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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 (LLNLI  

Irradiations were performed f o r  1 2  d i f f e ren t  experimenters during 
t h i s  quarter. 
t rac t ion  power supply i s  i n  progress on the  r i g h t  machine. 

Ion source development and upgrading of the  ex- 

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS 
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F i s s i o n  Reactor  Dos imetry  - HFIR-T2, RB1 (ANL) 

Activation measurements, neutron f luences,  and calculated damage 
parameters are reported f o r  the  T2  and RBI i rradiat ions  i n  HFIR. 
Spectral d i f ferences  are noted fo r  the  target  (T21 and removable 
Be ( R B I )  posi t ions  when compared t o  previous r e su l t s  in the  PTP 
posi t ion.  Analysis i s  i n  progress f o r  the T l  and CTR31 irradi-  
at ions  i n  HFIR and the  MFE4B run i n  ORR. 

Exper iments a t  t he  IPNS S p a l l a t i o n  Neutron Source (ANL) 

Dosimetry measurements and damage calculations are reported for 
a cryogenic ( 4 O . Y )  i rradiat ion of copper s t ab i l i z e r  materials a t  
the  IPNS on March 25 - A p r i l  5, 1983. The neutron fluence was 
7 .1  x 1017 n/cm2 producing a t o t a l  dose i n  copper of 1.6 x lo7 
rads. 

A Comparison o f  Measured and C a l c u l a t e d  Hel ium P roduc t i on  i n  
N i c k e l  f o r  F i s s i o n  Reactor  I r r a d i a t i o n s  ( R I E S  and ANL) 

Helium generation measurements and calculations have been per- 
formed f o r  45 n ickel  samples from 9 d i f f e r en t  f i s s i o n  reactor 
irradiat ions .  
neutron spectra and newly evaluated cross sections f o r  5 9 N i .  
The measurements and calculations agree t o  wi thin  +lo%. - 

14-MeV Neutron I r r a d i a t i o n  o f  Copper A l l o y s  (U. of Wiscons in1 

Res i s t i v i t y  and Vickers microhardness measurements on copper and 
three copper al loys  (Cu + 5% A l ,  Cu + 5% Mn, Cu + 5% Nil i rradi-  
ated a t  room temperature with 14-MeV neutrons t o  a maximum fluence 
of 3 x 1 O 2 l  n/m2 y ie ld  similar defect  c lus ter  dens i t i es .  
f e c t  c l u s t e r  density appears t o  scale l inearly  with the square 
root o f  neutron f luence.  
a l l y  created i n  the  cascade escape correlated recombination events.  

The calculations are based on dosimetry-aGjusted 
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About 16% of  the Frenkel defects  i n i t i -  
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5. 14-MeV Neutron Radiation-Induced Microhardness Chanses i n  Copper 

Alloys (U. of Wisconsin1 26 

Vickers microhardness meastcrements with 5-9 and IO-g loads were 
performed on copper and copper al loy  (Cu-5% A l ,  Cu-5% Mn, h - 5 X  Nil 
TEM d i sks  irradiated a t  25OC with 14-MeV neutrons i n  incrementa2 
doses up t o  a m a x h m  fluence o f  2.2 x 1021 n/m2. The change in 
microhardness scales l inearly with the fourth  root o f  neutron 
f luence following an incubation f luence,  which i s  largest  f o r  
pure Cu. The 5-g microhardness data show surfuce e f f e c t s .  

39 CHAPTER 3. REDUCED ACTIVATION MATERIALS 

1. A Comparison of Activation in STARFIRE and MARS First Walls 
(HEDC) 

Comparison act ivat ion calculations were performed for N ,  A l ,  Mi, 
Mo, Cu, Nb, and Pb i n  the  STARFIRE and MARS f i r s t- wal l  posi t ions .  
In  the  harder MARS s p e c t m  the aZlmabZe l i m i t s  for NRC near- 
surface disposa2 of N i ,  Mo and N b  are tu0 t o  f i v e  times k g e r  
than i n  STARFIRE. 

CHAPTER 4. FUNDAMENTAL MECHANICAL BEHAVIOR 

1. 

2. 

