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PXKST ANNUAL PROGRESS REPORT ON UNITED STATES-JAF'AV 
COLLABORATIVE TESTING I N  THE HIGH FLUX ISOTOPE 

REACTOR AND THE OAK RIDGE RESEARCH REACTOR 
FOB THE PERIOD E N D I N G  - .  

SEPTEMBER 30, 1984* 

J. L. S c o t t ,  M. L. Grossbeck, A. F. Rowcliffe,  
Co l in  D. West, M. P. Tanaka,? S. J i t sukawa ,?  

T.  Kondo,* and A. Hishinuma* 

ABSTRACT 

The f i r s t  year of t h e  Program of U.S.-Japan Co l l abora t ive  
T e s t i n g  i n  WIR and ORR has been completed. The program c o n s i s t s  
of e i g h t  Phase-I 'HFIK Targe t  Capsules and two OKK Spectral.- 
T a i l o r i n g  Capsules e q u a l l y  shared. A t  t h e  end of t he  f i r s t  year, 
a l l  e i g h t  H F ~ K  capsu le s  were completed and s i x  were being irra- 
d i a t e d  i n  WLK. Designs of both ORR capsu le s  w e r e  completed, 
and a thermal mock-up of t he  S 0 / 2 0 O o C  capsu le  w a s  s u c c e s s f u l l y  
opera ted .  P r e p a r a t i o n s  were unade f o r  t he  i n s t a l l a t i o n  of a new 
J E O L  JEM-2000FX Microscope t o  be supp l i ed  by JAERI Lo OWL fo r  
t h e  c o l l a b o r a t i o n .  A l l  work w a s  completed on schedule  and 
w i t h i n  c o s t s .  

1.0 INTRODUCTION 

1.1  BACKGROUND 

There e x i s t s  an i n t e r n a t i o n a l  consensus t h a t  t h e  f u s i o n  materials 

test  matrix of cand ida te  materials, m i c r o s t r u c t u r a l  cond i t ion ,  t em-  

p e r a t u r e ,  stress state,  and response  is too  l a r g e  f o r  any one country t o  

accomplish a lone ,  e s p e c i a l l y  i n  t h e  a l loy-scoping  s t age .  For t h i s  reason, 

* Research sponsored by t h e  O f f i c e  of Fusion Energy, U.S. Department 
of Energy, under c o n t r a c t  No. DE-ACQ5-840R2l.400 wi th  Martin Marietta 
Energy Systems, Inc .  

?Japan Atomic Energy Research I n s t i t u t e ,  Tokai-mura, Japan, ass igned  

*Japan Atomic Energy Research I n s t i t u t e ,  Tokai-mura. 

t o  OKNL. 

1 



2 

i n k r n a t i o n a l  c o l l a b o r a t i o n  is viewed g e n e r a l l y  t o  be highly d e s i r a b l e .  

There are, however noany harriers t o  k overcome, inc lnding  language, 

d i s t a n c e ,  i n s t i t u t i o n s ,  and f inanc ing .  All of t h e s e  Llxrr.Less were ouer- 

come f o r  the program descr ibed  i n  c h i s  r e p o r t .  

T h e  Japanese have recognized t h e  va lue  of i r r a d i a t i o n s  i n  HFIR ('rligh 

Flux Iso tope  Reactor) and OEtR (Oak Ridge Research Reactor)  f o r  a long 

L i m e  These r e a c t o r s  are vcvy useful  fo r  i r r a d i a t i o n  of n icke l -conta in ing  

s t e e l s  such t h a t  b t h  high levels of atomic displacements  measured i n  

displacemeal-s per atom (dpa)  from f a s t  neutrons and high helium conlernts 

v i a  t h e  two-step r e a c t i o n ,  58Ni -f- 2n * 56Fc d- H e ,  a ~ e  ackieved s imulta-  

neously.  For many a u s t e r i i t i c  and f e r r i t i c  steels,  i r r a d i a t i o n  of a l l o y s  

i n  t h e s e  mixed-spectruci? f i s s i o n  r e a c t o r s  provides  a use fu l  s imula t ion  of a 

fus ion- reac tor  i r r a d i a t i o n ,  where high-energy neutrons produce d isp lacs-  

n e n t s ,  helium, and hydrogen. 

There is AO mixed-spcctrum f i s s i o n  r e s a t o r  i n  Japan with the t o t a l  

f l u x  of IiFIIK (peak 5 x 1019 neut rons /u7 ' s ) ,  and t h e  a v a i l a b i l i t y  o f  o t h e r  

thermal  r e a c t o r s  i s  such t h a t  t h e  ""spectral  t a i l o r l n g , "  as is done t n  8RR, 

i s  a l so  not  p r a c t i c a l .  I n  August 1978, D r .  J. Shirnokawa, then Head of t h e  

Department of Fuels  and MLerials Research a t  J A E R I  (Japan Atomic Energy 

Research I n s t i t u t e ) ,  wrote Lo E. E. Bloom, ORNL (Oak Ridge Nat ional  

Labora tory) ,  i n d i c a t i n g  t h a t  J U R I  wished t o  i r r a d i a t e  capsules  i n  HFIR 

and r e q u e s t i a g  information about costs and schedules. This  le t ter  i n i -  

t i a t e d  a ser ies  o f  d i s c u s s i o n s  leading t o  t h e  present  c o l l a b o r a t i o n .  The 

major agrecmenLs leading t o  the  c o l l a b o r a t i o n  are l i s t e d  belaw. It should 

n o t  be i n f e r r e d  t h a t  a l l  agreements came about as a r e s u l t  of IWIR-ORR 

d i s c u s s i o n s ,  but each agreemcni, was an e s s e n t i a l  s t e p .  

%y 2 - , - 1 9 7 9  - Agreement between t h e  government of Japan and the 

government of t h e  United States of America on cooperat ion i n  research  and 

dcvelopment i n  energy and r c l a t e d  f i e l d s .  

-- August 24 ,  1979 - -  Exchange of no tes  loerween t h e  two governments t h a t  

e s t a b l i s h e d  a coord ina t ing  committee 011 fus ion  and provided coopera t ive  

a c t i v i t i e s  i n  (a> exchange programs, (b) a j o i n t  r e s e a r c h  p r o j e c t  using 

Doublet 111, ( c )  j o i n t  research  for plasma phys ics ,  and ( d )  promotiora 

o f  j o i n t  planning. 



January  23, 1983 - Exchange of notes  on t h e  coaperar ion  i n  f u s i a n  

r e s e a r c h  and development among U.S. DOE (United S t a t e s  Department of 

Energy) and Lhe Japanese Miniscry of Science ,  Technology and Cu l tu re ,  t h e  

Min i s t ry  of I n t e r n a t i o n a l  Trade and I n d u s t r y ,  and the Japanese Science and 

Technology Agency. The coope ra t ion  may t a k e  t h e  f a l lowing  forms: 

1 .  

2. 

3 .  

4 .  

5. 

6 .  

Exchange of s c i e n t i f i c  and t e c h n i c a l  in format ion;  

Seminars and o t h e r  meetings; 

Short-term v i s i t s  of s c i e n t i s t s ,  eng inee r s ,  and o t h e r  e x p e r t s  t o  

t h e  f a c i l i t i e s  of t he  implementing agencies  OK of t h e i r  des ignees ;  

Exchange o r  loan  of equipment, ins t ruments ,  and materials f o r  t e s t i n g ;  

Exchange of s c i e n t i s t s ,  eng inee r s ,  and o t h e r  e x p e r t s  f o r  p a r t i c i p a -  

t i o n  i n  r e sea rch ,  development a n a l y s i s ,  des ign ,  p lanning ,  and experi-  

mental  a c t i v i t i e s  conducted a% t h e  f a c i l i t i e s  of t h e  implementing 

agenc ie s  or  of t h e  des ignees ;  and 

Other coope ra t ive  a c t i v i t i e s  as may be mutually agreed. 

November 8 ,  1983 Zmpheiuenting arrangement between JAEBX and DOE on 

coope ra t ion  i n  f u s i o n  r e s e a r c h  and development. 

