
LEGIBILITY NOTICE 
A major purpose of the 

Technical Information Center is to 
provide the broadest dissemination 
possible of information contained in 
DOE's Research and Development 
Reports to business, industry, the 
academic community, and federal, 
state and local governments. 

Although portions of this report 
are not reproducible, it is being 
made available in microfiche to 
facilitate the availability of those 
parts of the document which are 
legible. 3 



ORNL/TM-10744 
D i s t r i b u t i o n 
Category UC-423 

Metals and Ceramics Division ORNL/TM—10744 
DE88 010752 

THIRD ANNUAL PROGRESS REPORT ON UNITED STATES-JAPAN 
COLLABORATIVE TESTING IN THE HIGH FLUX ISOTOPE REACTOR 

AND THE OAK RIDGE RESEARCH REACTOR FOR THE 
PERIOD ENDING SEPTEMBER 30, 1986 

A. F. R o w c l l f f e , J . L. Sco t t , M. L. Grossbeck, P. J . Mazlasz 

K. R. Thorns, A. W. Longest, I . I . S1man-Tov, R. A. L I T l i e 

Oak Ridge Nat ional Laboratory 

and 

S. Hamada, A. Hishlnuma, T. Kondo, and M. P. Tanaka 

Japan Atomic Energy Research I n s t i t u t e 

Toka1-mura, Japan 

Date Publ ished - May 1988 

Prepared f o r 
O f f i c e o f Fusion Energy 

AT 15 02 05 3 

>, -a » - • 

8.2 8.5 * . s ^ l l l S s s f 9 3 S t? «j 

Prepared by the 
OAK RIDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 37831-2008 
operated by 

MARTIN MARIETTA ENERGY SYSTEMS, INC 
f o r the 

U.S. DEPARTMENT OF ENERGY 
under con t rac t DE-AC05-840R21400 

MASTER 

i I"! 1 1 1 
_ » M "=• 
3 3 3. sf - -B s s _ Si 

S l r f a ; I I r 

BISTfflB'JTIGfl OF THIS DL'CUMEKT UHLl'^l:fi 



CONTENTS 

Page 

ABSTRACT 1 

1.0 INTRODUCTION 1 

1.1 Background 2 

1.2 Ob jec t i ves 2 

1.3 Scope 2 

2.0 PHASE I HFIR CAPSULES 3 

2 .1 I r r a d i a t i o n Parameters 3 

2.2 Tens i l e Specimen Measurements . . . . 4 

2.3 Fat igue Specimen Measurements 11 

3.0 HFIR IRRADIATION FACILITIES IMPROVEMENT (HIFI ) PROJECT . . . 12 

4 .0 PHASE I I OF THE HFIR IRRADIATION PROGRAM 19 

5.0 SPECTRALLY TAILORED EXPERIMENTS 22 

5 .1 Performance o f the ORR Capsules 22 

5.2 T rans fe r o f the S p e c t r a l l y T a i l o r e d Capsules to HFIR . 24 

6 .0 CONCLUSIONS 26 

ACKNOWLEDGMENTS 27 

REFERENCES 27 

i i i 



THIRD ANNUAL PROGRESS REPORT ON UNITED STATES-JAPAN 

COLLABORATIVE TESTING IN THE HIGH FLUX ISOTOPE REACTOR 

AND THE OAK RIDGE RESEARCH REACTOR FOR THE 

PERIOD ENDING SEPTEMBER 30, 1986 

A. F. R o w c l i f f e , J . L. S c o t t , M. L. Grossbeck, P. J . Maziasz 
K. R. Thorns, A. W. Longest, I . I . S1man-Tov, R. A. L i l l i e 

Oak Ridge Nat ional Laboratory 

and 

S. Hamada, A. Hishlnuma, T. Kondo, and M. P. Tanaka 
Japan Atomic Energy Research I n s t i t u t e 

Tokai-mura, Japan 

ABSTRACT 

The t h i r d year o f the program of 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 the 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 gh t phase-I HFIR t a r g e t capsules 
was completed. P o s t l r r a d l a t l o n examinat ion was completed on 
f i v e of the e i g h t capsules. The Instrumented Target Tempera-
tu re Capsule was designed, b u i l t , and I n s t a l l e d i n HFIR. 
P re l im ina ry r e s u l t s showed t h a t the measured temperatures 
were w i t h i n 15% of those p r e d i c t e d . The s p e c t r a l l y t a i l o r e d 
capsules, MFE-6J and - 7 J , operated 1n ORR as planned through-
out tne y e a r . Conceptual designs and p r e l i m i n a r y t e s t ma t r i ces 
were developed f o r the Phase II i r r a d i a t i o n program. 

1.0 INTRODUCTION 

1.1 Background 

This 1s the t h i r d annual repo r t on the 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 the High Flux Isotope Reactor (HFIR) and 

the Oak Ridge Research Reactor (ORR). Previous r e p o r t s 1 ' 2 d iscussed the 

implementing agreement, the o b j e c t i v e s and scope o f the program, and the 

annual s t a t u s . 

1 
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1.2 Objectives 

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

eva lua te j o i n t i r r a d i a t i o n experiments i n the HFIR and ORR; (2) i n v e s t i -

gate the response of Japanese and U.S. s t r u c t u r a l a l l o y s to high leve ls 

o f d isplacement damage and he l ium content i n the HFIR; and (3) i n v e s t i -

gate the response of U.S. and Japanese pr ime-candidate a l l o y s (PCA and 

JPCA) i r r a d i a t e d i n the ORR and i n the HFIR w i t h the neutron spectrum 

t a i l o r e d to produce a He:dpa r a t i o c h a r a c t e r i s t i c of f u s i o n . A secon-

dary o b j e c t i v e i s to study bas ic 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 . 

