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ABSTRACT 

The t h i r d  y e a r  o f  t h e  program o f  U.S./Japan c o l l a b o r a t i v e  
t e s t i n g  i n  t h e  HFIR and ORR was completed on schedule and w i t h i n  
cos ts .  I r r a d i a t i o n  o f  a l l  e i g h t  phase- I  HFIR t a r g e t  capsules 
was completed. P o s t i r r a d i a t i o n  examina t ion  was completed on 
f i v e  o f  t h e  e i g h t  capsules.  The ins t rumen ted  T a r g e t  Tempera- 
t u r e  Capsule was designed, b u i l t ,  and i n s t a l l e d  i n  HFIR. 
P r e l i m i n a r y  r e s u l t s  showed t h a t  t h e  measured temperatures 
were w i t h i n  15% o f  those  p r e d i c t e d .  
capsules,  MFE-SJ and -75, ope ra ted  i n  ORR as p lanned th rough-  
o u t  t h e  year.  Conceptual  des igns  and p r e l i m i n a r y  t e s t  m a t r i c e s  
were developed f o r  t h e  Phase II i r r a d i a t i o n  program, 

The s p e c t r a l l y  t a i l o r e d  

1.0 INTRODUCTION 

1.1 Background 

T h i s  i s  t h e  t h i r d  annual  r e p o r t  on t h e  f i v e - y e a r  program o f  U.S.- 

Japan c o l l a b o r a t i v e  t e s t i n g  i n  t h e  H igh  F l u x  I s o t o p e  Reactor  (HFIR) and 

t h e  Oak Ridge Research Reactor  (ORR). P rev ious  repo r t s1 , *  d i scussed  t h e  

implement ing agreement, t h e  o b j e c t i v e s  and scope o f  t h e  program, and t h e  

annual  s t a t u s .  

1 
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1.2 O b j e c t i v e s  

The o b j e c t i v e s  o f  t h e  program a r e  t o :  (1) des ign ,  conduct ,  and 

e v a l u a t e  j o i n t  i r r a d i a t i o n  exper iments i i 7  t h e  HFIR  ai id ORR; ( 2 )  i n v e s t i -  

g a t e  t h e  response o f  Japanese and U.S. s t r u c t u r a l  a l l o y s  t.o h i g h  l e v e l s  

of  d isp lacement  damage and h e l i u m  c o n t e n t  i n  t h e  HFIR;  and (3)  i n v e s t i -  

g a t e  t h e  response o f  U.S. and Japanese pr ime-cand ida te  a l l o y s  (PCA and 

JPCA) i r r a d i a t e d  i n  t h e  ORR and i n  t h e  H F l R  w i t h  t h e  n s u t r o n  spectrui i i  

tailored t o  produce a He:dpa r a t i o  c h a r a z t e r i s t i c  o f  f u s i o n .  

d a r y  o b j e c t i v e  i s  t o  study b a s i c  r a d i a t i o n  damage mechanisms under w e l l -  

c o n t r o l l e d  c o n d i t i o n s .  

A secon- 

1.3 Scope 

Phase I of  t h e  program -is based upon (a) e i g h t  H F l R  t a r g e t  capsules 

c o v e r i n g  t h e  tempera ture  range 300 t o  600°C and damage l e v e l s  up t o  -50 

d isp lacements  p e r  atom ( d p a ) ,  (b)  t w o  s p e c t r a l l y  t a i l o r e d  capsules i n  

t h e  ORR covering t he  temperature range 60 t o  400°C and damage l e v e l s  up 

t o  30 dpa. Phase I 1  o f  t h e  program i n v o l v e s  a second s e t  o f  e i g h t  t a r -  

g e t  capsu les  and a c o n t i n u a t i o n  o f  t h e  s p e c t r a l l y  t a i l o r e d  exper iments.  

Dur.ing t h e  p a s t  y e a r ,  t h e  U,S. s i d e  proposed t h a t  t h e  s p e c t r a l l y  

t a i l o r e d  exper iments  b e i n g  c a r r i e d  o u t  i n  t h e  ORR s h o u l d  be t r a n s f e r r e d  

t o  t h e  new RB*  i r r a d i a t i o n  f a c i l i t i e s  i n  t h e  H F I R .  T h i s  change i s  i n  

a n t i c i p a t i o n  o f  t h e  permanent shutdown o f  t h e  ORR w i t h i n  t h e  n e x t  two t o  

Lhree  years.  I n  a d d i t i o n ,  exper iments i n  t h e  new RB*  F a c i l i t i e s  w i l l  

reach damage l e v e l s  o f  10 t o  12 dpa i n  one y e a r ,  compared w i t h  t h r e e  

yea rs  i n  t h e  ORR. The Japanese s i d e  agreed t o  t h i s  change, and work  has 

s t a r t e d  on d e s i g n i n g  f o u r  new s p e c t r a l l y  t a i l o r e d  capsules capable o f  

a c h i e v i n g  temperatures i n  t h e  range 60 t o  400°C i n  t h e  HFIR. 
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The s t a t u s  o f  t h e  o r i g i n a l  e i g h t  Phase-I HF IR  t a r g e t  capsu les  and 

t h e  two ORR s p e c t r a l l y  t a i l o r e d  capsules i s  d iscussed i n  t h e  f o l l o w i n g  

sec t i ons .  P lann ing  f o r  t h e  Phase- I1 HFIR capsu les  and t h e  fou r  RB* 

capsu les  i s  a l s o  descr ibed.  

2.0 PHASE I H F I R  CAPSULES 

2.1 I r r a d i a t i o n  Parameters 

A d e s c r i p t i o n  o f  t h e  HFIR  Phase-I capsu les  and t h e  complete t e s t  

g h t  capsu les  have completed m a t r i x  was r e p o r t e d  p r e v i o u s l y . '  A l l  e 

i r r a d i a t i o n ;  f i n a l  damage l e v e l s  a t  t h e  

a r e  g i v e n  i n  Tab le  2.1. More d e t a i l e d  

o f  t h e  i n d i v i d u a l  specimens i n  capsules 

r e a c t o r  c e n t e r - l i n e  p o s i t i o n s  

n f o r m a t i a n  on t h e  damage l e v e l s  

JP2,  JP4, JP5, JP6, JP7, and JP8 

i s  g i v e n  i n  Tables 2.2 t h rough  2.7. The specimen d e s c r i p t i o n s  and com- 

p a s i t i o n s  were r e p o r t e d  prev ious1y . l  

Tab le  2.1. S t a t u s  of U.S./Japan 
HFIR Capsules 

Date Reactor  Damage 
Capsule i r r a d i a t i o n  exposurea l e v e l b  

completed (MWd) (dpa) 

JP1 
J P2 
J P3 
J P4 
J P5 
JP6 
J P7 
J P 8  

02-01 -85 
12- 17-85 
05-28-85 
04- 18-86 
08- 12-86 
11-14-85 
12-17-85 
09-07-86 