November 8, 1983 --Annex I t o  implementing arrangement between JAERI 

and DOE on coopera t ion  i n  f u s i o n  r e sea rch  and development - U.S.-Japan 

c o l l a b o r a t i v e  t e s t i n g  of f i rs t  w a l l  and b lanket  s t r u c t u r a l  materials w i t h  

mixed spectrum f i s s i o n  r e a c t o r s e  

March 16 ,  1984 - P e r s o n n e l  assignment agreement between JAEKL and 

OWE an c o l l a b o r a t i v e  t e s t i n g  o f  first  w a l l  and b lanket  s t r u c t u r a l  

materials wi th  mixed spectrum f i s s i o n  r e a c t o r s .  

Actua l  work on t h e  c n l l a b o r a t i o n  began November 8 ,  1983. 

1.2 OBJECTIVE 

The o b j e c t i v e  of t h i s  c o l l a b o r a t i v e  program is  t o  des ign ,  coxiduct I 

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  experiments i n  HFLR and OREZ f o r  t he  purpose 

o f  i n v e s t i g a t i n g  the  i r r a d i a t i o n  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  high l e v e l s  of atomic displacement and h e l i u u  eon ten t  i n  o rde r  

t o  e s t a b l i s h  the p r o p e r t i e s  and behavior of swch alloys and t o  e v a l u a t e  

t h e i r  use  for first  w a l l  and blanket s t r u c t u r a l  a p p l i c a t i o n s  i n  f u t u r e  

ftasion r e a c t o r s .  
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1 . 3  SCOPE 

T h i s  experiment-a1 program c o n s i s t s  o f  e i g h t  H F I R  capsules  and two ORR 

s p e c t r a l - t a i l o r i n g  capsu le s  wi th  space equa l ly  shared between t h e  U.S. 

and Japanese programs. Four H F T K  capsu le s  w i l l  be i r r a d i a t e d  t o  average 

exposures of 30 dpa, while the remaining fou r  capsu le s  w j - l l  be i r r a d i a t e d  

t o  50 dpa. I n  one capsule  t h e  specimens w i l l  be exposed t o  HFLK cool ing  

water a t  about 60°C. The o ther  seven capsu le s  are designed SO t h a t  spec i -  

men temperatures w i l l  be i n  t h e  range 300 t o  600°C. T e n s i l e ,  f a t i g u e ,  and 

transmission-electron-micsoscspy (TEM) specimens w i l l  be evalua ted  (. 

The two s p e c t r a l - t a i l o r i n g  capsu le s  w i l l  be i r r a d i a t e d  i n  ORR t a  

exposures of 30 dpa wi th  i n t e r i m  examinations a t  10 and 20 dpa. Each cap- 

s u l e  w i l l  provide two d i f f e r e n t  i r r a d i a t i o n  tempera tures ,  so chat specimens 

w i l l  be. i r r a d i a t e d  a t  60, 200, 330, and 400°C. Approximately 650 specimens 

w i l l  be i r r a d i a t e d  a t  each temperature.  Data w i l l  be ob ta ined  on swe l l ing ,  

c r eep ,  t e n s i l e ,  f a t i g u e  crack-growth ra te ,  and m i c r o s t r u c t u r a l  evo lu t ion .  

1.4 MANAGEMENT 

The management of t he  c o l l a b o r a t i o n  i s  c a r r i e d  out by a S tee r ing  

Committee composed of fou r  members, two each ass igned  by WE and JAERI. 

A l l  d e c i s i o n s  are unanimous. The f u n c t i o n s  of c'ne S t e e r i n g  Committee, 

which meets at; l e a s t  annual ly ,  are Lo: 

1 .  

2. 

3.  

4 .  

5. 

6 .  

7. 

8 .  

P l a n  t h e  c o l l a b o r a t i v e  program and develop the annual work plan and 

annual  budget ; 

Review t h e  implementation of t h e  c o l l a b o r a t i v e  program; 

Decide the  experiments t o  be s t a r t e d ,  completed, o r  continued dur ing  

the year ;  

Keview t h e  c o s t  and p r o j e c t i o n  of expendi tures ;  

Kcview p lans  f o r  j o i n t  paper p u b l i c a t i o n ;  

Discuss personnel  assignments; 

Recommend the  annual program of work, budget, and personnel  ass ign-  

ments, and o t h e r  such matters to  DOE and JAERI  f o r  approval;  

Report annual ly  t o  t h e  U. S .-Japan Coordinating Committee on Fusion 

Energy; 
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9. S e l e c t  t h e  t i m e  and p l ace  f o r  t h e  next S t e e r i n g  Committee meeting; 

10. Discuss o t h e r  matters as mutually agreed. 

1.5 SCHEDULE: AND COSTS 

The c o s t s  f o r  t h e  c o l l a b o r a t i v e  program are shared  equa l ly  between 

J l iERI  and DOE as are t h e  i n d i v i d u a l  capsu le s .  The i n i t i a l  f ive-year p lan  

of schedule  and c o s t s  is shown in Table 1.5.1. 

This  r e p o r t  con ta ins  d e t a i l s  of t h e  f i r s t  y e a r ' s  work on t h e  co l lab-  

o r a t i v e  program. For convenience, t he  work on H E I R  and ORR w i l l  be 

d i s c u s s e d  s e p a r a t e l y .  

2.0 WFIB CAPSULES 

2 .1  DESCRIPTION QF FACILITY 

The H F I K  is a 100-MW bery l l i um- re f l ec t ed ,  light-water-cooled-and- 

moderated, f l u x - t r a p  r e a c t o r  which uses  a h igh ly  en r i ched  cermet f u e l .  

The r e a c t o r  co re ,  viewed from above (F ig .  2.1.1) ( r e f .  11, c o n s i s t s  of a 

series of c o n c e n t r i c  annu la r  r eg ions ,  each about 0.6- ( 2 - f t )  high. A 

0.127-m-diam (5-in.) ho le ,  r e f e r r e d  t o  as t h e  "flux t r a p , "  forms the  

c e n t e r  of t h e  core .  I n t o  t h e  flux t r a y  are placed up t o  30 " t a r g e t "  rods 

and 6 "pe r iphe ra l - t a rge t -pos i t i on"  (PTP) rods  f o r  i s o t o p e  product ion  and 

i r r a d i a t i o n  t e s t i n g .  T h e  t a r g e t  ho lde r  i s  shown i n  Fig. 2.1.2 ( r e f .  1). 

The fue l  element,  shown i n  Fig. 2.1.3 ( r e f .  l ) ,  c o n s i s t s  of a s i n g l e  ele- 

ment with annular  s e c t i o n s  con ta in ing  aluminum-clad U308-A1 cermet f u e l  

plates .  Cont ro l  plates, i n  t h e  form of t w o  poison-bearing concen t r i c  

c y l i n d e r s ,  are l o c a t e d  j u s t  o u t s i d e  t h e  f u e l  element. 

The f u e l  element and c o n t r o l  p l a t e s  are surrounded by a beryll ium 

r e f l e c t o r  about 0.3-m (1 - f t )  t h i ck .  This r e f l e c t o r  is d iv ided  i n t o  t h r e e  

regions (1) t h e  removable r e f  l e c t o r ,  (2) t h e  semipermanent r e f  l e c t o r ,  and 

(3 )  t h e  permanent r e f l e c t o r .  The bery l l ium i s  surrounded by a water 

r e f l e c t o r  of e f f e c t i v e l y  i n f i n i t e  t h i ckness .  The co re  ope ra t e s  a t  a 

p r e s s u r e  of 4 F@a (750 p s i )  and a coo lan t  t e m p e r a t u r e  between 50 and 73°C. 

The r a d i a l  f l u x  d i s t r i b u t i o n  a c r o s s  t h e  WIR core  is shown i n  

Pig. 2.1.4 ( r e f .  1). The thermal flux has a peak value i n  t h e  flux t r a p  

of about 3 x neutrons/m*. The nontherraal f l u x  peaks I n  t h e  f u e l  
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ORNL DWO 83-40849? 