1.3 Scope 

Phase I of the program i s based upon (a) e i g h t HFIR t a r g e t capsules 

cover ing the temperature range 300 to 600°C and damage l e v e l s up to ~50 

d isplacements per atom (dpa) , (b) two s p e c t r a l l y t a i l o r e d capsules in 

the ORR cover ing the temperature range 60 to 400°C and damage l e v e l s up 

t o 30 dpa. Phase I I o f the program Invo lves a second set of e igh t t a r -

get capsules and a c o n t i n u a t i o n o f the s p e c t r a l l y t a i l o r e d exper iments. 

Dur ing the past y e a r , the U.S. s ide proposed t h a t the s p e c t r a l l y 

t a i l o r e d experiments being c a r r i e d out i n the ORR should be t r a n s f e r r e d 

to the 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 the HFIR. Th is change i s in 

a n t i c i p a t i o n o f the permanent shutdown o f the ORR w i t h i n the next two to 

th ree y e a r s . In a d d i t i o n , experiments in the 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 to 12 dpa i n one yea r , compared w i t h three 

years i n the ORR. The Japanese s ide agreed to t h i s change, and work has 

s t a r t e d on des ign ing 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 

ach iev ing temperatures i n the range 60 to 400°C i n the HFIR. 
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The s ta tus of the o r i g i n a l e igh t Phase-I HFIR t a r g e t capsules and 

the 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 the f o l l o w i n g 

s e c t i o n s . Planning f o r the Phase- I I HFIR capsules and the fou r RB* 

capsules i s a lso descr ibed . 

2 .0 PHASE I HFIR 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 the HFIR Phase-I capsules and the complete t e s t 

m a t r i x was repor ted p r e v i o u s l y . 1 A l l e igh t capsules have completed 

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 the reac to r c e n t e r - l i n e p o s i t i o n s 

are g iven i n Table 2 .1 . More d e t a i l e d i n fo rma t i on on the damage l eve l s 

of the i n d i v i d u a l specimens i n capsules JP2, JP4, JP5, JP6, JP7, and JP8 

i s g iven i n Tables 2 .2 through 2 .7 . The specimen d e s c r i p t i o n s and com-

p o s i t i o n s were repor ted p r e v i o u s l y . 1 

Table 2 . 1 . Status of U.S./Japan 
HFIR Capsules 

Date Reactor Damag 
Capsule i r r a d i a t i o n exposure9 l eve l 

completed (MWd) (dpa) 

JP1 02-01-85 33,600 33 
JP2 12-17-85 57,500 57 
JP3 05-28-85 34,000 33 
JP4 04-18-86 57,900 57 
JP5 08-12-86 58,200 57 
JP6 11-14-85 36,700 36 
JP7 12-17-85 34,700 34 
JP8 09-07-86 58,200 57 

aReactor power: 100 MW. 
bDisp lacement-per-a tom. Peak 

l eve l i n type J316 s t a i n l e s s s tee l 
(13.5 wt % N i ) . 
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Table 2.2. Damage levels and helium contents for HFIR Capsule JP2 

Distance Specimen 
from HFIR Speci- Damage Helium 

Pos i - center Temper- men 1 evel conten' 
t i o n l i n e Type a ture A l l o y No. (dpa) (appm) 

(cm) (°C) 

1 23.2 Tens i l e 300 PCA EL36 28 2031 
2 18.8 Tens i l e 400 PCA EL37 38 2884 
3 14.3 Tens i l e 500 PCA EL39 46 3533 
4 9 .6 Fat igue 430 PCA EC157 53 4005 
5 4 .6 Fat igue 430 316 AA3 55 3471 

6 0 TEMa d i sks 300 J316b 57 3667 
7 4 .6 Fat igue 430 JPCA FE3 56 4180 
8 9.6 Fat igue 430 JPCA FE4 53 3904 
9 14.3 Tens i l e 500 JPCA TB4 46 3446 

10 18.8 Tens i l e 400 JPCA TB5 38 2817 

11 23.2 Tens i l e 300 JPCA TB6 27 1973 

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

^This ho lder conta ined several a l l o y s . 

2 .2 Tens i l e Specimen Measurements 

During the cu r ren t y e a r , 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 were disassembled. 

Length changes and immersion d e n s i t i e s were measured on the t e n s i l e 

specimens from capsules JP2, - 3 , - 6 , and -7 (Table 2 . 8 ) . The p r e c i s i o n 

o f these measurements i s not very h igh (±0.2% dens i t y change), and there 

are several d isc repanc ies between the two sets of neasurements. Ne i ther 

technique represents a r e l i a b l e method f o r de termin ing small changes i n 

d e n s i t y . A p r e c i s i o n densi tometer ( w i t h a c a p a b i l i t y of de termin ing 

dens i t y changes o f ±0.1%) f o r measuring d e n s i t i e s of TEM d isks was 

brought i n t o opera t ion a t the end o f t h i s r e p o r t i n g p e r i o d . This i s the 

p r e f e r r e d technique f o r de termin ing the s w e l l i n g behav ior o f these 

m a t e r i a l s . 
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Table 2.3. Damage levels and helium contents for HFIR Capsule JP4 

Level Alloy Condition Identity Nickel 
(at. %) 

Boron 
(wt ppm) 

D1 stance 
from HFIR 
center-11ne 

(cm) 

Damage 
level 
(dpa) 

Helium 
content 
(appm) 

Specimen Type: SS-1 
1 Ref. 316 20% CW AB-41,-42,-45 11.71 4 22.7 28 '647 

EP 838 20% CM EP-05 4.28 5 22.7 26 683 
2 EP 838 20% CU EP-06,-10 4.28 5 18.1 36 956 

PCA 83 EL-0,-2 15.41 10 18.1 40 3004 
3 PCA A3 EC-284 15.41 10 13.6 48 3640 

PCA-20 25% CW HV-01 15.30 10 13.6 48 3616 PCA-13 25% CW HA-1 15.14 0 13.6 48 3570 
PCA-19 25% CW HT-01 18.95 0 13.6 49 4418 

