f r o m  ENDF/B-V. 

( n , y i  capture has been developed and beta-decay e f f e c t s  are 
also being included. 

A l l  

A new model fo r  

29 

5.  S p e c i f i e d - P r o j e c t i l e  Displacement Funct ion Resul ts  f o r  MqO, 38 

2 - 3  A1 0 and TaO (LANL) 
Analysis of displacement cascades i n  MgO, A 1 2 0 3  and !?a0 i s  
reported using data obtained with the speci f ied-project i le  

displucement function. 
co l l i s ion  events that  p r o h c e  displacements. 
show that the importance of spec i f i c  col l is ion-pairs  i n  
producing displacements i s  a funct ion of i n i t i a l  PKA energy 

and mass ra t io .  

This funct ion describes the spec i f i e  
The resu l t s  

6. Damage Parameter Ca lcu la t ions  (HEDL) 

A n  examination w a s  made of potent ial  sel f- shielding correc- 
t ions  t o  calculated displacement rates  for  specimens irradia- 
ted i n  FFTF. Monte Carlo ca lcula twns  show tha t  f o r  5-em Fe 

spheres the volume averaged displacement rates  w i l i  be about 

15% lower than inferred from a knowledge of the surface f l m  
and data from small samples. 

44 
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CHAPTER 

1 .  

A Comparison o f  Simulated and Experimental Cascade 
-Au - ( H E D L )  
The average areas of simulated and observed cascades i n  
ordered & ~ A u  irradiated with Cuf ions agree well when 
the th in  foil thickness required for  the observation i s  

taken i n to  accomt.  

52 

Microstructural Analysis of Specimens Irradiated in RTNS-I1 
(HEDL) 

60 

Additional examinations of the copper-alloy ser ies  irradiated 
i n  RTNS-11 a t  25'C c o n f i n  the va l id i t y  of conclusions drawn 
in previous studies of point defec t  production and clustering.  

Prediction o f  the Change i n  the Offset  Yield Strength o f  

Copper Due t o  High Energy Neutron I r radia t ion  Using Vickers 
Microhardness Data ( H E D L )  
f i e  re la t i ve  increase i n  the  Vickers hardness o f  copper ir- 
radiated t o  1 x 
t ional  t o  the increase i n  the 0.2% o f f s e t  y ie ld  strength of 

copper. 

65 

n/cm2 ( E  4 4  MeV) i s  d irect ly  propor- 

3.  FUNDAMENTAL MECHANICAL BEHAVIOR 

Irradiat ion Creep Transient i n  Ni-4 a t .  % Si (ANL)  
Creep rate  transients  i n  Ni-4 u t .  % S i  associated with the 

i n i t i a t i o n  and termination of 21 MeV deuteron irradiation a t  
35OoC were analyzed. A short term transient  observed a t  the 

end of irradiation appears t o  be a r e su l t  o f  surplus vacancy 
f lux  t o  dislocations whereas other transients  lJith longer 

durations may have resulted from a c h q e  i n  disloeatiou, 
structure . 

77 
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2. Creep Fracture Mechanism i n  Unirradiated and  I r rad ia ted  89 
S ta in l e s s  S tee ls  (UCSB) 
A revised creep fracture map f o r  solut ion annealed 316 s tain-  

l e s s  s t ee l  was developed t o  include the e f f e c t  of creep con- 
tro l led  cavity growth. Further, a new model of creep rupture 

for helium embritt led s ta in less  s t e e l s  was compared to data 
on a T i  modified 316. 

construct a map f o r  the embritt led s ta in less  s t e e l s .  

This "calibrated" model was used t o  

3.  Radiation Enhanced Segregation t o  Grain Boundaries (PNL) 
Radiation induced surface segregation of phosphorus was found 
i n  both 316 type s ta in less  s t e e l  and in Nimonic PE16 irradiated 
wi th  5 MeV Ni" ions. Segregation and depletion of the other 

alloying elements i n  316 s ta in less  s t e e l  agreed with that  re-  
ported by  other invest igators .  

hanced or induced segregation was observed i n  the f e r r i t i c  
HT-9 or Ti-GA1-4V al loy .  

No s igni f icant  radiation en- 

114 

CHAPTER 4.  CORRELATION METHODOLOGY 

1 .  Dual-Ion I r rad ia t ions  o f  316 S ta in l e s s  Steel (W-ARD) 121 
Analytical e lectron microscopy of acicular precipi tates  i n  dual 
i on  bombarded SA 316 SS shows them t o  be rich i n  N i ,  S i  cmd P. 

The resu l t s  are i n  qual i ta t ive  agreement with acicular precipi-  

t a t e  compositions i n  aus teni t ic  s ta in less  s t e e l s  a f t e r  long 
term aging or f i s s i o n  reactor irradiat ion.  

homogeneity i n  T i  concentration i n  SA 316 from the MFE heat 

has been observed. 
than one prec ip i ta te  morphology and do not experience r a p i d  
anomotous cavi ty  growth. 

Parametric s tudies  of the  dependence of c r i t i c a l  cavi ty  s i z e  

An unexpected in-  

Regions with high T i  content exhib i t  more 
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on the  magnitude and temperature dependewe of surface energy 

and V a n  der Waals exclusion volwne are reported. 

onstrated that  h r g e  variations i n  these parameters have only 
a minimal e f f e c t  a t  temperatures below %65O0C. 