33,600 
57,500 
34,000 
57,900 
58,200 
36,700 
34,700 
58,200 

33 
57 
33 
57 
57 
36 
34 
57 

aReactor  power: 100 MW. 
bD i s p 1 a ceme n t -pe r -a t om. Peak 

l e v e l  i n  t y p e  5316 s t a i n l e s s  s t e e l  
(13.5 w t  % N i ) .  
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Table 2.2. Damage l e v e l s  and h e l i u m  con ten ts  for  H F i R  Capsule JP2 

D is tance  Specimen 
f rom} jFPR ~ _ . . _ . . . . . I  l___l S p e c i -  Damage He1 ium 

Posi - c e n t e r  Temper- men 1 e v e ?  con t e n  t 
t i  on 1 i n e  Type a t u r e  A l l o y  No. ( m a )  (appm) 

(cm) ("el  

6 
7 
8 
9 

10 

11 

23.2 
18.8 
14.3 

9.6 
4.6 

0 
4.6 
9.6 

14.3 
18.8 

23.2 

Tensi  1 e 
Tens1 1 e 
Tensi  1 e 
F a t i g u e  
F a t i g u e  

TENa d i s k s  
F a t  i gut3 
F a t i g u e  
T e n s i l e  
T e n s i l e  

Tensi  1 e 

300 
400 
500 
431) 
430 

300 
430 
430 
508 
4QQ 

300 

PCA 
PCA 
PCA 
PCA 
316 

J31Sb 
J PCA 

J PCA 
J PCA 

5 1  PCA 

J PCA 

EL36 
EL37 
EL39 
E C I 5 7  
AA3 

FE3 
F E4 
T B 4  
TB5 

TB6 

28 
38 
46 
53 
55 

57 
56 
53 
46 
38 

27 

20.31 
2884 
3533 
4005 
347 1 

3667 
4180 
3904 
3445 
2817 

1973 

apransmi s s i o n  e l e c t r a n  microscopy.  

bqi- i s  h o l d e r  can ta ined  several a l l o y s .  

2.2 T e n s i l e  ._. Specimen Measurements 

D u r i n g  t h e  c u r r e n t  year ,  p o s t i r r a d i a t i o n  examinat ion  was completed 

on capsules JP1 and JP3. Capsules JP6, JP7, and JP2 w e r e  disassembled. 

Length changes and imners ion  d e n s i t i e s  were measured on t h e  t e n s i l e  

specimens f r om capsules JP2, -3, -6, and -7 (Tab le  2.8). The p r e c i s i o n  

o f  these measurements i s  n o t  very h i g h  (50.2% d e n s i t y  change), and t h e r e  

a r e  several d i s c r e p a n c i e s  between t h e  two s e t s  o f  masurernents. N e i t h e r  

techn ique rep resen ts  a r e l i a b l e  method f o r  d e t e r m i n i n g  smal l  changes i n  

dens i ty .  A p r e c i s i o n  dens i tomete r  ( w i t h  a c a p a b i l i t y  o f  d e t e r m i n i n g  

d e n s i t y  changes o f  tQ.l%) f o r  measur ing d e n s i t i e s  of  TEM d i s k s  was 

b rough t  - in to  o p e r a t i o n  a t  t h e  end o f  t h i s  r e p o r t i n g  pe r iod .  T h i s  i s  t he  

p r e f e r r e d  techn ique  f o r  d e t e r m i n i n g  t h e  s w e l l i n g  behav io r  o f  these 

m a t e r i a l s .  
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Table 2.3. Damage l e v e l s  and hel ium contents f o r  HFIR Capsule JP4 

Distance Damage He1 i urn 

( a t .  %) ( w t  ppm) c e n t e r - l i n e  (dpa) (appm) 
Nickel  Boron from HFIR l e v e l  content Level A l l o y  Condi t ion I d e n t i t y  

(cm) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Ref. 316 
EP 838 

EP 838 
PCA 

PCA 
PCA-20 
PCA- 13 
PCA-19 

T9 Mod/ZNi 
HT-9 

HT-9/2Ni 
T9 Mod 

JPCA 
JPCA 
C 
J PCA 
K 
J PCA 
5316 
5316 
PCA 
PCA 
PCA-13 
PCA-19 
PCA-20 
PCA-22 

5316 
5316 

5316 
JPCA 

JPCA 
JPCA 

5316 
5316 

JPCA 
JPCA 

20% cw 
20% cw 
20% cw 
83 

A3 
25% CW 
25% CW 
25% CW 

NT4 
NT1 

NT2 
NT3 

PA-2 
PC-1  
cs-1 
PC-3 
K S - 1  
PS-2 
sc- 1 
ss-1 
A - 1  
83 
25% CW 
25% CW 
25% CW 
25% CW 

15% CW Weld 
SA Weld 

SA Weld 
SA Weld 

SA Weld 
CW Weld 

SA 
cw 
SA 
cw 

Specimen Type: SS-1 

AB-41,-42,-45 11.71 4 
EP-05 4.28 5 

EP-06, -10 4.28 5 
EL-0,-2 15.41 10 

EC-284 15.41 10 
HV-01 15.30 10 
HA-1  15.14 0 
HT-01 18.95 0 

TB-O1,-02 2.05 0 
SB-2, -3 0.40 0 

SD-01,-02 2.14 0 
TA-01,-04 0.10 0 

Specimen Type: TEM Strips 

PA-2 14.81 31 
PC-1 14.81 31 
cs- 1 14.84 0 
PC-3 14.81 31 
KS- 1 16.70 0 
PS-2 14.81 31 
sc-1 12.81 0 
ss- 1 12.81 0 
ED 15.41 10 
EL 15.41 10 
HA 15.41 0 
HT 18.96 0 
HV 15.30 0 
HX 15.11 0 

Specimen Type: SS-1 

D-46,-47,-48 12.81 0 
D-16 12.81 0 

D-17,-18 12.81 0 
CLW-1,-2 14.81 31 

CLW-3 14.81 31 
DLW-1,-2,-3 14.81 31  

D-1,-2 12.81 0 
D-31,-32 11.81 0 

CL-1,-2 14.81 31 
DL-1,-2 14.81 31 

22.7 
22.7 

18.1 
18.1 

13.6 
13.6 
13.6 
13.6 

9.1 
9.1 

4.6 
4.6 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.6 
4.6 

9.1 
9.1 

13.6 
13.6 

18.1 
18.1 

22.7 
22.7 

28 
26 

36 
40 

48 
48 
48 
49 

48 
49 

51 
50 

58 
58 
58 
58 
59 
58 
57 
57 
58 

58 
60 
58 
58 

58 

56 
56 

53 
53 

48 
48 

39 
39 

29 
29 

1647 
683 

956 
3004 

3640 
3616 
3570 
4418 

734 
323 

804 
264 

4262 
4262 
4239 
4262 
4739 
4262 
3692 
3692 
4329 
4329 
4319 
5348 
4363 
4311 

3625 
3625 

3415 
3944 

3528 
3529 

2517 
2517 

2077 
2077 
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Tab le  2.4. Damage l e v e l s  and h e l i u m  c o n t e n t s  f o r  HFIR Capsule JP5 