4 T9 Mod/2N1 NT4 TB-01,-02 2.05 0 9.1 48 734 
HT-9 NT1 SB-2,-3 0.40 0 9.1 49 323 

5 HT-9/2Ni NT2 SD-01,-02 2.14 0 4.6 51 804 
T9 Mod NT3 TA-01,-04 0.10 0 4.6 50 264 

Specimen Type: TEM Strips 
6 JPCA PA-2 PA-2 14.81 31 O.O 58 4262 JPCA PC-1 PC-1 14.81 31 O.O 58 4262 

C CS-1 CS-1 14.84 0 0.0 58 4239 
JPCA PC-3 PC-3 14.81 31 O.O 58 4262 
K KS-1 KS-1 16.70 0 O.O 59 4739 
JPCA PS-2 PS-2 14.81 31 O.O 58 4262 
J316 SC-1 SC-1 12.81 0 O.O 57 3692 
J316 SS-1 SS-1 12.81 0 O.O 57 3692 
PCA A-l ED 15.41 10 O.O 58 4329 
PCA B3 EL 15.41 10 O.O 58 4329 
PCA-13 25% CW HA 15.41 0 0.0 58 4319 
PCA-19 25% CW HT 18.96 0 O.O 60 5348 
PCA-20 25% CW HV 15.30 0 O.O 58 4363 
PCA-22 25% CW HX 15.11 0 O.O 58 4311 

Specimen Type: SS-1 
7 J316 15% CW Weld D-46,-47,-48 12.81 0 4.6 56 3625 

J316 SA Weld D-16 12.81 0 4.6 56 3625 
8 J316 SA Weld D-17,-18 12.81 0 9.1 53 3415 

JPCA SA Weld CLW-1,-2 14.81 31 9.1 53 3944 
9 JPCA SA Weld CLW-3 14.81 31 13.6 48 3528 

JPCA CW Weld DLW-1,-2,-3 14.81 31 13.6 48 3529 
10 J316 SA D-1,-2 12.81 0 18.1 39 2517 

J316 CW D-31,-32 11.81 0 18.1 39 2517 
11 UPCA SA CL-1,-2 14.81 31 22.7 29 2077 

JPCA CW DL-1,-2 14.81 31 22.7 29 2077 
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Table 2.2. Damage levels and helium contents for HFIR Capsule JP2 

Distance Specimen 
Pos i - f rom HFIR Damage Helium 
t i o n cen te r l i n e Temper- Specimen l e v e l content 

(cm) Type a tu re A l l o y No. (dpa) (appm) 
(°C) 

1 23.2 Tens i l e 300 PCA-A3 EC-34 28 2043 
2 18.8 Tens i l e 400 PCA-A3 EC-31 39 2923 
3 14.3 Tens i l e 500 PCA-A3 EC-32 47 3577 
4 9.6 Fat igue 430 PCA-A3 EC-153 53 4053 
5 4.6 Fat igue 430 Ref. 316 AA-27 56 3512 
6 0 .0 TEMa d i sks 400 J316b 57 3708 

7 4 .6 Fat igue 430 JPCA FE-10 57 4229 
8 9.6 Fat igue 430 OPCA FE-11 53 3950 
9 14.3 Tens i l e 500 JPCA TE-7 47 3489 

10 18.8 Tens i l e 400 JPCA TE-8 39 2854 
11 23.2 Tens i l e 300 JPCA TE-9 28 2002 

aTransm1ss1on e l e c t r o n microscopy. 

b T h i s ho lder conta ined severa l a l l o y s . 

Table 2 . 5 . Damage l e v e l s and hel ium contents f o r HFIR Capsule JP6 

Distance Specimen 
Pos i - f rom HFIR Damage Helium 
t i o n center l i n e Temper- Specimen l e v e l content 

(cm) Type a tu re A l l o y No. (dpa) (appm) 
(°C) 

1 23.2 Tens i l e 600 PCA EL24 16 1057 
2 18.8 TEMa d i sks 500 PCAb 23 1606 
3 14.3 Tens i l e 500 316 AA42 27 1646 
4 9.6 Fat igue 430 PCA EC156 32 2353 
5 4 .6 Fat igue 430 PCA EC161 34 2551 
6 0 .0 TEMa d i sks 600 J316b 36 2327 

7 4 .6 Fat igue 430 JPCA FE12 34 2499 
8 9.6 Fat igue 430 JPCA FE13 32 2307 
9 14.3 Tens i l e 500 JPCA TE10 28 1995 

10 18.8 Tens i l e 400 JPCA TE11 23 1578 
11 23.2 Tens i l e 300 JPCA TE12 16 1046 

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

b T h i s ho lder conta ined severa l a l l o y s . 
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Table 2.2. Damage levels and helium contents for HFIR Capsule JP2 7 

Distance Specimen 
Pos i - from HFIR Specimen Damage Helium 
t i o n c e n t e r - l i n e Temper- No. l eve l content 

(cm) Type a tu re A l l o y (dpa) (appm) 
(°C) 

1 23.2 Tens i le 600 PCA EC-36 16 1056 
2 18.8 Tens i le 500 PCA EL-29 23 1604 
3 14.3 Tens i le 500 PCA EL-31 28 2034 
4 9.6 Fat igue 550 316 AA-54 31 1905 
5 4 .6 Fat igue 550 PCA EF-5 34 2554 

6 0 .0 TEMa d i sks 500 J316b 34 2186 

7 4 .6 Tens i l e 600 JPCA TE-16 34 2497 
8 9 .6 Tens i le 600 JPCA TE-17 32 2305 
9 14.3 Tens i le 500 JPCA TE-18 28 1993 

10 18.8 Tens i le 400 JPCA TE-19 23 1577 
11 23.2 Tens i le 300 JPCA TE-20 16 1045 

t r a n s m i s s i o n e l ec t r on microscopy. 

b Th i s ho lder contained several a l l o y s . 

