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ABSTRACT 

Engineering materials i r r a d i a t i o n s  form a s u b s t a n t i a l  pro- 
gram a t  Oak Ridge Nat iona l  Laboratory (ORNL), r e l y i n g  mainly on 
t h e  High-Flux I so tope  Reactor  ( H F I R )  and t h e  Oak Ridge Research 
Reactor  (ORR). The HFXR neut ron  f l u x  i s  h igh ,  bu t  t h e  r e a c t o r  
w a s  no t  designed f o r  materials i r r a d i a t i o n s ;  t he  l a c k  of in-  
s t rumented p o s i t i o n s  i n  the  t a r g e t  reg ion  and the  s m a l l  s i z e  
and l i m i t e d  number of p o s i t i o n s  i n  t h e  high-f lux reg ion  immedi- 
a t e l y  o u t s i d e  t h e  c o n t r o l  p l a t e s  pose p a r t i c u l a r  d i sadvantages  
f o r  t h i s  kind of research .  

less than $ 2  m i l l i o n ,  would g i v e  i t  a f i r s t - c l a s s  materials ir-  
r a d i a t i o n  c a p a b i l i t y ,  capable  of undertaking most of the ex- 
per iments  now performed a t  t h e  ORR i n  one-half t o  one-third t h e  
t i m e .  

b i l i t y  a t  ORNL i s  a major drawback f o r  exper imenters  and f o r  
t h e  r e a c t o r  o p e r a t o r s ,  making i t  d i f f i c u l t  to  assess t h e  f e a s i -  
b i l i  t y  of proposed new experiments  o r  r e a c t o r  improveinents. 
The Operat ions Div is ion  should acqu i r e  t h e  necessary  computa- 
t i o n a l  c a p a b i l i t y ,  making use of new computat ional  techniques  
and the  newly a v a i l a b l e ,  more powerful computers as necessary.  

t r o n  Research (CNR) i s  b u i l t  and t h e  HFIR is no longer  needed 
f o r  neu t ron - sca t t e r ing  work and i so tope  product ion ,  t he  HFIR 
co re  could be rep laced  by a g e n e r a l  purpose matekials t e s t i n g  
r e a c t o r  co re ;  t h e  r e s u l t  would be t h e  wor ld ' s  f i n e s t  materials 
t e s t i n g  f a c i l i t y  f o r  less than one-tenth the  c o s t  of a new re- 
a c t o r n  The va lue  of such a scheme w i l l  depend on the  n a t i o n a l  
need f o r  m a t e r i a l s  i r r a d i a t i o n  t e s t i n g  and i s o t o p e  product ion 
a t  t h e  t i m e  t h a t  t h e  CNR i s  commissioned. 

K e l a t i v e l y  minor mod i f i ca t ions  t o  t h e  H F I R ,  a t  a cost  of 

The l a c k  of comprehensive neu t ron ic s  c a l c u l a t i o n a l  capa- 

As a long-term p rospec t ,  when t h e  proposed Center  f o r  Neu- 
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Tes t ing  s t r u c t u r a l  mater ia l s  t h a t  can be used i n  a h i g h - r a d i a t i o n  

environment and f u e l s  or  breeding matcx ia ls  f o r  R variety of n u c l e a r  re- 

actors is a s u b s t a n t i a l  and l.ong-C:em e f f o r t  a t  the  Oak Ridge National 

Laboratory (OWL) and a t  s t h e r  labora tor ies  i n  t h e  Uriited States and 

Europe. 'Jhe name "eagi nwr l i zg  materials i r i - a d i a t i o n "  is  giveil t o  such 

work, d i s t i n g u i s h i n g  it from the i i w r t ?  hasic i n w s i ;  Lgations of i r r a d i a -  

t i o n  e f f e c t s  c a r r i e d  ou t  by, f o r  exampl.e, s o l i d - s t a t e  p h y s i c i s t s  and 

b i o h g i s t s .  

Genf:ri%l.I.y speaki.ng , nost  of the  r a d i a t f o a  damage t r 3  eng inee r ing  

materials i s  caused by neutrons.  F a s t  i ieutrons cause damage p r i m a r i l y  b y  

s t r i k i n g  atoms of the d i d  d i s p l a c i n g  them f u m  t h e i r  r e g u l a r  p o s i t i o n s  

i n  t h e  c r y s t a l l i n e  lattice. Slow z e u t r o n s  cause dainage p r i m a r i l y  by 

t r a n s m u t a t i o n s ;  new atomic s p e c i e s  are c r e a t e d ,  a process  t h a t  may be ac- 

companied by the efi.i.ssi.on of an a l p h a  p a r t i c l e  or  f u l l y  ion ized  helium 

atom. Upon n e u t r a l i z a t i o n ,  the helillrn atoms tend t.o congregate  i n  c lus-  

t e rs  or bubb les  i n  the l a t t i c e  wCI:h consequent effects  on the  mechanical 

properties and d imens iona l  s t a b i l i t y  of the  hos t  material. Likewise 

protons from n.-p r e a c t i o n s  become n e u t r a l i z e d  t o  hydrogen ato~ns, which 

gen,eial.ly diffuse rather r a p i d l y  out: of  metals w i t h  l i t t l e  effect; how- 

e v e r ,  hydrogen formation may be a s i g n i f i c a n t  f a c t o r  i n  r a d i a t i o n  damage 

t o  ceralnics" 

The sca1.e of i r r a d i a t i o n  e f f e c t s  i s  general1.y unappreciated by those 

not  d i r e c t l y  involved i n  t h i s  f i e l d  of s tudy.  The atomic displ.accments 

are no t  s imply  a few atoms knocked ou t  of p l ace :  i n  the  material  of a 

f u s i o n  r e a c t o r  vessel ,  f o r  example, i L  i s  expected that each and eve ry  

atom of t h e  s t r u c t u r e  w i l l  have been s t r u c k  by f a s t  neut rons  ;md d i s -  

placed t o  a new p o s i t i o n  no t  j u s t  once but  100 t i m e s  du r ing  t h e  l i f e  of 

the r e a c t o r .  

Most eng inee r ing  materials i r r a t l i . a t i on  experiments  r e l y  on neu t rons  

from n u c l e a r  r e a c t o r s ,  because i s o t o p i c  sou rces  are g e n e r a l l y  too  weak 

t o  g i v e  i n t e r e s t i n g  flrsences (typica1.1.y 1026 t o  1.027 neutrons/m2) i n  a 

r easonab le  t i m e .  Acce le ra to r  sou rces  may be used ,  and neutron r a d i a t i o n  



3 

damage can be s imula ted  i n  some cases by bombardment wi th  charged p a r t i -  

cles,  but  t h e  approach has  l i m i t a t i o n s .  General  purpose materials reac- 

t o r s ,  such as t h e  Oak Ridge Research Reactor (ORR),  a r e  designed so t h a t  

exper imenta l  samples can be i n s e r t e d  i n t o  the  co re  i n  p l a c e  of a f u e l  

element o r  r e f l e c t o r  element.  Larger  samples can be placed c l o s e  t o  an 

o u t s i d e  f a c e  of t he  co re ,  as i n  t h e  ORR poo l s ide  f a c i l i t y .  Materials 

t e s t i n g  r e a c t o r s  a r e  designed so t h a t  t h e  f u e l  loading  can be va r i ed  con- 

s i d e r a b l y  t o  compensate f o r  t he  e f f e c t  of neutron-absorbing materials i n  

t h e  exper imenta l  specimens o r  t o  provide a l o c a l l y  increased  ( o r  de- 

c reased )  f l u x  t o  s u i t  p a r t i c u l a r  needs.  S p e c i a l  purpose r e a c t o r s  such as 

t h e  High-Flux I so tope  Reactor (BFIR) l a c k  such f l e x i b i l i t y  a l though they 

may o f f e r  o t h e r  advantages 

Gamma r a d i a t i o n  causes r e l a t i v e l y  l i t t l e  damage t o  s t r u c t u r a l  mate- 

r i a l s ,  because t h e  i n t e r a c t i o n  is p r i m a r i l y  wi th  t h e  e l e c t r o n s  of t h e  

material ,  which are Compton-scattered by the  incoming gamma photon. The 

k i n e t i c  energy of t he  s c a t t e r e d  e l e c t r o n  i s  soon randomized i n t o  thermal  

energy ,  hea t ing  the  s o l i d  material. Once aga in ,  t he  scale of t h i s  e f f e c t  

is o f t e n  s u r p r i s i n g ;  i n  a r ecen t  i r r a d i a t i o n  of some very l a r g e  s t ee l  

specimens o u t s i d e  the  co re  of t he  ORR, gamma photons a lone  depos i ted  

0.25 MW of hea t  i n t o  the  exper imenta l  assembly. The gamma f l u x  i s  even 

g r e a t e r  i n  t h e  H F I R ,  and a s i n g l e  0.4T [lo-mm-thick (0.4- in . ) ]  s t anda rd  

compact t e n s i l e  specimen i n  t h e  t a r g e t  reg ion  would receive 2.5 kW of 

h e a t i n g  from gamma r a d i a t i o n .  Except i n  f i s s i l e  materials,  t he  hea t  de- 

pos i t ed  by f a s t  neut rons  and from neutron-induced nuc lea r  r e a c t i o n s  i s  

g e n e r a l l y  smaller. 

For s t r u c t u r a l  materials, u s u a l l y  s tee l  or  g r a p h i t e ,  t h e  exper i -  

menter ' s  o b j e c t i v e  i s  t o  determine the  change i n  mechanical p r o p e r t i e s  

such as t e n s i l e  s t r e n g t h ,  toughness ,  and e las t ic  moduli, Most of t h e s e  

p r o p e r t i e s  m u s t  be determined by measurements on the  ( r a d i o a c t i v e )  spec i -  

mens i n  p o s t i r r a d i a t i o n  examinat ion ( P I E ) .  In a d d i t i o n ,  dimensional 

changes are u s u a l l y  measured du r ing  PIE  o r  by neut ron  rad iography.  

F igure  1 p r e s e n t s  a dramat ic  example of t h e  d i f f e r e n c e  in r a d i a t i o n  

swe l l ing  of two d i f f e r e n t  steels. C r e e p  i s  a l s o  aEfected by neut ron  ir-  

r a d i a t i o n ,  and some experiments  have a c t u a l l y  measured creep e f f e c t s  of 

specimens whi le  they are i n  t h e  r e a c t o r .  Mechanical t e s t i n g  specimens 
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ORNL --Pl-1OTO 7598--80 

Fig. 1. Specimens of high- and low-swelling steels.  

have ranged from t h e  m i n i a t u r e  specimens (e .g . ,  t he  0.25-m--thick by 3.0- 

m m - d i a m  t r ansmiss ion  e l e c t r o n  microscope samples) t h a t  have been devel-  

oped by t h e  magnetic f u s i o n  energy program t o  t h e  massive 55-kg, 100-mm- 

t h i c k  (120-lb weight ,  4-in.-thick) compact tension specimens of pres su re -  

v e s s e l  s teel  t e s t e d  for t h e  l i gh t -wa te r  r e a c t o r  (LWR) s a f e t y  program. 

I n  f u e l s  t e s t i n g ,  t h e  usua l  o b j e c t i v e  i s  t o  determine t h e  i n t e g r i t y  

of fue l  c l add ing ,  t h e  release and t r a n s p o r t  of f i s s i o n  p roduc t s ,  and t h e  

mechanical changes i n  the f u e l .  Often, an i n e r t  sweep gas i s  passed ove r  

the f u e l  specimens during i r r a d i a t i o n ;  t h e  sweep gas is  then analyzed f o r  
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gaseous f i s s i o n  products .  

t i g a t i o n s  of breeder  materials. Such on-line measurements are u s u a l l y  

supplemented by PIE.  

The same technique  has been app l i ed  t o  inves-  

Fuel  specimens have inc luded  0.9-mm-diam TRISO spheres  of high- 

tempera ture  gas  r e a c t o r  (HTGR) f u e l ,  60-ram-diam pebble bed gas-cooled 

r e a c t o r  (GCR) f u e l ,  f u l l - s i z e  r e sea rch  r e a c t o r  f u e l  e lements  of low 

enr iched  uranium, and advanced f u e l s  f o r  space r e a c t o r  a p p l i c a t i o n s .  

I n  a l l  c a s e s ,  t h e  exper imenters  need t o  know t he  specimen tempera- 

t u r e ;  i n  most cases, they want t o  be a b l e  t o  c o n t r o l  i t .  The s imples t  

experiments  are those  c a r r i e d  out  at t he  temperature  of t h e  r e a c t o r  cool- 

a n t  on material compatible  wi th  t h e  coo lan t ;  f o r  example, a u s t e n i t i c  

s t a i n l e s s  steels are i r r a d i a t e d  a t  7 0 ° C  by immersion i n  t h e  cool ing  water 

of t h e  ORR. Small specimens i r r a d i a t e d  i n  t h i s  way can be assumed to be 

a t  the  r e a c t o r  coolan t  tempera ture ,  and no f u r t h e r  temperature  c o n t r o l  o r  

measurement i s  needed. However, gamma hea t ing  can cause s u b s t a n t i a l  t e m -  

p e r a t u r e  g r a d i e n t s  w i th in  l a r g e r  specimens; f o r  example, t h e  temperature  

d i f f e r e n c e  between the  c e n t e r  and t h e  water-cooled o u t e r  s u r f a c e  of t h e  

0.4T compact t e n s i o n  specimen mentioned ear l ie r  would be more than 300°C 

i n  t h e  t a r g e t  reg ion  of the  HFIR. For t h a t  reason,  on ly  very sma l l  

specimens can normally be placed i n  such h igh  gamma f i e l d s ,  a major l i m i -  

t a t i o n  because the  h i g h e s t  f a s t -neu t ron  f l u x e s  are almost i n e v i t a b l y  as- 

s o c i a t e d  wi th  t h e  h i g h e s t  gamma f l u x e s .  F o r t u n a t e l y ,  t he  f u s i o n  energy 

program in p a r t i c u l a r  has devoted much e f f o r t ,  wi th  cons ide rab le  success ,  

t o  the  development of min ia tu re  specimens and a s s o c i a t e d  t e s t i n g  equip- 

ment. 

For h ighe r  temperature  i r r a d i a t i o n s ,  t h e  specimens are p a r t i a l l y  in- 

s u l a t e d  from t h e  r e a c t o r  c o o l a n t ,  u s u a l l y  by a narrow g a s - f i l l e d  gap, so  

t h a t  gamma h e a t i n g ,  which may be supplemented by e lectr ical  h e a t e r s  Eor 

f i n e  c o n t r o l ,  raises t h e  specimen temperature .  The f i n a l  temperature  i s  

determined l a r g e l y  by the  thermal  conductance of t h e  gas  gap, which de- 

pends on t he  composi t ion of t he  gas .  I n  the  s i m p l e s t  exper iments ,  a 

f ixed-gas composi t ion i s  s e a l e d  i n t o  t h e  exper imenta l  capsu le ,  but more 

s o p h i s t i c a t e d  des igns  permit cont inuous c o n t r o l  of t he  gas  composition by 

combining streams of d i f f e r e n t  gases  (such as helium and argon)  and al- 

lowing the  r e s u l t i n g  m i x t u r e  t o  flow through t h e  gap. 
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Where p o s s i b l e  t h e  capsu le  o r  specimen temperatures  are measured 

con t inuous ly  by means of t he rmucoup~es ;  however ~ t h i s  r e q u i r e s  access, 

which i s  not always a v a i l a b l e ,  f o r  i n s t r u m e n t a t i o n  l e a d s .  The H F I R ,  f o r  

example, has  no p e n e t r a t i o n s  of the r e a c t o r  v e s s e l  chat: provide access t o  

t h e  target r eg ion  du r ing  ope ra t ion .  I f  d i r e c t  i n s t r u m e n t a t i o n  i s  not  

p o s s i b l e ,  temperature  estimates may be based pu re ly  on thermal-hydraul ic  

c a l c u l a t i o n s  o r  measured by pass ive  s e n s o r s ,  such as m e l t  res or  s i l i -  

con c a r b i d e  monitors ,  t h a t  are examined d u r i n g  P I E .  Ne i the r  approach i s  

ve ry  s a t i s f a c t o r y  because the c a l c u l a t i o n s  are f r a u g h t  w i th  u n c e r t a i n t y ,  

and the p a s s i v e  methods g e n e r a l l y  i n d i c a t e  on ly  t h e  maximum temperatl ire 

reached o r  t h a t  a c e r t a i n  temperature  w a s  no t  exceeded. The gamma f l u x  

and, t h e r e f  o r e ,  specimen temperature  ncLual ly  vary s i g n i E i c a n t l y  d u r i n g  

t h e  r e a c t o r  f u e l  c y c l e  so t h a t  a knowledge of maximum temperature  a l o n e  

i s  not  s u f f i c i e n t  €or  many purposes.  