D i s t a n c e  Specimen 
P o s i -  f r o m  HFIR Damage Hel ium 
t i o n  c e n t e r  line Temper- Specimen l e v e l  c o n t e n t  

(cm) Type a tu re  Alloy Na. (dpa) (appm> 
( " C >  

23.2 
18.8 
14.3 
9.6 
4.6 
0.0 

T e n s i l e  300 
T e n s i l e  400 
P e n s i l e  500 
F a t i g u e  430 
F a t i g u e  430 
TEMa d i s k s  400 

PCA-A3 
PCA-A3 
PCA-A3 
PCA-A3 
Ref. 316 
J31fjb 

EC-34 
E@-31 
EC-32 
EC-153 
AA-27 

28 
39 
47 
53 
56 
57 

2043 
2923 
3577 
4053 
3512 
3708 

7 
8 
9 

10 
11 

4.6 
9.6 

14.3 
18.8 
23.2 

F a t i g u e  430 
F a t i g u e  43Q 
T e n s i l e  500 
T e n s i l e  400 
T e n s i l e  300 

J PCA 
J PCA 
J PCA 
J PCA 
J PCA 

FE-10 
FE-11 
TE-7 
TE-8 
TE-9 

57 
53 
47 
39 
28 

4229 
3950 
3489 
2854 
2002 

aTransrni s s i a n  e1 e c t r o n  microscopy. 

b h i s  h o l d e r  con ta ined  seve ra l  a1 l oys .  

Table 2.5. Damage l e v e l s  and h e l i u m  c o n t e n t s  f o r  H F I R  Capsule JP6 

D i s t a n c e  Spec imei? 
P o s i -  f r o m  HFIR Damage Hel ium 
t i o n  c e n t e r  l i n e  Temper- Specimen l e v e l  con ten t  

(cm) Type a t u r e  A l l o y  No* (aPPm> 
( " e >  

23.2 
18.8 
14.3 
9.6 
4.6 
0.Q 

T e n s i l e  600 
TEMa d i s k s  500 
T e n s i l e  500 
F a t i g u e  430 
F a t i g u e  430 
E M a  d i s k s  600 

PCA 
PCAb 
316 
PCA 
PCA 
J316b 

EL24 16 
23 
27 
32 
34 
36 

1057 
1606 
1646 
2353 
255 1 
2327 

AA42 
E C l 5 S  
EC161 

7 

9 
10 
11 

a 
4.6 
9.6 
14.3 
18.8 
23.2 

F a t i g u e  430 
F a t i g u e  430 
Pensile 500 
T e n s i l e  400 
T e n s i l e  300 

J PCA 
J PCA 
J PCA 
JPCA 
J PCA 

F%12 
FE13 
PElO 
T E l l  
TE12  

34 
32 
28 
23 
16 

2499 
2307 
1995 
1578 
1046 

aTransmiss ion e l e c t r o n  microscopy. 

bTh is  h o l d e r  con ta ined  seve ra l  a1 l oys .  
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Table 2.6. Damage l e v e l s  and h e l i u m  con ten ts  f o r  HFIR Capsule JP7 

D is tance  Specimen 
Pos i -  f rom HFIR Specimen Damage Hel ium 

c e n t e r - l i n e  Temper- No. 1 eve1 con ten t  
( cm) TY Pe a t u r e  A l l o y  (dpa )  (aPPm> 

( " C )  

23.2 
18.8 
14.3 
9.6 
4.6 

Tensi  1 e 600 
Tensi  1 e 500 
Tensi  1 e 500 
F a t i g u e  550 
F a t i g u e  550 

PCA 
PCA 
PCA 
316 
PCA 

EC-36 
EL-29 
EL-31 
AA-54 
EF-5 

16 
23 
28 
31  
34 

1056 
1604 
2034 
1905 
2554 

J31tjb TEMa d i s k s  500 34 2186 6 0.0 

2497 
2305 
1993 
1577 
1045 

7 
8 
9 

10 
11 

4.6 
9.6 

14.3 
18.8 
23.2 

Tensi  1 e 600 
T e n s i l e  600 
Tensi  1 e 500 
Tensi 1 e 400 
Tensi 1 e 300 

J PCA 
J PCA 
JPCA 
J PCA 
J PCA 

TE-16 
TE-17 
TE-18 
TE-19 
TE-20 

34 
32 
28 
23 
16 

aTransmi s s i  on e l e c t r o n  microscopy. 

bTh is  h o l d e r  con ta ined  seve ra l  a l l o y s .  

Tab le  2.7. Damage l e v e l s  and h e l i u m  c o n t e n t s  f o r  H F I R  Capsule JP8 

D is tance  Spec i me n 
Pos i -  f rom HFIR Specimen Damage Hel ium 

c e n t e r - l i n e  Temper- No. l e v e l  con ten t  
(cm) Type a t u r e  A l l o y  @Pa) (appm) 

( "C)  

23.2 
18.8 
14.3 
9.6 
4.6 

Tensi 1 e 600 
Tensi 1 e 600 
Tensi  1 e 500 
F a t  i gue 430 
F a t i g u e  430 

PCA-B3 
PCA-B3 
PCA-B3 
PCA-A3 
316 

EL-26 
EL-35 
EL-25 
EC-163 
AA-53 

28 
39 
47 
53 
56 

2043 
2923 
3577 
4053 
3512 

J316b 6 0.0 TEMa disks  500 57 3708 

7 
8 
9 

10 
11 

4.6 
9.6 

14.3 
18.8 
23.2 

T e n s i l e  600 
Tensi l e  500 
Tensi 1 e 430 
Tensi  1 e 400 
T e n s i l e  300 

J PCA 
J PCA 
J PCA 
J PCA 
J PCA 

TE-21 
TE-22 
TB-12 
TE-23 
TE-24 

57 
53 
47 
39 
28 

4229 
3950 
3488 
2854 
2001 

aTransmission e l e c t r o n  microscopy. 

bThi s h o l d e r  con ta ined  seve ra l  a1 1 oys. 
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Table 2.8. Length and d e n s i t y  changes o f  t e n s i l e  specimens i n  
HFIR JP3, JP6, JP7, and JP2 capsules 

Spec- I r r a -  Length, mn D e n s i t y  Change, % 
imen A l l o y  Condi- d i a t i o n  Inc rease  
No. t i o n a  Temper- I n i t i a l  F i n a l  (%) 3 B L I L o  BV/V, 

a t u r e  
( " C )  