Table 2 .7 . Damage l e v e l s and hel ium contents f o r HFIR Capsule JP8 

Distance Specimen 
Pos i - from HFIR Specimen Damage Helium 
t l o n c e n t e r - l i n e Temper- No. l eve l content 

(cm) Type a tu re A l l o y (dpa) (appm) 
(°C) 

1 23.2 Tens i l e 600 PCA-B3 EL-26 28 2043 
2 18.8 Tens i l e 600 PCA-B3 EL-35 39 2923 
3 14.3 Tens i l e 500 PCA-B3 E l -25 47 3577 
4 9.6 Fat igue 430 PCA-A3 EC-163 53 4053 
5 4.6 Fat igue 430 316 AA-53 56 3512 

6 0 .0 TEMa d i sks 500 J316b 57 3708 

7 4 .6 Tens i l e 600 JPCA TE-21 57 4229 
8 9.6 Tens i le 500 JPCA TE-22 53 3950 
9 14.3 Tens i le 430 JPCA TB-12 47 3488 

10 18.8 Tens i le 400 JPCA TE-23 39 2854 
11 23.2 Tens i le 300 JPCA TE-24 28 2001 

t r a n s m i s s i o n e lec t ron microscopy. 

b Th i s ho lder contained several a l l o y s . 
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Table 2 . 8 . Length and dens 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, mm Densi ty Change, % 
imen A l l o y Condi- d i a t i o n Increase 
No. t1ona Temper- I n i t i a l F ina l (%) 3 AL/L„ AV/V0 

a tu re 
(°C) 

EL30 PCA B3 
EL34 PCA B3 
EC29 PCA A3 
TB7 J PCA PS2 
TB8 J PCA PS2 
TB9 J PCA PS2 

TE12 J PCA PC2 
TE11 J PCA PC2 
TE10 OPCA PC2 
EL24 PCA B3 
AA42 316 20% CW 

TE20 J PCA PC2 
TE19 J PCA PC2 
IE18 J PCA PC2 
IE17 J PCA PC2 
TE16 J PCA PC2 
EC36 PCA A3 
EL29 PCA B3 
EL31 PCA B3 

TB6 J PCA PS2 
TB5 J PCA PS2 
TB4 J PCA PS2 
EL36 PCA PS2 
EL37 PCA B3 
EL39 PCA B3 

Capsule JP3 

300 39.34 39.39 
400 39.34 39.52 
500 39.35 39.43 
500 39.41 39.45 
400 39.40 39.46 
300 39.40 39.43 

Capsule JP6 

300 39.40 39.43 
400 39.39 39.44 
500 39.40 34.43 
600 39.34 39.36 
500 39.31 39.36 

Capsule JP7 

300 39.39 39.46 
400 39.40 39.46 
500 39.40 39.48 
600 39.40 39.45 
600 39.41 39.45 
600 39.35 39.41 
600 39.34 39.39 
500 39.34 39.40 

Capsule JP2 

300 39.38 39.47 
400 39.39 39.54 
500 39.39 39.58 
300 39.34 39.44 
400 39.34 39.39 
500 39.34 39.70 

0.14 0.4 0.5 
0.47 1.4 0.3 
0.20 0.6 0 .4 
0.10 0.3 0 .8 
0.15 0.5 0 .4 
0 .08 0 .2 0 .3 

0 .08 0 .2 0 .2 
0.13 0.4 0 . 1 
0 .08 0 .2 0 . 1 
0 .05 0 .2 0 . 1 
0.13 0.4 0 .1 

0 .18 0.5 0 .0 
0.15 0.5 0 . 1 
0.20 0.6 0 .1 
0.13 0.4 0 .2 
0.10 0.3 0 . 1 
0.15 0.5 0.0 
0 .13 0.4 0 .2 
0.15 0.5 0 .2 

0.23 0.7 0 . 1 
0 .38 1 .1 0 . 1 
0 .48 1.4 0 . 1 
0.25 0.8 0 , 1 
0.13 0.4 0 . 1 
0 .92 2.8 2 . 1 

A3 — SA a t HOO°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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Tens i l e t e s t s were completed on specimens from Capsules JP-1, - 2 , 

- 3 , and - 6 , and on some specimens from JP-7. Tes t ing was c a r r i e d out 

i n vacuum a t the nominal i r r a d i a t i o n temperature a t a s t r a i n ra te of 

4 .2 x 10~* s ~ l . Th is equipment i s shown i n F i g . 2 . 1 . The r e s u l t s are 

summarized i n Table 2 . 9 . These data were discussed i n a semiannual 

progress r epo r t 3 and a l so a t the Th i rd U.S./Japan Workshop in Tokyo." 

0RNL-PH0T0 1416-86 

F i g . 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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Table 2 . 9 . Summary o f t e n s i l e t e s t s from HFIR JP capsules 

Temperature Damage S t reng th , MPa E longa t ion , % 
Specimen A l l o y (°C) Level 

No. I r r a - Test (dpa) Y ie ld U l t ima te Uni - Tota l 
d i a t i o n 

(dpa) 
form 

Capsule JP1 

EL15 PCA 300 300 16 933 933 0.21 5 .1 
EL21 PCA 400 400 22 993 1000 0.31 4.4 
EL28 PCA 500 500 27 695 792 5 .1 7.7 
TE1 JPCA 300 300 16 878 889 0.53 7.9 
TB2 JPCA 400 400 22 878 888 0.38 6.4 
TBI JPCA 500 500 27 650 732 4.7 8.2 

Capsule JP3 

TB9 JPCA 300 300 15 876 889 0.39 8.6 
TB8 JPCA 400 400 22 896 910 0.44 6.0 
TB7 JPCA 500 500 27 631 724 7.2 11.7 
EL30 PCA 300 300 16 945 947 0.19 5.3 
EL34 PCA 400 500 22 931 931 0.21 3.6 
EC29 PCA 500 400 27 793 895 5 .1 7 .1 

Capsule JP6 

TE12 JPCA 300 300 16 889 903 0.63 7.2 
TE11 JPCA 400 400 23 952 972 0.42 5.5 
TE10 JPCA 500 500 28 678 765 7 .1 11.4 
AA42 316 500 500 27 681 807 8.7 10.6 
EL24 PCA 600 600 16 567 643 4.2 6.0 