The Micromechanical Mechanisms of Cleavaqe Fracture in 
Martensitic Stainless Steels (U. of California) 

Coupled measurements o f  t en s i l e  and blunt and s h a ~  notch frac-  
ture  properties on HT-9 show tha t  c2eavage fracture i s  controlled 
by a critical s t ress- cr i t i ca l  distance cr i t er ion .  
cleavage fracture s t r e s s  i s  2400 MPa, which i s  consistent  with the  
observed martensite Zath packet s i ze ;  and the  cri t ical  distance 
i s  G O  w, which i s  consistent  with observed pr ior  austenite 
grain s i z e .  

The micro- 

A Model for In-Reactor Stress Rupture of Austenitic Stainless 
Steels (U.  o f  California) 

A model f o r  in-reactor s t ress  rupture of aus ten i t i c  s ta in less  
s t e e l s  i s  proposed based on stress-induced creep cavity f o n a t i o n  
on a fract ion of an evolving d i s t r ibu t ion  o f  heliwn bubbles. The 
model i s  calibrated t o  high temperature in-reactor data and extrap- 
olated t o  lower temperatures where irradiat ion creep i s  dominant; 
r e la t i v e l y  high d u c t i l i t i e s  i n  breeder spectra are predicted &e 
t o  delocalization o f  microstructurally insens i t i ve  irradiat ion 
creep s t ra ins .  

40 

44 

45 

52 

vi 



& 
C o r r e l a t i o n  o f  F rac tu re  Touqhness 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  Wisconsin) 60 
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A modified version of the  Kraff t  correlation was successfully 
employed t o  estimate the fracture toughness of irradiated AISI 316 
using more eas i ly  obtained t ens i l e  data. I t  appears tha t  fracture 
toughness saturates with neutron exposure a t  %4OO0C and i s  sensi-  
t i v e  t o  both irradiat ion temperature and t e s t  temperature. 

The Dependence on Neutron- Induced Displacement Rate o f  T e n s i l e  
P r o p e r t y  Chanqes i n  Annealed A I S I  304 and 316 (HEDL) 

Tensile t e s t s  show tha t  hardening of AISI  304 i s  sens i t i ve  t o  the 
displacement rate  while hardening of A I S I  316 i s  not;  however, the 
microstructures of both are influenced by displacement rate .  In- 
s e n s i t i v i t y  i n  the hardening of AISI 316 t o  dispkcement rate 
ar ises  because the strengthening contribution from precipi ta tes  
increases with displacement ra te ,  whereas the strengthening con- 
t r ibu t ion  from voids decreases. 

66 

Shear Punch Tests  f o r  Mechanical P rope r t y  Measurements i n  TEM 

Disc-Sized Specimens (U. o f  C a l i f o r n i a )  
76 

This t e s t  i s  based on driving a cyl indrical  punch through a clamped 
specimen, and instnunenting the  punch t o  obtain a load-displacement 
curve of the punching process. 
developed between features of the load-displacement curve and y ie ld  
strength,  ul t imate t ens i l e  strength, work-hardening exponent and 
reduction i n  area. 

A number of correlations have been 

CHAPTER 5. CORRELATION METHODOLOGY 81 

1. A T h e o r e t i c a l  Assessment o f  t he  E f f e c t  o f  Microchemica l .  M i c ro-  

s t r u c t u r a l  and Environmental  Mechanisms on S w e l l i n q  I n c u b a t i o n  

i n  A u s t e n i t i c  S t a i n l e s s  S tee l s  (U. o f  C a l i f o r n i a )  

A cr i t i ca l- s i zed  helium bubble-to-void conversion model i s  used 
t o  evaluate the influence of helium part i t ioning,  sink strength, 
surface energy, and d i f fus ion  rates  t ha t  mediate microchemical, 
microstructural, and environmental e f f e c t s .  While microchemical 
e f f e c t s  are important, they were not f o m d  t o  be dominant i n  a l l  
cases. 
helium can be maintained, swelling w i l l  be higher i n  fus ion than 
i n  e i t he r  f a s t -  or m ixed - spec tm  f i s s i o n  environments. 