EL30 
EL34 
EC29 
TB7 
TB8 
TB9 

TE12 
T E 1 1  
T E l O  
EL24 
AA4 2 

TE20 
TE19 
IE18 
IE17 
TE16 
EC36 
EL29 
EL31 

I B 6  
TB5 
TB4 
EL36 
EL37 
EL39 

PCA 
PCA 
PCA 
J PCA 
J PCA 
J PCA 

J PCA 
J PCA 
J PCA 
PCA 
316 

J PCA 
J PCA 
J PCA 
J PCA 
J PCA 
PCA 
PCA 
PCA 

J PCA 
J PCA 
J PCA 
PCA 
PCA 
PCA 

B3 300 
B3 400 
A3 500 
PS2 500 
PS2 400 
PS2 300 

PC2 300 
PC2 400 
PC2 500 
53 600 
20% cw 500 

PC2 300 
PC2 400 
PC2 500 
PC2 60Q 
PC2 600 
A3 600 
e3 600 
83 500 

PS2 300 
PS2 408 
PS2 500 
PS2 300 
B3 400 
53 500 

Capsule JP3 

39.34 39.39 
39,34 39-52 
39.35 39.43 
39.41 39.45 
39.40 39.46 
39.40 39.43 

Capsule JP6 

39.40 39.43 
39.39 39.44 
39.48 34.43 
39.34 39-36 
39.31 39.36 

Capsule JP7 

39.39 39.4s 
39.40 39.46 
39.40 39.48 
39.40 39-45 
39.41 39.45 
39.35 39.41 
39.34 39.39 
39.34 39,40 

Capsule JP2 

39.38 39.47 
39.39 39.54 
39.39 39.58 
39.34 39,44 
39.34 39.39 
39.34 39.70 

0.14 
0.47 

0.10 
0.15 
0.08 

0.20 

0.08 
0.13 
0.08 
0.05 
0.13 

0.18 
0.15 
0.20 
0.13 
0.10 
0.15 
0.13 
0.15 

0.23 
0.38 
0.48 
0.25 
6.13 
0.92 

0.4 
1.4 
0.6 
0.3 
0.5 
0.2 

0.2 
0.4 
0.2 
0.2 
0.4 

0.5 
0.5 
0.6 
0.4 
0.3 
0.5 
0.4 
0.5 

0.7 
1.1 
1.4 
0.8 
0.4 
2.8 

0.5 
0.3 
0.4 
0.8 
0.4 
0.3 

0.2 
0.1 
0.1 
0.1 
0.1 

0.0 
0.1 
0.1 
0.2 
0.1 
0.0 
0.2 
0.2 

0.1 
0.1 
0.1 
0.1 
0.1 
2.1 

A3 - SA a t  1100°C + 25% CW. 
B3  - SA a t  1100°C + 8 h a t  800°C -+ 25% CW. 
PS2 - SA a t  1100°C. 
PC2 - PS2 + 15% cw. 
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T e n s i l e  t e s t s  were completed on specimens f rom Capsules JP-1, -2, 

-3, and -6, and on some specimens f rom JP-7. 

i n  vacuum a t  t h e  nominal i r r a d i a t i o n  temperature a t  a s t r a i n  r a t e  o f  

4.2 x lo-* s-l. T h i s  equipment i s  shown i n  Fig. 2.1. The r e s u l t s  a r e  

sumnarized i n  Tab le  2.9. These d a t a  were d iscussed i n  a semiannual 

p rog ress  r e p o r t ’  and a l s o  a t  t h e  T h i r d  U.S./Japan Workshop i n  Tokyo.* 

T e s t i n g  was c a r r i e d  ou t  

ORNL-PHOTO 1416-86 

Fig.  2.1. I n - c e l l  t e n s i l e  t e s t i n g  f a c i l i t y .  
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2.3 F a t i g u e  Specimen Measurements 

F a t i g u e  t e s t s  were per formed on hourg lass  f a t i g u e  specimens u s i n g  

a s e r v o - h y d r a u l i c ,  c l o s e d - l o o p  t e s t i n g  system i n s t a l l e d  i n  a h o t  c e l l  

(F ig .  2.2). The system has a four-co lumn l o a d  frame capable o f  220 kN. 

I t  i s  equipped w i t h  an u l t r a h i g h  vacuum system pumped by a t u r b o m o l e c u l a r  

pump capable of pressures  o f  lo-* t o  lo-' Pa d u r i n g  e leva ted- tempera ture  

t e s t i n g .  Specimen h e a t i n g  i s  accompl ished by  a r a d i o - f r e q u e n c y  induc-  

t i o n  w i t h  a l o a d  c o i l  sur round ing  t h e  specimen. S t r a i n  i s  measured by a 

d i a m e t r a l  extensometer which f i t s  between two w i n d i n g s  o f  t h e  l o a d  c o i l .  

Tes ts  were performed a t  t h e  i r r a d i a t i o n  temperatures of 430 and 5 5 O O C .  

P e r i o d i c a l l y ,  t e s t s  were done on u n i r r a d i a t e d  c o n t r o l  specimens i n  t h e  

ORNL-PHOTO 2369-78 

Fig.  2.2. I n - c e l l  measurement o f  f a t i g u e  p r o p e r t i e s .  
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same apparatus.  R e s u l t s  a r e  g i v e n  i n  Table 2.10. Some o f  t h e  specimens 

i n  t h e  t e s t  m a t r i x  w e r e  taken f rom a U.S. capsu le ,  I IFIR-CTR-36. A p r e -  

l i m i n a r y  assessment o f  these r e s u l t s  was presented  a t  t h e  S i x t h  U.5.- 

Japan "drkshop on Fus ion  Ma te r ia l s . '  

Transmiss ion-e lect ron-microscopy (TEM) d i s k s  f r om a l l  a f  t h e  d is -  

assembled capsules w e r e  sor ted .  Twenty U.S. d i s k s  f rom p o s i t i o n  2 of 

capsu le  JP6 were sen t  t o  Wanford Eng ineer ing  Development Labora to ry  

(HEDL) f o r  r e i r r a d i a t i o n  i n  the  M a t e r i a l s  Open 'I'est Assembly (MOTA) o f  

t h e  Fas t  F l u x  Tes t  F a c i l i t y  (FFTF).  These specimens, i r r a d i a t e d  i n  HFIR 

a t  500°C t o  about  23 dpa and 1600 apptn He, w i l l  be r e i r r a d i a t e d  a t  520°C 

t o  about  60 and 100 dpa w i t h  l i t t l e  a d d i t i o n a l  h e l i u m  genera t i on .  A 

l i s t i n g  o f  t h e  d i s k s  t r a n s f e r r e d  t o  MOTA i s  g i v e n  i n  Tab le  2.11. 