Because f a s t  and slow neutrons a f f e c t  material p r o p e r t i e s  i n  d i f f e r -  

e n t  ways, t h e  neutron spectrum as w e l l  as t h e  t o t a l  f l u e n c e  must be con- 

s i d e r e d .  For t e s t i n g  materials used i n  or nea r  t h e  co re  of a f a s t  re- 

a c t o r ,  a "hard" spectrum wi th  a high r a t i o  of f a s t - to - s low neu t rons  i s  

needed. The i n n e r  walls o f  a f u s i o n  reactor would a l s o  be exposed t o  a 

r a t h e r  hard spectrum. S t r u c t u r a l  materials and f u e l s  f o r  thermal reac- 

tors, on the o t h e r  hand, are g e n e r a l l y  exposed t o  a s o f t e r  spectruiii w i th  

a h ighe r  p ropor t ion  of slow neu t rons .  The obvious  way t o  undertake engi-  

n e e r i n g  materials i r r a d i a t i o n s  i n  a hard spectrum i s  t o  conduct t h e  ex- 

periment i n  a f a s t  r e a c t o r  such as t h e  F a s t  F l u x  T e s t  F a c t l i t y  (FFTF) o r  

Experimental  Breeder Reactor-IX (EBR-IT) .  Indeed,  most work of t h i s  kind 

i n  the United S t a t e s  is done a t  those r e a c t o r s .  However, i t  is g e n e r a l l y  

i m p r a c t i c a l  t o  ma in ta in  t h e  experimental  specimens at any t empera tu re  

lower than t h e  r e a c t o r  coolant. -400°C f o r  t h e  l iquid-metal-cooled f a s t  

r e a c t o r s  (LMFR). In  most proposed des igns  f o r  f u s i o n  r e a c t o r s ,  t h e  most 

h e a v i l y  i r r a d i a t e d  components are c a r e f u l l y  maintained a t  r a t h e r  low tem- 

p e r a l u r e s  . There fo re ,  LMFR i r r a d i a t i o n s  cannot s i m u l a t e  the  a n t i c i p a t e d  

s e m i  ce cond i t ions .  

The materials s c i e n t i s t s  and i r r a d i a t i o n  eng inee r s  have evolved a 

number of rather c l e v e r  t r i c k s  f o r  s i m u l a t i n g  i n  mixed-spectrum r e a c t o r s ,  
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such as ORR or  H F I R ,  t h e  r a d i a t i o n  e f f e c t s  expected i n  the  harder  spec- 

trum of a f u s i o n  device .  The s imples t  concept i s  "spectral t a i l o r i n g , "  

i n  which thermal-neutron abso rbe r s  are inco rpora t ed  i n  or  around the  ex- 

per imenta l  capsule  con ta in ing  t h e  test specimens. The absorber  dep res ses  

t h e  l o c a l  slow-neutron f l u x  more than t h e  f a s t  f l u x ,  thereby  hardening 

t h e  spectrum exper ienced  by the  specimens wi thout  s u b s t a n t i a l l y  reducing 

the  damage rate from f a s t  neut rons .  Materials t e s t i n g  r e a c t o r s  are w e l l -  

s u i t e d  t o  t h i s  type of work because t h e  f u e l  loading  f l e x i b i l i t y  makes i t  

p o s s i b l e  t o  accommodate and promote l o c a l  v a r i a t i o n s  i n  t h e  f l u x  and 

s pe c t rum. 

A second,  very e l e g a n t ,  technique i s  c a l l e d  " i s o t o p i c  t a i l o r i n g . "  

The f a s t -neu t ron  damage, caused simply by t r a n s f e r  of k i n e t i c  energy i n  

n e a r - e l a s t i c  s c a t t e r i n g ,  is almost independent of the  i s o t o p i c  composi- 

t i o n  of t h e  elements  i n  t h e  specimen. The slow-neutron damage is  caused 

by nuc lea r  r e a c t i o n s  fo l lowing  i n e l a s t i c  s c a t t e r i n g ,  the  c r o s s  s e c t i o n  

f o r  which i s  u s u a l l y  very  d i f f e r e n t  from one i s o t o p e  to another  of t h e  

same element.  By s u i t a b l y  en r i ch ing  t h e  p ropor t ion  of those  i s o t o p e s  

wi th  a low thermal-neutron c r o s s  s e c t i o n ,  t h e  p r o b a b i l i t y  of thermal- 

neut ron  abso rp t ion  i s  reduced,  thus  s imula t ing  t h e  e f f e c t  of a harder  

spectrum wi th  no r educ t ion  i n  t h e  fast-neutron-induced damage. 

Using t h e s e  and o t h e r  techniques ,  i t  is p o s s i b l e  t o  reproduce,  si- 
multaneously,  s e v e r a l  f e a t u r e s  of t h e  f u s i o n  r e a c t o r  environment. The 

i s o t o p i c  t a i l o r i n g  approach may be app l i ed  i n  e i t h e r  LMFRs or mixed- 

spectrum r e a c t o r s ;  however, t he  mixed spectrum r e a c t o r s  have t h e  out- 

s t a n d i n g  advantage over  LMFRs of being a b l e  t o  cover t h e  e n t i r e  tempera- 

t u r e  range of i n t e r e s t  t o  fus ion .  

Materials i r r a d i a t i o n  work is an impor tan t ,  i n  f a c t  e s s e n t i a l ,  p a r t  

of a l l  r e a c t o r  technology programs inc lud ing  GCRs, LMFRs, and water- 

cooled power r e a c t o r s ;  r e s e a r c h  r e a c t o r s ;  f u s i o n  dev ices ;  and t h e  pro- 

posed space r e a c t o r  p r o j e c t s .  Over t h e  y e a r s ,  t h e r e  have been major 
s h i f t s  every  few yea r s  i n  the r e l a t i v e  p r i o r i t i e s  of t hese  d i f f e r e n t  pro- 

grams and i n  t h e  balance between t h e i r  needs (e.&., between s t r u c t u r a l  

lnaterials and f u e l  t e s t i n g ) .  The n a t u r e  of t h e  work prec ludes  r ap id  re- 

es t ab l i shmen t  of t h e  necessary  eng inee r ing  and safety e x p e r t i s e  a f t e r  any 

major downturn. For a l a b o r a t o r y  t o  main ta in  a s t r o n g  presence over a 
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long period, the facilities and capabilities iiirist be available to pravidc? 

the necessary help to any of the  programs currently in need of materia1.s 

irradiation work. Tab le  1 LFsts  t h e  present and presently foreseen needs 

in the major program areas. Table 2 summarizes t h e  variables .-- such as 

flux, spectrum, temperature, and specimen types - that may be encountered 

in irradiation experiments 

T a b l e  1 .  P r e s e n t  and p r o j e c t e d  needs  of major programs 

Reac tor  type  Need 

Fus ion  Hin ia t i r re  s t e e l  specimens 
Copper specimens 
Ceramic specimens 
Breeder  b l a n k e t  m a t e r i a l  tests 

Gas-coolpd r e a c t o r  Small f u e l - s p h e r e  t e s t i n g  
F i s s i o n - p r o d u c t  r e l e a s e  measurements  
Pebble-bed f u e l  t e s t i n g  ( l a r g e  s p h e r e s )  
Pebble-bed f u e l  testing (small s p h e r e s )  

Water-cooled r e a c t o r  Small s tee l  specimen i r r a d i a t i o n s  (e .g . ,  
0.4T compact t e n s i o n )  

t e n s i o n )  
Very l a r g e  specimen i r r a d i a t i o n s  (4T compact 

Liquid-meta l -cooled  Fuel  and s t r u c t u r a l  materials 
f a s t  power r e a c t o r  Out-of-core component t e a t s  

Space r e a c t o r  (SPlOO Fuel  and s t r u c t u r a l  materials 
and SDI) Ceramics 

Table  2 .  C h a r a c t e r i s t i c s  of f i r s t - r a t e  f a c i l i t i e s  
f o r  t h e  major  program a r e a s  

R e a c t o r s  

Water- Ga5- Liquid-mc-tal-  
cooled  c o o l e d  f a s t  b r e e d e r n  

C h a r a c t e r i s t i c  Fus ion  

............ . .....l̂ -lI___.. .. . .... .. . . . . . I.I 

High f a s t  f l u x  Yes Y d  Yes 

S p e c t r a l  t a i l o r i n g  Yes Ma No 

I n s t r u m e n t a t i o n  Yes Yes Yes 

Large-d iameter  No Yes Yem 

Large-  d i a m e t e r  Yes Yes Ye$ 

specimen r e g i o n C  

f a c i  l i t  yd 

L o w - g a m s  h e a t i n g e /  NO Yes NO 
l a r g e  spec imens  

u I n c l w i t n g  s p a c e  r e a c t o r .  T e s t s  f o r  t h e s e  p r o g r a m  are 
u s u a l l y  m r e  a p p r o p r i a t e  t o  PFTF o r  E B R - I 1  than  t o  t h e  ORME 
r e a c t o r s  e x c e p t  f o r  low-dosage, ou t -of -core  component tests. 

small apeciaears. 

' 2 5  ma i n  d i a m e t e r .  

d25 rn in d i a m e t e r ,  inc luding  s p e c t r a l  t a i l o r i n g  s h i e l d s .  

e0 .2  W/g ( w i t h  s h i e l d i n g )  f o r  2T specimens.  
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2. MATERIALS IRRADIATION TESTING AT 
O A K  RIDGE NATIONAL LABORATORY 

ORNL p r e s e n t l y  o p e r a t e s  s i x  r e a c t o r s  (Table  3 )  f o r  various purposes ,  

bu t  most of t he  materials i r r a d i a t i o n  work is now c a r r i e d  out  a t  t he  ORR 

and WXR.  Other r e a c t o r s  have been used on occas ion  f o r  s p e c i a l  purpose 

t e s t i n g  of materials [e.g., t h e  Hea l th  Physics  Research Reactor  (HPRR) 

has  a n e a r l y  naked co re  and so g e n e r a t e s  an almost unmoderated f i s s i o n -  

l i k e  spectrum].  

Table  3 .  Reactors  opera ted  
by ORNL 

Reactor  Power 

HFIR 

ORlR 

8SR' 

TSR-Zb 

HPRR 

PCAd 

100 Mw 

3oMw 

2 M w  

1 M w  

10 kWc 

10 kW 

aBulk-shielding r e a c t o r .  

bTower-shielding f a c i l i t y  

CSteady state;  peak power 

r e a c t o r .  

of 50,000 MU a v a i l a b l e  i n  a 
60-s pulse .  

dPool c r i t i c a l  assembly. 

2.1 Oak Ridge Research Reactor 

Other t h i n g s  being e q u a l ,  t h e  number of f i s s i o n s  and, t h e r e f o r e ,  t he  

number of neut rons  r e l e a s e d  are p r o p o r t i o n a l  to t he  r e a c t o r  power. The 

ORR, a l ight-water-cooled and moderated 30-MW r e a c t o r ,  c o n s t i t u t e d  a very 

powerful test r e a c t o r  when i t  w a s  new, but  it is  now exceeded by a number 

of f a c i l i t i e s  worldwide ( s e e  Sect .  3). The 0RR has core  p o s i t i o n s  i n t o  
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which experiments  up t o  7 4  m i n  diameter can he i n s e r t e d  an.d a l s o  has a 

""pool.sl.de. f a c i l i t y "  t h a t  c o n s i s t s  of a f l a t  aluminznm ~iprinc'l~w i n  the rei%(:- 

t o r  vesse l  close 'Is one face o f  the: c-ore, wMch can accom.modate experi . .-  

mental. c.apsules of up t o  600 b y  600 m. Figures  2 and 3 show t h e  g e n e r a l  

l ayou t  of t h e  ORR. Notice t h a t  acc.ess t o  t h e  core posii:.l.ons is through 

seal.ed f l a n g e s  i.n the v e s s e l  hatch.  Most of t h e  access p o r t s  are not  

placed d i r e c t l y  above the, core  so t h a t  i n s t r ~ n m e n t a t i o n  1.eads and gas  

l i n e s  must be bent into an "S "  shape i n s i d e  the  v e s s e l .  All such connec- 

tions i n u s t  be r ig i -d ly  contained f o r  p r o t e c t i o n  f rorn the high-speed cool-  

i ng  water flow, and each experiinental  capsule therefore f i . t s  only one 

coriibi.nntbon of access f l a n g e  and core posit i .om. Consequently,  i t  is  i m -  

poss"i)le du r ing  the C O I I P T S ~  of an experiment LO r o t a t e  a capsu le  or  t r ans -  

f e r  i t  from one core positfon t o  another ,  which would be d e s i r a b l e  f o r  

exp9sure t o  d i f f e r e n t  spectrum, f l u x ,  or  gamma h e a t  cond i t ions .  F u r t h e r -  

inore, the  S-bend shape praduczs large bending inoments frorii the coo lan t  

f l o w  p res su re -d rop  across the  cnrc:?, which adds  t o  the d i f f i c n l t l e s  of ad- 

j u s t i n g  the v e r t i c a l  p o s i t i o n  of t he  experimerr; re!.atiue to  the core;  

such an adjustmenr would make i t :  poss ib le  t o  f o l l o w  the  rieutaon f l u x  

peak, whtch moves as t h e  c o n t r o l  rods are moved d u r i n g  the  cyc le .  

2.2 High-Flux IsotoDe Reactor 

The H F I R  ( F i g .  4 )  is  a high-pressure , light.-wr?ter---coo~-eca beryllium--- 

ref l -ected,  1OO-Efld r e a c t o r  t h a t  was designed f o r  the product ion of i s o -  

topes, p a r t i c u l a r l y  t ransuranium i s o t o p e s  , w?i-i_ch r e s p e c t i v e l y  r e q u i r e  

high thermal- and epitherma~.-- .neutpon f l u x e s ;  indeed,  t h e  HFIB target  

r e g i o n  i n s i d e  the annular fuel. assembly has the h i g h e s t  s t e a d y  s ta te  

thermal-neutron f l u x  i n  the world.  The h.lg1-1 thermal f l u x  a l s o  makes t h e  

r e a c t o r  a. good source of neu t rons  f o r  s c a t t e r i n g  experiments ,  and t h e r e  

are a number of beam t u b e s  for t h a t  purpose ( F i g .  5).  The f u e l  is eon- 

s t ructed as two a n n u l a r  sets of i n v o l u t e  p l a t e s ;  each set is made as a 

u n i t ,  and t h e r e  i s  no f l e x i b i l i t y  f o r  mixing heavy and l i g h t  uranium 

l o a d i n g s ,  which can be done i n  the QRR and o t h e r  general purpose t e s t i n g  

reactors. 

Small ( 1 4 - m - d i a m )  capsu le s  can be accornuacldated i n  the t a r g e t  or 

c e n t r a l  reg ion  i.nsi.de t h e  i n n e r  f u e l  e lement ,  but t h e r e  are no p r e s s u r e  
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Fig .  2. ORR, showing access hatch. 
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ORNL-OWG 94-2320 

o ORY WALL J(JNCTION BOX 

VERTICAL HOLE NO. IO 

ACCESS FLANGE VH-6 FOR 
FOR PERMANENT BERYLLIUM 
FACILITY - PB-13 

VERTICAL HOLE 110.1 

UPPER TRACW 

L 1 7 SHROUD FLANGE 

RB-5 

R6-7 REACTOR CORE '&\ 
REMOVABLE BERYLLIUM 

REACTOR VESSEL 

Fig. 4 .  HFLR, showing access hatch. 

vessel penetrations providing access to that region so that experiments 

i n  the target cannot be instrumented. 

is unfortunate, because the very high fast- and thermal-neutron flux i n  

the target region make it an extremely desirable facility for engineering 

materials irradiation. The very high gamma flux and, therefore, high 

heating rate limit the s i z e  and mass of specimens that can usefully be 

irradiated using present capsule designs. 