HEACTOF? PRESSURE 

REFLECTOR -- -  

- - - -  REFLECTOR LINER 

CONTROL PLATES 

TA NG C N T I A L  T IJR 

ISOTOPE IRRADIATION ACCESS 

. R A D I A L  TUBE 

F ig .  2.1.1. Series of concentric annular regions,  each about 0.6-m 
(2-ft) high. 
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ORYL DWG 72-11371 

INDEX 

PERIPHERAL TARGET 

CENTRAL RABB1T 
FACILITY TUBE 

TARGET ROD 

- C L A M P  R I N G  

--- RABBIT 

-S ACTlAllDE PELLETS 

SUPPORT GRID 

1 

TARGET HOLDER ASSEM 

F i g .  2.1.2. Target holder assembly .  



ORNL-LR-DWG 61472AF13 

NOTE: NOT TO SCALE 

ALUMINUM ADAPTOR 

.L- 

,,,-- OUTER ANNULUS, 369 PLATES 

,,,/ 
,,,- INNER ANNULUS, 171 PLATES 

-10590-in DlA 

( 1  250- in DIC 

17134-in D I A  

0 050-1n  -THICK PLATES 
0050-in -THICK COOLANT GAPS 

---- 

Pig- 2.1.3. HFIR f u e l  element. 
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element i t s e l f  and has a va lue  of about 3 x lo1’ neutrons/m2 i n  t h e  t a r g e t  

r e g i o n  a d j a c e n t  t o  t h e  f u e l  element. The U.S.-Japan H F I K  capsu le s  are 

p laced  i n  t a r g e t  rods n e a r e s t  t h e  f u e l  elements t o  o b t a i n  t h e  maximum 

f a s t /  thermal-f l u x  r a t i o .  

2.2 CAPSULE DESCRIPTION 

The capsu le  des ign  f o r  t h e  U.S.-Japan H F I K  experiments is s i m i l a r  t o  

t h a t  used f o r  t he  U.S. Alloy Developeeut Program.2 

c o n s i s t  of rod t e n s i l e  ba r s ,  f a t i g u e  bars, or  tubes  con ta in ing  TEM d i s k s ,  

are p laced  i n  c a r e f u l l y  machined aluminum specimen ho lde r s .  During irra- 

d i a t i o n  t h e  specimens are heated by gamma heat .  A helium gap between t h e  

specimens and t h e  c a r e f u l l y  contoureo! ho lde r s  provides the  thermal 

r e s i s t a n c e  t o  obtain d e s i r e d  tempera tures .  Previous  c a l i b r a t i o n s  are used 

t o  determine t h e  c o r r e c t  g a m a  h e a t i n g  rates and helium gaps. Molybdenum 

TEM disks are also used as temperature monitors t o  check previous c a l i b r a -  

t i o n  curves.  Specimen-holder assembl ies  f o r  t e n s i l e  specimens, f a t i g u e  

specimens, and TEM d i s k s  are shown i n  F igs .  2.2.1, 2.2.2, and 2.2.3. An 

a r r a y  of specimens is shown i n  Fig. 2.2.4,  and a sea l ed  tube i s  shown i n  

Fig .  2.2.5 {ref.  3 ) .  

The specimens, which 

2 .3  H F I R  TEST MATRIX 

The HFIK t es t  ma t r ix  c o n s i s t s  of 810 specimens designed t o  provide 

in fo rma t ion  on s w e l l i n g ,  t e n s i l e ,  f a t i g u e ,  and m i c r o s t r u c t u r a l  changes i n  

t h e  tempera ture  range 55 t o  6OO0C a t  f l u e n c e s  of 30 and 50 dpa. 

t ype  d a t a  w i l l  be ob ta ined  on 20% cold-worked type 316 s t a i n l e s s  s teel ,  on 

prime-candidate a u s t e n i t i c  f u s i o n  a l l o y s ,  and on t h e  f e r r i t i c  steels HT9 

and modified 9 Cr-1  Mo. Data on swe l l ing  and m i c r o s t r u c t u r a l  evo lu t ion  

w i l l  be obta ined  on t h e s e  a l l o y s  and on va r ious  exp lo ra to ry  a l l o y s .  The 

d i s t r i b u t i o n  of specimens is g iven  i n  Table 2.3.1. Deta i l ed  loading  l ists  

f o r  capsu le s  H F I K  J P 1  t o  JP8  are  g iven  i n  Tables 2.3.2, 2.3.3, 2 . 3 . 4 ,  

2.3.5,  2 .3.6,  and 2 . 3 . 7 .  Alloy compositions f o r  U.S. d i s k  specimens are 

g iven  in Tables  2.3.8 and 2.3.9; those  for Japanese disk specimens are 

g iven  i n  Table 2.3.10. Alloy c h e m i s t r i e s  f o r  t e n s i l e  and f a t i g u e  spec i -  

mens are g iven  i n  Tab le  2.3.11 and thermomechanical t r ea tmen t s  are i n  

Table 2.3.12. 

Design- 
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.., . f . , , ; I  . .$J. . . ' r . ,  - .  .. i. ' I , .  ' .  

Fig. 2.201. TensiW-specimen-holder assembly. 

. : I . .  

ORNL PHOTO 4032-84 

. .  . .. 

. 

.i. ..,. - ( * ' * L ;  , X ?  . I  
J - 7  

specimen-holder assembly. 
I .  

Fig. 2.2.2. Fat 
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OBM. PHOTO 4031-84 

Fig. 2.2.3. TEM specimen-holder assembly. 



OBNL PHOTO 4028-84 

Fig. 2 .2 .4 .  Array of specimens. 

, OEun PHOTO 4030-84 

Fig. 2.2.5. Sealed tube. 

* *  
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Table 2 . 3 . 1 .  Distribution of HFIR specimens 

Irradiation 30 dpa 50 dpa 

temperature 
a a a Disk ("0 Tensile Fatiguea Disk Tensile Fatigue 

packet packet 

55 

300 

400 

4 30 

500 

550 

600 

TOTALS 

55 

300 

400 

4 30 

500 

550 

600 

TOTALS 

Specimens for United S ta tes  

0 0 0 20 

2 2 0 0 . 5  

3 0 0 .5  2 

0 6 0 0 

3 0 1 . 5  3 

0 2 0 0 

2 

b 
d 

- - 3 - 0 0 .5  

11 8 3.0 29 

Specimens for Japan 
b 

0 0 0 20 
3 4 0 0 .5  

4 0 0 .5  3 

0 6 0 I 

4 0 0 . 5  3 

0 0 0 0 

1 2 - 0 0.5 

1 4  6 2 .0  3 1  

d 

- - 

0 

0 

0 

6 

0 

0 

0 

6 

- 

0 

0 

0 

4 
- 

6c 

0 . 5  

0 .5  

0 

0 . 5  

0 

0 

1.5  

d 

- 

d 
0.5  

0 . 5  

0 

0 . 5  

0 

0 

1 . 5  

- 

a Rod specimens, identical to those used in previous HFIR 

experiments, except as noted. 

bSheet tensile specimens (SS-1).  

e 

%isk size, 3 mm diameter x 0.25 mm thick; each packet contains 

Rectangular strips, 42 X 1 . 5  X 0.25  mm for TEM disks. 

at least 100 disks. 



Table 2.3.2. Loading l i s t  f o r  capsules  HFIR-JP1, -JP2, and -JP3 

Specimen Temperature I d e n t i f i c a t i o n  

Level A 1  l oy  Condit ion 

type  ("C) HFIR-JPla HFIR-JP2b HFIR-JP3a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Tens i 1 e 

T e n s i l e  

T e n s i l e  

Fa t igue  

Fa t igue  

TEM 

Fat igue  

Fa t igue  

T e n s i l e  

T e n s i l e  

T e n s i l e  

300 

400 

500 

430 

4 30 

d 

430 

4 30 

500 

400 

300 

PCA 

PCA 

PCA 

P CAe 

Ref. 316 

d 

JPCA 

JPCA 

JPCA 

JPCA 

JPCA 

B 3  

B 3  

B 3  

A3' 

20% cold- 

worked 

d 

PC2 

PC2 

PS2 

PS2 

PS2 

EL15 

EL21 

EL28 

AA1 

AA2 

d 

FE1 

FE2 

T B 1  

TB2 

T E 1  

EL 36 

EL37 

EL39 

EC157 

AA3 

d 

FE 3 

FE4 

TB4 

TB5 

TB6 

e130 

e134 

EC29 

EC152 

AA8 

d 

FE 5 

FE6 

TB 7 

TB8 

TB9 

'Capsules HFIR-JP1 and -JP3 i r r a d i a t e d  t o  30 dpa. 

bHFIR-JP2 i r r a d i a t e d  t o  50 dpa. 

e 
Reference h e a t  type  316 20%-cold-worked i n  HFIR-JP1. 

dCapsules HFIR-JP1 and JP2 a t  300°C; HFIR-JP3 a t  400°C. 