Dur ing  t h i s  r e p o r t i n g  p e r i o d ,  TEM examinat ion  was c a r r i e d  o u t  on a 

v a r i e t y  o f  a u s t e n i t i c  s t a i n l e s s  s t e e l s  f o l l o w i n g  i r r a d i a t i o n  t o  -35 dpa 

a t  tempera tures  o f  300, 400, 500, and 600OC. A t t e n t i o n  was focused on 

b o t h  t h e  U.S. and Japanese heats  o f  PCA and A I S 1  316 i n  b o t h  s o l u t i o n  

annealed and c o l d  worked c o n d i t i o n s .  The development o f  t h e  c a v i t y ,  

d i s l o c a t i o n ,  and p r e c i p i t a t e  components has been r e p o r t e d  i n  d e t a i l  i n  

semiannual p rog ress  r e p o r t s .  5 - 8  A paper  d e s c r i b i n g  these r e s u l t s  was 

p resen ted  a t  t h e  Second I n t e r n a t i o n a l  Conference on Fus ion  Reactor  

M a t e r i a l s  ( I C F R M - 2 )  i n  Chicago" and a l s o  a t  t h e  S i x t h  U.S.-Japan 

Workshop on F u s i o n  M a t e r i a l s  i n  Tokyo.& 

3.0 WFIR I R R A D I A T I O N  FACILITIES IMPROVEMENT (HIFI) PROJECT 

T h i s  p r o j e c t ,  funded p r i m a r i l y  under t h e  U,S. program, i s  aimed a t  

making ma jo r  improvements i n  t h e  t n a t e r i d l s  i r r a d i a t i o n  f a c i l i t i e s  a t  t h e  

WFIR. Phase I o f  t h e  p r o j e c t  i n v o l v e s  p r o v i d i n g  t h e  c a p a b i l i t y  t o  c a r r y  
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Disk I d e n t i  - 
No. f i c a t i o n  

4 1  PCA B3 EL84 
42 DO 316 CW AL72 
43 EP 838 EP52 
44 CW P C A l  FC40 
45 CW PCA3 FG99 
46 CW PCAS FN85 
47 CW PCA8 FS77 
48 CW PCAS FV98 
49 CW PCABO Hh-104 
50 CW P C A l O  FX76 

Tab le  2.10. Resu l t s  o f  f a t i g u e  t e s t s  

I d e n t i -  
f i c a t  i on A1 1oy 

D isk  
No. 

51  CW P C A l 1  FY 69 
52 CW PCA12 FZ40 
53 CW PCA13 HA66 
54 CW PCAl6 HD80 
55 CW PCA17 HE67 
56 CW PCA18 HF60 
57 CW PCAIS HT13 
58 CW PCAZO HV25 
59 CW PCA21 HW38 
60 GW PCA22 HX04 
59 CW D9 5697 GH12 

T o t a l  No. o f  
Temper- Exposure S t r a i n  Cyc les t o  Speci -  I r r a d i a t i o n  

men Capsule a t u r e  (dpa) Range Fa i  1 u re  
("C)  (%I 

FE14 
FE1 
FE15 
FEZ 
FE36 

FE5 
FE6a 
FE12 

EF5 
EF20 
EF2 
EF7 

EC145 
EC149 
EC155 

AA5 
AA54 
AA3 

JP1 

JP1 

J P3 
J P3 
JP6 

J P7 

HFIR-CTR-36 

HFIR-CTR-36 
HFIR-CTR-36 

HFIR-CTR-36 
J P7 
J P2 

JPCA, PC2 
JPCA, PC2 
JPCA, PC2 
JPCA, PC2 
JPCA, PC2 

JPCA, PC2 
JPCA, PC2 
JPCA, PC2 

PCA, B2 
PCA, 82 
PCA, B2 
PCA, B2 

PCA, A3 
PCA, A3 
PCA, A3 

316 
316 
316 

430 
430 
430 
430 
430 

430 
430 
430 

550 
550 
550 
550 

550 
550 
550 

550 
550 
430 

0 1.0 32,305 
33 1.0 9,000 
0 0.5 1,330,161 

3 1  0.5 31,596 
0 2.0 7,904 

33 2.0 594 
3 1  
34 0.35 657,179 

34 1.0 6 , 129 
0 1.0 37,015 

30 0.5 65,453 
0 0.5 344,077 

30 1.0 4,270 
30 0.5 120,006 

0 1.0 24,443 

30 0.5 61,748 
30 1.0 7,030 
55 1.0 4 , 323 

aBraken a c c i d e n t a l l y  d u r i n g  l o a d i n g  i n t o  f a t i g u e  machine. 

Tab le  2.11. TEM d i s k s  f rom capsule JP6 t o  be i r r a d i a t e d  i n  t h e  
M a t e r i a l s  Open Tes t  Assembly (MOTA) 
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o u t  i r r a d i a t i o n  exper iments i n  t h e  t a r g e t  region. These f a c i l i t i e s  w i l l  

a l l o w  t h e  specimen temperatures i n  a mockup U.S.-Japan capsu le  t o  be 

measured and compared w i t h  des ign  temperatures,  and a l s o  p r o v i d e  a means 

f o r  d e t e r m i n i n g  n u c l e a r  h e a t i n g  r a t e s  i n  s t a i n l e s s  s t e e l  as a f u n c t i o n  

o f  a x i a l  co re  p o s i t i o n ,  and t ime, i n  t h e  HFIR f u e l  cyc le .  T h i s  p r o j e c t  

r e q u i r e s  t h e  des ign  and f a b r i c a t i o n  o f  new r e a c t o r  components t o  r e p l a c e  

t h e  t a r g e t  ho lde r ,  o u t e r  shroud, t a r g e t  tower, t a r g e t  h o l e  p lug ,  qu i ck -  

access hatch, shroud f l ange ,  t r a c k  assemblies, and removable b e r y l l i u m .  

Some o f  these components a r e  shown i n  Figs.  3.1 and 3.2. The genera l  

arrangement i s  shown s c h e m a t i c a l l y  i n  Fig.  3.3. Phase I was completed 

on schedule and t h e  f i r s t  experiment, t h e  Ta rge t  Temperature Tes t  (TTT), 

was i n s e r t e d  i n  t h e  r e a c t o r  i n  August 1986. T h i s  exper iment  con ta ins  

3 

Fig.  3.1. Outer  shroud assembly f o r  t h e  HFIR. 



ORNL-PHOTO 3937-86 

Fig. 3.2. Target tower assembly for the HFIR. 

ORNL-DWG 85-18470 
I 

I 

F i g .  3.3. General arrangement o f  
core target tower and quick-access hatch 
in the HFIR. 
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f a t i g u e  and t e n s i l e  specimens i d e n t i c a l  t o  those used i n  Capsules JP-1 

th rough  -8, w i t h  c o n t r o l  gas gaps s e t  t o  ach ieve  temperatures rang ing  

f rom 300 t o  5 0 0 O C .  Du r ing  t h i s  r e p o r t i n g  p e r i o d ,  two HFIR i r r a d i a t i o n  

c y c l e s  w e r e  completed. I n i t i a l  r e s u l t s  showed t h a t  specimen tern- 

p e r a t u r e s  a t  t h e  beg inn ing  o f  t h e  exper iment  were w i t h i n  15% o f  t h e  

des ign  values. T h i s  capsu le  i s  scheduled f o r  a f i v e - c y c l e  i r r a d i a t i o n  

and w i l l  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  on the s t a b i l i t y  o f  t h e  thermal  

c o n d i t i o n s  as a f u n c t i o n  o f  i r r a d i a t i o n  t ime. The des ign  o f  t h i s  

exper iment  and i n i t i a l  r e s u l t s  were r e p o r t e d  i n  semiannual p rog ress  

repor ts .11v12 

The o b j e c t i v e  o f  Phase I 1  o f  t h e  H I F I  p r o j e c t  i s  t o  rep  

e x i s t i n g  f o u r  37-m-d iam i r r a d i a t i o n  p o s i t i o n s  i n  t h e  b e r y l 1  

t o r  w i t h  e i g h t  new p o s i t i o n s ,  each w i t h  a d iamete r  o f  48 mn. 