Capsule JP7 

EC36 PCA 600 600 16 585 643 3.06 3.81 
EL29 PCA 600 600 23 417 528 5.87 7.37 
EL31 PCA 500 500 28 658 756 5.45 8.40 
TE16 JPCA 600 600 34 519 582 3.68 5.18 

Capsule JP2 

EL36 PCA 300 300 28 933 947 0.69 4.53 
EL37 PCA 400 400 38 976 979 0.41 3.95 
EL39 PCA 500 500 46 706 769 4.4 6.57 
TB4 JPCA 500 500 46 620 682 5.76 7.79 
TB5 JPCA 400 400 38 857 871 0.55 5.69 
TB6 JPCA 300 300 27 770 789 2.43 9.93 
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2.3 Fat igue Specimen Measurements 

Fat igue t e s t s were performed on hourglass f a t i g u e specimens using 

a se rvo -hyd rau l1c , c losed- loop t e s t i n g system I n s t a l l e d 1n a hot c e l l 

( F i g . 2 . 2 ) . The system has a four-column load frame capable o f 220 kN. 

I t 1s equipped w i t h an u l t r a h i g h vacuum system pumped by a turbomolecu lar 

pump capable of pressures of 10"* t o 10~% Pa dur ing e levated- temperature 

t e s t i n g . Specimen heat ing i s accomplished by a rad io - f requency induc-

t i o n w i t h a load c o l l surrounding the specimen. S t r a i n i s measured by a 

d iamet ra l extensometer which f i t s between two windings of the load c o i l . 

Tests were performed a t the i r r a d i a t i o n temperatures o f 430 and 550°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 the 

ORNL-PHOTO 2369-78 

F i g . 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 appara tus . Resul ts are g iven in Table 2 .10 . Some of the specimens 

i n the t e s t m a t r i x were taken from a U.S. capsu le , HFIR-CTR-36. A pre-

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

Japan Workshop on Fusion M a t e r i a l s . " 

Transm1ss1on-electron-m1croscopy (TEM) d isks from a l l o f the d i s -

assembled capsules were so r t ed . Twenty U.S. d i sks from p o s i t i o n 2 o f 

capsule JP6 were sent t o Hanford Engineer ing Development Laboratory 

(HEDL) f o r r e 1 r r a d i a t l o n i n the Ma te r i a l s Open Test Assembly (MOTA) of 

the Fast F lux Test F a c i l i t y (FFTF). These specimens, i r r a d i a t e d in HFIR 

a t 500°C t o about 23 dpa and 1600 appm He, w i l l be r e l 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 he l ium gene ra t i on . A 

l i s t i n g o f the d i sks t r a n s f e r r e d to MOTA 1s g iven i n Table 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 out on a 

v a r i e t y o f a u s t e n l t i i 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 temperatures o f 300, 400, 500, and 600°C. A t t e n t i o n was focused on 

both the U.S. and Japanese heats o f PCA and AISI 316 i n both s o l u t i o n 

annealed and co ld worked c o n d i t i o n s . The development o f the 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 repor ted in d e t a i l in 

semiannual progress r e p o r t s . A paper desc r i b i ng these r e s u l t s was 

presented a t the Second I n t e r n a t i o n a l Conference on Fusion Reactor 

M a t e r i a l s (ICFRM-2) in Chicago1 0 and a lso a t the S i x t h U.S.-Japan 

Workshop on Fusion M a t e r i a l s i n Tokyo." 

3 .0 HFIR IRRADIATION FACILITIES IMPROVEMENT (HIF I ) PROJECT 

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

making major improvements i n the m a t e r i a 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 the 

HFIR. Phase I o f the p r o j e c t i nvo lves p r o v i d i n g the c a p a b i l i t y t o ca r r y 
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Table 2 .10 . Resul ts of f a t i g u e t e s t s 

Tota l No. of 
Spec i - I r r a d i a t i o n 

A l l o y 
Temper- Exposure S t r a i n Cycles to 

men Capsule A l l o y a tu re (dpa) Range F a i l u r e 
(°C) ('/•) 

FEU OPCA, PC2 430 0 1.0 32,305 
FE1 JP1 JPCA, PC2 430 33 1.0 9,000 
FE15 JPCA, PC2 430 0 0.5 1,330,161 
FE2 JP1 JPCA, PC2 430 31 0.5 31,596 
FE36 JPCA, PC2 430 0 2 .0 7,904 

FE5 JP3 JPCA, PC2 430 33 2.0 594 
FE6a JP3 JPCA, PC2 430 31 
FE12 JP6 JPCA, PC2 430 34 0.35 657,179 

EF5 JP7 PCA, B2 550 34 1.0 6,129 
EF20 PCA, B2 550 0 1.0 37,015 
EF2 HFIR-CTR-36 PCA, B2 550 30 0.5 65,453 
EF7 PCA, B2 550 0 0.5 344,077 

EC145 HFIR-CTR-36 PCA, A3 550 30 1.0 4,270 
EC149 HFIR-CTR-36 PCA, A3 550 30 0.5 120,006 
EC155 PCA, A3 550 0 1.0 24,443 

AA5 HFIR-CTR-36 316 550 30 0.5 61,748 
AA54 JP7 316 550 30 1.0 7,030 
AA3 JP2 316 430 55 1.0 4,323 

aBroken a c c i d e n t a l l y du r ing load ing i n t o f a t i g u e machine. 