4 SS-1 Tensile 55 

5 SS-1 T e n s i l e  55 

Table 2.3.3. Loading list for capsule HFTR-JP4 (50 dpa) 

Level Specimen Temperature Alloy C o n d i t i o n  Identification 
("0 

___ 
1 SS-1 Tensile 55 Ref. 316 20% CFJ AB-41, -42, -45 

EP-838 20% cw EP05 

2 SS-l Tensile 55 EP-838 20% cw EP06, EPlO 

PZA B3 ELO, EL2 

3 SS-1 Tensile 55 PCA A 3 EC284 

PCA2O 25% cw IIVO 1 

PCA13 25% cw HA1 

PCA19 25% cw HTOl 

T9 Xod-2 Ni NT4 TBOl 

T9 Xed-2 Nf NTL; TBO2 

HT9 NT1 SE2 

HT9 NT 1 SB3 

HT9-2 Ni KT2 SDOl 

RT 2 suo2 1-1'1'9-2 Xi 

T9 Mod XT5 TAO 1 

T9 Mod biT3 TA04 

6 a 55 (Various)  

7 S S - 1  Tensile 55 J 316 15% CU D - 4 6 ,  - 4 7 ,  -48  

J316 SA w e l d  D-16 

s SS-1 Tensile 55 5316 SA w e l d  D-17, -18 

JPCA SA w e l d  CLW-1, -2  

9 SS-1 Tensile 55 JPCA 

JPCA 

10  SS-1 Tensile 55 3316 

3316 

I1 SS-1 Tensiie 55 JPCA 

JPCA 

SA w e l d  CLW-3 

Cii: weld DLW-1,  -2, -3 

SA D - 1 ,  -2 

cw D-31, -32 

SA C i - 1 ,  -2 

3L-1 ,  -2 cw 
"Four t een  strip specimens 4 2  x 4 . 6  x 0.25 mn. 
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Table 2.3.4. Loading list f o r  capsu le  HFIR-JP5 (50 dpa)  

Sp ec i me 11 Temp e -cat iir e AI. 1 oy Condi t ion  I d e n t i t y  
Level 

t y p e  ( " a  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Tensile 

Tensile 

T e n s i l e  

Fa t igue  

F a t  i g u t  

TEM 

Fa t igue  

F a t :i. g ue 

T e n s i l e  

T e n s i l e  

T e  11 s i.1. e 

300 

400 

500 

4 30 

4 30 

400 

430 

430 

500 

400 

300 

P CA 

PCA 

PCA 

PCA 

R e f .  316 

a 

JPCA 

J P C A  

JPCA 

JPCA 

JPCA 

A 3  

A 3  

A 3  

A 3  

20x cw 

a 

BC2 

PC2 

PC2 

PC2 

PC2 

EC34 

E C 3 1  

EC32 

EC153 

AA2 7 

a 

FElO 

FEII. 

TE 7 

TE8 

TE9 

.-.~ ..l.___._.l....._.l ___I_ 

a 
One liuiidred d i s k s  shared  between lJ.S. and Japan.  
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Table 2.3.5.  Loading L i s t  f o r  capsu le  I-IFIR-JP6 (30 dpa) 

Specimen Temperature 
Level ("0 Alloy C ond i t i on .I: d en  t i t y 

tYW 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I1 

Tensile 

TEM 

Tens $le 

Fat igue  

F a t i g u e  

TEM 

F a t i g u e  

F a t i g u e  

T e n s i l e  

T e n s i l e  

T e n s i l e  

GOO 

500 

500 

4 30 

430 

600 

430 

4 30 

500 

400 

300 

P CA 

a 

Ref.  316 

PCA 

PCA 

b 

J P C A  

.JPCA 

J P  CA 

J P C A  

J P C A  

I33 

U 

20% cw 

A 3 

A3 

h 

P C 2  

PC2 

PC2 

PC2 

PC2 

E L 2 4  

a 

AA4 2 

EC156 

EC161 

%i 

FE12 

FE13 

T E l O  

T E l L  

TE 1.2 

___ 

U 
One hundred d i s k s  f o r  U.S. program f o r  subsequent  i r r a d i a t i o n  i n  

FFTF (Fast-Flux T e s t  F a c i l i t y ) .  

'One hundred d i s k s  shared  betwtiien U. S and .Japan. 
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Tab1.e 2.3.6. Loading l i s t  f o r  capsule  HFTR-JP7 (30 dpa)  

S p e c imen Temp era t: ur  e 
Level A l l o y  Condit ion I d e n t i t y  

type ("0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

T e 11 s i 1 e 

T e n s i l e  

Tensi1.e 

Fa t igue  

Fa t  i g ue 

TEM 

Tens i l e  

T e n s i l e  

T e n s i l e  

T e n s i l e  

Tens? l e  

600 

600 

500 

5 5 0 

550 

500 

600 

600 

500 

400 

300 

P CA 

P CA 

PCA 

R e f .  316 

I'CA 

a 

J P C A  

J P  CA 

J P C A  

JPCA 

JPCA 

A 3  

B3 

B 3  

20% cw 

B 2  

(z 

PC2 

PC2 

PC2 

PC2 

PC2 

EC 36 

e129 

e131 

AA5 4 

EFS 

a 

T E l G  

TE17 

TE18  

TE19 

TE20 

One hundred d i s k s  shared  between U.S. and Japan. a 
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Table 2.3.7. T,oadi-ng list for capsule H P I R - J P 8  ( 5 0  dpa) 

Alloy Condition Identity Specimen Temp erat use Level 
t y p e  ("C)  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Tensile 

Tensile 

Tensile 

Fatigue 

Fatigue 

TEM 

Tensile 

Tensile 

Tensile 

Tensile 

T e n s i l e  

600 

600 

500 

430 

4 30 

.500 

600 

500 

430 

400 

300 

PCA 

PCA 

PCA 

PCA 

R e f .  315 

a 

J P C A  

J PCA 

Jl'CA 

JPCA 

J P C A  

133 

B 3  

B 3  

A3 

20% cw 

a 

P C 2  

PC2 

PS2 

PC2 

P C 2  

EL26 

EL 35 

EL25 

EC163  

AA5 3 

a 

TE2 1 

TE22 

TB12 

TE23 

TE24 
- 

%ne hundred disks shared between U.S. and Japan. 