The r e su l t s  suggest tha t  unless f i n e  dis tr ibut ions  of 
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2. Factors That Determine the Swelling Behavior of Austenitic 
Stainless Steels  ( H E D L  and U. of Wisconsin) 

Once void nucleation subsides, the swelling m t e  o f  m m y  austen- 
i t i c  al loys  becomes rather insens i t i ve  t o  variables that control 
the  transient  regime o f  swelling. Models are presented that  
describe the roles  of n ickel ,  chromium, and s i l i con  i n  void 
nucleation. 
ing t o  temperature, displacement rate ,  and composition i s  also 
discussed. 

89 

The re la t ive  i n sens i t i v i t y  o f  "steady-state" swell- 

3. The Lithium Shell Effect and  I t s  Impact on Microscopy 
Determinations of Swellinq Behavior ( H E D L  and U. of Missouri1 

The heterogeneity o f  swelling i n  some irradiated al loys  ar ises  
from localized enhancement o f  void nucleation by the " li thium 
she l l  e f f e c t "  near boron-rich precipi ta tes .  These lithiwn- 
a f fec ted  volumes can be discounted i n  microscopy determinations 
of the bulk-averaged swelling rate .  

96 

4. Conditions fo r  the Suppression o f  Void Formation Durinq Ion- 
Bombardment (U. of Wisconsin) 101 

In the  region of ion deposition, void f o m t i o n  can be sup- 
pressed because the  nwnber of i n t e r s t i t i a l s  i s  larger than 
the  number of vacancies produced by displacement damage. 
Void-free zones can be produced both behind and i n  f ron t  of  
the displacement damage peak. 
t i o n  i s  part icular ly  severe i n  low-energy ion  bombardments. 

The suppression o f  void forma- 

5. Correlation of Helium Content and Microstructure t o  Bubble Growth 
in Helium-Irradiated Thin Films of Nickel (U.  of Virqiniaj  

Thin PVD nickel  f i l m s  were irradiated a t  80 keV by monoenergetic 
helium ions t o  f luences as high as m-2. Low-irradiation 
temperature specimens had no v i s i b l e  bubbles and showed a satur- 
at ion leve l  of retained heliwn. 
showed higher helium retent ion.  

107 

High-temperature specimens 

6. Thermal Creep and Stress-Affected Precipitat ion of 20% Cold-Worked 
316 Stainless  Steel ( H E D L 1  114 

Measurements o f  the  thermal creep of 20% cold-worked 316 s ta in less  
s t e e l  were performed for  temperatures from 593 t o  760QC, s t r e s s  
l eve l s  as high as 138 MPa, and exposure times as long as 15,000 
hours. 
the combined act ion of t rue  creep and s tress- af fected precipi ta t ion 
o f  in termetal l ic  phases. 
al tered by neutron irradiat ion.  

The creep s trains  exh ib i t  a complex behavior arising from 

The l a t t e r  process i s  suspected t o  be 
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7. The Influence of Irradiation and  Thermal Creep on Stress  
Redistribution in Fusion Blankets (U. of California] 120 

The recently developed STAIRE code was used t o  assess the  
global impact (3-dimensional) of both irradiat ion and thermal 
creep s trains  on the  s t resses  i n  a MARS blanket module re- 
su l t ing  from thermal and swelling s t ra ins .  
consis ts  of semi-toroidal tubes around the phsma. 
of hollow circular cross sections are treated as beams hanging 
between the  i n l e t  and ou t l e t  headers under a variety of boundary 
conditions. 

The analyzed blanket 
Thus, p i p e s  

8. Irradiated Behavior of Hiqh-Strenqth Copper Alloys (U. of Wisconsin] 127 

This report describes the i n i t i a l  e f f o r t s  of a program designed 
t o  invest igate  the  irradiat ion properties of  two comnercial high- 
strength,  high-electrical  conductivity copper al loys .  
and microhardness measurements were performed on as-received AMZIRC 
and AMAX-MZC copper al loys ,  and 14-MeV Cu ion  irradiat ions  were 
completed on 8 samples a t  temperatures between 300'C and 700'C 
( 0 . 4  - 0.7 TM) a t  calculated peak damage levels  between 4 and 40 
dpa. The correlated y ie ld  strength o f  the  unirradiated al loys ,  
as obtained from microhardness measurements, agrees well with 
values supplied by the  manufacturer, but the  measured e lec t r ica l  
conduct iv i t ies  are s ign i f i can t ly  l ess  than the  manufacturer's 
values. 
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