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CHAPTER 1. IRRADIATION TEST FACILITIES 

1. R o t a t i n g  Ta rge t  Neut ron Source (RTNS)-I1 (LLL) 3 

Operation of the RTNS-11 was generally routine during 
the quarter. 
resulted i n  improved performance. 

The correction of a rotat ing seal problem 

2. Fus ion M a t e r i a l s  I r r a d i a t i o n  T e s t  (FMIT) F a c i l i t y  (HEDL) 5 

Deuteron-induced ac t iva t ion  measurements were made on Cu, 

Tu, Au, and Pb. 

Analysis has begun o f  transmission measurements of D-Li 

neutrons through a th ick  i ron  block. 

A computer code, PRECO-D, was wr i t t en  t o  calculate angular 

d i s t r ibu t ion  and s t a t i s t i c a l  d i rec t  e f f e c t s  i n  a pre- 
e q u i l i b r i m  model of nuclear reactions. 

Unperturbed neutron f l u x e s  have been calculated for  the 
FMIT t e s t  c e l l  u i t h  the  new microscopic d+Li neutron y i e ld  

model; r e s u l t s  are stored a t  the  Magnetic Fusion Energy 
Computer Center (MFECCI . 

The FMIT Act ivat ion L<brary has been expanded and i s  i n  

use for design needs. 
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CHAPTER 2. DOSIMETRY AND DAMAGE PARAMETERS 

1. F i s s i o n  Reactor Dosimetry (ANL) 23  

Helium measurements and calculat ions are swrmarized f o r  
ORR-MFE 1.  

agree very well  with the data, but t i tanium cross sect ions 
are seriously in error. 
MFE 4 i rradiat ions  i s  presented. 

Nickel two-step thermal f l u  calculat ions 

The s ta tus  of the  ORR-MFE 2 and 

Dosimetry i n  H F I R w i l l  be i n i t i a t e d  w i t h  HFIR-CTR 30,3i, 

and 32 i rradiat ions .  

Spectral measurements are being prepared f o r  the  Gmega 
West Reactor a t  LASL. 

2. Hel ium Accumulation Neutron Dosimetry f o r  Mixed-Spectrum 28 

Reactor I r r a d i a t i o n s  (RIES) 

Sets  of bare and ptatii?uni-encapsulated pure-element helium 

accwnulation neutron dosimetry materials were prepared f o r  
the ORR MFE-4B i rradiat ion ,  and the HFIR i rradiat ions  
HFIR-CTR 30,31, and 32. 

3 .  Charac te r i za t i on  o f  t h e  Be(d,n) Source a t  U.C. Davis (ANL) 30 

The j o i n t  AUL, LLL, and RIES characterizatiori o f  the U.C.  

Davis source IBeid,n) E 30 MeV) has been completed. 
Fluence, damage and heliwn contour p l o t s  are presented 

based on the radiometric data. 

made g i t h  more deta i led  heliuni measurements by RIES. 

d =  

Comparisons are now being 

v i  
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4. Helium Accumulation Neutron Dosimetry f o r  t h e  T(d,n) and 36 

Be(d,n) Neutron I r r a d i a t i o n  Environments (RIES) 

The helium analyses were completed for the  helium a c c m -  
ta t ion  neutron dosimetry materials irradiated i n  T(d,n) 
and Be(d,n) neutron environments. 

were developed which increase the mass spectrometer system 
s e n s i t i v i t y  about an order of magnitude. 
between the  detai led T(d,n) helium data and an i n i t i a l  

T(d,n)  neutron fluence map, generated from radiometric 
counting data, showed t h a t  large (-?0%-20%) f luenee 
variat ions can e x i s t  t ha t  are not readi ly  d*;scernibZe from 
the radiometric data. 

Analysis procedures 

Comparisons 

5. Dosimetry S tandard iza t ion  (ANL) 39 

The ac t iva t ion  dosimetry cross sect ion and cross sec t ion  

e r ro r  f i l e s  have been revised according t o  ENDF/B-V. 

previous in tegral  data t e s t ing  i s  being redone t o  evaluate 
the new f i l e s ;  however, the  changes i n  the  nuclear data 
w i l l  have the  most impact on f i s s i o n  reactor dosimetry. 