ace t h e  

urn r e f l e c -  

These new 

RW* p o s i t i o n s  a r e  des igned t o  accomnodate t h e  s p e c t r a l l y  t a i l o r e d  

exper i i i ients  c u r r e n t l y  i n  p rogress  i n  t h e  co re  o f  t h e  ORR r e a c t o r ,  

F a b r i c a t i o n  o f  a new b e r y l l i u m  r e f l e c t o r  was completed ( F i g .  3.41, 

and a new qu ick-access  ha tch  was a l s o  completed (F ig.  3.5). The new 

ha tch  p r w i d e s  s t r a i g h t - l i n e  i n s t r u m e n t a t j o n  access t o  each o f  t he  RB* 

f a c i l i t i e s  and w i l l  p e r m i t  r o t a t i o n  o f  exper iments  f o r  r a d i a l  f l a t t e n i n g  

he p r e s e n t  s t a t u s  o f  t h e  p r o j e c t  i s  

s expected by  June 19, 1957. A 

was p resented  a t  ICFRM--?.13 

o f  t h e  f luence  d u r i n g  i r r a d i a t i o n .  

suamar i red i n  F i g .  3,6. Complet ion 

f u l l  d e s c r i p t i o n  o f  t h e  HIFP p r o j e c t  
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1.2.:. REMOV BE 
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1.2.5 OUTER SHhOUD 
I .  Y. I SHROUD F L A N G E  
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1.3 STKESS GNALYSIS 

2.O.) SkE-h! COT I O N  
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9 . 1  FACILITY 
9.2 TClRGET TEHP EFFECTS 
9.3 L4EAfl TUBE E F F E C T S  completed FY-1985 : : : 
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6 4  
5 4  
8 0 
25 
104 
125 
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J 

5 
56 

F i g .  3 . 6 .  S t a t u s  of HIFI pro jec t  
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Percentage o f  Space 
Occupied by Specimens 

I U.S. Japan 

4.0 PHASE I 1  OF THE HFIR IRRADIATION PROGRAM 

Value F a c t o r  

Japan U.S. I 

T h e  i n i t i a l  p l a n  f o r  Phase I 1  o f  t h e  c o l l a b o r a t i v e  i r r a d i a t i o n  

program was t o  b u i l d  e i g h t  HFIR capsules d u r i n g  FY 1987. However, a t  

the S t e e r i n g  C a m i t t e e  Meet ing i n  March 1986 t h i s  p l a n  was r e v i s e d  f o r  

budge ta ry  reasons, and i t  was dec ided  t o  b u i l d  these  capsu les  over a 

p e r i o d  o f  s e v e r a l  years,  The p r e s e n t  p l a n  f o r  schedule and c o s t s  i s  

shown i n  F i g ,  4.1. 

I n  Phase I o f  t h e  i r r a d i a t i o n  program e u a l  c o s t  s h a r i n g  was 

ach ieved  by p r o v i d i n g  equal  numbers o f  each t y p e  o f  i r r a d i a t i o n  specimen 

f o r  b o t h  p a r t n e r s .  

menters  and t o  address a wider  range o f  r a d i a t i o n  damage ques t i ons ,  a 

d i f f e r e n t  approach has been adopted f o r  Phase I 1  exper iments.  I n  t h e  

Phase I1  program, t h e  space i n  t h e  e i g h t  capsules i s  a p p o r t i o n e d  so t h a t  

t h e  p r o d u c t  (spec imen volume t i m e s  n e u t r o n  f l u e n c e )  i s  t h e  same f o r  each 

p a r t n e r .  

a r e  shown i n  Tab le  4.1. The va lue  f a c t o r  ass igned  t o  each capsule 

accounts f o r  t h e  specimen volume, t h e  i r r a d i a t i o n  t ime,  and t h e  d i s t r i -  

b u t i o n  o f  f l u x  about  t h e  co re  c e n t e r  l i n e .  

In  o r d e r  t o  p r o v i d e  g r e a t e r  f l e x i b i l i t y  t o  e x p e r i -  

The a l l o c a t i o n  o f  space and the. peak f l u e n c e  f a r  each capsule 

- 
14 
95 
95 
14 
95 
95 
14 
95 

Tab le  4.1. D i s t r i b u t i o n  o f  space i n  Phase I 1  Capsules 

0.884 
0.057 
0.057 
0 e 884 
0.057 
0.057 
0.884 
0.057 

Capsu 
No e 

Peak 
l e  F luence 

(dpa) 

JP-9 
JP-10 
JP-11 
JP-12 
JP-13 
JP-14 
JP-15 
JP-16 

loa 
34 
34 

100 
34 
56 

100 
34 

0.116 
0.943 
0.943 
0.116 
0.943 
0.943 
0.116 
0.943 
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The i r r a d i a t i o n  volume a v a i l a b l e  t o  t h e  Japanese s i d e  i s  a lmos t  

t w i c e  t h a t  a v a i l a b l e  t o  t h e  U.S. exper imenters;  however, t h i s  imbalance 

i s  compensated f o r  by t h e  h i g h e r  f l u e n c e s  wh ich  t h e  U.S. specimens w i l l  

rece  i ve. 

The p r i m a r y  t e c h n i c a l  i n t e r e s t  o f  t h e  Japanese s i d e  i s  t o  de te rm in f  

t h e  e f f e c t s  o f  d i sp lacemen t  damage and h e l i u m  on t h e  b e h a v i o r  o f  welds. 

Us ing  b o t h  JPCA and A I S 1  316 s t a i n l e s s  s t e e l s ,  t e n s i l e  specimens (SS-1) 

a r e  b e i n g  p repared  f rom welded sheet  m a t e r i a l  such t h a t  t h e  weld l i e s  

ac ross  t h e  c e n t e r  o f  t h e  gage s e c t i o n .  Severa l  w e l d i n g  techn iques  a r e  

b e i n g  u t i l i z e d  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  r a d i a t i o n  on weld i n t e g r i t y .  

I n  a d d i t i o n ,  3-mn-diam d i s k  specimens a r e  b e i n g  p repared  f r o m  t h e  f u s i o n  

zone, h e a t - a f f e c t e d  zone, and base m e t a l ;  t hese  w i l l  be used t o  i n v e s t i -  

g a t e  m i c r o s t r u c t u r a l  e v o l u t i o n  and s w e l l i n g  b e h a v i o r  i n  these  v a r i o u s  

reg ions .  D i s k  specimens w i l l  a l s o  be i n c l u d e d  o f  v a r i o u s  exper imen ta l  

f e r r i t i c  and a u s t e n i t i c  s t e e l s  and molybdenum a l l o y s .  

specimens o f  JPCA w i l l  be i n c l u d e d  i n  s e v e r a l  capsules t o  complete t h e  

f a t i g u e  i n v e s t i g a t i o n  c a r r i e d  o u t  i n  Phase I .  

