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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) 

A l e t t e r  of understanding between the  U.S. DOE and Japan Monbusho 
(Ministry of Education, Science and Culture) was signed on Feb- 

ruaq  9, 1982, t o  implement j o i n t  u t i l i z a t i o n  and support of t he  

RTNS-11 f a c i l i t y .  Irradiat ions were done on a t o t a l  o f  fourteen 
d i f f e r e n t  experimmts t h i s  quarter. Approximately f i v e  weeks o f  

unscheduled outage occurred due t o  problems with the  50-cm target  

seal .  

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS 

1. Room-Return Neutron F l u x  Measurements a t  RTNS-I1 (ANL) 

Neutron ac t iva t ion  measurements have been used t o  determine the 
neutron flux and energy spectrum i n  the  RTNS-II target  room both 

near the  target  and a t  distances of 5, 1 5 ,  30, 120 and 380 ern 
( t h e  backwalt). 
t o  be constant throughout the  room; it i s  1% of  the t o t a l  f l u x  a t  
18 em, 3% a t  30 ern and 31% a t  120 em.  

The room-return neutron f Z m  and spectrum appears 
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2. RTNS-I1 Fluence Mapping and Hel ium Generat ion Cross Sec t ions  (RIES) 16 

Neutron f luence contours have been c a k u l a t e d  for the  high- flux 

region o f  the  RTNS-11 sample i rradia t ion  volume, and the  cross 
sec t ion  of elemental lead has been determined f o r  14.8-MeV neutrons. 
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3 .  Hel ium Accumulat ion Neutron Dosimetry f o r  t h e  Omega West Reactor 
(RIES and ANL) 

22 

Neutron energy spectrum unfolding using combined helium accumulation 

and radiometric measurements has been demonstrated f o r  the  neutron 

environment of  the  Omega West Reactor. 

4. Combined Hel ium Accumulat ion and Radiometr ic  Dosimetry f o r  Be(d,n) 

Neut ron Spect ra  TANL and RIES) 27 

Neutron energy spectrum unfolding using combined heliwri accumulation 
and radiometric measurements has been demonstrated f o r  a Be(d,n) 
neutron environment. 

5. Neut ron Dos imetry  Measurements f o r  t h e  HFIR-CTR32 I r r a d i a t i o n  (ANL) 3 2  

The m a x i m  f luence i n  the  HFIR-CTR32 i rradia t ion  was 4.80 x 
n/cm2 12.24 x n/cm2 above 0.1  MeV). The s ta tus  of a l l  other 

f i s s i o n  reactor dosimetry is s m r i z e d .  

I t  i s  pointed out that displacements from t7,e 59P;(n,a)56Fe reaction, 

neglected in previous calculat ions,  m y  be s ign i f i can t .  

6. The Impact o f  t h e  5gNi (n ,a)56Fe React ion on Damage C a l c u l a t i o n s  f o r  

HFIR (HEDL) 41 

Greenwood and Smither have recent ly  shown tha t  the  contribut ion of 

the  59Ni(n,a)56Fe react ion t o  dispZacement damge has been over- 
looked. 
l eve l s ,  the  displacement l eve l  is increased s ign i f i can t l y  and the  
hetiwn/dpa r a t i o  correspondingly reduced. 

bution t o  the  damge ra te  i s  nonunifom both i n  time and space. 

When included i n  calculat ions of iiFIR-induced displacement 

This a d d i t i m a l  contr i-  

7. S o l i d  and Gas Transmutat ion Produc t ion  Code Development (HEDL) 

The computer code REAC and i t s  associated l ibrar ies  have been 

expanded and used t o  determine transmutations i n  INTOR, UWMAK-1, 
FMIT, HFIR and FMIT spectra. 
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8.  Pr imary R e c o i l  Energy Spect ra  f o r  t h e  (n,y) React ion (ANL) 

A de ta i led  analysis  was made of  the  recoi l  energy spectrum from 
mult iple  y-ray cascades following thermal neutron capture i n  iron. 
The na ,  analysis  gives ;he same average recoi l  energy per neutron 
capture as the  simpler approximation tha t  assumes tha t  each g a m  

ray corresponds t o  an individual reco i l  event; however, t he  spectra 

lire qui te  d i f f e r e n t  i n  some cases. 
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9. On t h e  Use o f  Thresholds i n  Damage Energy C a l c u l a t i o n s  (ORNL) 

I t  i s  pointed out that there i s  an inconsistency i n  the  use of a 

displacement threshold with the dainzge energy model that i s  part 
of t he  standard procedure f o r  expressing radiat ion e f f e c t s  ex- 

posures. A simple correction t o  the  model i s  presented. Relat ive 
damge energies for f i s s i o n  and fus ion  reactor spectra are un- 
af fec ted  but  the  correction m y  inf luence correlat ions involving 

low energy p r k r y  recoi l  specf.ra (as f o r  l i g h t  i o n s ) .  
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10. Channel ing i n  High Energy Displacement Cascades (HEDL) 

High energy cascades generated with the  MARLObE code were analyzed 
using conputer graphics. 
high energy cascades, but  they have l i t t l e  e f f e c t  on the  overal l  
s i z e  and shape of cascades. 