The total Lack of instrumentation 



ORMI. - DWG 6 3 - 4 0 9 4 R 2  

Fig.  5 .  P l a n  v i e w  of H F I R ,  showing beam t u b e s ,  tlarges r e g i o n ,  and 
reflector. 

Larger (37-mm-diarn) expe r imen t s  ean be i r r a d i a t e d  i n  f o u r  posi t f .ons 

i n  the  removable b e r y l l i u m  (RB)  su r round ing  t h e  control .  plates  o u t s i d e  

the o u t e r  fuel.  element ( F i g .  5 ) .  

as i n  t h e  t a r g e t  r e g i o n ,  is 2 t o  3 times h i g h e r  than that o b t a i n a b l e  i.n 

the ORR, but so is Ihe g a m m a  heat ing.  There is access f o r  instruments- 

t tor i ,  a l t h o u g h  §-bend l e a d  tubes must be empl.oyed as i n  t h e  O M .  

The neu t ron  flux, although no t  as h igh  

There are several o t h e r ,  less d e s i r a b l e  pos i t l t oas  f o r  materials i.r- 

r a d i a t l o n  i n  tlitz W 1 R 9  but  t h e  majority o f  expe r imen t s  a r e  conducted i n  

e i t h e r  t h e  t a r g e t  r e g i o n  or t h e  RB f a c i l i t i e s .  
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2.3 Other Oak Ridge Nat iona l  Laboratory Reactors  

Besides  t h e  K F I K  and the  ORR, ORNL o p e r a t e s  fou r  o t h e r  r e a c t o r s  

ded ica t ed  t o  r e s e a r c h  and development work as w e l l  as r a d i o i s o t o p e  pro- 

duc t ion .  These r e a c t o r s  are used by ORNL and q u a l i f i e d  non-ORNL resea rch  

and development groups.  Much of t h e  informat ion  d e s c r i b i n g  these  reac- 
t o r s  is drawn from t h e  Oak Ridge National Laboratory Research Reactor Ex- 

perimenters' Cui& by 6. D. Cag1e.l 

2.3.1 Bulk-shielding r e a c t o r  

The BSR i s  a 2-W, open-pool-type, light-water-moderated and -cooled 

r e a c t o r  t h a t  has  ready access f o r  t h e  i r r a d i a t i o n  of large targets ad ja-  

cen t  t o  any one of t h r e e  of i t s  s i d e s .  O r i g i n a l l y ,  the  BSR was used t o  

measure r a d i a t i o n  leakage  through a v a r i e t y  of materials and conf igura-  

t i o n s  f o r  r eac to r - sh ie ld ing  development s t u d i e s .  It has s i n c e  been used 

€ o r  in-core and p e r i p h e r a l  i r r a d i a t i o n s ,  i nc lud ing  l a r g e  specimens of 
p r e s s u r e  v e s s e l  steels and s t r u c t u r a l  materials loca ted  ad jacen t  t o  the  

r e a c t o r  f aces .  The main r o l e  of t h e  BSR a t  p re sen t  i s  as the  Nat iona l  

Low-Temperature Neutron I r r a d i a t i o n  F a c i l i t y  (NLTNIF), which consLsts  of 

a c r y o g e n i c a l l y  cooled i r r a d i a t i o n  capsule  f o r  b a s i c  phys ics  experiments .  

2.3.2 Pool c r i t i ca l  assembly 

The PCA is a l ight-water-moderated and -cooled pool-type r e a c t o r  

used for t r a i n i n g ,  s tudying  core c o n f i g u r a t i o n s  f o r  t he  ORR, and pursuing 

v a r i o u s  r e s e a r c h  p r o j e c t s  i n  s h i e l d i n g ,  new ins t rumen ta t ion ,  and r e a c t o r  

phys ics .  Located i n  t h e  corner  of t he  BSR pool ,  the  PCA is  adminis t ra -  

t i v e l y  l i m i t e d  t o  a maximum power of 10 kW and is designed t o  d u p l i c a t e  

t h e  nuc lea r  c h a r a c t e r i s t i c s  of t h e  BSR and provide  p r o p e r t i e s  similar t o  

t h e  ORR when t h e  la t ter  is opera ted  under cond i t ions  of low power and 

na tura l -convec t ion  water cool ing .  

I n  a d d i t i o n  t o  t h e  l a c k  of complexity of t h i s  r e a c t o r  system, one of 

t h e  unique f e a t u r e s  of t h e  PCA i s  the  v e r s a t i l i t y  of t h e  c o r e ' s  des ign ,  

which permi ts  acceptance  of ei ther t h e  BSR or ORR f u e l  elements.  This  is 

accomplished by means of "s tacked"  g r i d  p l a t e s ;  t h e  BSR-type g r i d  p l a t e ,  

which has  round h o l e s  t o  accommodate t h e  BSR end boxes,  may be a l igned  on 



t o p  of t h e  OBR-type g r i d  p l a t e ,  which laas  s q u a r e  h o l e s  t o  accommodate t h e  

ORR end boxes. 

2.3.3 Tower-shiel-ding ~ faci.1 i t y  r e a c t o r  ... 

The tower - sh ie ld ing  f a c i l i t y  i s  a unique f a c i l i t y  f o r  sh i e l . d ing  re- 

s e a r c h  and s h i e l d  d e s i g n  c o n f i r m a t i o n .  It c e n t e r s  on the TSR-2, a s m a l l ,  

s p h e r i c a l ,  water-cooled r e a c t o r  t h a t  can be oper13ted i n  a s t a t i o n a r y  

s h i e l d  at ground l e v e l  or can be suppor t ed  between two towers a t  l e v e l s  

up t o  60 rn above t h e  ground. P o r t a b l e  s h i e l d s  made of i r o n ,  water, and 

l.ead, may be designed t o  f i t  t h e  r e a c t o r  v e s s e l  snug ly  to  modify t h e  re- 

a c t o r  neu t ron  and g8ma r a y  s p e c t r a .  Both t h e  r e a c t o r  and s h i e l d  can be 

l i f t e d  as long AS t h e  t o t a l  weight does not exceed 55 t o n s .  

2.3.4 Hea l th  p h y s i c s  -..I. r e s e a r c h  r e a c t o r  

The HPRR is a s m a l l ,  unmodesated f a s t  r e a c t o r  t h a t  can be o p e r a t e d  

i n  t h e  s t e a d y  s ta te  or p u l s e  mode. Th i s  device is t h e  primary r e s e a r c h  

t o o l  a t  ORNE's Dosimetry A p p l i c a t i o n s  Research F a c i l i t y .  

The r e a c t o r  c o r e  is a r i g h t  c i r c u l a r  c y l i n d e r  (20-cm diam and 23 cm 

high)  c o n t a i n i n g  e n r i c h e d  235U f u e l  a1 l o y r d  wlth molybderium. During 

s t e a d y  s ta te  o p e r a t i o n ,  power l e v e l s  between 0.1 and IO'+ w can be main- 

t a i n e d  f o r  severa l  hours .  The maximum al lowcd nominal y i e l d  dur ing  pul-se 

o p e r a t i o n  is 1 0 I T  f i s s i o n s ,  which co r re sponds  t o  a peak power of -50,000 

MW and a pulse  ha l f -wid th  of SO us.  Neutron dose rates can be v a r i e d  

ove r  15 o r d e r s  of magnitude (10-6 t o  l o9  r a d s / h )  depending on t h e  loca- 

t i o n  of t h e  experimcnt  r e l a t i v e  t o  the  C O W ,  t h e  type o f  o p e r a t i o n ,  and 

r e a c t o r  power l e v e l s .  

2.4 Suppor t  F a c i l i t i e s  

R e a c t o r s  a l o n e  are not enough to  s u p p o r t  a v i a b l e ,  inueh less a high- 

qua1 i t y ,  materials irradiation program. There m u s t  be hot c e l l s  f o r  

p o s t i r r a d i a t i o n  (axaminations and fo r  l o a d i n g  r a d i o a c t i v e  specimens i n t o  

test  c a p s u l e s .  Dosimetry measurements must be t aken  t o  c h a r a c t e r i z e  t h e  

f l u x  and spectrum t o  which specimens have been exposed and to p r e d i c t  the 

exposure o f  planned expe r imen t s  .. S i m i l a r l y ,  t h e r e  shoul d be a computa- 

t i o n a l  c a p a b i l i t y  that can p r e d i c t  OF assess i n  d e t a i l  t h e  n e u t r o n i c s  of 
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t he  r e a c t o r  and experiments;  s u r p r i s i n g l y ,  a f t e r  almost 30 years  of re- 

sea rch  r e a c t o r  ope ra t ion ,  no such c a p a b i l i t y  is r o u t i n e l y  a v a i l a b l e  a t  

ORNL even f o r  t h e  ORR. 

2.4.1. Hot c e l l s  -- 
The OWL hot c e l l s  used f o r  materials P I E  are d e c r e p i t ,  ou tda ted ,  

and u n r e l i a b l e .  Management r ecogn i t ion  of t h e  inadequacy of those f a c i l i -  

t ies led  t o  the  formation of a committee, cha i red  by M. Feldman, which 

r e c e n t l y  produced a plan '  (M. J. Feldman et  al., Report of the ORNL Ad 

Hoc Hok Ce,ZZs Improvement Advisory Committee, J u l y  29, 1983) designed t o  

remedy the  s i t u a t i o n .  The plan c a l l e d  f o r  refurbishment  of  t h e  more i m -  

po r t an t  hot cel ls  and presented a d e t a i l e d  set of recommendations f o r  

doing so. Although the  p lan  w a s  accepted i n  p r i n c i p l e  by ORNL manage- 

ment, t he  necessary  funding has not y e t  been made ava i l ab le .  The Mate- 

r ials I r r a d i a t i o n  F a c i l i t y  Improvements Committee endorses  the  p lan  and 

wishes t o  emphasize t h a t  t he  s ta te  of t he  hot cel ls  poses a s i g n i f i c a n t  

problem f o r  materials i r r a d i a t i o n  experimenters .  Fur ther  d e t a i l s  w i l l  be 

found i n  the  Feldman committee r epor t .  

2.4.2 Dosimetry 

A t  presen t ,  t h e r e  i s  no c e n t r a l i z e d  method f o r  having neutron do- 

s i m e t r y  work performed a t  ORNL. I n  t he  r ecen t  p a s t ,  i t  has been the re- 

s p o n s i b i l i t y  of the  ind iv idua l  experimenters  and/or programs to  seek out  

t h e i r  own sources  of e x p e r t i s e  and then s o l i c i t  and provide funding f o r  

s e r v i c e s  required.  

The fus ion  program has designated a n a t i o n a l  "dosimetry coord ina tor"  

f o r  a l l  fus ion  program i r r a d i a t i o n  experiments except those c a r r i e d  out  

a t  Hanford Engineering Development Laboratory (HEDL). 

Argonne Nat ional  Laboratory (ANL) presen t ly  se rves  the  fus ion  program i n  

t h i s  capac i ty ,  providing a l l  of t h e  dosimeter sets f o r  fus ion  program ex- 

periments conducted i n  ORNL r e a c t o r s .  Following completion of each ex- 
periment,  the  dosimeter  sets are shipped t o  ANL f o r  a n a l y s i s  and report-  

ing  of t he  da ta .  

L a r r y  Greenwood a t  

A problem assoc ia t ed  with performing dosimetry a t  ORNL is t h a t ,  as 
p re sen t ly  organized,  s e v e r a l  d i f f e r e n t  p a r t s  of t he  Laboratory (Operat ions 
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D i v i s i o n ,  A n a l y t i c a l  Chemistry D i v i s i o n ,  e t c  .) must u s u a l l y  be s e p a r a t e l y  

c o o r d i n a t e d .  Not cmly is  t h i s  t ine-consuming, but i t  sometimes l e a d s  t o  

q u a l i t y  c o n t r o l  problems. There have been cases of samples o r  d a t a  being 

l o s t  i n  " t h e  s y s t e w ~ . ' ~  

The Materials I r r a d i a t i o n  Fac i  li t ies Improvcmcn t Committee sugges t s 

t h a t  t h e  Opera t ions  D i v i s i o n  c o n s i d e r  d e s i g n a t i n g  a "dosimetry coord i -  

n a t o r "  to  whOiZ any expe r imen te r  could go t o  secure dosimecry, e i t h e r  f o r  

c h a r a c t e r i z a t i o n  o f  f a c i l  i t i e s  o r  f o r  long-term use t o  determitie f l u e n c e  

leve ls  i n  a c t u a l  expe r imen t s  .) This c o o r d i n a t o r  could be provided w i t h  

t h e  t o o l s  ( c o u n t i n g  f a c i l i t i e s ,  computer codes c h a r a c t e r i z t x l  mat erials, 

etc.) necessa ry  t o  p rov ide  dos ime t ry  s e r v i c e  c o n s i s t e n t  ~rj: th i n t e r n a t i o n -  

a l l y  a ccep ted  s t a n d a r d s .  The s e r v i c e  would not  on ly  m e e t  rhr  needs o f  

e x p e r i m e n t e r s ,  but  wmald a l l o w  thr  Opera t ions  D i v i s i o n  t o  c h a r a c t e r i z e  

a l l  ORNL r e a c t o r s  f u l l y  and t o  de t e rmine  qi i ickly the e f f e c t s  of core  

changes " 

2.4.3 N e u t r o n i c s  c a l c u l a t i o n s  

A s  i s  the  case w i t h  dosimetry,  there is no c e n t r a l - i z e d  method of 

having neut ronics  c a l c u l a t i o n s  performed a t  O R n .  The t e c h n i c a l  capa- 

b i l i t y  ex is t s  p r i m a r i l y  i.n t h e  Eng inee r ing  Phys ic s  D i v i s i o n ,  but person- 

n e l  i n  o the r  O W L  d i v i s i o n s  ( E n g i w e r t n g  Technology D i v i s i o n  and Opera- 

tlons D i v i s i o n )  a l s o  have t h e  e x p e r t i s e  and knowledge t o  work wi.th s o m e  

o r  a l l  of t he  n e u t r o n i c s  a n a l y s t s  codes a v a i l a b l e .  

S e v e r a l  s o p h i s t i c a t e d  computer codes developed by OWL a n d / o r  Com- 

p u t i n g  and Telecommunications D i v i s i o n  pe r sonne l  art:! a v a i l a b l e  t o  p e r f  o m  

t h e  complex c a l c u l a t i o n s .  The AMPX--11 code is a c o l l e c t i o n  of modules or 

prograins used t o  p r e p a r e  the l i b r a r i e s  of c r o s s  s e c t i o n s  n e c e s s a r y  as in-  

p u t  t o  t h e  l a r g e  ana l -ys i s  codes.  Each of t h e  modules used to make up 

AYPX-11 can be run independen t ly  ti:, o b t a i n  a wide v a r i e t y  o f  i n f o r m a t i o n .  

A s  an example, t h e  XSDRN-PM module, which is  a one-dimensional t r a n s p o r t -  

t h e o r y  code, can be used t o  estimate gimma-heating races i n  v a r i o u s  mate- 

rials. 

The two pr imary,  l a rge  a n a l y s i s  codes (which make use of  t h e  d a t a  

g e n e r a t e d  by I1MPX-II) are (1) VENTURE - a m u l t i r r g i o n ,  r m l t i e n e r g y  g roup ,  
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one-, two--, or three-dimensional ,  d i f fus ion- theory  code and ( 2 )  DOT-I11 - 
a two-dimensional d i s c r e t e  o r d i n a t e s  t ranspor t - theory  code. 