A l l  

6. Eva lua t ion  o f  I o n i z a t i o n- A s s i s t e d  Displacements i n  Carbon 41 

and A1203 (BNL) 

Ionization-assisted displacement processes involving L 
she l l  ioniza t ion  of atoms by primary knock-on atoms 
produced 
have beenevaluatedfor a benchmark and a FMIT spectrum. 

during neutron i rradia t ion  of carbon and A 1 2 0 3  

v i  i 
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7. Studies of Low Energy Displacement Cascades in the 
Binary Collision Approximation (ORNL) 

& 

55 

Anomalous behavior of low energy cascades i n  a s t a t i c  
l a t t i c e  simulated with MARLOM!? i s  removed by including 

thermal displacements i n  the calculations. 

8. Modeling of Defect Production in High Energy Cascades in 62 
FCC Metals (HEDL) 

Cascades generated with MARLOE using a high displacement 
energy, and temperature corrected (annealed) w i t h  SCAS, 

are calibrated by comparison with cascades calculated 
with low displacement energies.  

9. RTNS-I1 Irradiation Program (HEDL) 69 

Hardening data are given f o r  Cu. N i ,  and an Fe-Ni-Cr ternary 
irradiated a t  RTNS-11 t o  3 x l o i 7  n/cm2. 
elevated temperature i rradia t ion  i s  being prepared. 

A high exposure 

10. Microstructural Development in Copper Irradiated in 77 
RTNS-I1 (HEDL) 

High pur i ty  copper irradiated a t  25'C t o  2.7 x 
a t  RTNS-11 exh ib i t s  a high densi ty  of small de fee t  c lus t e r s  
of both i n t e r s t i t i a l  and vacancy type. Comparisons are made 
with calculated de fec t  dens i t i e s  and with hardness measure- 
ments. 

n/cm2 
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CHAPTER 3. FUNDAMENTAL MECHANICAL BEHAVIOR 

1. Segregat ion and Embr i t t lement  i n  Cr-Mo S tee ls  (PNL) 96 

The suscep t ib i l i t y  of 2 -k t o  12 Cr, 1 Mo f e r r i t i c  a l loy  
s t e e l s  t o  grain boundary chemistry induced embrittlement 

i s  reviewed. Phosphorus enrichment a t  grain boundaries 
i s  l i k e l y  t o  occur as a r e s u l t  of equilibrium (thermal) 
segregation. However, radiation-induced segregation may 

dramatically s h i f t  both the elements which segregate and 
the  resis tance of f e r r i t i c  a l loy  s t e e l s  t o  intergranular 

f a i l u r e .  

2. E f f e c t s  o f  Near Surface Damage and Helium on F i r s t  Wall 110 

Performance (MIT) 

Pressurized capsules of 316 SS were irradiated i n  the  MITR- 

11 reactor under temperature and s t r e s s  cycling f o r  9 weeks. 

Interim examination revealed a small mount  of creep and 
some unexplained oxidation. 
fuzzy  detected. 

A capsule f a i l u r e  was success- 

CHAPTER 4. CORRELATION METHODOLOGY 

1. Development o f  F iss ion-Fus ion C o r r e l a t i o n s  (HEDL) 119 

Correlations are being developed for swelling, creep, and 
y i e ld  s t r e s s  of AISI 316 s ta in le s s  s t e e l  for applicat ion 
t o  ETF. 
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2. D i s s o l u t i o n  of  P a r t i c l e s  Due t o  R a d i a t i o n  Reco i l  (MIT) 133 

The s t a b i l i t y  o f  a dispersion of s table par t i c l e s  may be 
a f fec ted  by resolu t ion  due t o  radiat ion reco i l .  

model of the  d i f fu s ion  of  the  solute  tha t  reco i l s  i n t o  
the matrix allows an estimate o f  when t h i s  process w i l l  
dominate over the  normal thermal coarsening. 

A simple 

3. Development of M i c r o s t r u c t u r a l  E v o l u t i o n  Models (HEDL) 149 

The s ta tus  of modeling of loop nucleation, network d i s lo-  
cat ion generation, and compositionaZ e f f e c t s  on sink 
biases i s  out l ined b r i e f l y .  
tions of the influence of solute  elements on void nucleation 
i s  discussed i n  terms o f  the  role  played by bound vacancies. 