Channeling events occur frequentZy i n  

11. - Cascade Quenching and Short-Term Anneal ing (HEDL) 

The stochast ic  computer code ALSOME was used t o  simulate cascade 
quenching. Exaggerated values o f  de fec t  mob i l i t i e s  and c r i t i c a l  
react ion distances f o r  recombination and c lus ter ing  were used 
u n t i l  the number of de fec t  pairs  was reduced t o  the  value deter-  

mined from r e s i s t i v i t y  experiments a t  4 K .  Normal mobi l i t ies  and 
react ion distances were then used during short-term annealing t o  
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simulate Stage 111 recovery. 
s trongly on t h e  c lus ter ing  c r i t e r i a  used during the  quench. Pre- 

liminary r e s u l t s  f o r  30-keV copper cascades are i n  good agreement 
wi th  some experimental data. 

The number of f r e e  vacancies depends 

12. 14-MeV Neutron Irradiation of  Copper Alloys (U.  o f  Wisconsin) 93 

Application of an unsatumble trap model t o  r e s i s t i v i t y  data on Cu 

and Cu a l l o y s  irradiated with 14-MeV neutrons a t  room temperature 
implies that a t  l e a s t  12% of the de fec t s  or ig inal ly  created survive 

t h e  cascade event.  

A review of the  e f f e c t  of c7.ustering on r e s i s t i v i t y  reveals  tha t ,  
t o  a f i r s t  approximation, t h e  r e s i s t i v i t y  of a small c l u s t e r  Id 
30 a") m y  be equated t o  the sum of the  r e s i s t i v i t i e s  of t h e  indi-  
vidual de fec ts .  

CHAPTER 3: FUNDAMENTAL MECHANICAL BEHAVIOR 103 

1. Yield Strength-Microhardness Comparisons in 14-MeV Neutron-Irradiated 
Vanadium and Titanium (PNL) 105 

Yie ld  strength and microhardness measurements have been made on 
vanadium and t i tanium specimens following i rradiat ion  a t  25'C with  

14-MeV neutrons up t o  2 x loz2 n/m2. 
i n  both mrterials  followed a ($t)'' f luence dependence. Microhard- 
ness of the  vanadium increased wi th  i rradiat ion  t o  6 x l o z 1  m-2 and 

remained constant thereaf ter .  Microhardness i n  the  t i tar ium showed 
a small increase only a t  t h e  highest f luence.  
t h a t  y i e l d  strength-microhardness correlat ions i n  irradiated metals 
may be l imited t o  s p e c i f i c  materials and neutron f tuences.  

The y i e l d  s trength increase 

These r e s u l t s  suggest 
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2. C r i t i c a l  Flaws i n  Fus ion Reactor M a t e r i a l s  (PNL) 

Critical leak ra te ,  fa t igue  and environmentally induced sub- cri t ical  
crack growth and unstable crack growth f law s i z e s  f o r  aus ten i t i c  and 

f e r r i t i c  s ta in le s s  s t e e l s  are compared. The c r i t i c a l  leak ra te  flaw 
s i z e  i s  about 0 .2  m, the  threshold f law s i z e s  f o r  fa t igue  and cor- 
rosion fa t igue  sub- cri t ical  crack gmwth of 316 SS and HT-9 range 
from 0.2 t o  2 nun, and the  flaw s i z e s  f o r  unstable crack growth of 

irradiated 316 SS and HT-9 are 4 m and 50 m, respect ive ly .  These 
r e s u l t s  suggest that the threshold for sub- cri t ical  crack growth i n  
fa t igue  i s  a cri t ical  property. 
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of the  s t r a i n  f i e l d  i n  f ron t  of a crack t i p  can be constructed. 
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1. On t h e  C o r r e l a t i o n  o f  Y i e l d  S t reng th  Changes i n  316 S t a i n l e s s  
Stee l  I r r ad i a t ed  with High Energy and Fission Reactor Neutrons 

(HEDL) 

A simple de fec t  production funct ion,  based on the  production of 
lobes i n  computer simulated cascades, corre la tes  the changes i n  

y i e ld  strength of SA 316 s ta in le s s  s t e e l  irradiated with 14-MeV 

and f i s s i o n  neutrons much b e t t e r  than damage energy. 
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The in teract ion  of carbox and dis locat ions induced by coZd-working 

of AISI  316 i s  not as large as  previously estimated by the  authors, 
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althuugh it s t i l l  m y  be s u f f i c i e n t  a t  low irradia t ion  temperatures 

t o  prolong the  t rans ient  regime of swelling. 
perature mechanism i s  based on the s t a b i l i t y  of carbide nucle i  i n  

a rapidly evolving d i s l o c a t i m  network. 

A possible  high tem- 

3. Microchemical Examination o f  Annealed AISI 316 (DO-Heat) Irradiated 
In HFIR (HEDL) 160 

When a new and simple examination technique involving X-ray analysis  

o f  large areas of extract ion repl icas was applied t o  specimens ir- 
radiated i n  HFIR, the  l eve l  of nicke l  and s i l i c o n  segregated i n t o  
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A I S I  316 (DO-heat) irradiated t o  47  dpa a t  550°C agrees w i t h  the  
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of a d i f f e r e n t  heat of 316 irradiated i n  EBR- II .  

4. Factors Influencing the Swelling o f  300 Series Stainless Steels 
LHEDL and ANL-West) 

I t  appears tha t  the  w ' o r  e f f e c t  o f  n icke l  content,  temperature and 
displacement ra te  on swelling of 300 ser ies  s t e e l s  i s  t o  a l t e r  the  

duration o f  the  t rans ient  stage. Since the  constant swelling rate  
stage i s  i n sens i t i ve  t o  temperature, t h i s  implies tha t  swelling may 
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