Table 2 .11. TEM d isks from capsule JP6 t o be i r r a d i a t e d i n the 
M a t e r i a l s Open Test Assembly (MOTA) 

Disk 
No. A l l o y I d e n t i -

f i c a t i o n 
Disk 

No. A l l o y I d e n t i -
f i c a t i o n 

41 PCA B3 EL84 51 CW PCA11 FY69 
42 DO 316 CW AL72 52 CW PCA12 FZ40 
43 EP 838 EP52 53 CW PCA13 HA66 
44 CW PCA1 FC40 54 CW PCA16 HD80 
45 CW PCA3 FG99 55 CW PCA17 HE67 
46 CW PCA6 FN85 56 CW PCAie HF60 
47 CW PCA8 FS77 57 CW PCA19 HT13 
48 CW PCA9 FV98 58 CW PCA20 HV25 
49 CW PCAOO HH04 59 CW PCA21 HW38 
50 CW PCA10 FX76 60 CW PCA22 HX04 

61 CW D9 J697 GH12 
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out I r r a d i a t i o n experiments 1n the t a r g e t reg ion . These f a c i l i t i e s w i l l 

a l l o w the specimen temperatures 1n a mockup U.S.-Japan capsule to be 

measured and compared w i t h design temperatures, and a lso prov ide a means 

f o r de te rm in ing nuc lear heat ing ra tes 1n s t a i n l e s s s tee l as a f u n c t i o n 

o f a x i a l core p o s i t i o n , and t ime , 1n the HFIR f u e l c y c l e . Th is p r o j e c t 

requ i res the design and f a b r i c a t i o n o f new reac to r components t o replace 

the t a r g e t h o l d e r , ou te r shroud, t a r g e t tower , t a r g e t hole p l u g , qu i ck -

access ha tch , shroud f l a n g e , t r ack assembl ies, and removable b e r y l l i u m . 

Some o f these components are shown 1n F1gs. 3 . 1 and 3 . 2 . The general 

arrangement 1s shown schemat i ca l l y 1n F ig . 3 . 3 . Phase I was completed 

on schedule and the f i r s t exper iment , the Target Temperature Test (TTT), 

was i n s e r t e d 1n the reac to r i n August 1986. Th is exper iment con ta ins 

0RNL-PH0T0 4175-86 

F1g. 3 . 1 . Outer shroud assembly f o r the HFIR. 



ORNL-PHOTO 3937-86 

F ig . 3 .2. Target tower assembly f o r the HFIR. 

QUICK ACCESS 
HATCH 

ORNL-DWG 85-18470 
I 

mm 

t OF LARGE 
R3*FACIUTY 

TARGET TOWER 

SHROUD RANGE — ^ Z Z Z Z Z Z A 

UPPER TRACKS 

Fig. 3 .3 . General arrangement o f 
core ta rge t tower and quick-access hatch 
i n the HFIR. 
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fa t i gue and t ens i l e specimens iden t i ca l to those used in Capsules JP-1 

through - 8 , w i th contro l gas gaps set to achieve temperatures ranging 

from 300 to 500°C. During t h i s report ing per iod , two HFIR I r r a d i a t i o n 

cycles were completed. I n i t i a l resu l ts showed tha t specimen tem-

peratures at the beginning of the experiment were w i t h i n 15% of the 

design values. This capsule 1s 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 provide valuable in format ion on the s t a b i l i t y of the thermal 

condi t ions as a func t ion of I r r a d i a t i o n t ime. The design of t h i s 

experiment and I n i t i a l resu l t s were reported in semiannual progress 

r e p o r t s . l x » 1 2 

The ob jec t ive of Phase I I of the HIFI p ro jec t i s to replace the 

e x i s t i n g four 37-mm-diam i r r a d i a t i o n posi t ions i n the bery l l i um r e f l e c -

t o r w i th e ight new pos i t i ons , each wi th a diameter of 48 mm. These new 

RB* pos i t ions are designed to accommodate the spec t ra l l y t a i l o r e d 

experiments cu r ren t l y i n progress in the core o f the ORR reactor . 

Fabr icat ion of a new be ry l l i um r e f l e c t o r was completed (F ig . 3 .4 ) , 

and a new quick-access hatch was also completed (F ig . 3 . 5 ) . The new 

hatch provides s t r a i g h t - l i n e instrumentat ion access to each of the RB^ 

f a c i l i t i e s and w i l l permit r o t a t i on of experiments f o r rad ia l f l a t t e n i n g 

of the f luence during i r r a d i a t i o n . The present status of the p ro jec t i s 

summarized in F ig. 3 .6 . Completion i s expected by June 19, 1987. A 

f u l l desc r ip t ion of the HIFI p ro jec t was presented a t ICFRM-2.13 



ORNL-PHOTO 4853-87 

Fig. 3.4. New removable beryll ium ref lector 
for the HFIR. 

ORNL-PHOTO 3935-86 

Fig. 3.5. New quick-access hatch for 
the HFIR. 
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4.0 PHASE I I OF THE HFIR IRRADIATION PROGRAM 

The i n i t i a l p lan f o r Phase I I o f the 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 to b u i l d e i gh t HFIR capsules du r i ng FY 1987. However, at 

the Steer ing Cormiittee Meeting i n March 1986 t h i s p lan was rev ised f o r 

budgetary reasons, and i t was decided t o b u i l d these capsules over a 

pe r iod of several yea rs . The present p lan f o r schedule and costs i s 

shown i n F i g . 4 . 1 . 

In Phase I o f the i r r a d i a t i o n program equal cos t shar ing was 

achieved by p rov id i ng equal numbers of each type of i r r a d i a t i o n specimen 

f o r both p a r t n e r s . In order to prov ide g rea te r f l e x i b i l i t y to e x p e r i -

menters and to address a wider range of r a d i a t i o n damage ques t ions , a 

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

Phase I I program, the space i n the e i g h t capsules is appor t ioned so t ha t 

the product (specimen volume times neutron f luence) i s the same f o r each 

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

are shown i n Table 4 . 1 . The value f a c t o r assigned t o each capsule 

accounts f o r the specimen volume, the i r r a d i a t * . t ime, and the d i s t r i -

b u t i o n o f f l u x about the core center l i n e . 