Hourg lass f a t i g u e  

The m a j o r i t y  o f  t h e  U.S. specimens w i l l  be c a r r i e d  i n  t h r e e  capsules,  

JP-9, -12, and -15, which a r e  des igned t o  ach ieve  a goa l  f l u e n c e  o f  

100 dpa. 

m a r t e n s i t i c  s t e e l s  doped w i t h  s u f f i c i e n t  n i c k e l  t o  genera te  a he l ium/dpa 

r a t i o  o f  -10. The o t h e r  two capsules w i l l  c a r r y  a v a r i e t y  o f  a l l o y s  

wh ich  have been i s o t o p i c a l l y  t a i l o r e d ' "  t o  produce a range o f  He/dpa 

r a t i o s  (<0.1, 10, 20, 70). T h i s  un ique exper iment  i s  t h e  f i r s t - e v e r  

r e a c t o r  exper iment  w i t h  h e l i u m  g e n e r a t i o n  r a t e  as t h e  s i n g l e  v a r i a b l e .  

For specimens i n  a d j a c e n t  p o s i t i o n s ,  temperature,  dose, dose r a t e ,  a l l o y  

Capsule JP-9 w i l l  c a r r y  round t e n s i l e  specimens o f  f e r r i t i c /  
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chemis t r y ,  and m i c r o s t r u c t u r e  w i l l  a l l  be cons tan t .  D i s k  specimens o f  

b o t h  f e r r i t i c l m a r t e n s i t i c  and a u s t e n i t i c  s t e e l s  w i l l  be i nc luded .  The 

exper iment  addresses l ong -s tand ing  b a s i c  q u e s t i o n s  on t h e  r o l e  o f  h e l i u m  

i n  m i c r o s t r u c t u r a l  e v o l u t i o n  and w i l l  e x p l o r e  t h e  h i g h  f l u e n c e  s w e l l i n g  

b e h a v i o r  o f  t h e  most s w e l l i n g - r e s i s t a n t  m a t e r i a l s  c u r r e n t l y  a v a i l a b l e ,  

A p r e l i m i n a r y  t e s t  m a t r i x  f a r  t h e  Phase I 1  HFIR capsules s shown i n  

Tab le  4.2. Procurement o f  capsule hardware and f i n a l  d e f  n i t i o n  of  t h e  

t e s t  m a t r i x  and a l l o y  composi t ions w i l l  be c a r r i e d  o u t  i n  t h e  n e x t  

r e p o r t  i ng p e r  i od . 
5.0 SPECTRALLY TAILORED EXPERIMENTS 

5.1 Performance o f  t h e  ORR Capsules 

Two s p e c t r a  

b e i n g  i r r a d i a t e d  

a t  330 and 400°C 

l y  t a i l o r e d  capsules,  MFE-GJ and -75, a r e  c u r r e n t l y  

i n  t h e  QRW. Capsule MFE-7Jy wh ich  i s  b e i n g  i r r a d i a t e d  

u t i l i z e s  a l i q u i d  me ta l  (NaK) h e a t - t r a n s f e r  medium. 

Capsule MFE-GJ has an o u t e r  r e g i o n  i n  which t h e  specimens a r e  i n  c o n t a c t  

w j t h  t h e  ORR c o o l i n g  w a t e r  a t  60°C. I n  t h e  i n n e r  r e g i o n ,  which operates 

a t  290"C, hea t  t r a n s f e r  i s  e f f e c t e d  th rough  a 6061 aluminum a l l o y  ho lde r .  

The capsule d e s i g n s ,  t e s t  m a t r i c e s ,  and exper imen ta l  o b j e c t i v e s  were 

d e s c r i b e d  ear l ier . lyz  

The MFE-SJ capsule ope ra ted  r o u t i n e l y  th roughou t  t h e  year  w i t h  tern- 

p e r a t u r e s  i n  tine i n n e r  capsule r a n g i n g  f rom 175 t o  200°C. The r e s u l t s  

o f  t h e  temperature m o n i t o r i n g  were r e p o r t e d  i n  semiannual p rog ress  

r e p ~ r t s . ~ ~ , ~ ~  

Three-dimensional  n w t r o n i c s  c a l c u l a t i o n s  t o  m o n i t o r  t h e  r a d i a t i o n  

env i ronment  o f  t h e  MFE--GJ atad -75 capsules were c a r r i e d  o u t  f o r  each ORR 
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Table 4.2. P r e l i m i n a r y  m a t r i x  f o r  HFIR Phase I 1  capsules 
- .~ ~ ~ 

JP-9 JP-10 JP-11 JP-12 JP-13 JP-14 JP-15 JP-16 
(100 dpa) (33 dpa) (33 dpa) (100 dpa) (33 dpa) (55 dpa) (100 dpa) (33 dpa) 

500°C 
TEM 

300°C 
TB 

400°C 
TB 

500°C 
TB 

500°C 
TB 

500°C 
T EM 

500°C 
TB 

500°C 
TB 

400°C 
TB 

300°C 
TB 

300°C 
TB 

500°C 
T 

500°C 
T EM 

430°C 
F 

300°C 
T 

400°C 
T 

400°C 
TEM 

400°C 
T 

300°C 
TEM 

300 O C 
T 

430°C 
F 

600°C 
T 

Specimen P o s i t i o n  1 
500°C 300°C 400°C 500°C 
T TB T T 

Specimen P o s i t i o n  2 
600°C 300°C 430°C 500°C 
TEM TB F T 

Specimen P o s i t i o n  3 
430°C 300°C 400°C 600°C 
F T EM T TEM 

Specimen P o s i t i o n  4 
400°C 300°C 430°C 600°C 
TEM TEM F TEM 

Specimen P o s i t i o n  5 
500°C 300°C 500°C 500°C 
T TEM T T 

Specimen P o s i t i o n  6 
500°C 400°C 500°C 500°C 
TEM TEM TEM T EM 

Specimen P o s i t i o n  7 
w o o c  4oooc 5 0 0 0 ~  5 o o o c  
T TEM T T 

Specimen P o s i t i o n  8 
500°C 400°C 430°C 400°C 
T EM TB F T 

Specimen P o s i t i o n  9 
500°C 400°C 430°C 300°C 
T TB F TEM 

Specimen P o s i t i o n  10 
430°C 400°C 400°C 400°C 
F TB T T 

Specimen P o s i t i o n  11 
400°C 400°C 400°C 500°C 
T TB T TEM 

500°C 
TB 

500°C 
TB 

500°C 
T EM 

500°C 
T EM 

500°C 
T EM 

600°C 
TEM 

600°C 
T EM 

600°C 
TEM 

600°C 
TB 

600°C 
TB 

600°C 
TB 

600°C 
T 

500°C 
T 

430°C 
t13 

300°C 
T 

400°C 
T 

400°C 
TEM 

400°C 
T 

300°C 
T 

430°C 
TB 

500°C 
T 

600°C 
T 

PEM = d i s k  specimens f o r  s w e l l i n g  and m i c r o s t r u c t u r e .  
TB = round ba r  t e n s i l e  specimen. T = SS-1 sheet tensile specimen. 