Table 2.3 .8 .  Al loy  chenls t r ies  f o r  3 .S .  A l l o y  Deve1opment Program d i s k  specimens 

Content ,  w t  %" 

C r  h i  Xo Mn S i  T i  h"9 V u N P co  cu  B 5 

Alloy ~ 

r- 

._ 

PCA 

?CA-1 

PCA-3 

PCA-6 

PCA-8 

PCA-9 

PCA-10 

PiA-il 

PCA-12 

PCA-13 

PCA-16 

PCA- 1 7  

PCA-18 

PCA-00 

PCA-19 

PCA-20 

PCA-21 

PCA-22 

b 
E?-836 

N-lot 316 

R e f .  316 

W-316 

39-699 

D9-697 

D3-A7 

1 4 . 0  16.2 

14.0 1 6 . 0  

1 4 . 3  1 5 . 8  

14 .0  16 .0  

13 .9  16.0 

13 .8  16 .0  

1 3 . 8  15.9 

1 3 . 8  16.0 

1 3 . 6  15 .9  

13.6 15.9 

15.9 1 4 . 1  

15.6 16 .0  

17 .6  1 6 . 1  

14.0 16.0 

13.6 19.9 

13.8 1 6 . 1  

1 5 . 8  1 5 . 8  

13 .8  1 5 . 9  

11- 4.4- 

1 3  4 . 8  

16 .5  1 3 . 5  

17 .3  12.1) 

1 6 . 0  L3.0 

14.2 15 .2  

1 4 . 4  16 .2  

2.3 1 . 8  0.4 0.24 

2.5 2 . 1  C0.01 0.13  0.12 <0.01 

2.5 2.0 0 .4  0.13 0.11 ~ 0 . 0 1  

2.4 1 . 9  0.4 0 . 2 3  0.01 <0.01 

2 . 7  2 . 1  <0.01 0.17 0.14 ~0.01 

2.5  2.0 0 .4  0.25 CO.01 <3.01 

2.5 1 . 9  0 . 4  0 .3  0 . 1  0.02 

2.5 i . 9  0 .4  0 .3  0 . 1  3.5 

2.4  1 . 9  0 .4  <0.01 0.47 0 . 0 1  

2 .5  1 .9  0 . 4  0 . 3  0 . 1  0.5 

2.5 1 . 9  0.4 0.27 < O . u l  0.02 

2 .5  1 . 9  0 .4  0 . 3  <O.OGl 0 . 0 3  

2.5 1 . 9  0 . 4  3.27 4.01 0.32 

2.46 2.0 0.4 0.24 4.01 0.02 

2 . 4 4  2 .1  0.44 0.28 0 . 1  0 . 5  

2 .5  2 . 1  0.42 0 .28  0 . 1  0.5 

2.44 3.4 0 . 4  0 . 2 ?  0 . 1  0.5 

2.4 2.5 0.4 0 . 2 6  0.1 0.5 

0.3- 12- 0 . 6  

0 .6  14 

2 .5  1 . 6  0 . 5  

2 .1  1 . 7  0.7 0.06 

2.6 1 .9  0 . 8  3.05 

1 .95  2 . 1  3 . 5  0 . 2 3  6.01 0.02 

1 . 5  1 . 9  0 . 5  0 .25  4.01 0.02 

0.35 

0.04 

0.056 

0.083 

0.081 

0 .073  

0.04 

0.04 

0.044 

0.063 

0 .051  

0.047 

0.044 

0.056 

0.076 

0.063 

0.077 

0.076 

0.02 

0.05 

0 .05  

0.05 

0.333 

0.035 

0 .01  

0 .003  

0.005 

0.004 

0.007 

0.005 

0.002 

0.002 

0.004 

0.002 

0.002 

0.002 

0.002 

0 .001  

0.002 

0.006 

3.006 

0.004 

0.05- 

0.09 

0.O06 

0 .35  

0.304 

0.009 

0 . 0 1  

c0 .  001 

<0. 001 

co. 001 

c0 .001 

0.03 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.030 

0.07 

0.06 

0.03 

0 . 4  

0.013 

0.04 

0 .01  

0.005 

0.003 

co.01 

<0.01 

4.01 

10.01 

c0.01 

4.01 

4. 01 

0.01 

<0. 01 

c0 .01  

<0. 01 

<0.3i 

0 . 0 1  

0 . 0 1  

0 .01  

<0. 01 

<0. 0 1  

0.35 

0.004 

0.02 

0.03 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.33 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0 .01  

0 .01  

0.05 

0.05 

0. c2 

0.02 

0.03i 

<0.001 

<o. 001 

<0. 001 

<0.001 

<0. 001 

<0.001 

<0. 301 

<0. 001 

c0.001 

c0.001 

<0. 0 0 l  

<o.  001 

<0. 001 

4 . 0 0 L  

0.001 

0.091 

0.003 

0.0005 

0.0008 

0.0004 

0.0005 

a.001 

0.0001 

0 .003  

0 .008  

3.007 

0.007 

0.006 

0.007 

3.009 

0.098 

0.008 

0.009 

0.009 

0.009 

0.009 

0.006 

0.006 

0.007 

0.007 

0.007 

0.4 

0.006 

0.015 

0.016 

c.001: 

0.002 

13.7 16 .3  2 . 5  2 .0  1.42 0.18 0.0: 0.023 0.045 0 .011  0.075 0 .06  0.03 0.0005 0.017 

aBalance i r o n .  

b T h i s  a l l o y  a l s o  con ta ins  approxjmate ly  I% AI. 
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Table 2.3.9. Compositions of Damage Analysis 

and Fundamental S t u d i e s  Program alloys a 

Concentration, wt % 

--- .__- Alloy 

des i gna t i 011 Fe N i  Cr Mrl C Pi 

-- 
AMCR 

AE37 

CE37 

R 7 7  

A 5  

R l l l  

A6 1 

R l O O  

R103 

R106 

R10 7 

R9 2 

R9 4 

R2 7 

316 

Ba 1 

Bal 

B a 1  

Bal 

B a l  

B a l  

Bal 

Bal 

Bal 

Bal 

E a 1  

Bal. 

Ea  1 

Ea1 

Ba1 

0.5 

35.0 

35.0 

0.5  

14.0 

14.0 

14.0 

28 .0  

18.0 

18.0 

18.0 

40.0 

40.0 

40.0 

14.0 

18.0 

7 . 5  

7.5 

2.0 

16.0 

10.0 

16.0 

16.0 

l o .  0 

10.0 

l(3.0 

7.5 

'7. 5 

7.5 

17 .0  

18.0 
- 
I 

30.0 

2 .o 
2.0 

2.0 

2 - 0  

2.0 

2.0 

2.0 

2 . 0  

2.0 

2.0 

1.7 

0.1 

- 
- 

0.40 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.08 

0.02 

0.08 

0.05 

Si 

0.6  

i 

- 
0.4 

1.5 

1 . 5  

0.8 

1.5 

1.5 

0.8 

1.5 

0.1 

0 .1  

0 .1  

0.6 

All materials i n  20%-cold-worked condition excepr AE37 which i s  
a 

solution annealed 1/2 h at 1030°C. 
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Table  2.3.12. Thermomechanical t r ea tmen t  codes 

Al loy  F i n a l  a l l o y  c o n d i t i o n  

PS-1 

PS-2 

PS-3 

PC-1 

PC-2 

PC- 3 

A0 

A 1  

A 3  

B3 

m-1 

NT- 2 

NT- 3 

NT-4 

JPCA 

JPCA 

JPCA 

JPCA 

JPCA 

JPCA 

U.S. PCA 

U.S. PCA 

U.S. PCA 

U.S. PCA 

U.S. f e r r i L i c  a l l o y s  

U . S .  f e r r i t i c  a l l o y s  

U , S .  f e r r i t i c  a l l o y s  

U.S. f e r r i t i c  a l l o y s  

__ 

cT/ 
AC = Air-cooled.  

Solu t ion-annea led  ( 1 1 1 5 ° C / 1  h)  

Solu t ion-annea led  ( l l O O ° C / l  h) 

Solu t ion-annea led  ( l O S O ° C / l  h) 

Soluti-on-annealed ( l l O O a C / l  h) -k 10% cold-  

worked 

Solu t ion-annea led  (llOO°C/l h)  .f- 15% cold-  

worked 

Solu t ion-annea led  (1 1 OO"c/l h) + 20% cold- 
worked 

Sol ut ion-annealed ( lO5OoC/1 h)  

Solu t ion-annea led  (1 100°C/O. 5 h)  

A l  t r ea tmen t  + 25% cold-worked 

A 1  t r ea tmen t  + 8 0 0 ° C / S  h i- 25% c o l d w o r k e d  

a 
Normalized (1O5O0C/0. 5 h/AC ) ; t empered  

( 7 8 O o C / 2 .  5 h) 

Normal.i.zed (1O5O0C/O.5 h / A C )  ; tempered 

( 7OO0C/5 h) 

Normal.ized ( l . O i + O ° C / O .  5 h / P . C )  : teriipered 

( 7 6 O o C / 1  11) 

Normal.ized ( 1 O 4 O o C / O .  5 h / A C )  ; t e rnyered  

- (70O0C/5 h )  ..._.. ._I.-__ 
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2.4 SCHEUULE AND STATUS 

The schedule  f o r  design,  f a b r i c a t i o n ,  and i r r a d i a t i o n  of the  ORNL- 

J U R I  W T R  capsules  is shown i n  Pigs. 2.4.1 and 2.4.2.  The explana t ion  of 

mi les tones  i s  given i n  Fig. 2 . 4 . 3 .  The HFIR thermal-analysis  experiment 

and the  O U  experiment are descr ibed  i n  later s e c t i o n s  of t h i s  r epor t .  