Table 4 . 1 . D i s t r i b u t i o n o f space in Phase I I Capsules 

Peak Percentage of Space Value Factor 
Capsule Fluence Occupied by Specimens 

No. (dpa) U.S. Japan U.S. Japan 

JP-9 100 86 14 0.884 0.116 
JP-10 34 5 95 0.057 0.943 
0P-11 34 5 95 0.057 0.943 
JP-12 100 86 14 0.884 0.116 
JP-13 34 5 95 0.057 0.943 
JP-14 56 5 95 0.057 0.943 
JP-15 100 86 14 0.884 0.116 
JP-16 34 5 95 0.057 0.943 
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U.S. FISCAL YEAR 

TASK 1987 1968 1989 1990 1991 1992 1993 | 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

, , _ . , 
i 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

-1 

1 

i 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

-1 

1 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

TARGET 
BUILD PHASE 2 CAPSULES 

IRRADIATE 

TEST SPECIMENS 

RB* 
MODIFY HFIR 

BUILD FACILITY 

BUILD CAPSULES 

o) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

REINCAPSULATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

IRRADIATE 

a) 60 AND 330 CAPSULES 

b) 200 AND 400 CAPSULES 

POSTtRRADIATlON EXAMINATION 

TOTAL COSTS 2492 2837 2876 2964 2752 2551 1639 

onvl 
Fig. 4 .1 . Schedule and costs f o r the HFIR capsules. 
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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 the Japanese s ide 1s almost 

tw i ce t h a t a v a i l a b l e t o the U.S. exper imenters; however, t h i s imbalance 

i s compensated f o r by the h igher f luences which the U.S. specimens w i l l 

r ece i ve . 

The pr imary t echn i ca l I n t e r e s t of the Japanese s ide i s to determine 

the e f f e c t s of d isplacement damage and hel ium on the behav ior o f we lds . 

Using both JPCA and AISI 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) 

are being prepared from welded sheet mate r ia l such t h a t the weld l i e s 

across the center o f the gage sec t i on . Several we ld ing techniques are 

being u t i l i z e d t o I n v e s t i g a t e the 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 . 

In a d d i t i o n , 3-mm-dlam d isk specimens are being prepared from the f us ion 

zone, h e a t - a f f e c t e d zone, and base me ta l ; these w i l l be used to i n v e s t i -

gate m l c r o s t r u c t u r a l e v o l u t i o n and swe l l i ng behavior i n these var ious 

reg ions . Disk specimens w i l l a lso be inc luded of va r ious exper imental 

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

specimens of JPCA w i l l be inc luded i n several capsules t o complete the 

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 out i n Phase I . 

The m a j o r i t y o f the 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 , - 1 2 , and - 1 5 , which are designed to achieve a goal f l uence o f 

100 dpa. 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 / 

m a r t e n s i t i c s tee 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 generate a hel ium/dpa 

r a t i o o f ~10. The o ther two capsules w i l l ca r ry a v a r i e t y o f a l l o y s 

which have been i s o t o p i c a l l y t a i l o r e d 1 * to produce a range o f He/dpa 

r a t i o s (<0 .1 , 10, 20 , 7 0 ) . Th is unique experiment i s the f i r s t - e v e r 

r e a c t o r experiment w i t h he l ium genera t ion r a t e as the s i n g l e v a r i a b l e . 

For specimens i n ad jacent p o s i t i o n s , temperature, dose, dose r a t e , a l l o y 
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chemis t ry , 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 . Disk specimens of 

both f e r r i t l c / m a r t e n s i t l c and a u s t e n i t i c s t ee l s w i l l be i nc luded . The 

experiment addresses long-s tand ing basic quest ions on the r o l e o f hel ium 

in 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 exp lo re the h igh f luence s w e l l i n g 

behavior o f the 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 ma t r i x f o r the Phase I I HFIR capsules i s shown i n 

Table 4 . 2 . Procurement o f capsule hardware and f i n a l d e f i n i t i o n of the 

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 out i n the next 

r e p o r t i n g p e r i o d . 

5 .0 SPECTRALLY TAILORED EXPERIMENTS 

5 . 1 Performance o f the ORR Capsules 

Two s p e c t r a l l y t a i l o r e d capsules, MFE-6J and - 7 J , are c u r r e n t l y 

being i r r a d i a t e d i n the ORR. Capsule MFE-7J, which i s being i r r a d i a t e d 

a t 330 and 400°C, u t i l i z e s a l i q u i d metal (NaK) h e a t - t r a n s f e r medium. 

Capsule MFE-6J has an ou te r reg ion i n which the specimens are in contact 

w i t h the ORR coo l i ng water a t 60°C. In the inner r eg ion , which operates 

a t 200°C, heat t r a n s f e r i s e f f e c t e d through a 6061 aluminum a l l o y ho lde r . 

The capsule des igns , t e s t m a t r i c e s , and exper imenta l o b j e c t i v e s were 

descr ibed e a r l i e r . 1 * 2 

The MFE-6J capsule operated r o u t i n e l y throughout the year w i t h tem-

peratures i n the inner capsule ranging from 175 to 200°C. The r e s u l t s 

of the temperature mon i t o r i ng were repor ted i n semiannual progress 

r e p o r t s . l s » 1 $ 

Three-dimensional neu t ron ics c a l c u l a t i o n s t o moni tor the r a d i a t i o n 

environment o f the MFE-6J and -7J capsules were c a r r i e d out f o r each ORR 
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Table 4 . 2 . P re l im ina ry ma t r i x f o r HFIR Phase I I 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 dpal 

Specimen P o s i t i o n 1 
500°C 500°C 500°C 300°C 400°C 500°C 500°C 600°C 
TEM T T TB T T TB T 

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

Specimen P o s i t i o n 3 
400°C 430°C 430°C 300°C 400°C 600°C 500°C 430°C 
TB F F TEM T TEM TEM TB 

Specimen P o s i t i o n 4 
500°C 300°C 400°C 300°C 430°C 600°C 500°C 300°C 
TB T TEM TEM F TEM TEM T 

Specimen P o s i t i o n 5 
5O0°C 400°C 500°C 300°C 500°C 500°C 500°C 400°C 
TB T T TEM T T TEM T 

Specimen P o s i t i o n 6 
500°C 400°C 500°C 400°C 500°C 500°C 600°C 400°C 
TEM TEM TEM TEM TEM TEM TEM TEM 

Specimen P o s i t i o n 7 
500°C 400°C 500°C 400°C 500°C 500°C 600°C 400°C 
TB T T TEM T T TEM T 

Specimen P o s i t i o n 8 
500"C 300°C 500'C 400°C 430°C 400°C , 600°C 300°C 
TB TEM TEM TB F T TEM T 

Specimen P o s i t i o n 9 
400"C 300°C SOO'C 400°C 430°C 300°C 600°C 430°C 
TB T T TB F TEM TB TB 

Specimen Pos i t i on 10 
300®C 430°C 430°C 400°C 400°C 400°C 600°C 500°C 
TB F F TB T T TB T 

Specimen P o s i t i o n 11 
300°C 600°C 400°C 400°C 400°C 500°C 600°C 600°C 
TB T T TB T TEM TB T 

TEM = d isk 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 bar t e n s i l e specimen. T = SS-1 sheet t e n s i l e specimen. 