F = hourg lass  f a t i g u e  specimens. 
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c y c l e  and t h e  r e s u l t s  r e p o r t e d  i n  semiannual  report^.^',^* The p r o -  

j e c t e d  damage l e v e l s  and he l i um c a n c e n t r a t i o n s  f o r  MFE-GJ and -75 a r e  

shown i n  F igs.  5.1 and 5.2, r e s p e c t i v e l y .  A t  t h e  end o f  t h i s  r e p o r t i n g  

p e r i o d ,  AIS1 316 specimens had ach ieved 4.8 dpa and 33 appm He i n  MFE-GJ, 

and 5.3 dpa and 57 appm He i n  MFE-7J. C a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  

s o l i d  aluminum co re  p i e c e  shou ld  be p laced  around t h e  MFE-7J exper iment  

in October  1986 and around t h e  MFE-GJ exper iment  i n  September 1987. 

5.2 T r a n s f e r  o f  t h e  S p e c t r a l l y  T a i l o r e d  Capsules t o  HFIf? 

A s  d e s c r i b e d  i n  Sect. 3.0, t h e  new ins t rumen ted  RB* i r r a d i a t i o n  

f a c i l i t i e s  w i l l  become a v a i l a b l e  i n  June 1987. These f a c i l i t i e s  have 

250 

2m 

t 
a 

w 
I 

0 CURRENT LEVEL 
0 PROJECTED LEVELS 

F ig ,  5.1. Hel ium and d isp lacement  l e v e l s  i n  t h e  ORR-MFE-GJ 
exper iment  
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Fig.  5.2. He l ium and d isp lacement  damage l e v e l s  i n  t h e  ORR-MFE-7J 
exper iment  e 

been des igned t o  i r r a d i a t e  s p e c t r a l l y  t a i l o r e d  capsules a t  a f l u x  t h a t  

i s  2 t o  3 h i g h e r  than  t h a t  c u r r e n t l y  a v a i l a b l e  i n  t h e  ORR. 

approach ing  t h e  end of i t s  u s e f u l  l i f e ,  i t  was dec ided i n  March 1986 t o  

Wi th  t h e  ORR 

remove t h e  6J and 75 exper iments  f rom t h e  ORR a f t e r  reach ing  a damage 

l e v e l  o f  5 dpa and t o  reencapsu la te  them f o r  c o n t i n u i n g  i r r a d i a t i o n  i n  

t h e  HFIR RB* p o s i t i o n s .  A t  t h a t  t ime,  i r r a d i a t i o n  creep measurements 

w i l l  be c a r r i e d  o u t  and a l i m i t e d  number o f  t e n s i l e  and d i s k  specimens 

removed f o r  t e s t i n g  and examinat ion.  Four  separa te  capsu les  w i l l  be 

des igned and b u i l t  t o  ope ra te  a t  60, 200, 330, and 400OC. These cap- 

s u l e s  w i l l  be i r r a d i a t e d ,  two a t  a t ime ,  i n  R3* p o s i t i o n s  t o  ach ieve  

f u r t h e r  dose increments  o f  10 and 20 dpa. The 60 and 330°C capsu les  
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w i l l  be i r r a d i a t e d  f i r s t ,  beg inn ing  i n  J u l y  1987, f o l l o w e d  by t h e  200 

and 400°C capsu les  approx ima te l y  one yea r  l a t e r .  The proposed schedule 

and c o s t s  f o r  t h e  RB* i r r a d i a t i o n  program a r e  Shawn i n  F ig .  4.1, p. 20, 

t h i s  r e p o r t ,  

The des igns  f o r  t h e  new RB* capsules a r e  based upon t h e  concept  o f  

a s o l i d  h e a t - t r a n s f e r  medium t h a t  was s u c c e s s f u l l y  demonstrated i n  t h e  

200°C s e c t i o n  o f  t h e  MFE-6J capsule,  wh ich  i s  c u r r e n t l y  o p e r a t i n g  s a t i s -  

f a c t o r i l y  i n  t h e  ORR. P r e l i m i n a r y  des ign  concepts were d e s c r i b e d  i n  a 

semiannual p rog ress  repor t .1s  Design and f a b r i c a t i o n  drawings f o r  a l l  

f o u r  RB* capsu les  a r e  scheduled t o  be  complete b y  August 1987. 

6.0 CONCCUSIONS 

The t h i r d  year o f  t h e  U.S.-Japan C o l l a b o r a t i v e  Program was completed 

on schedule and w i t h i n  budget. The e i g h t  Phase I t a r g e t  capsu les  corn- 

p l e t e d  t h e i r  p lanned i r r a d i a t i o n s  i n  H F I R  and t h e  two s p e c t r a l l y  t a i l o r e d  

capsu les  con t inued  i r r a d i a t i o n  w i t h i n  t h e i r  des igned temperatures i n  t h e  

ORR. Disassembly o f  f i v e  o f  t h e  Phase I capsules was completed and con- 

s i d e r a b l e  p rog ress  made i n  t h e  areas o f  t e n s i l e  t e s t i n g ,  f a t i g u e  t e s t i n g ,  

dens i tomet ry ,  and t r a n s m i s s i o n  e l e c t r o n  microscopy.  The r e s u l t s  o f  t h i s  

work was r e p o r t e d  i n  d e t a i l  i n  semiannual r e p o r t s .  The i n i t i a l  phase o f  

t h e  HIFI p r o j e c t  was s u c c e s s f u l l y  completed on schedule and t h e  f i r s t  

i ns t rumen ted  capsu le  (TTT)  was i n s e r t e d  i n  a H F I R  t a r g e t  p o s i t i o n .  The 

i n i t i a l  r e s u l t  showed t h a t  specimen temperatures w e r e  g r a t i f y i n g l y  c lose  

t o  des ign  temperatures,  t hus  c o n f i r m i n g  t h e  v a l i d i t y  o f  t h e  H F I R  capsule 

des ign  methodology. The second phase o f  t h e  p r o j e c t  i n v o l v i n g  the  

development af  t h e  RBk i r r a d i a t i o n  f a c i l i t i e s  i s  p roceed ing  on schedule 
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i n  p r e p a r a t i o n  f o r  t h e  t r a n s f e r  o f  t h e  s p e c t r a l l y  t a i l o r e d  capsules f rom 

t h e  ORR. Conceptual  des igns  were completed f o r  t h e  f o u r  s p e c t r a l l y  

t a i l o r e d  capsu les  t o  be i r r a d i a t e d  a t  60, 200, 330, and 4OB"C i n  t h e  

HFIR RB* p o s i t i o n s .  A p r e l i m i n a r y  t e s t  m a t r i x  was developed f o r  Phase I 1  

o f  t h e  HFIR i r r a d i a t i o n  program. 
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