The s t a t u s  of t he  e i g h t  WIK capsules  a t  the  end of the  r epor t ing  per iod 

i s  shown i n  Table 2.4.1. 

2.5 BFJX TEMPERATURE EXPERIMENT 

A s  discussed  earlier, the  HFIK-JP capsules  are uninstrumented so t h a t  

specimen ope ra t ing  temperatures  are determined by c a l c u l a t i o n .  Although 

t h e  c a l c u l a t i o n s  have been v e r i f i e d  by m e l t  w i r e  and pass ive  thermal moni- 

t o r s ,  such as the  l a t t i c e  expansion of S i c ,  a temperature-measurement 

experiment using thermocouples would provide a d i r e c t  v e r i f i c a t i o n  of the 

c a l c u l a t e d  values .  Such an experiment is t o  be designed i n  the  la t ter  

p a r t  of YU 1985; t h e r e f o r e ,  d e t a i l e d  d i scuss ions  must be defer red .  

3 e 0 ORTP SPECTRAL-TAILOKING EXPEKIWENTS 

I n  a fus ion  r e a c t o r ,  high-energy neutrons (up t o  14 MeV) genera te  

hydrogen and helium i n  a metal l a t t i ce  v i a  nuc lear  t ransformat ions .  A t  

opera t ing  temperatures ,  t he  hydrogen normally d i f f u s e s  r ap id ly  out  of the  

s t ee l  w i t h  no permanent e f f e c t s  a n t i c i p a t e d .  However, helium i s  highly  

i n s o l u b l e ,  becomes trapped a t  var ious  l a t t i ce  d e f e c t s ,  and can have l a r g e  

e f f e c t s  on swe l l ing ,  m i c r o s t r u c t u r a l  evo lu t ion ,  and mechanical 

p r o p e r t i e s  e 4 5 

To study the  response of a l l o y s  t o  the  fus ion  environment, one needs 

a high-flux, high-fluence source of 14-MeV neutrons.  Since a source of 

t h i s  t y p e  does not e x i s t ,  var ious  s imula t ion  techniques must be used. A s  

mentioned earlier,  f o r  a l l o y s  conta in ing  n i c k e l  i r r a d i a t e d  i n  a mixed- 

spectrum r e a c t o r ,  one can use the  two-step thermal r e a c t i o n  to  produce 

helium while  s imultaneously producing displacements  v i a  fas t -neut ron  atom 

c o l l i s i o n s .  For a l l o y s  such as a u s t e n i t i c  s t a i n l e s s  steels, which con ta in  

14-16% N i ,  t he se  r eac t ions  lead  to  a helium product ion rate on the order  
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I 

ORN! DWG 83 16470 

TASK 
~ 

i F I R  
CAPSULE ASSEMBLY 
BUILD JP1 & JP? 

THERMAL ANALYSIS 
MFG PARTS 
PREPARE SPECIMENS 
ASSEMBLE CAPSULE 

IRRADIATE JP1 
COOLING OF JPI AND 
TRANSFrR TO HOT CELLS 
DIS4SSkMBL F & SORT 
SAMP I-FS 
PIE OF JP1 

IRRADIATE JP2 

BUILD JP3 & JP4 
COOLING O r  JP2 

THERMAL ANA1 YSlS 
MFG PARTS 
P R E P A R E  SPECIMENS 
ASSEMBLE CAPSULE ! IRRADIATE JP3 
COOLING & 1 HANSFER 
DISASSEMDI F & SORT 
SAMPLES 
PIE O F  JP3 

IRRADIATE JP4 

Pig.  2.4.1. Schedule  for 
U .S .-Japan HFIR capsules. 

FL 
2nd QTf 

354 
3rd QTR 
__ 

- 

A 

4th QTR 
F Y  1985 

C O I R  1 2nd QTR 1 3rd QTR 

----------+ 
A 

-A 
4 

... 

1 

design,  fabr ica t ion ,  and irradiation of 



TASK 
............................ .. 

i F I R  
CAPSULE ASSEMBLY (corit.) 
BUILD JP5 & JP6 

THERMAL ANALYSIS 
MFG. PARTS 
PREPARE SPECIMENS 
ASSEMBLE CAPSULE 

IRRADIATE JP5 
IRRADIATE JP6 

BIJILD JP7 & 8 
COOLING & TRANSFER 

THERMAL ANALYSIS 
MFG. PARTS 
P R E PAR E SPEC I M E NS 
ASSEMBLE CAPSULE 
IRRADIATE JP7 & JP8 

DESIGN 
BLJ I LO 

TEST 
EVALUATION 

TEMPERATURE EXPERIMENT ’ 
OHNL. DWG 83 lG470A ..................................... I ................................................. ~ ~ _ _  ~ 

.. 

F I  19x4 __ 
2nd QTR 
____ 

........ 
3rd QTR 

-----? 

- 

....... 

4 +- 
-/-- r 

1 
Fig .  2.4.2. Schedule f o r  design, f a b r i c a t i o n ,  and i r r a d i a t i o n  of 

U.S.-Japan I P I R  capsules  (cont inued) .  



ORNL DWG 83-16471 

EXPLANATION OF MILESTONES 

DELIVER SPECIMENS TO ORNL 

INSERTJP CAPSULE IN H F l R  

A COMPLETE PIE OF JP CAPSULE 

A SELECT Q R R  DESIGN CONCEPT 

A REMOVE JP CAPSULE FROM H F l R  V E R I F Y  O R R  DESIGN CONCEPT 

A BEGIN P I E  OF JP CAPSULE A INSERT SPECTRAL-TAILORING CAPSULE IN ORR 

w 
0 

Fig. 2.4.3.  Explanation of iui les tones.  
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Table 2.4.1. S t a t u s  of U.S./Japan HYIK 
capsules 

Goal e Reactor a'b P r e s e n t  

Capsu le  exposure dPa  dP a 

(Wd) level  leve l  

JP 1 

J P  2 

3P 3 

JP4 

JP5 

J P  6 

JP 7 

J P  8 

22 855 22  

22 855 22 

1 2  467 1 2  

12 467 1.2 

2 108 2 

2 108 2 

0 0 

0 0 

30 

50 

30 

50 

SO 

30 

30 

50 

%ate: October 2, 1984. 

&FZK power l e v e l :  100 ~IW. 

'Type 316 stainless steel. 
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of  50 ppm/dpa. The helium g e n e r a t i o n  ra te  i n  a u s t e n i t i c  stainless steels 

can  be reduced t o  t h e  range expec ted  i n  a f u s i o n  environment (10-15 ppm/ 

d p a )  by u s i n g  t h e  s p e c t r a l - t a i l o r i n g  method. The p r i n c i p l e  of t h i s  method 

i s  shown i n  Fig.  3.0.1. I n i t i a l l y ,  t h e  specimen-containing c a p s u l e  is 

surrounded w i t h  water t o  t h e r m a l i z e  as many n e u t r o n s  as p o s s i b l e .  The 

the rma l  n e u t r o n s  react with N i  t o  form Be. L a t e r  a s o l i d  aluminum c o r e  

p i e c e  is placed around t h e  c a p s u l e ,  making t h e  f l u x  h a r d e r .  F i n a l l y ,  i n  

t h e  t h i r d  phase,  a Hf s l e e v e  i s  p laced  around che c a p s u l e  t o  a b s o r b  t h e r -  

inal neu t rons .  The e f f e c t s  of spectral  t a i l o r i n g  i n  ORR on type  316 stain- 

less s t ee l  are shown i n  F ig .  3.0.2. I n  a f u s i o n  r e a c t o r  t h e  H e  appm/dpa 

r a t i o  has  c o n s t a n t  v a l u e  of about  1 4 ,  depending upon t h e  b l anke t  des ign .  