A discrepancy between predic- 

4. A n a l y s i s  of Radia t ion- Induced Microchemical  E v o l u t i o n  i n  158 

300 Ser ies  S t a i n l e s s  S t e e l s  (HEDL) 

Scanning transmission electron microscopy and energy 
dispersive X-ray analysis  have revealed microchemical 

evolution t o  be a primary determinant of the  swelling and 
creep response o f  these a l loys .  

described i n  d e t a i l .  

Analysis techniques are 

5A. The Use of Temperature Change Experiments t o  Determine 183 

t h e  Maximum E q u i l i b r i u m  Bubble S ize  i n  316 SS (W-R&D) - 

Estimates of c r i t i c a l  cav i ty  s i z e  Ire) for  bias-driven 

growth obtained from temperature-change experiments are i n  

good agreement with h e l i m  inventory measurements of re. 
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58. P r e l i m i n a r y  Numerical A n a l y s i s  o f  t h e  Temperature 185 
Dependence of C a v i t y  and D i s l o c a t i o n  Loop Format ion 

i n  Aged 316 SS ( W  - - R&D) 

A bubble growth regime a t  600'C leads t o  double peak i n  
temperature dependence of swelling. 
s t i t i a l  d is locat ion  loop growth ra tes  dominate micro- 
s tructural  evolution; they are postulated t o  r e f l e c t  
changes in austeni te  matrix composition and helium 
part i t ioning t o  sinks. 

Cavity and in ter-  

6. Dose and Hel ium I n j e c t i o n  Dependence o f  S w e l l i n g  i n  S i n g l e  198 

and Dual- Ion I r r a d i a t e d  316 S t a i n l e s s  S t e e l  (ANL) 

The dose and helium i n j e c t i o n  r a t e  dependence of void 
swelling i n  316 s t a i n l e s s  s t e e l  i rradiated  simultaneously 

w i th  N i +  and Hef ions i s  compared t o  a paral le l  experiment 

on He preinjected and N i f  i o n  irradiated material.  

duul-ion i rradiat ion ,  t h e  s i z e  and number densi ty  of small 
c a v i t i e s  i n  a bimodal cavi ty  s i z e  d i s t r i b u t i o n  d id  not 
appear t o  be strongly dose dependent, but the number 

dens i ty  increased r a p i d l y  w i th  increasing helium i n j e c t i o n  
ra te .  For the large s i z e  c a v i t i e s  (formed pre feren t ia l l y  
on prec ip i ta tes ) ,  the number dens i ty  remained f a i r l y  
constant wi th  dose but  the s i z e  increased rapidly wi th  dose 
producing rapid increases i n  volume swelling. The prein- 
j ec ted  samples exhibi ted t h e  lowest swelling a t  a l l  doses 
invest igated.  

For 
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7. Characterization o f  Rapidly Solidified Boron Doped 21 3 
Stainless Steel for Synergistic He1 ium Production (MIT) 

Two type 316 s ta in le s s  s t e e l s  w i t h  d i f f e r e n t  mounts  of 

boron and zirconium were rapidly so l id i f i ed  and thermo- 

chemically treated,  and microstructurally characterized by 
means of transmission and scanning transmission eZectron 
microscopy, energy dispersi.>e X-ray and electron energy 

loss  spectroscopy and neutron autoradiography. 

8. Determination of Helium Influence on Microstructural 224 
Development: Two Experimental Methods (HEDL) 

Additional analysis  i s  given of the  "helium-halo" 'ech- 

nique. 
pressurized tubes used i n  i rradia t ion  creep s tudies  is 

proposed. 

E lec tmn  microscopy of the inner surface o f  helium 

9. Status of the DAFS Specimens in the AD-1 Irradiation 238 
Test (NRL/HEDL) 

One capsule containing ADIP t i tanium al loy  specimens was 
opened and the specimens showed evidence o f  corrosion. 
The opening of the  remaining two capsules was therefore 
delayed. 

10. DAFS Specimen Matrix for the ORR MFE-IV Test (HEDL) 243 

DAFS specimen i n  the ORR MFE-IV experiment include TEM 

and t e n s i l e  specimens of several Fe-Ni-Cr ternaries  and 
TEM specimens of ADIP  Path B a l loys .  
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1 1 .  Path A and Path B Model Alloys (HEDL) 

Round bar stock (1 .31 i n . )  should be available i n  May 
1980, of two model Path A a l loys  and four model Path B 

a l loys  for use i n  the DAFS program. 
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