F = hourg lass f a t i g u e specimens. 
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cyc le and the r e s u l t s repor ted 1n semiannual r e p o r t s . 1 7 ' 1 8 The pro-

j e c t e d damage leve ls and hel ium concentra t ions f o r MFE-6J and -7J are 

shown 1n F1gs. 5 . 1 and 5 .2 , r e s p e c t i v e l y . At the end of t h i s repo r t i ng 

p e r i o d , AISI 316 specimens had achieved 4 .8 dpa and 33 appm He 1n MFE-6J, 

and 5.3 dpa and 57 appm He 1n MFE-7J. Ca lcu la t ions I nd i ca te t h a t the 

s o l i d aluminum core piece should be placed around the MFE-7J experiment 

1n October 1986 and around the MFE-6J experiment i n September 1987. 

5 .2 Transfer o f the S p e c t r a l l y T a i l o r e d Capsules to HFIR 

As descr ibed 1n Sect . 3 . 0 , the new Instrumented 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 1n June 1987. These f a c i l i t i e s have 

ORNL-DWG 86-18361 

250 

200 
E 

5 i 5 0 

2 ̂ <00 
UJ 
X 

50 

0 
< 

DISPLACEMENT DAMAGE LEVEL (dpa) 

F i g . 5 . 1 . Helium and displacement l eve l s i n the 0RR-MFE-6J 
exper iment . 
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X 

50 

0 
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DISPLACEMENT DAMAGE LEVEL (dpa) 
Fig . 5 .2 . Helium and displacement damage l eve l s i n the 0RR-MFE-7J 

experiment. 

been designed to 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 at a f l u x t ha t 

i s 2 t o 3 higher than tha t c u r r e n t l y ava i l ab l e i n the ORR. With the ORR 

approaching the end of i t s useful l i f e , i t was decided in March 1986 to 

remove the 6J and 7J experiments from the ORR a f t e r reaching a damage 

leve l of 5 dpa and t o reencapsulate them f o r cont inu ing i r r a d i a t i o n i n 

the HFIR RB* p o s i t i o n s . At t ha t t ime, i r r a d i a t i o n creep measurements 

w i l l be ca r r i ed out and a l i m i t e d number of t e n s i l e and d isk specimens 

removed f o r t e s t i n g and examinat ion. Four separate capsules w i l l be 

designed and b u i l t t o operate a t 60, 200, 330, and 400°C. These cap-

sules w i l l be I r r a d i a t e d , two a t a t ime , 1n RB* pos i t i ons to achieve 

f u r t h e r dose Increments of 10 and 20 dpa. The 60 and 330°C capsules 

TYPE 316 STAINLESS STEEL 

• CURRENT LEVEL 
O PROJECTED LEVELS 

MFE-7J 

FIRST WALL- jylaEPT 30 '87 

.a\JUNE 30 '87 
,«or'MAR 31 '87 

^ >CTDEC 31 '86 
j-yCOCT 28 '86 (change to solid Al core piece) 

SEPT 30 '86 
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w i l l be i r r a d i a t e d f i r s t , beginning i n Ju ly 1987, fo l l owed by the 200 

and 400°C capsules approximate ly one year l a t e r . The proposed schedule 

and costs f o r the RB* i r r a d i a t i o n program are shown i n F i g . 4 . 1 , p. 20, 

t h i s r e p o r t . 

The designs f o r the new RB* capsules are based upon the concept of 

a s o l i d h e a t - t r a n s f e r medium t h a t was success fu l l y demonstrated 1n the 

200°C sec t i on of the MFE-6J capsule, which i s c u r r e n t l y opera t ing s a t i s -

f a c t o r i l y in the ORR. P re l im ina ry design concepts were descr ibed in a 

semiannual progress r e p o r t . 1 * 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* capsules are scheduled t o be complete by August 1987. 

6 .0 CONCLUSIONS 

The t h i r d year of the U.S.-Japan Co l l abo ra t i ve Program was completed 

on schedule and w i t h i n budget. The e igh t Phase I t a r g e t capsules com-

p le ted t h e i r planned i r r a d i a t i o n s 1n HFIR and the two s p e c t r a l l y t a i l o r e d 

capsules cont inued I r r a d i a t i o n w i t h i n t h e i r designed temperatures in the 

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

s i de rab le progress made 1n the areas of 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 ransmiss ion e lec t ron microscopy. The r e s u l t s o f t h i s 

work was repor ted 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 of 

the HIFI p r o j e c t was success fu l l y completed on schedule and the f i r s t 

instrumented capsule (TTT) was Inser ted in a HFIR 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 were g r a t i f y i n g l y c lose 

to design temperatures, thus con f i rm ing the v a l i d i t y o f the HFIR capsule 

design methodology. The second phase of the p r o j e c t i n v o l v i n g the 

development o f the RB* i r r a d i a t i o n f a c i l i t i e s i s proceeding on schedule 
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in p repa ra t i on f o r the t r a n s f e r of the s p e c t r a l l y t a i l o r e d capsules from 

the ORR. Conceptual designs were completed f o r the fou r s p e c t r a l l y 

t a i l o r e d capsules t o be i r r a d i a t e d a t 60, 200, 330, and 400°C in the 

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 I 

of the HFIR i r r a d i a t i o n program. 
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