For a l l  of t he  codes,  models must be developed f o r  the  s p e c i f i c  re- 

a c t o r  i n  which an i r r a d i a t i o n  experiment might be performed. Models have 

been prepared f o r  both the  ORR and the  H F I R ,  but  t hese  were developed and 

are supported by s e v e r a l  d i f f e r e n t  people i n  e i t h e r  t he  Engineering 

Physics  o r  Operat ions Div is ions .  Addi t iona l  models have been proposed 

f o r  t he  CNK r e a c t o r  concept ,  which a t  present  looks very s imi la r  t o  the  

HFIR.  

A t  the  HFR f a c i l i t y  a t  Pe t t en  i n  Holland, a s m a l l  support  group i n  

the  Reactor Department performs r o u t i n e  neu t ron ic s  a n a l y s i s  f o r  any ex- 

periment proposed f o r  i n s t a l l a t i o n  i n  t h e  r e a c t o r .  The same group a l s o  

provides  r o u t i n e  informat ion ,  such as expected fluxes and gamma-heating 

rates i n  a l l  of t he  experimental  p o s i t i o n s  of t he  HFR, t o  experimenters.  

Thus, p o t e n t i a l  experimenters  can r e a d i l y  determine which experiment 

p o s i t i o n  would best s u i t  t h e i r  needs without expensive dosimetry and 

pro to type  experiments.  Another r e s u l t  of t h i s  t y p e  of o rgan iza t ion  is  

t h a t  a l l  of t he  neu t ron ic s  a n a l y s i s  expertise and people knowledgeable i n  

the  core  behavior are concent ra ted  i n  one group. Should a more d i f f i c u l t  

a n a l y s i s  problem arise t h a t  r equ i r e s  a more s o p h i s t i c a t e d  s o l u t i o n ,  a 

second, s m a l l  group of people are a v a i l a b l e  i n  the  Physics  Department t o  

a i d  t h e  support  group 

The Committee recommends t h a t  t h e  Operat ions Div is ion  acqui re  the  

necessary neu t ron ic s  c a l c u l a t i o n a l  c a p a b i l i t y ,  which should then be 

r e a d i l y  a c c e s s i b l e  t o  both experimenters  and r e a c t o r  opera tors .  This 

c a p a b i l i t y  should make use of t h e  latest computational techniques a v a i l -  

a b l e  as w e l l  as t h e  newest and most powerful computers, such as the  re- 

c e n t l y  i n s t a l l e d  Cray. It should be concent ra ted  i n  a s m a l l  group and be 

f a m i l i a r  with and ab le  t o  serve  the  needs of a l l  of t he  opera t ing  reac- 

t o r s  a t  O W .  

2.4 * 4 Capsule assembly 

I n  the  p a s t ,  most of the  components f o r  i r r a d i a t i o n  capsules  have 

been f a b r i c a t e d  a t  o u t s i d e  machine shops,  but assembled aP: QRNL; the as- 

sembly s t e p  is g e n e r a l l y  the  more t i m e  consuming and c o s t l y  of t h e  two. 
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There i s  a c a p s u l e  assembly area i n  t h e  Engineer ing Technology D i v i s i o n  

f a c i l i t i e s  at: Y-12 and a n o t h e r  i n  the d i - v i s i o n ' s  l a b o r a t o r y  a t  X-10.  I n  

bo th  cases, Marti-n Marietta Energy  Systems, Ini:. , c r a f t w o r k e r s  are 

h e a v i l y  i n v o l v e d ,  e i t h e r  from t he  Y-12 Maintenance Di-vision or from ORNL 

P l a n t  and Equipment D i v i s i o n .  The assembly area i n  Bu i ld ing  9201-3 a t  

Y--12  has a sooni. where plutonium and o t h e r  f u e l  specimens can be assembled 

and loaded i n t o  t h e  c a p s u l e s .  

Recen t ly ,  a comparison has been made of che c o n s t r u c t i o n  ( i . c . ,  

p a r t s  f a b r i c a t i - o n  2nd assembly) of i d e n t i c a l  c a p s u l e s  i n  t h e  9201-3 

assembly area and a t  an o u t s i d e  s u b c o n t r a c t o r .  The c a p s u l e s  a t  the out-  

s i d e  shop were assembled r ider  t h e  s u p e r v i s i o n ,  and wi th  t h e  h e l p ,  of an 

OWL t e c h n i c i a n .  ORNL. Q u a l i t y  Assurance s t a f f  monitorcrd the process  ait 

t h e  c o n t r a c t o r ' s  p remises ,  to ensure conformance. Both sets  of c a p s u l e s  

were s a t i s f a c t o r y ,  meeting t h e  necessar i1 .y  s t r i n g e n t :  qua1.i.t.y r equ i r emen t s  

f o r  t h i s  kind of work. It is 1ikel.y t h a t  i n  t h e  f u t u r e ,  in-house c ra f t  

support will be sought  f o r  c a p s u l e  assembly i n  speci-a1 cases, fo r  ex- 

aixplr?, for f u e l - b e a r i n g  o r  r a d i o a c t i v e  spe.cl-laiens o r  f o r  experimental .  de- 

s i g n s  where t h e  d e s i g n  may need t o  be changed d u r i n g  c o n s t r u c t i o n  and 

cannot  be s p e c i f i e d  c l o s e l y  enough i n  advance f o r  s u b c o n t r a c t  b idd ing  t o  

be p r a c t i c a l 1 . y  f e a s i b l e .  For more r o u t i n e  c a p s u l e s ,  t h e  o p t i o n  of out-  

s i d e  rnanufacturi! w i l l  be cons ide red  and e v a l u a t e d .  

2.5 . Experimental  . .. ... Techniq~nes . . .. .. . . ......l___l.g 

A wide v a r i e t y  of expe r imen ta l  techmiques are p r e s e n t l y  employed a t  

ORNE t o  s a t i s f y  the i r r a d i a t i o n  c o n d i t i o n s  s p e c i f  ied by t h e  nater-ials 

sc ient i .s t  customers  fo r  p a r t l c u l a r  project-a.  By f a r  the mst i m p o r t a n t  

s i n g l e  parameter  c o n s i d e r e d  d u r i n g  t h e  d e s i g n  of i r s a d F a t i o n  expe r imen t s  

i s  t he  t empera tu re  of t es t  specimens d u r i n g  i r r a d i a t i o n .  Consequentl y ,  a 

s i g n i f i c a n t  e f f o r t  goes i n t o  t h e  t echn iques  used t o  c o n t r o 1  t e s t - spec imen  

temperatures e 

The most p r i m i t i v e  form of t empera tu re  c o n t r o l  more accu ra t e l -y  de-- 

s c r i b e d  as t empera tu re  s e t t i t l g ,  u t i l i z e s  as the thermal  r e s i s t a n c e  ele- 

ment a f ixed-gas cornposit ion i n  a gas gap. T h i s  t echn ique  r e q u i r e s  a 
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reasonably  d e t a i l e d  h e a t  t r a n s f e r  a n a l y s i s  t o  f i x  both t h e  gap s i z e  and 

t h e  gas  composi t ion,  because i t  is imposs ib le  t o  change t h e  gas  composi- 

t i o n  d u r i n g  i r r a d i a t i o n .  Obviously,  t h i s  is t h e  technique  t h a t  must be 

employed i n  uninstrumented experiments  such as those  p r e s e n t l y  conducted 

i n  t h e  t a r g e t  r e g i o n  of t h e  HFIR. A s i g n i f i c a n t  drawback of t h i s  tech-  

nique is t h a t  i t  does not a l l o w  c o n t r o l  of tempera ture  whi le  t h e  gamma- 

h e a t i n g  rate is changing because of movement of t h e  r e a c t o r  c o n t r o l  rods.  

It can a l s o  be a very  poor method of ach iev ing  d e s i r e d  tempera tures  if 

one of t h e  materials making up t h e  gap s u f f e r s  from s e v e r e  d imens iona l  

changes d u r i n g  i r r a d i a t i o n .  

A much better method of achiev ing  and c o n t r o l l i n g  tempera tures  w i t h  

g a s  gaps is t h e  use of a v a r i a b l e - g a s  composi t ion;  t h i s  can be done o n l y  

i f  gas  l i n e s  can be run from i n s t r u m e n t a t i o n  f a c i l i t i e s  t o  t h e  c a p s u l e .  

The s a m e  range of tempera ture  a v a i l a b l e  t o  t h e  d e s i g n e r  w i t h  t h e  f ixed-  

g a s  technique  i s  a v a i l a b l e  with t h e  v a r i a b l e - g a s  technique ,  with t h e  

added f e a t u r e  of be ing  a b l e  t o  change t h e  composi t ion and, t h e r e f o r e ,  t h e  

thermal  c o n d u c t i v i t y  of t h e  gas  gap d u r i n g  o p e r a t i o n .  T y p i c a l l y ,  hel ium 

is used w i t h  e i t h e r  neon o r  argon added t o  provide  a wide range of lower 

thermal  c o n d u c t i v i t i e s .  The s i z e  of t h e  gas  gap i s  determined through a 

heat  t r a n s f e r  a n a l y s i s  based on t h e  midrange of thermal  c o n d u c t i v i t i e s  

a v a i l a b l e  from t h e  mixed gases .  Gas gaps as small as 0.05 m and a s  

l a r g e  as 3.00 mm have been used w i t h  t h i s  technique .  If t h e  gas  gap i s  

l a r g e  because h i g h  tempera tures  are sought ,  t h e  c o n t r o l l a b i l i t y  is re- 

duced because h e a t  t r a n s f e r  by r a d i a t i o n  becomes a h i g h e r  percentage  of 

t h e  h e a t  t r a n s f e r r e d  a c r o s s  t h e  gap. This  l i m i t a t i o n  can be minimized by 

t h e  a d d i t i o n  of r a d i a t i o n  b a r r i e r s  o r  t h e  use of carbon- o r  ceramic- f iber  

gap f i l l e r  materials.  If s m a l l  gas  gaps are r e q u i r e d  because of e i t h e r  

high h e a t  f l u x e s  o r  low tempera tures ,  t h e  range of c o n t r o l l a b i l i t y  i s  re- 

duced because t h e  amount of tempera ture  drop a c r o s s  t h e  gap becomes a 

smaller percentage  of t h e  drop through t h e  fixed-conductance materials of 

t h e  capsule .  

Another tempera ture-cont ro l  technique  used q u i t e  s u c c e s s f u l l y  i n  a 

v a r i e t y  of experiment  d e s i g n s  i n v o l v e s  t h e  use of e lec t r ic  h e a t e r s .  

These are t y p i c a l l y  small-diameter  (1.5-mm) s t a i n l e s s - s t e e l - s h e a t h e d ,  
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m i n e r a l - i n s u l a t e d ,  s i n g l e  conductor  h e a t e r s .  In  most d e s i g n s  t h e  h e a t e r s  

are used i n  c-onjunct ion w i t h  a gas  gap. The heaters are l o c a t e d  stra- 

tf?gii..ally t o  reduce t h e  s p a t i a l  t empera tu re  v a r i a t i - o n s  caused by nonuni.- 

form h e a t  g e n e r a t i o n  o r  end-e f f ec t  h e a t  losses. A very good f e a t u r e  of 

e l e c t r i c  h e a t e r s  i s  t h e  ease w i t h  which they can be c o n t r o l l e d  by a com- 

p u t e r ,  p rov id ing  con t inuous  and very a c c u r a t e  t empera tu re  c o n t r o l .  h 

l i m i t i n g  c o n d i t i o n  f o r  the iise of heaters exists i n  h igh - t empera tu re  cap- 

s u l e s .  High t e m p e r a t u r e s ,  e s p e c i a l l y  i n  t h e  h e a t i n g  e l emen t ,  cam l e a d  t o  

e a r l y  f a i l u r e s ,  Low-temperature o p e r a t i o n ,  on t h e  o t h e r  hand, can r e s u l t  

i n  a ve ry  high degree  of r e l . i a b i . l i t y .  One r e c e n t  program, where e l ec t r i c  

h e a t e r s  o p e r a t e d  at about  3OO0C, expe r i enced  o n l y  two f a i l u r e s  i n  324 

h e a t e r s .  L ike  the v a r i a b l e - g a s  composi t ion t empera tu re  c o n t r o l  method, 

t h e  use  of h e a t e r s  r e q u i r e s  i u s t r u m e n t a t i o n  access ts t h e  c a p s u l e  d u r i n g  

o p e r a t i o n .  

Two p o s s i b l e  new t empera tu re  c o n t r o l  t e c h n i q u e s  p r e s e n t l y  under in -  

v e s t i g a t i o n  are t h e  use  of h e a t  p i p e s  and t h e  d e s i g n  of c a p s u l e s  rel .ying 

on t h e  t empera tu re  g r a d i e n t s  i n  s o l i d  materi-als. An a n a l y s i s  and pro- 

posed d e s i g n  of a HFIR t a r g e t  c a p s u l e  u t i l i z i n g  an a n n u l a r  heat p i p e  was 

completed by M. V .  Davis of Georgia  Tech wh i l e  on assignment  a t  ORNL as a 

suminer f a c u l t y  r e s e a r c h  a s s i s t a n t .  Th i s  desi-gn uses  w a t e r  as t h e  working 

f l u i d  and should be capab le  of removing 4 kW of h e a t ,  whi.le m a i n t a i n i n g  

specimen t empera tu res  a t  about  250°C. The h e a t  p ipe  d e s i g n  p rov ides  a 

r a t h e r  uniform ax ia l  t empera tu re  p r o f i l e  even though t h e  g a m a - h e a t  Lng 

ra te  g r a d i e n t s  are q u i t e  s t e e p .  

The use of t empera tu re  g r a d i e n t s  i n  so1i.d materials is p r e s e n t l y  

being i n v e s t i g a t e d  i n  t h e  d e s i g n  of an experiment  t h a t  w l l 1  i r r a d i a t e  

small  copper specimens a t  100, 2.50, and 400°C En t h e  M F L K  KB p o s i t i o n s .  

By pl.acing t h e  specimens s t r a t e g i c a l l y  i n  a material w i t h  r e1a t ive l .y  low 

the rma l  c o n d u c t i v i t y  and a h igh  gamma h e a t  g e n e r a t i o n  r a t e ,  such as 

s t a i n l e s s  s t ee l ,  all t empera tu re  r equ i r emen t s  should be m e t  i n  one so1i.d 

c a p s u l e  a 

While a l l  t h e  t echn iques  can be used t o  c o n t r o l  specimen s u r f a c e  

t e m p e r a t u r e s ,  q u i t e  o f t e n  gamma h e a t i n g  races are so h igh  t h a t  unaccept-  

a b l e  t empera tu re  g r a d i e n t s  can r e s u l t  w i t h i n  t h e  specimen t t s e l f .  '-Two 
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solutions to this problem are shielding from gamma rays and miniaturiza- 

tion of the test specimens. The former technique has been used success- 

fully in the ORR poolside facility where 100-m-thick steel specimens are 

being irradiated behind a shield OE stainless steel that is almost 100 m 
( 4  in.) thick. By using the shield, the gamma-heating rare w a s  reduced 

by about 80% with no significant reduction in the damage flux. The re- 

sultant temperature variation across the specimen of *lO"C is quite ac- 

ceptable and much lower than the f50"C gradient that would exist without 

the shield. In the HFZR target region where space is limited, the mate- 

rials scientists have developed miniature specimens in which gama heat- 

ing rates as high as 55 W/g can be accommodated without experiencing un- 

acceptable gradients. 

Specimen temperatures are usually measured with thermocouples. At 

low temperatures (up to l l O O " C ) ,  Chromel/Alumel thermocouples have proven 

t o  be highly reliable. Between 1100 and 14OO0C tungsten-rhenium alloy 

thermocouples have met with some success, but transmutation effects cause 

significant decalibration, especially for long-duration experiments. A 

potentially better platinum-molybdenum alloy thermocouple has been tried 

in the 1100 to 1400°C range, but further development is needed on this 

combination. Other, more exotic measurement devices such as the Johnson 

Noise thermometers and ultrasonic thermometers have met with only partial 

success. In uninstrumented experiments it is necessary to use passive 

sensors such as silicon carbide, melt wires, and thermal-expansion de- 

vices; a major drawback of these devices is that they can only provide 

information about the maximum temperature during irradiation and do not 

give a history o€ real-time temperatures. 