& 

I t  i s  dem- 

2 .  The  Influence o f  Microchemical E v o l u t i o n  on the Swelling 
o f  AISI 316 and I t s  Dependence on Stress, Temperature and 
Heat Treatment (ANL-W, H E D L )  
Extraction and analysis of prec ip i ta tes  i n  irradiated AIS I  

141 

316 shows that  the  microchemical evolution i s  sens i t ive  t o  
some variables but  not others. There i s  an acceleration 
with applied s t r e s s  of the radiation-indueed nickel  removal 

process a t  55OOC but  not a t  400'C. 

behavior can be correlated wi th  the amount of nickel removal 

from the al loy matrix. 
s i t i v i t y  o f  the leveZ of precipi tat ion t o  neutron f lux  and/or 
time i n  reactor. 

!The re la t i ve  sailing 

A t  400aC there appears t o  be a sen- 

3. The Microchemical Evolution of I r radiated Stainless Steel ( H E D L )  152 
The pree ip i ta tes  that  develop during irradiat ion play the 

dominant role i n  the response of 300 ser i e s  s ta in less  s t e e l  
aZZoys. This roZe is expressed p r i m a r i l y  i n  a Large change 
i n  matrix composition that  may s igni f icant ly  a l t e r  the d i f -  

fusional properties of point  defects  and the i r  ra te  of ac- 
ceptance a t  dislocations and voids. 

part icipants  are carbon, nickel  and s i l icon .  Much of the 
var iab i l i t y  i n  the swelling of 316 s ta in le s s  s t e e l  can be 

at tr ibuted t o  the s e n s i t i v i t y  of the  behavior of carbon and 
of radiation-stable precipi tates  t o  a w i d e  range of materials 

and environmental parameters. 

!The major elemental 
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4.  S t a b i l i t y  of the  Radiation-Induced y '  Phase i n  316 Sta in less  187 
~teel  ( H E D L )  
The y '  phase observed i n  A I S I  316 i s  only stable during irradia-  
t ion;  hence it i s  expected t o  exhib i t  a s e n s i t i v i t y  t o  displace- 
ment rate .  
i t s  formation i n  a mmner which suggests that  the dissolut ion 
rate  i s  sens i t ive  t o  the precipi tate  radius. 

I t  dissolves during annea2ing a t  the temperature of 

5. Extrapolation of Stress-Affected Swelling Models In to  Compres- 198 
sive and Cyclic S t r e s s  S t a t e s  (HEDL) 
Recent data confirm the existence o f  both microstructural2y- 
based and microchemicalZy-based mechanisms ofs tress-enhmced 
sweZZing. The Zatter mechanism i s  anticipated t o  respond t o  
compressive or cyc l i c  s t resses  i n  a d i f f e ren t  manner from the 
former mechanism, on which the current s t ress  e f f e c t  correla- 

t i o n  i s  based. 

6 .  A Kinetic Model for Helium Bombardment of T h i n  Foils (U.Va.) 21 9 
A k ine t i c  mode2 has been developed t o  study the growth o f  

bubbles i n  th in  specimens of s ta in le s s  s t e e l  irradiated by 
h e l i m  ions.  
vacancies i n  c lus ters  decreased with increasing temperature, 

uhi le  vacmey c2ustering was enhanced by helium a t  a l l  tem- 
peratures. The lack of swelling a t  low temperatures i s  not 
caused by thermal recombination of i n t e r s t i t i a l s  with vacan- 
c i e s  but  rather b y  the deereased de fec t  production ra te  as- 
sociated with a high vacancy concentration. 

It was found tha t  the  r a t i o  of helium ions t o  

7. Effects of Near Surface Damage and Helium on the Performance 222 
of the First Wall (MIT) 
Neutron i rradia t ion  of a 316 SS pressurized tube specimen with 
simuZtaneous ion  bmnbarhent and s t re s s  m d  temperature cycZing 
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was completed. 
sample from an ear l i e r  experiment were sectioned and analyzed 
b y  optical microscopy and SEM. The outer surface of the im- 
bombarded sample i s  more heavily cracked than that  of the neu- 
tron bombarded specimen and there i s  preliminary evidence of 

surfaee damage from helium recoi l s  on the  specimen inner surfaces.  

This sonpte and a similar but  non-ion-bombarded 

8. S ta tus  o f  OWR and RTNS-I1 I r r ad ia t ion  Programs (HEDL) 231 
HEDL-IO, the f i r s t  DAFS irradiat ion i n  the OWR thermal reactor 
f a c i l i t y  a t  LANL, was completed on schedule. HEDL-VR, an on- 
going irradiat ion experiment a t  the  RTNS-11 f a c i l i t y  a t  LLNL, 

was re in i t ia t ed  during t h i s  reporting period and i s  expected 
t o  a t t a i n  a peak dose of 2 . 5  x lo1' n/cm2, E '1.14 MeV, a t  90 

and 290OC during the next reporting period. 

9. ORR I r rad ia t ion  of the MFE-I1 Experiment (HEDL) 233 
Specimens of f i v e  al loys were irradiated i n  the ORR MFE- 11 t e s t  

and sent t o  HEDL for d i s t r ibu t ion  t o  other DAFS invest igators  
or for e m i n a t i o n .  This experiment invest igated the e f f e c t  of 

helium concentration, i n i t i a l  helium d i s t r ibu t ion  and material 

s tar t ing  condition on the swelling and microstructural develop- 
m e n t  in the  materials. The specimens have been sorted, inter-  

ested invest igators  have been no t i f i ed  and a selected number of  

specimens have been scheduled for innnersion densi ty ,  e lectron 
microscopy and microhardness measurements a t  HEDL. 
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