In  a f a s t  r e a c t o r ,  such as EBR-11, very l i t t l e  helium is produced; and, i n  

a mixed spectrum r e a c t o r  l i k e  H F I K  when no s p e c t r a l  t a i l o r i n g  is employed, 

t o o  much H e  i s  produced a f t e r  about  3 dpa. In  a mixed-spectrum f i s s i o n  

r e a c t o r  l i k e  t h e  O M ,  f o r  example, w i t h  U.S.-.Japan c a p s u l e  MFE-7J, a close 

approx ima t ion  t o  t h e  c o r r e c t  He/dpa r a t i o  can  be ach ieved  by s p e c t r a l  

t a i l o r i n g .  

ORNL-DWG 83-4636 E T 0  

CORE PIECE DESIGN 

FIRST PHASE 
WATER FILLED 

SECOND PHASE 
/-SOLID ALUMINUM 

THIRD PHASE 
SOLID ALlJMlNUM 
CORE PIECE 

Hf THERMAL 
NEUTRON ADSORBER 

Fig .  3.0.1. S p e c t r a l - t a i l o r i n g  method. 
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ORNL- DWG 89 - 8078 

I / 

FIRST 
WALL? i 

SAMPLES AND 
CHANGE TO "HF" 
CORE PIECE ) 

(JULY (987: CHANGE TO 
SOLID ALUMINUM 
CORE PIECE 1 

T APRIL 1985 1 

0 2 4 6 8 10 12 f4 16 
dD0 

F i g .  3.0.2.  E f f e c t s  o€ s p e c t r a l  t a i l o r i n g  i n  ORR on type 316 
s t a i n l e s s  steel .  

The OKR i s  a 30-fN swimming-pool r e a c t o r  conta in ing  h ighly  enriched,  

aluminum-clad, UAL3-Al, d i s p e r s i o n  f u e l  elements.  Each f u e l  element is 

-7.0 cu1 square x 0.41 m long. KepresenCative neutron f luxes  i n  OKlP are 

shown i n  Table 3.1.1 ( r e f .  6) .  A s p e c t r a l - t a i l o r i n g  capsule  occupies a 

fuel-element p o s i t i o n  i n  t h e  core; a t y p i c a l  core  conf igu ra t ion ,  as viewed 

from above, is  shown i n  F i g .  3 . 0 . 3  (ref .  6 ) .  In p a r t i c u l a r ,  t he  U.S.- 

Japan Spec t ra l -Tai lor ing  capsules  w i l l  occupy p o s i t i o n  C-3 and E-3. For 

s p e c t r a l  t a i l o r i n g  these  pos i t i ons  w i l l  be surrounded with f u e l  elements 

t o  inc rease  t h e  l o c a l  f l u x  and reduce f l u x  g rad ien t s .  S p e c t r a l  t a i l o r i n g  

has been c a r r i e d  o u t  p rev ious ly  as a p a r t  of t h e  1J.S. Al loy  Development 

Program f o r  fus ion .  7 
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Table 3 . 1 . 1 .  Rcprcsen ta t ive  peak neu t ron  fluxes a n d  gamma heating 

r a t e s  a v a i l a b l e  i n  ORR rxper iment  f a c i l i t i e s  

. . . . . . . . _.. . . . . . . . 

Gaiiirna a 
F a s t  El.ux h e a t i n g  Thermal f l u x  

F a c i l i t y  
(neut rons /m2/s>  (neutronsIm2 / s> (IJ I g 

g r a p h i t e )  
__ _____ --__.I.-._. 

Core p o s i t i o n  A-2 

Cor? p o s i t i o n  A-7 

Core p o s i t i o n  A-9 

Core p o s i t i o n  B-3 

Core p o s i t i o n  13-8 

Core p o s i t i o n  B-9 

Core p o s i t i o n  C-3 

Core p o s i t i o n  C-5 

Core p o s i t i o n  C-8 

Core p o s i t i o n  D - 1  

Core p o s i t i o n  D-8 

Core p o s i t i o n  E - 3  

Core p o s i t i o n  E-5 

Core p o s i t i o n  E-8 

Core pos i t i -on  E-9 

Core p o s i t i o n  F-1 

Core p o s i t i o n  F-7 

Core pos i . t i an  F-8 

Core p o s i t i o n  G-I 

Core p o s i t i o n  G-2 

Core p o s i t i o n  G-4 

Core p o s i t i o n  G--5 

Poo l s ide  P-5 

P o o l s i d e  P-9 

B e a m  tube  HB-5 

Beam tube  HB-5 

B e a m  tube  HR-6 

b 

e 
2 . 2 5  x 1.0'" 

2 .2  x 1018 

3.8 x l 0 l b  

2 . 1  x 1018 

L . 2  x 1018 

2 - 1  x 101" 

2 . 2  x 101<,  

1 . 7  x l 0 l q  

1 . 5  x lo1 ' '  
8 . 3  x I O 1 -  

1 x 101'. i r e a c t o r  and)  

2 x 1013(colLirnator  end) 

2 . 3  x 1012(co l l ima to r  end) 

1 . 1 7  x 

1 . 6  x LO1' ('2.9 M e V )  

2 . 7  x 

1 . 4  x 1.018 

3.5 x l o 1 '  (>0.18 MeV) 

3 . 4  x 101s 

1 . 5 3  x lo1' 

2 . 9  x ( > 0 . 1 8  MeV) 

1 .46  x 

1 . 3  x 

2 . 1. 

1 . 5  

7 . 7  

3 . 5  

3.0 

7.9 

2 . 7  

2 . 1  

4.0  

a 

'In p a r t i a l  f u e l  e lement  surrounded by 200-g e lements .  e 

Exccpt as  no ted :  >0.1 MeV. 

Hydraul i c t ube .  
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Each U.S. s p e c t r a l - t a i l o r i n g  c a p s u l e  had two independent tempera ture  

zones f i l l e d  w i t h  sodium-potassiuin e u t e c t i c  (NaK) f o r  good h e a t  t r a n s f e r .  

Temperatures were measured wi th  thermocouples placed down Lhe c e n t r a l  

s p i n e  of t h e  capsule  and c o n t r o l l e d  by a d j u s t i n g  t h e  composition of a 

He-Ne mix ture  i n  an annulus  between t h e  primary and secondary containment.  

F lux  monitors  were placed in t h e  c e n t r a l  s p i n e  and i n  spec i iuen  p o s i t i o n s .  

A schematic  of the U.S. s p e c t r a l - t a i l o r i n g  c a p s u l e  i s  shown i n  F ig .  3 . 0 . 4  

( r e f .  7 ) .  The tempera tures  i n  W'E-4A were 339 and 400°C and i n  WE-SB 

were 500 and 6 0 0 ° C .  

3.1 U.S.-JAPAN OKR CAPSULE UESIGN 

Under t h e  c o l l a b o r a t i o n  two new s p e c t r a l - t a i l o r i n g  c a p s u l e s  are being 

i r r a d i a t e d .  Capsule WE-7J will o p e r a t e  a t  300 and 4 0 0 ° C  and has  t h e  same 

b a s i c  d e s i g n  of WE-4A. The only  d i f f e r e n c e  is t h a t  each tempera ture  zone 

has  been lengthened 4.4 cm t o  accoiiiinodate a d d i t i o n a l  specLmens. Capsule 

PlFE-6J w i l l  o p e r a t e  a t  60 and 200°C. The 60°C region is t h e  reactor 

c o o l a n t  temperature ,  and t h e  specimens are i n  c o n t a c t  w i t h  t h e  OKR c o o l i n g  

water 

The 200'C r e g i o n  i s  e s p e c i a l l y  c h a l l e n g i n g .  S ince  NaK docs not  w e t  

s t a i n l e s s  s teel  below 300°C, i t .  would not  be a good h e a t - t r a n s f e r  medium. 