The creep rates of Zircaloy fuel cladding were successfully measured 

with eddy-current displacement measuring devices in one series of  irra- 

diation experiments in which the tubing was subjected to a continuous ex- 

ternal pressure loading of up to 18.6 MPa (2700 psig). The resolution of 

the measuring devices was determined to be better than 10 urn during the 
entire irradiation period. 

The determination of release-to-birth rate ratios ( R I B )  of candidate 

HTGR fuels is routinely accomplished by taking samples of the sweep gas, 
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which is passed ove r  t h e  f u e l  p a r t i c l e s .  These samples are then analyzed 

on a g a m a - r a y  s p e c t r o m e t e r  f o r  v a r i o u s  f i s s i o n  p r o d u c t s .  

2.6 D o l l a r  Values  and Programs 
. . . .. . .. _ _  ............... ~ .... 

The v a r i o u s  e n g i n e e r i n g  materials i r r a d i a t i o n  programs form a sub- 

s t a n t i a l  a c t i v i t y  a t  ORWE, as shown by Table  4 *  Research c o s t s  i n c l u d e  

t h e  work of t h e  expe r imen te r s  i n  p r e p a r i n g  t h e i r  specimens,  t e s t i n g  them, 

and a n a l y z i n g  t h e  r e s u l t s ,  as w e l l  as t h e  d e s i g n ,  c o n s t r u c r i o n ,  and op- 

e r a t i o n  of t h e  i r r a d i a t i o n  c a p s u l e .  In  1 8 8 4 ,  t h e s e  c o s t s  amounted t o  

some $5.5 m i l l i o n .  R e a c t o r  chargee came t o  over  $ 3  m i l l i o n ,  and the  

c h a r g e s  f o r  use of t h e  hot ce l l s  were a l l n u s t  $1 m i l l i o n .  The t o t a l  ex- 

p e n d i t u r e  i n  1984 of almost  $10 m i l l i o n  r e p r e s e n t s  perhaps o n e - f i f t h  of 

a l l  t h e  materials r e s e a r c h  and development a t  OWL. 

Table 4 .  Approximate PY 1984 costs 
( d o l l a r s  i n  thousands)  

To ta l  Research Reac to r  Hot cel l  
c o s t s  c h a r g e s  cos ts  

P rog rain 

MFE 2900 2050 300 5 250 

HSST 17 20 27 0 150 2140 

GCR 5 60 140 700 

REK'I'K 240 8 30 210 1310 

80 Other  80 BOO 

'rota1 $5530 $3150 $800 $9480 
_..- 

The ba lance  of t h e  work between d i f f e r e n t  programs v a r i e s  marked 1 y 
from yea r  t o  y e a r ,  as r e v e a l e d  by Fig.  6. P l o t t e d  i n  Fig.  6 are t h e  

c o s t s  of d e s i g n i n g  and f a b r i c a t i n g  i r r a d i a t i o n  capsules  f o r  the v a r i o u s  

pwograms i nvo lved  i n  t h e s e  s t u d i e s  - which i s  a b e t t e r  measure of t h e  

l e v e l  of a c t i v i t y  than t h e  total  c o s t s  would be because i t  t a k e s  a snap- 

s h o t  of all work at t h e  s a m e  s t a g e .  The total c o s t s  f u r  each program i n -  

c l u d e  r e a c t o r  o r  hot c e l l  c o s t s  a s s o c i a t e d  w i t h  expe r imen t s  that were 
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ORNL-DWG 8 5 4 0 5 1 A  ETD 

2.0 

PROGRAMMATIC DISTRIBUTION OF ETD IRRADIATION CAPSULE WORK 

FUSION 
3 

I HTGH 

1981 1982 1983 1984 1985 1986 
Y E A R  

Fig .  6 .  History of ETD irradiation work from 1981 to 1985. 

committed years before, as well as efforts toward planning experiments 

that may be some years away from operation. 

Overall, the amount of work has been relatively constant over the 

last 5 yea r s ,  but there have been substantial changes in the nature of 

the experiments and in the sponsorship. Without the flexibility to meet 

the needs of different programs - a flexibility that requires a range of 

facilities as well as a design capability - there would be very large 
variations in the level of activity, variations that would probably make 

it impossible to maintain the essential Quality and Safety Assurance for 

this rather specialized field. 



3 .  COMPARISON W L ' I X  OTHER U.S. AND OVERSEAS FACILITIES  

Table 5 compares t h e  ORNL r e a c t o r s  used f o r  e n g i n e e r i n g  materials 

i r r a d i a t i o n s  with o t h e r  r e a c t o r s  around t h e  world [Belgian Reactor  2 

(BR-2) i s  i n  Belgium and the  High-Flux Reactor  (NFR) is i n  t h e  Nether- 

l a n d s  ]. The ORR is g e n e r a l l y  i n f e r i o r  i n  a l l  s i g n i f i c a n t ;  r e s p e c t s ,  

whereas the HFIR, wh i l e  l a c k i n g  i n  c e r t a i n  a s p e c t s ,  o f f e r s  o u t s t a n d i n g  

n e u t r o n i c  c h a r a c t e r i s t i c s .  

Table 5 .  C h a r a c t e r i s t i c s  of some l e a d i n g  ana te r i a l s  
h igh - f lux  t e s t i n g  f a c i l i t i e s  and the HFIR 

Char a c t e r i s t i cs 
UP I R  General. purpose 

r e a c t o r s  
_____...- _ 1 _ 1 ~ - - ~  

PPTFa 

RR-2 HFR ORB RB Target 
-..._ ..... __ 

F a s t  flux,h neutrons/cm2/s 40 7 5 3 7 1 4  

Displacements p e r  a~orri 

Thermal f lux ,  1014 

Gamma h e a t i n g  W/g S. S. 

p e r  year ,  S.S. 

n e u t r o n s /  cm2/  s 

40 10 8 4 10 30 

<1 10 2 2 15 28 

3 15 10 8 1 7  55 

T y p i c a l  c a p s u l e  d i a m e t e r ,  m 28 52' 74 74 35 16 

Numbei of p o s i t i o n s  60 35* 17 1 2  4e 1 4f 

I n s  t i umen t  a t  i o n  Yes Yes Yes Yes Yes No 

Neutron radiography Nog Yes YFS No No N o  
. _  .. ...- -.-̂ _____-- ___.___I-- ._...I 

",MOTA - Materials Open Tes t  Assembly f a c i l i t y .  

h . 1  MeV.  

'There are a l s o  t w o  cadmium-shielded p o s i t i o n s  o f  200-rnm d i m .  

dPlus  two 200--mm-diam p o s i t  i cms 

'Plus f o u r  smaller p o s i t i o n s ,  -12-m diam. 

f I n c l u d i n g  s i x  p e r i p h e r a l  t a r g e t  p o s i t i o n s  

gAva i l ab le  a t  a n o t h e r  r e a c t o r  on the same s i te .  

cadmium s h i e l d e d  f o r  l o w  thermal 
f l u x .  
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For materials i r r a d i a t i o n  work, t h e  most important  s i n g l e  c h a r a c t e r -  

i s t i c  is t h e  damage ra te ,  which i s  u s u a l l y  expressed  i n  terms of d i s -  

placements  per  atom per  year. The damage rate depends on t h e  f a s t  f l u x ,  

t h e  spectrum, and t h e  material being i r r a d i a t e d .  I n  a d d i t i o n ,  t h e  diame- 

ter of t h e  i r r a d i a t i o n  c a p s u l e  t h a t  can be accommodated and the gamma 

h e a t i n g  rate both  tend  t o  p l a c e  an upper l i m i t  on t h e  s i z e  of t h e  s p e c i -  

mens t h a t  can be i r r a d i a t e d  A s  expla ined  ear l ie r  , temperature-measuring 

i n s t r u m e n t a t i o n  i s  impor tan t  and, i n  some cases, e s s e n t i a l .  Neutron 

rad iography,  by provid ing  a d i r e c t  view of t h e  i n t e r i o r  of t h e  c a p s u l e  

w i t h  a h i g h  r e s o l u t i o n  between even low-density materials, f a c i l i t a t e s  

c e r t a i n  experiments .  

The FFTF is an e x c e l l e n t  f a c i l i t y  i n  many of t h e s e  respects, but  it 

is  a Liquid-metal-cooled r e a c t o r .  Because t h e  minimum tempera ture  a t  

which c a p s u l e s  can be o p e r a t e d  i s  - 4 O O 0 C ,  many experiments  of i n t e r e s t  t o  

t h e  magnet ic  f u s i o n  energy  program are excluded.  I n  p r i n c i p l e  exper i -  

ments could be r e f r i g e r a t e d ,  but  i n  p r a c t i c e  t h i s  has n o t  been cons idered  

f e a s i b l e  or  economical.  

In c o n s i d e r i n g  t h e  f u t u r e  of materials i r r a d i a t i o n  work a t  ORNL, i t  

is  c r u c i a l  t o  unders tand  t h e  importance of m a i n t a i n i n g  and improving t h e  

e x p e r i m e n t a l  f a c i l i t i e s .  To i l l u s t r a t e  t h i s ,  Table 6 compares t h e  ORR, 

as it w a s  20 y e a r s  ago and s t i l l  is today ,  w i t h  t h e  European Economic 

Community's (EEC) HFR r e a c t o r  at P e t t e n  i n  Holland. Based on t h e  QRR de- 

s i g n ,  t h e  P e t t e n  r e a c t o r  is almost  a sister t o  t h e  ORR. When commis- 

s i o n e d  i n  1966, t h e  HFR w a s  i n  most r e s p e c t s  somewhat i n f e r i o r  t o  t h e  

ORR, which a t  t h e  t i m e  w a s  one of t h e  w o r l d ' s  l e a d i n g  f a c i l i t i e s .  S ince  

t h a t  t i m e  , t h e  Europeans have comrtiitted themselves  t o ,  and pursued ,  an 

e x p l i c i t  p o l i c y  of upgrading and improving t h e  HFR and i t s  a s s o c i a t e d  

s u p p o r t  f a c i l i t i e s .  The United S t a t e s  has made no such improvements t o  

t h e  ORR, which h a s ,  i n  f a c t ,  d e c l i n e d  i n  c e r t a i n  r e s p e c t s .  The r e s u l t ,  

n o t  on ly  p r e d i c t a b l e  but  p r e d i c t e d ,  i s  t h a t  t h e  P e t t e n  r e a c t o r  is now 

g r e a t l y  s u p e r i o r  i n  every  s i g n i f i c a n t  r e s p e c t  t o  t h e  ORR. 

The p r e s e n t  d i f f e r e n c e  between t h e  two r e a c t o r s  r e s u l t s  from t h e  

formal  o b j e c t i v e  of t h e  P e t t e n  f a c i l i t y  " t o  develop new methods and 

equipment f o r  f u t u r e  t a s k s "  and t h e  p r o v i s i o n  of funds f o r  meeting t h a t  
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Table  6. Comparison of t h e  OKK with t h e  
co r re spond ing  f a c t l i t y  i n  Europe 

.-I- _9_1 

HFR P e t t e n  

1966 1984 
..... ~ 

1984 
ORK C h a r a c t e r i s t i c  

Reac to r  power, W 30 20 45 

F u e l  c y c l e ,  d 20 1 4 26 

Time o p e r a t i n g ,  83 7 5 a  

Neutron r ad iog raph  f a c i l i t i e s  NoneC None 2 

Burnable poison No No Y e s  

I n s  t rurnent ed c o r e  pos i. c i o n s  1 2  1 2  17 

Vertical access t o  c o r e  positions No No Yes 

a1983 f i g u r e ,  r r a c r o r  shutdown i n  1984 €or  v e s s e l  

’ Increasing t o  27 i n  1985. 

‘Thrre a c t u a l l y  was a neu t ron  r ad iog raph  camera 

replacement .  

a t  t h e  OKK, but  i t  was removed s e v e r a l  y e a r s  ago t o  
make room f o r  an experiment  a t  the window and nFveP- 
r e p l a c e d .  

o b j e c t i v e .  The P e t t e n  Labora to ry  spends -$0.8 m i l l i o n f y e a r  on new ex- 

p e r i m e n t a l  equipment and -$1.2 m i l l i o n  / y e a r  on r e a c t o r  m o d i f i c a t i o n s  and 

development. Since t h e  HFR began t o  o p e r a t e ,  more than $50 m i l l i o n  (1985 

d o l l - a r s )  has been s p e n t  on improvements and upgrades.  The f i g u r e  may be 

t a k e n  as a rough measure of t he  sum t h a t  would be n e c e s s a r y  t o  take the 

ORK not  t o  s u p e r i o r i t y ,  but a t  least  t o  rough e q u a l i t y  w i t h  competing 

f a c i l i t i e s .  

‘The fo l lowing  Lists some upgrading and developments a t  t h e  Pet’ren 

r e a c t o r  t h a t  took p l a c e  d u r i n g  1966-1984: (1) power i n c r e a s e s  from 20 

t o  30 MW and from 30 t o  45 MM; ( 2 )  i n t r o d u c t i o n  o f  burnab le  poison f u e l ;  

( 3 )  s e v e r a l  major changes t o  t h e  c o r e ;  ( 4 )  complete replacement  of i n -  

s t r u m e n t a t i o n ,  both f o r  t h e  r e a c t o r  and f o r  expe r imen t s ;  ( 5 )  new in- tank 

exper.linent p e n e t r a t i o n s ;  ( 6 )  s e v e r a l  improvements t o  m a j  09- p l a n t  systems;  

( 7 )  in-house computer code developments;  ( 8 )  new reactor and experinlent. 



29 

d a t a  l o g g e r s ;  ( 9 )  new d i s m a n t l i n g  c e l l - t r a n s f e r  system; (10)  second neu- 

t r o n  r ad iog raphy  f a c i l i t y ;  (11)  e n l a r g e d  computing f a c i l i t i e s ;  (12)  re- 

placement of r e a c t o r  v e s s e l ;  and ( 1 3 )  p r e p a r a t i o n  f o r  p o s s t b l e  upgrade t o  

60 Mw. 

Table 7 shows, as a s i n g l e  measure of the e f f o r t  devoted elsewhere 

t o  f a c i l i t y  improvements,  t h e  power upgrades of European research reac- 

t o r s .  Out of t h e  14 European r e a c t o r s ,  12 have been  s u b s t a n t i a l l y  up- 

g raded ;  a lmost  h a l f  have been upgraded twice o r  more s i n c e  t h e  ORK began 

o p e r a t i o n  a t  30 MW. (The ORR f i r s t  o p e r a t e d  i n  1958 a t  a power of 20 MW. 

Three y e a r s  l a te r ,  l a r g e r  c o o l i n g  towers  were f i t t e d ,  and t h e  power w a s  

r a i s e d  t o  30 MW.) 

Table  7.  Some thermal  tes t  r e a c t o r s  
(>5 MW) i n  Europe 

Reac to r  Country Power upgrades F i r s t  
(W o p e r a t e d  

BK-2 

DIDO 

PLUTO 

DR3 

MELUSINE 

TRITON 

SILOE 

OSIRIS  

FR-2 

FRJ-1 
FRJ-2 

FRG-2 

HFR 

R2 

Belgium 

Great Bri ta in  

Great Bri ta in  

Denmark 

France 

France 

France 

France 

Germany 

Germany 

Germany 

Germany 

Hol l  and 

Sweden 

50 t o  125 

10 t o  15 t o  22 t o  25 

10 t o  15 t o  22 t o  25 

? t o  8 

1.2 t o  6.5 

15 t o  30 t o  35 

50 t o  70 

12 t o  44 

5 t o  10 
10 t o  15 t o  23 

20 t o  30 t o  45 

30 t o  50 

1961 

1956 

1957 

1960 

1958 

195ga 

1963 
1966 

196Ib 

1962 

1962 

1963 

1961 

1960 

ashut  down i n  1981. 

bShut down i n  1982. 
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4 .  NONREACTOR IRRADIATION FACILITTES 

The development of materials f o r  fus ion  and f i s s i o n  r e a c t o r s  re- 

q u i r e s  two p a r a l l e l  experimental .  approaches t o  i r r a d i a t i o n  s t u d i e s  ( i  .e., 

s cop ing  expe r imen t s  and basic mechani st i c  experi .ments) .  Scoping i r r ac l  i a -  

i i o n  expe r imen t s  must be c a r r i e d  o u t  t o  de t e rmine  t h e  p r o p e r t y  changes 

produced b y  t h e  t empera tu re  ~ neulrrcsn f l u e n c e ,  and spectrum pa rame te r s  

c h a r a c t e r i s t i c  of t h e  in t ended  r e a c t o r  a p p l i c a t i o n ;  t h e s e  experiments 

tes t  t h e  r e sponse  of new materials and h e l p  develop a d e s i g n  d a t a  base.  

However i t  is e q u a l l y  impor t an t  t o  pursue w e l l - c o n t r o l l e d  i r r a d i a t i o n  

expe r imen t s  des igned  t o  explore  t h e  b a s i c  p h y s i c a l  mechanisms invo lved  i n  

d i sp l acemen t  damage and t h e  r e s u l t i n g  p r o p e r t y  changes .I 

In  t h e  l i g h t - w a t e r  and b r e e d e r  r e a c t o r  materials programs, s cop ing  

expe r imen t s  i n  exl s t i n g  r e a c t o r s  have been a d a i r a b l y  suppl.emmted by 

m e c h a n i s t i c  s t u d i e s  us ing  v a r i o u s  types  of p a r t i c l e  a c c e l e r a t o r s .  How-- 

e v e s ,  the f u s i o n  r e a c t o r  materials program f a c e s  a unique s i t u a t i o n  be- 

cause  no f u s i o n  r e a c t o r  materials i r r a d i a t i o n  f a c i l i t y  exis ts .  Conse- 

q u e n t l y ,  eve ry  a v a i l a b l e  i r r a d i a t i o n  f a c i l i t y  m u s t  be e v a l u a t e d  and f u l l  

advantage taken of i t s  a b i l i t y  t o  reproduce some c h a r a c t e r i s t i c  of t h e  

expec ted  f u s i o n  r e a c t o r  r a d i a t i o n  environment.  

Heavy-ion a c e e l e r a t o r s  are not w e l l  s u i t e d  t o  t h e  scop ing  type of  

materials i r r a d i a t i o n .  They t y p i c a l l y  produce displ.acernent damage rates 

t h a t  are -103 times g r e a t e r  than t h o s e  expected i n  a f u s i o n  r e a c t o r .  For 

e n g i n e e r i n g  materials, t h i s  high damage rate confounds t h e  p r e d i c t i o n  of 

i n - r e a c t o r  behav io r  from heavy-ion d a t a  because the impor t an t  s e g r e g a t i o n  

and p r e c i p i t a t i o n  phenomena are both t ~ m p e r a t n r c  and damage rate depen- 

d e n t .  I n  a d d i t i o n ,  o t h e r  f ac to r s  must he taken i n t o  a c c o u n t ,  i n c l u d i n g  

the  e f f e c t s  of s u r f a c e  p r o x i m i t y ,  d i f f u s i o n a l .  s p r e a d i n g ,  and i n j e c t i o n  

i n t e r s t i t i a l s .  

I n  c o n t r a s t ,  because of t1wi.r wel l -def ined t empera tu re  and f l u e n c e  

c o n d i t i o n s ,  a c c e l e r a t o r s  producing 4- t o  5--MeV beams oE heavy i o n s  are 

wi.dely used t o  i n v e s t i g a t e  i h e  phys ic s  of high-temperature  phenomena re- 

l a t e d  t o  the a n n t h i l a t i o n  of p o i n t  d e f e c t s  ar i n t e r n a l  sinks ( e . g . ,  

c a v i t y  n u c l e a t i o n  and growth, d i s l o c a t i o n  e v o l u t i o n ,  s e g r e g a t i o n ,  and 
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p r e c i p i t a t i o n  phenomena). A second a c c e l e r a t o r  may be used t o  s imulta-  

neously i n j e c t  helium i n t o  the  material being i r r a d i a t e d  with heavy ions  

t o  s imula te  in- reac tor  helium production from (n,a) react i -ons.  It is 

poss ib l e  t o  i n v e s t i g a t e  very high damage l e v e l s  0 1 0 0  dpa) with these  

techniques.  Such f a c i l i t i e s  are a l s o  f r equen t ly  equipped wi th  nuc lear  

microanalys is  c a p a b i l i t i e s  f o r  determining the  d i s t r i b u t i o n  of i n j e c t e d  

species and Auger equipment f o r  su r face  segrega t ion  measurements. Heavy- 

ion  a c c e l e r a t o r s  p lay  a v i t a l  r o l e  i n  t h e  p u r s u i t  of underlying bas i c  

s t u d i e s  t h a t  are e s s e n t i a l  t o  t he  success  of material development pro- 

grams. 

A second type of machine t h a t  is being used f o r  b a s i c  s t u d i e s  is the  

accelerator-based neutron source.  The most powerful machine of t h i s  

t ype ,  RTNS-11, is loca ted  at Lawrence Livermore Nat ional  Laboratory. In  

t h i s  machine, a beam of 400-keV deuterons s t r i k e s  a r o t a t i n g  copper tar-  

g e t  coated with t i t an ium n i t r i d e ;  t h e  r e s u l t i n g  T(d,n) r e a c t i o n  produces 

a beam of monochromatic 14.1-MeV neutrons.  The beam f l u x  is seve ra l  or- 

ders, of magnitude too low f o r  scoping i r r a d i a t i o n  experiments on engi- 

neer ing materials. As f a r  as the  fus ion  materials program is concerned, 

t h e  machine i s  used p r imar i ly  t o  s tudy  the  b a s i c  physics of 14-MeV neu- 

t ron  displacement damage and de fec t  c l u s t e r i n g  i n  a wide range of metals 

and a l loys .  Specimen min ia tu r i za t ion  techniques have been developed t h a t  

a l low the  s tudy  of the  e f f e c t s  of low l e v e l s  of displacement damage on 

t h e  fundamental and mechanical behavior of metals and a l loys .  

To provide the  i n t e r n a t i o n a l  materials community with a high f l u x  

of 1 4 - M e V  neut rons ,  the DOE'S Off ice  of Fusion Energy i n i t i a t e d  the  con- 

s t r u c t i o n  of the  Fusion Materials I r r a d i a t i o n  T e s t  F a c i l i t y  (FMIT) a t  

lianford. Some $100 m i l l i o n  w a s  spent  on the  p ro jec t  u n t i l  i t  w a s  shelved 

i n  1985 because of the  i n a b i l i t y  of the  th ree  p a r t n e r s  (United S t a t e s ,  

Europe, and Japan) t o  agree to  commit t he  $120 m i l l i o n  requi red  f o r  com- 

p l e t i o n .  The des ign  is based upon a l i n e a r  a c c e l e r a t o r  producing a beam 

of 3'5-MeV deu te rons ,  which s t r i k e s  a t a r g e t  s t ream of l i q u i d  l i th ium.  

The d ( L i , p ) n  r e a c t i o n  produces a high f l u x  of neutrons with ene rg ie s  

ranging from 2 t o  45 M e V ,  which produce a peak of displacement rate a t  

about 14 MeV. A s  with  a l l  o ther  i r r a d i a t i o n  f a c i l i t i e s ,  i t  cannot wholly 

reproduce the  fus ion  neutron spectrum; it  possesses  known advantages and 
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d i s a d v a n t a g e s ,  arrd s e v e r a l  areas of u n c e r t a i n t y .  Its major advantage 

l i e s  i n  the  h igh  ene rgy  spectrum, which e n s u r e s  t h a t  t h e  t r a n s m u t a t i o n s  

produced by tlirtr!shold r e a c t i o n s  i n  a f u s i o n  d e v i c e  w i l l .  be reproduced. 

Of particular importance ~ the. hydrogen and helium g e n e r a t i o n  rates t y p i -  

c-a1 of a f u s i o n  environment w i l l  be gene ra t ed  i n  matertals of any cormp- 

s i t i o n .  A d i s a d v a n t a g e  is  t h a t  t h e  i r r a d i a t % o n  volume w i t h l n  which t h e  

d i sp lacemen t  rates are similar t o  those of a f u s i o n  r e a c t o r  is v e r y  s m a l l  

(-10 em3). This  f a c t o r  will n e c e s s i t a t e  some m a j o r  i n n o v a t i o n s  i n  minia- 

t u r i z a t i o n  of mechanical t e s t i n g  t echn iques  i f  the  f a c i l i t y  is  is y i e l d  

d a t a  s u i t a b l e  f o r  d e s i g n  p r e d i c t i o n s .  Areas of u n c e r t a i n t y  are (1 )    he 

e f f e c t  on materials .behavior of t h e  s u b s t a n t i a l  f r a c t i . o n  oE neu t rons  wi th  

e n e r g i e s  i n  the range 14 t o  45 MeV and ( 2 )  t h e  a v a i l a b i l i t y  f a c t o r  of 

such  a complex a c c e l e r a t o r - b a s e d  f a c i l i t y *  

S e v e r a l  o t h e r  proposa1.s f o r  14-MeV neu t ron  machines are being f OTUIU-- 

l a t e d  i n  t h e  United S t a t e s ,  J apan ,  and Europe. It i s  e s s e n t i a l  t h a t  one 

o f  t h e s e  machines be b u i l t  as an i n t e r n a t i o n a l  p r o j e c t .  However, i t  i s  

d i f f i c u l t  t o  e n v i s a g e  such a f a c i l i t y  bei.ng o p e r a t i o n a l  w i t h i n  t h e  next 

decade. U n t i l  t h a t  t i m e  t h e  f i s s i o n  r e a c t o r s ,  such as HFIR and FFTF, 

must remain t h e  naj o r  e n g i n e e r i n g  materials i . r r a d i a t i o n  f a c i l i t i e s  sup- 

plemented by more fundamental  s t u d i e s  u s i n g  heavy-ion a c c e l e r a t o r  f a c i l i -  

t ies  . 
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5. SUPPORT AND FUNDING MECHANISMS 

5.1 Funding Techniques 

Three broad c a t e g o r i e s  of funding arrangements are appropr i a t e  t o  

desc r ibe  f inanc ing  of work at r e sea rch  r e a c t o r  f a c i l i t i e s .  

I. Experimenter pays  complete cos t  

This  is the  funding technique used a t  the  ORR and HZPIR. Costs f o r  

a l l  a spec t s  of an experiment and f o r  running t h e  r e a c t o r  must be paid 

from the ope ra t ing  budgets of the  sponsoring programs. It has been found 

t h a t  support  commitment i s  gene ra l ly  u n r e l i a b l e ,  and it i s  not  unusual 

f o r  a program t o  reduce or  completely terminate  i t s  support  with no ad- 

vance no t i ce .  

I n i t i a l l y ,  the  H F I R  was funded completely by the  Div is ion  of Phys ica l  

Research v i a  the  Transuranium Program. However, as funds became less 

a v a i l a b l e ,  o the r  programs were encouraged t o  use the  r e a c t o r  and share  

t h e  cos t  of i ts  opera t ion .  A system of a l l o c a t i n g  charges w a s  devel-  

oped. This  s y s t e m  is based upon i r r a d i a t i o n  u n i t s  (TU) defined as 

1 x 1020 n ~ t / i n . ~ .  Each r e a c t o r  u s e r ,  i n  theory ,  would be charged on t h e  

basis of t he  number of IUS used per experiment. The cos t  per IU is de- 

termined by d iv id ing  the  gross  annual opera t ing  budget by the  t o t a l  num- 

ber  of u n i t s  i n  use.  This  system has been used mostly as a guide i n  

e s t ima t ing  what r e a c t o r  charges should be because f e w  use r s  a c t u a l l y  pay 

t he  f u l l  c o s t  based on IU used; r a t h e r ,  the  KC (Bas ic  Energy Sciences)  

Program provides  d i r e c t  support  f o r  t he  ope ra t ion  of the  r e a c t o r ,  which 

makes up the  d i f f e r e n c e  between user  support  and a c t u a l  ope ra t ing  cos t .  

The ORR w a s  supported during i t s  e a r l y  years of ope ra t ion  by charg- 

ing each of the  many experimenters  i n  propor t ion  t o  use of r eac to r  space 

( c o r e ) ,  bu i ld ing  space,  and v e s s e l  access p o r t s  while a l s o  tak ing  i n t o  

account o t h e r  cons ide ra t ions  such as unusual f l u x  pe r tu rba t ions  o r  un- 

u sua l  u t i l i t y  demands. The system used t o  e s t a b l i s h  the  r e l a t i v e  impor- 

tance of t hese  cons ide ra t ions  was somewhat a r b i t r a r y  but f a i r .  This 

method w a s  g radua l ly  phased out  as the  number of experimenters  dimin- 

i shed ,  and it became necessary t o  fund p a r t  of the ORR cos t  from Labora- 

t o ry  overhead wi th  the  remaining ope ra t ing  c o s t s  shared by the programs 
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thatr contlinrred to  use clw r e a c t o r .  Pundl.xrg of the ORR d e f i c i t  from over- 

heid w a s  t e rmina ted  i n  1975, and i n  1977,  t h e  r e a c t o r  wa-s opera ted  o n l y  

-2.5% of t h e  year. 

In 1978, however I t h e  Magraet i~ Fusion Energy ( W E )  Program prov ided  

a s u b s t a n t i a l  (-*4QX) p o r t i o n  of t h e  o p e r a t i n g  funds  f o r  t h e  Om a f t e r  i t  

was chosen as the  best a v a i l a b l e  f a c i l i t y  f o r  ?@E i r r a d i a t i o n s .  Subse- 

q u e n t l y ,  t h e  ORR has  been suppor t ed  pr-lnc:f.pally by t h e  D O E ' S  Energy Be- 

s e a r c h  D i v i s i o n  through the WE Program. Supplemental  s u p p a r t  du r ing  

thf.s batter p e r i o d  of operation h a s  come from the Work--for-Others Program 

(HSST i r r a d i a t i o n s  and XEKTK) . 
I n  planning t h e  o v e r a l l  o p e r a t i o n  o f  t h e  WIR and ORR, suppor t  com- 

mitment is g e n e r a l l y  u n r e l i a b l e ;  i t  is  no t  unusual  f o r  a program t o  re- 

d u c e  or c o m p l e t d y  terrainate i t s  suppor t  w i t h  no advance not ice .  Th i s  

unrelfability €orces cos t  p r o j e c t i o n s  to be conservatively h i g h  t o  m i n i -  

mize t he  l i k e l i h o o d  of c o s t  ove r runs .  

Even wirh u n c e r t a i n t i . e s  in funding and changes i n  t h e  v a r t n u s  ex- 

p e r i m e n t a l  programs, i t  has  been p o s s i b l e  t o  mainta:f.n a h igh  degree  of 

c o n t i n u i t y  i n  r e a c t o r  operat ions The expe r imen te r s  ' needs have u s u a l l y  

been m e t  w i th  a minimum of inconven ience ,  because at l eas t  one r e a c t o r  

u s u a l l y  has been we l l .  funded even when o t h e r s  were no t .  Because all the 

r e a c t o r s  are operated by a s i n g l e  departnrent,  i t  has been p o s s i b l e  t o  

s h i f t  some people  and cos t s  t o  accommodate shortages.  

2. No c o s t  t o  expe r imen te r  

Th i s  approach i s  u s e d  by t h e  RKP' 19fvision o f  QUE i n  funding CBR-11. 