The a l t e r n a t e - d e s i g n  approach s e l e c t e d  w a s  t o  use a s o l i d  p i e c e  of alumi- 

num as Lhe h e a t - t r a n s f e r  medium. wi th  c a r e f u l l y  machined s l o t s  t o  c o n t a i n  

f l a t  t e n s i l e  specimens and h o l e s  t o  c o n t a i n  p r e s s u r i z e d  tubes  and T E M  d i s k  

packets .  It was a l s o  found convenient  t o  pu t  t h e  60°C r e g i o n  o u t s i d e  t h e  

200°C zone i n s t e a d  of having one above t h e  o t h e r .  A schematic  of MFE-6J 

i s  shown i n  Fig,  3.1.1. 
I 

3.2 ORR TEST MATRIX 

The t e s t  m a t r i x  f o r  t h e  ORR c a p s u l e s  c o n s i s t s  of a v a r i e t y  of types  

o f  specimens l i s t e d  i n  Table 3.2.1. The number of specimens i s  l i m i t e d  a t  

300 and 400°C by t h e  t o t a l  mass o f  specimens of 250 g at  each temperature .  

The specimens must be d i s t r i b u t e d  uniformly a long  t h e  l e n g t h  so t h a t  t h e r e  

i s  no more t h a n  21.4 g per cm. These l i m i t s  are set by t h e  a l l o w a b l e  
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Table 3.2.1. Descr ip t ion  of specimens 

- _i .__-I.- ll_l-- 

._I._.-. T e s t  s e c t i o n  

Type Length Width Thickness W T d t h  Thickness Diameter Weight 

(mm> (m> ( m d  (m> (m> (mm> (91 -- .-_I x____ 

SS 1 Tens i - le  44.4 4.95 0 . 7 4  1 - 5 2  0 . 7 4  - 0 . 7 1  

S S  3 Tensile 2 5 . 4  4.9.5 0 . 7 4  1 . 5 2  0 .74  - 0.50 

Grodzinski 44.4  4.95 0 . 7 4  2 . 0 3  0 . 7 4  - 0.89  

f a t i g u e  

- - - 3.17 7 .13  Hourglass 45 .2  - 

fatigue 

H P I R  3 9 . 4  - - - 2.00 1.58  

tens i le 

One- th i rd -  25.4  3 . 3 3  3.33 3 .33  3 . 3 3  - 2.18 

s i z e  Charpy 

- - - 4.60 0 . 9 3  Pressu r i zed  25.4  - 

tubes  

Crack growth 25.4  12.7" 0 . 7 4  25.4 1 2 . 7  - 1.80 

TEM d i s k s  - - - - 0.25 3.0 0 . 0 1  

a 
Width, 1 0 . 2  mm a t  2 0 O o C .  

g a m a  hea t  i n  t h e  test sec t ion .  I f  the tes t  magazines were more heavi ly  

loaded, i t  would not be poss ib l e  t o  keep the  t e m p e r a t u r e  down t o  the  

d e s i r e d  value,  e s p e c i a l l y  a t  300°C. 

I n  t h e  60 and 200°C capsule ,  t h e  specimen loading is con t ro l l ed  by 

t h e  number and t y p e  of ho les  and slocs machined i n t o  the specimen holders .  

The t es t  matrix has been developed wi th  equal  shar ing  of volume a t  60 and 

200°C and with equal  a l l o c a t i o n  of masses of specimens a t  the  high t e m -  

pe ra tu re .  The present  test matrix is  shown i n  Table 3 .2 .2 .  Specimens w i l l  

be de l ive red  and capsules  w i l l  Ibe assembled next f i s c a l  year (FY 1985). 
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3.3 FACILITY PREPARATION 

The experimental  f a c i l i t y  i n  ORK f o r  experiment MFE-6J (60 and 200°C) 

w a s  prepared during t h i s  f i s c a l  year.  This  f a c i l i t y  had to  be a v a i l a b l e  

f o r  t he  c a l i b r a t i o n  test of the WE-6.T proto type  capsule .  

3 . 4  TESTING OF MFE-6J PKOTOTYPE 

During t h e  period Ju ly  1 through September 30, 1984, t h e  f a b r i c a t i o n ,  

assembly, and flow and check-out rests f o r  t he  prototype MFE-6J capsule  

w e r e  completed; t h e  experiment w a s  i n s t a l l e d  and operated i n  t h e  Om. The 

las t  of t he  f a b r i c a t e d  p a r t s  were de l ive red  on August 7. 

Water flow tests t o  e s t a b l i s h  the  o r i f i c i n g  requi red  f o r  proper 

coolan t  water flow d i s t r i b u t i o n  were c a r r i e d  out  concurren t ly  with capsule  

assembly and were completed on August 16. 

The assembly of t he  lower in-core po r t ion  of  t h e  c a p s u l e  w a s  

corapleted on August 29 (the upper po r t ion  had been assembled during the 

second and t h i r d  q u a r t e r s  o f  t he  year). The capsule  checkout i n  the  ORK 

mock-up w a s  completed 011 September 3 ,  and the  capsule  w a s  i n s e r t e d  i n  the  

ORX on September 5.  The r e a c t o r  w a s  a t  30 Piw by September 6 ,  1984. 

The primary purpose of the  ope ra t ion  of a prototype capsule  w a s  t o  

v e r i f y  the  thermal design. The pro to type  capsule  conta ins  two instrumented 

dummy t e n s i l e  specimens, which ope ra t e  wi th in  a 2 t o  5°C temperature d i f -  

fe rence .  One can c o n t r o l  the  specimen temperature from 140 t o  305°C and 

can maintain the  mean temperature wi th in  +2*C. 

There i s  an  acceptab le  a x i a l  temperature  d i f f e r e n c e  i n  t h e  specimen 

ho lde r  from that  a t  midplane - compared wi th  t h e  midplane, t h e  holder  i s  

10°C lower a t  t h e  top  and 3 0 ° C  lower a t  the  bottom. This s m a l l  d i f f e r e n c e  

i s  bel ieved t o  be due t o  hea t  losses a t  t h e  ends and w i l l  be reduced by 

minor des ign  changes i n  t h e  capsule  t h a t  w i l l  con ta in  t h e  actual test 

specimens. 

3.5 AEM INSTALLATION 

A room t h a t  w a s  s u i t a b l e  f o r  the a n a l y t i c a l  e l e c t r o n  microscope t o  

be suppl ied  by JAERZ (JEOL-2000FX) w a s  i d e n t i f i e d  i n  Building 5500 and 
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checked f o r  t h e  r e q u i r e d  low v i b r a t i o n  l e v e l  of  the floor.  A f t e r  environ- 

m e n t a l  t e s t i n g  showed t h a t  the room w a s  s u i t a b l e ,  p r e p a r a t i o n  f o r  t h e  

microscope w a s  s t a r t e d .  It is a n t i c i p a t e d  t h a t  Lhe room w i l l  l>e. ready 

when t h e  microscope a r r i v e s  i n  February 1985. 

3 . 6  SCHEDULING FOR Om TESTING 

The schedu le  f o r  t h e  W Q K ~  i n  OFCR and for AEM i o s t a l l a t i o n  is shown i n  

F i g .  3 . 6 . 1 .  

~ ~ 
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I R R A D I A  r t  
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MFG PARTS 
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4.0 CONCLUSIONS 

The f i r s t  year of the  ORNL-JURI  Co l l abora t ive  Tes t ing  i n  QKR has 

been s u c c e s s f u l l y  concluded on schedule  and wi th in  budget, even though 

t h e r e  was a s l i g h t  de lay  i n  s t a r t i n g  the  program. 

Eight  HE'IR capsules  were f a b r i c a t e d ,  and s ix  were i n s t a l l e d  i n  t h e  

The f a c i l i t y  f o r  t he  f i r s t  OKNL-JURI  syectral- r e a c t o r  t a r g e t  region. 

t a i l o r i n g  capsule  w a s  completed, and a thermal. mock-up of the  newly 

designed 60/20Q capsule  w a s  success fu l ly  operated.  An excellent:  working 

r e l a t i o n s h i p  w a s  e s t a b l i s h e d  between ORNL and JURI t h a t  w i l l  serve  both 

s i d e s  w e l l  i n  f u t u r e  years .  
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