RRT also f u n d s  the o p e r a t i o n s  of t h e  ho t - ce l l  facility i n  which EBR-IT 

i r r a d i a t i o n  expe r imen t s  are c?xamirned. The o n l y  c o s t s  t h a t  experiiiientess 

m u s t  pay o u t  of t h e i r  o p e r a t i n g  budgets are (1) d i s p o s a l  a f t e r  postirra- 

d i a t i o n  examina t ion ,  ( 2 )  d e s i g n  work afid materials costs a s s o c i a t e d  w i t h  

nonstandard i r r a d i z t i o n  c a p s u l e  d e s i g n ,  ( 3 )  p r e p a r a t i o n  of d e s i g n  docu- 

ments and SARS, and ( 4 )  s i t e  c o o r d i n a t i o n .  Usua l ly ,  large-scale experi- 

ments  (such as those a s s o c i a t e d  w i t i n  fue l  development o r  c l a d d i n g  de- 

velopment) w i l l  have s e v e r a l  e n g i n e e r s  l o c a t e d  permanently a t  the EBK-II  

s i t e  to f o l l o w  t h e  p r o g r e s s  of t h e  experriinents. 
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3. P a r t i a l  payment by experimenter 

The best example of t he  a p p l i c a t i o n  of t h i s  method of funding is  the  
HFR Pe t t en .  This r e a c t o r  is loca ted  a t  t h e  J o i n t  Research Center ( J R C )  - 
P e t t e n  Establ ishment ,  Pe t t en ,  North Holland. Funding f o r  the  r e a c t o r  

ope ra t ion  s t a f f  (-70 people) ,  r e sea rch  and admin i s t r a t ive  s t a f f  (-80 

people) ,  suppor t ing  l a b o r a t o r i e s ,  and general-purpose c o n t r o l  equipment 

f o r  experiments comes from t h e  European Communi ty  (Euratom). Under t h i s  

sys  tern a number of large re sea rch  p r o j e c t s  d e c l a r e  t h e i r  long-term tech- 

n i c a l  needs for i r r a d i a t i o n  s e r v i c e s  and motivate  the  governments of 

Euratom c o u n t r i e s  t o  g ran t  funding f o r  s e v e r a l  years. This funding in- 

c ludes  ope ra t ing  expenses and improvements i n  both the  r e a c t o r  and gen- 

eral-purpose i r r a d i a t i o n  equipment. Research programs from -within the  

Euratom c o u n t r i e s  are provided I U  and c e r t a i n  o the r  s e r v i c e s  from JRC 

personnel  without  charge. Experimenters must pay f o r  e x t e r n a l  services, 

capsule  m a t e r i a l s  and f a b r i c a t i o n ,  and o the r  consumable materials. The 

f a c i l i t i e s  of JRC are a l s o  a v a i l a b l e  t o  experimenters  f r o m  o u t s i d e  Eura- 

tom on a space-avai lable  bas i s .  Such experimenters  must pay a prora ted  

sha re  f o r  IU and s e r v i c e  work wi th in  the  JRC.  Other European test re- 

a c t o r s  ope ra t e  on the  same gene ra l  p r i n c i p l e ,  a l though the  mix of govern- 

ment-sponsored and experimenter-sponsored s e r v i c e s  va r i e s .  

5.2 Funding Experience at  HFR Pe t t en  

A t  presen t ,  t he  HFR Pe t t en  i s  a model test r e a c t o r .  The i r r a d i a t i o n  

space in t h i s  r e a c t o r  i s  used as f u l l y  as is  p r a c t i c a l .  

competent t e c h n i c a l  s t a f f  is i n  p l ace  a t  the  f a c i l i t y .  

are running smoothly, and a long-term plan (-20 years i n t o  the  f u t u r e )  

has  been i d e n t i f i e d  f o r  t he  r e a c t o r .  Upgrading of t he  phys ica l  p l an t  and 

support  f a c i l i t i e s  has taken p l ace  over the p a s t  decade so  t h a t  t h i s  fa -  

c i l i t y  is one of t h e  b e s t  i n  t he  world. 

A wel l - t ra ined ,  

Research programs 

The comparison between ORR and HFR Pe t t en  i s  a p a r t i c u l a r l y  i n t e r -  

e s t l n g  one because the  la t ter  is  essentially a carbon copy of the former, 

The HFR Yetten s t a r t e d  ope ra t ion  i n  1963 (compared wi th  1958 €or  t h e  ORR) 

and operated q u i t e  s u c c e s s f u l l y  u n t i l  about 1973 when ‘ I . . .  it  appeared 

t h a t  t h e r e  was i n s u f f j c i e n t  ‘European’ i n t e r e s t  i n  the continued j o i n t  
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ope- ra t ion  and u t i l i z a t i o n  of the reactor .“ The reactlor was funded by 

experimental .  programs d u r i n g  t h i s  pe r iod  ( p r i o r  t o  1 W 3 ) ,  as d e s c r i b e d  

under t h e  “expe r imen te r  pays complete cost:” method. 

I n  1973, a furtdlnng arrangement was in t roduced  nl; HFR P e t t e n  ‘ I . . .  

whereby on ly  two Euratom coua t rPes  ( i .*c. the  German F e d e r a l  Reptlblic and 

t h e  Ne the r l ands )  took over  t h e  f i n a n c i a l  burden of HFX e x p l o i t a t i o n .  Ln- 

c luded i n  t h e  arrangement was, however, t h a t  both c o u n i r i e s  colild rake 

both t h e  i r r a d i a t i o n  space  and the i r r a d i - a t i o n  s e r v i c e s  (The HFR Petten 

i n f r a s t r u c t u r e  inc ludes  an i r r a d i a t i o n  technology s e r v i c e  ma in ta ined  by 

Buratom--Pettea) a t  P e t t e n  a v a i l a b l e  t o  their  n a t i o n a l  r e s e a r c h  i n s t i t u t e s  

and t h e i r  niic.l.eat- i n d u s t r y  wi thou t  cha rg ing  any users e i ther  i r r a d i a t i o n  

or man-power c o s t s .  The p o s s i h i - l i t y  f o r  ‘ f ree-of-charge’  u t i l i z a t i o n  of 

t h e  r e a c t o r  bas over the p a s t  y e a r s  g r a d u a l l y  l ed  to  the s a t i s f a c t o r y  re- 

a c t o r  l o a d i n g  .... I n  p a r t i c u l a r ,  t he  German u t i l i z a t i o n  of t h e  r e a c t o r  

has  c o n t r i b u t o d  t o  this s i t u a t i o n .  

The ORR, i n  c o n t r a s t  t o  the HFR Pettci!n, has for. t h e  l a s t  decade been 

suppor t ed  on a bare s u b s i s t e n c e  b a s i s ,  w r t h  no provi.sion being made €o r  

upgrading o r  modern iza t ion  of the p h y s i c a l  f a c i l i t y  o r  s u p p o r t i n g  a c t i u i -  

t i .es .  Reactor  u se  has  f a l l e n  a t  t i m e s  to  such a l.ow level.  t h a t  shutdown 

of t h e  f a c i l . i t y  has  been b a r e l y  a v e r t e d ;  o n l y  the d e c i s i o n  by the DOE 

Fusion Energy Program t o  p rov ide  inassive suppor t  t o  t h e  ORR preven ted  i t s  

shutdown a f t e r  FY 1975. 

U n t P l  1973,  when t h e  funding p o l i c y  f o r  t h e  HFR P e t t e n  r e a c t o r  re- 

q u i r e d  u s e r s  t o  pay t h e  complete c o s t s  of reactor o p e r a t i o n ,  t h e  f i s c a l  

i n s t a b i l i t y  of t h e  MFR P e t t e n  and t h e  ORK were coniparable. Since t h a t  

t ime, when t h e  f i n a n c i a l  hurch?n of t h e  I-IFR P e t t e n  e x p l o i t a t i o n  was as- 

sumed by t h e  German Federal. R e p u b l i c  and the Netherlands, a major d i s -  

p a r i t y  between the HFR P e t t e n  and t h e  OKR w i t h  r e s p e c t  to use an9 upgrad- 

i n g  has occur red  with t h e  QKK d i sadvan taged  i n  comparison. 
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4 .  PROPOSALS FOR MATERIALS IRRADIATION 
FACILITIES IMPROVEMENTS 

I n  seeking  t o  r e e s t a b l i s h  ORNL's p o s i t i o n  as a world l e a d e r  i n  i r -  

r a d i a t i o n  exper iments ,  i t  i s  clear t h a t  t h e  HFIR, a l r e a d y  an o u t s t a n d i n g  

f a c i l i t y  i n  many respects, is a b e t t e r  s t a r t i n g  p o i n t  t h a n  t h e  ORR, which 

i s  surpassed  i n  a l l  r e s p e c t s  by a number of o t h e r  r e a c t o r s .  

6.1 High-Flux I s o t o p e  Reactor 

The b a s i c  improvements needed a t  t h e  H F I K  are c l e a r l y  evidenf  i n  

Table  5 .  The h i g h e s t  f l u x  p o s i t i o n s  i n  t h e  t a r g e t  or  f l u x  t r a p  r e g i o n  

cannot  be ins t rumented  and are v e r y  s m a l l .  The removable b e r y l l i u m  (RB) 

p o s i t i o n s  are f e w  and much smaller than  t h o s e  i n  t h e  g e n e r a l  purpose re- 

a c t o r s .  The proposed r e a c t o r  m o d i f i c a t i o n s  a d d r e s s  t h e s e  issues. 

Figure  7 i s  a diagrammatic  s i d e  view of t h e  HFIR f u e l  e lements  and 

t a r g e t  reg ion .  A s t r u c t u r e  known as t h e  t a r g e t  tower ex tends  upward from 

t h e  t a r g e t  r e g i o n  almost  2.5 m ( 8  f t )  t o  t h e  quick-access  h a t c h ,  a remov- 

a b l e  plug i n  t h e  c e n t e r  of t h e  r e a c t o r  p r e s s u r e  v e s s e l  l i d .  The quick- 

access h a t c h  is p i e r c e d  i n  t h e  c e n t e r  t o  admit a h y d r a u l i c  r a b b i t  tube.  

The committee proposes  t h a t  a new quick-access  h a t c h  be made, p i e r c e d  

w i t h  t h r e e  access h o l e s  on an e q u i l a t e r a l  t r i a n g l e .  Two of t h e  t h r e e  

p e n e t r a t i o n s ,  t o  be provided w i t h  s u i t a b l e  f l a n g e s ,  seals, and hold-down 

clamps, w i l l  p rovide  access t o  t h e  t a r g e t  r e g i o n  € o r  i n s t r u m e n t a t i o n  

d u c t s .  The t h i r d  p e n e t r a t i o n  w i l l  be f o r  t h e  e x i s t i n g  h y d r a u l i c  tube  fa- 

c i l i t y .  Because t h e  r a t h e r  complicated t a r g e t  tower assembly provides  

s u p p o r t  and guidance f o r  t h e  h y d r a u l i c  t u b e ,  i t  t o o  must be redes igned  

and r e b u i l t .  

With t h e s e  m o d i f i c a t i o n s ,  a t  least  two s m a l l  t a r g e t  c a p s u l e s  of 16-mm 

diam may he ins t rumented .  By occupying up t o  seven t a r g e t  p o s i t i o n s ,  

c a p s u l e s  up t o  25-mm diam could be accommodated (F ig .  8).  If  d e s i r e d ,  it 

would a l s o  be p o s s i b l e  t o  i n c o r p o r a t e  a s h i e l d  (e .g . ,  of t u n g s t e n )  t o  re- 

duce t h e  gamma h e a t i n g  rate i n  t h e  c a p s u l e  and permit  t h e  i r r a d i a t i o n  of 

l a r g e r  specimens whi le  main ta in ing  a c c e p t a b l e  tempera ture  g r a d i e n t s  

w i t h i n  t h e  samples.  A l t e r n a t i v e l y ,  i t  would be p o s s i b l e  t o  s e l e c t i v e l y  



38 

ORNL DWG85 4661 ETD 

- - - - -STHAIGHI ACCESS PENETRATION F O R  
T A R G ET R E G ION I N ST R U M E N T A T  IO N 

OUICK --ACCESS HATCH---/ 

/ , 

CORE-. 

LSTRAIGHT ACCESS P E N E T R A T I O N  
F O R  R B  FACIL ITY  

rTTARGET 

r A R G E T  REGION 

/ 

GENERAL ARRANGEMENT OF CORE T A R G E I  
TOWER, 4 N D  QUICK ACCESS HATCH 

SCALE 4 / + 1  In 

NO1 E 1 i n  = 2 54cm 

Fig .  7. S i d e  view of HPLR core. 
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DRNL - DWG 85--4662 ET0 

PERIPHERAL TARGET 
POSITION TYPICAL 

CAPSULE SHIELD 
TUNGSTEN OR 
STAINLFSS STEEL 

.65 SMALL 
CAPSULE 0 

Fig. 8. The HFIR t a r g e t  region with two capsules .  

absorb thermal neutrons (by us ing ,  e.g., a cadmium o r  hafnium s h i e l d )  t o  

provide s p e c t r a l  t a i l o r i n g ,  but  t he  e f f e c t  of t he  s h i e l d s  on core l i f e  

and on o the r  uses  of the  r e a c t o r  has y e t  t o  be f u l l y  assessed.  

There are p resen t ly  four  37-mm-diam i r r a d i a t i o n  p o s i t i o n s  i n  the  RB 

region of t he  r e a c t o r  [Fig.  9 ( a ) ] .  The committee proposes t h a t  the  four  

be rep laced  by e i g h t  l a r g e r  ho les  capable of accept ing  48-m-dim cap- 

s u l e s  [Fig.  9 ( b ) ] .  The change would inc rease  the  t o t a l  experimental  vol-  

ume a v a i l a b l e  wi th in  i r r a d i a t i o n  capsules  a t  t hese  p o s i t i o n s  by a f a c t o r  

of :3 t o  4 .  The new p o s i t i o n s  are r e f e r r e d  to  later as the RB Star  (RB*) 

f a c i l i t i e s ,  and they could accommodate most of t he  work p resen t ly  accom- 

p l i shed  i n  the  ORB core w i t h  a twofold t o  t h ree fo ld  inc rease  i n  neutron 

f lux .  

To provide s t r a i g h t - l i n e  ins t rumenta t ion  access t o  the  RB* f a c i l i -  

t ies,  o the r  components of the  HFIR,  mounted above the RB and the  co re ,  

must a l s o  be redesigned and r e b u i l t .  S p e c i f i c a l l y ,  the  upper-track 

assembly and the  shroud f l ange  (which are p a r t  of t he  c o n t r o l  p l a t e  
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location and drive system) must be modified. It is a l s o  proposed that 

additional penetrations be made in the quick-access hatch to provide 

straight-line access to the RB* positions for instrumentation. The 

straight-line access will a l so  permit rotation and vertical relocation 

of capsules during the course of an experiment, as well as making experi- 

ments interchangeable. 

It is expected that some experimenters w i l l  wish to include spectral 

tailoring shields in their RB* capsules, and it is very important to 

understand the effects of such neutron absorbers on the core life, beam 

tube flux, and isotope production capability. Some preliminary and not 

totally convincing calculations have been carried o u t ,  but the question 

is not yet settled. It is clear from these efforts that the reactor op- 

erators and experimenters do not have available any satisfactory way of 

calculating and predicting the effects of loading new materials into the 

vicinity of the core. The committee believes that such a capability is 

essential if a well-organized program of research is to be carried out at 

the modified H F I K  and that the provision of such a capability (perhaps 

through the Experiment Coordinator's office) is as important as the pro- 

vision of the physical facilities. 

The proposed modi€ications address directly most of the major limi- 

tations of the HFIR for materials testing and will again provide OKNL 

with world-class capability in this area (Table 8). The modifications do 

not, of course, change the fact that the fixed-fuel configuration of the 

HFIR cannot provide the same flexibility as the variable core loading 
that is possible in a true general purpose test reactor. It is ,  there- 
fore, very important that ORNL establish an appropriate mechanism €or 

mediating and prioritizing the needs, which may sometimes conflict, of 

different users of the modified HFIR. 

A s  explained, the effects of neutron absorbers in the RB* positions 

have not been ascertained in detail. Preliminary calculations indicate 

that at least two hafnium shielded experiments could be inserted without. 

shortening the fuel cycle more than 15 to 20% even if no action were 

taken t o  counter the effect. Furthermore, a number of actions can, in 

principle, be undertaken t o  reduce the shortening of the fuel cycle. 
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Among these  are an inc rease  i n  the  uranium content  of t he  f u e l  (shown t o  

be poss ib l e  by r ecen t  work on the  reduced enrichment f u e l  program) or re- 

moval of the  s p e c t r a l  t a i l o r i n g  experiment (o r  a t  least  the  sh i e ld ing  

m a t e r i a l )  € o r  t h e  l a s t  few days of each f u e l  cyc le .  In any case, more 

detai . led c a l c u l a t i o n s  and a dosimetry experiment with hafnium i n  the RB 

p o s i t i o n s  w i l l  be c a r r i e d  out  i n  the  next few months. 

Pre l iminary  estimates of t h e  HFIR modi f ica t ion  c o s t s  have been made 

and are shown i n  Table 9. Note t h a t  t he  f i g u r e s  a r e  expressed i n  1985 

d o l l a r s  and assume the  overhead rates appropr i a t e  t o  ope ra t ing  funds. 

Table 10 shows a breakdown of the  cos t  estimates, along wi th  a schedule  

t h a t  m e e t s  t he  commitments of present  i r r a d i a t i o n  programs and the  RB re- 

placement t h a t  i s  a l r eady  scheduled f o r  1987. 

6 . 2  The Oak Ridge Research Reactor and 
t h e  Bulk-Shielding Reactor 

- 

With the  a v a i l a b i l i t y  of the  RJ3* f a c i l i t i e s ,  it is  expected t h a t  the  

need f o r  in-core experiments a t  t he  ORR w i l l  d e c l i n e  cons iderably ,  and 

cont inued ope ra t ion  of t h a t  r e a c t o r  w i l l  be d i f f i c u l t  t o  j u s t i f y .  The 

committee, t h e r e f o r e ,  proposes no major expendi ture  f o r  OKR improvements 

as long as e i t h e r  the  H F I R  o r  i t s  planned successo r ,  the  CNR, s e e m  l i k e l y  

t o  be a v a i l a b l e  and s u i t a b l e  f o r  materials i r r a d i a t i o n  experiments.  How- 

e v e r ,  n e i t h e r  t he  HFIR nor the  CNR has f a c i l i t i e s  equiva len t  t o  the  ORR 

pools ide  f a c i l i t y  f o r  t he  i r r a d i a t i o n  of large (600- by 600-mm) capsules .  

Other r e a c t o r s  i n  the  United S t a t e s ,  such as the  Union Carbide r e a c t o r  i n  

S t e r l i n g  F o r e s t ,  New York, can carry out  such experiments.  If, f o r  some 
reason ,  a l a r g e  i r r a d i a t i o n  f a c i l i t y  i s  needed at  ORNL, the  BSR can be 

used aga in  al though the  neutron f l u x  is o n l y  about one-third of t h a t  a t  

t he  ORR window. The r ecen t  i n s t a l l a t i o n  of the  Nat ional  Low Temperature 

Neutron I r r a d i a t i o n  F a c i l i t y  (NLTNIF) i n  one f ace  of t h e  BSR means t h a t  

modi f ica t ions  t o  the  r e a c t o r  support  s t r u c t u r e  a t  another  face  would be 

necessary t o  accommodate l a r g e  i r r a d i a t i o n  capsules .  However, t h e r e  

s e e m s  no doubt t h a t  appropr i a t e  modi f ica t ions  would be poss ib l e  and t h a t  

experiments could be designed and scheduled t o  avoid s e r i o u s l y  compro- 

mising the  NLTNIF experiments.  
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Tahlr Y .  Cost estlmatrs f o r  HFLK modifications 

Es t i ma t e 
(thousands 
of 1985 I tern 

Design 

Conceptual 

Detai led 

Fabrtcntion 

H a t c h  and target 
t owe r 

Track assemblies 

Shroud flange 

Out e r shroud 

Removable beryl 1 lum 

Installation 

Subtotal reactor 
facilities 

Fea s i h i 1 i t y 

Detailed 

Subtotal neutronic 
anal. ys i s 

New target capsule 
design 

New RB capsule 
design 

Instrumcntation 
facility 

Subtotal experi- 
mental factlities 

ET0 supervision 

Total 

Additional contingency 

Grand total 

do I 1 R r s ) 
~ 

Base f o r  estimate 

Reactor facilities 

33 

200 

140 

198 

83 

IO0 

2 7  5a 

50" 

- 

$1,079 

5 rim of HFLK Engineering Support Group 

4Rf)O h [replace 80 drawings at 60 h /  
drawing a t  $40/h + miscellaneous 
reviews (e.g., PVRC)] 

Plant and engineering estimate based 
on existing design drawings 

Cost $125,000 i n  1980 - updated f o r  
i n f  lat ion plus small cont ingency 

Cost $50,000 in 1980 - updated for 
inflation plus small contingency 

Last made in 1963 - used saLw hours 
with present rate 

Cost $200,000 i n  1984 - added 
i r i f  l d t  ion plus $50,000 allowance 
€ o r  additional machining 

A1 lowance for mndif t c a t  ton of 
existing tools 

".eutr92&2?!!3.!Li?. 
25 Estimate €rom 

50 Pure estimate 
nology 

$ 7 5  

Operations Division 

by Engineering Tech- 

Experiment a 1 f ac i l~~Jit%- 
75 Half of $130,000 spent on design of 

larger, two-temperature-zone ORR cap- 
sule for Japan plus 15% contingency 

150 $130,000 spent on design o f  s i m l l a r  
ORR capsule f o r  Japan p l u s  15% 
contingency 

150 Based on recent installations at ORR 

37 5 

126 One man-year at present rates _ _  "- 
$ 1 , 6 5 5  

165 1 0 %  o f  total _. . . .. .. .,. 
$ 1  ,820 

"Does not  allow for spare beryllium Jissenbly. 

'In addition to regular RB installation c o s t s .  



Table 10. First estimates of H F I K  faciiity costs and schedule 
(total costs in thousands of M 1985 dollars) 

EY 1985 FY 1986 FY 1987 

41 42 43 44 Ql 42 43 44 91 Q2 43 44 

Target instrumentation 

Design 125 
Fabrication and installation 245 

New capsule design 75 

RB* 
Beryllium ref lector design 75 

Other design (including neutronics) 25 100 
Beryllium procurement' 50 

Other procurement and assembly 250 250 

Installation 

Instrumentation facility 

so 
75 7 5  

New capsule design 150 

Beryllium changeout already scheduled 

'Plus standard cost of semipermanent and RF3 replacement. 
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The NLTNIF is an i n t e r e s t i n g  f a c i l i t y ,  u s ing  t h e  space  c r e a t e d  by 
removing a f u e l  element froin one f a c e  of t h e  r e a c t o r .  Provided suitah1.e 

s c h e d u l i n g  arrangements  could he worked o u t ,  t h e  NiTNIF  l o e a t i o n  would be 

an e x c e l l e n t  p l a c e  f o r  sho r t - t e rm expe r imen t s  i n v o l v i n g  r e a c t o r  power 

ramping or p h y s i c a l  movement of the c a p s u l e s .  Experiments of that k i n d ,  

i n v o l v i n g  6O-mi f i iel  b a l l s  ( t o o  l a r g e  t o  be accommodated a t  any of t h e  

h i g h  f a s t  f l u x  p o s i t i o n s  i n  t h e  W I R ) ,  are p r e s e n t l y  under c o n s i d e r a t i o n  

i n  t h e  GCR program. 

The BSR and t h e  ORR are l o c a t e d  i n  a d j a c e n t  b u i l d i n g s .  They are op- 

e r a t e d  by t h e  same c r e w ,  housed i n  t h e  ORR b u i l d i n g ,  and s t a f f  c o s t s  are 

a uiajor p a r t  of t he  o p e r a t i n g  expense.  I f  major cost  s a v i n g s  are t o  re- 

s u l t  from a shutdown of t h e  ORR, t h e  BSR must be o p e r a t e d  by the  B Y I K  

crew, e i t h e r  by long-d i s t ance  remote c o n t r o l  o r  perhaps by p h y s i c a l l y  

moving t h e  BSR i n t o  the HFIR pool .  I n  any  case, t h i s  i s  a s e r i o u s  ques- 

t i o n ,  i n v o l v i n g  s a f e t y  i s s u e s  as w e l l  as economic and pe r sonne l  consid-  

e r a t i o n s ;  a p l a n  f o r  the o p e r a t i o n  of t he  RSR a f t e r  the closedown of the 

ORR should be completed and agreed upon within the  next  y e a r ,  

6 . 3  S u m o r t  F a c i l i t i e s  

A s  i n d i c a t e d  p r e v i o u s l y ,  the hot  ce l l s  are a major problem. Th i s  

committee e n d o r s e s  p r e v i o u s  findings and recommendations Cor the improve- 

ment of c e r t a i n  key ce l l s  and equipment t h a t  are impor t an t  t o  t h e  execu- 

t i o n  of t h e  programs c o n s i d e r e d  i n  t h i s  r e p o r t .  

The l a c k  of an adequa te  and credib1.e c a p a b i l i t y  f o r  p r e d i c t i n g  the 

behavior  of ORNJ, r e a c t o r s  under d i f f e r e n t  l o a d i n g  c o n d i t i o n s ,  e s p e c i a l l y  

f o r  t h e  HFIR, has  been as s e v e r e  a drawback fo r  t h i s  coruini.ttee as i t  has  

been f o r  r e s e a r c h e r s  proposing new t y p e s  of expe r imen t s .  The knowledge 

and t h e  b a s i s  f o r  computer codes t o  p rov ide  thPs c a p a b i l i t y  a l r e a d y  e x i s t  

a t  ORNL and are being f u r t h e r  extended as p a r t  of t h e  e f f o r t  t o  d e s i g n  

t h e  r e a c t o r  f o r  t h e  proposed CNR. The n e c e s s a r y  c a p a b i l i t y  should be 

a v a i l a b l e  i n  t h e  Opera t ions  D i v i s i o n ,  perhaps through t h e  Reactor  Experi-  

ment Coord ina to r  an 0ffPc.e that  will, i n  any c a s e ,  need t o  be s t r e n g t h -  

ened when t h e  m o d i f i c a t i o n s  t o  t h e  W H R  w-idlen both the range of p o s s i b l e  
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experiments and t h e  p o s s i b i l i t y  of c o n f l i c t i n g  requirements between d i f -  

f e r e n t  u s e r s  of the  r eac to r .  

Most o rgan iza t ions  involved i n  engineer ing materials i r r a d i a t i o n  

have d i r e c t  access t o ,  and make use o f ,  neutron radiography f a c i l i t i e s .  

Neutron radiography is inva luable  i n  the  examination of f a i l e d  or f a i l i n g  

c a p s u l e s .  It i s  also a means of ca r ry ing  out  d i r e c t  observa t ions  and 

measurements on specimens during the  course of i r r a d i a t i o n ,  making possi-  

b l e  experiments on the  time-dependent mechanical behavior o f ,  i n  pa r t i cu -  

l a r ,  f u e l  specimens t h a t  are not  e a s i l y  c a r r i e d  out any o the r  way. The 

committee recommends t h a t  a s tudy be made of the  f e a s i b i l i t y  and cos t  of 

providing a neutron radiography c a p a b i l i t y  at t he  H F I K ,  e i t h e r  with an 

i s o t o p i c  (ca l i forn ium)  neutron source or with  neutrons from the  r eac to r .  
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7 .  SUMMARY AND RECOMNENDATTONS 

The following summarizes the findings of the committee: 

1 .  The H F I R  has outstanding neut roni  cs charact-eristics for materials ir- 

radiation, h u t  some re1 atively minor aspects of its niechanical design 

severely limit its usefulness for that purpose 

2. The ORR, with its relatively low f lux and inconvenient access p o r t 5 ,  

is no longer competitive f o r  most types of materials irradiation 

experiments. 

3 .  The BSR, as modified for the NLTNIP, has some capabilities that would 

be well suited to large saropl e irradiations and power ramping experi- 

ments. 

4 .  The Operations Division and the reactor experimenters are handicapped 

by the l ack  of neutronic computational capability to calculate the 

effect on the reactor and on other eXpeKimeilts of introducing neutron 

absorbers especially specLral tailoring shields. 

5. The irradiation capsule operators and experiment designers could 

carry out new t y p e s  of experiments and could greatly benefit from tile 

availability of a neutron radiography facility. 

The cornittee makes two major recommendations. Neither is expen- 

sive, but together they would very greatly enhance O W E ' S  position in the 

field o f  engineering materials irradiation, providfng a unique capability 

€or most of the areas in whjch we are now working. From a currently iu- 

ferlor position, ORNL would acquire first-rate facilities i f  these FPCOIIP- 

rnendat ions are foll owed. 

1. Modify the H F I R  quick-access hatch and target tower to provide access 

for instrumentation in the targef region: approximate cost .- 

$370 000 e 

2. Modify the H F I K  quick-access hatch, removable beryllium, shroud 

f 1-ange, and upper track assembly to provide eight materials irradi a- 

tion experimental positions, each capable of accepting 48-m-diam 

capsules and each having straight-line instrumentation access : ap-- 

proximate cos t  - $920,000.  
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These estimates do not include the design of new capsules to make 

use of the enhanced facilities or the cost of the beryllium scheduled for 

replacement in 1987. In addition, the committee makes four other recom- 

mendations. 

3 .  Establish the means for making detailed calculations of core and ex- 

periment neutronics on demand from the Operations Division. 

4 .  Study the feasibility and cost o f  establishing a neutron radiography 

capability at the HFIR. 

5. Consider using the BSR as an alternative to the ORK for large- and 

medium-scale irradiations, provided that the NLTNIF work is not 

thereby disrupted. The cost o f  any necessary modifications or addi- 

tions to the core support structure would be covered by the program 

sponsoring the irradiation. 

6 .  Plan for the economical operation of the BSR if the ORR is closed 

down. 

The first three items are all aspects of the committee's first pri- 

ority recommendation, which is the enhancement of the HFIR's capabilities 

for materials irradiation. Items 4 and 5 are important for improving the 

Laboratory's materials Irradiation facilities but are lower priority. 

The sixth and final item is not a recommendation for such an improvement 

but is an action necessitated by the decline in usage of the ORR for ir- 

radiation experiments. 
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Appendix A 

MATERIALS IRRADIATION FACILITIES 
IMPROVEMENTS COMMITTEE 

A. 1 Membership 

C. W. Alexander 
J. A. Conlin" 
S. S. Hurt, 111 
R. M. Moon, Jr. 
E. Newman, Jr.t 
A. F. Rowdiffe 
K. R. Thorns+ 
C. D. West (Chairman) 

Chemical Technology 
Engineering Technology 
Operations 
Solid State 
Operations 
Metals & Ceramics 
Engineering Technology 
Engineering Technology 

*Retired in December 1984. 

tJoined the Committee in September 1984. 

*Joined the Committee in February 1985. 
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E x h i b i t  A. 1 

August 1 7 ,  1984 

TO : e. u. West 

FUOM: F. R. Mynatt, R. S. M i l t s h i r e  

SUBJECT: Materials I r r a d i a t i o n  F a c i l i t i e s  Improvement Committee 

We r e q u e s t  t h a t  you c h a i r  a Laboratory-wide ad hoc group t o  c o n s i d e r  

and recommend changes and improvements t o  t h e  L a b o r a t o r y ’ s  f a c i l i t i e s  f o r  

materials i r r a d i a t i o n  t e s t i n g  - c h i e f l y ,  bu t  n o t  l i m i t e d  to, t h e  H F r K  and 

ORR r e a c t o r s .  

The ad hoc group has been s e l e c t e d  t o  i n c l u d e  not on ly  materials i r -  
r a d i a t i o n  workers but  a l s o  o t h e r  major ORNL u s e r s  of t h e  r e a c t o r s  so  Lhat 

t h e  e f f e c t  of any proposed changes on our  other prograins can be evalu-  

ated .  The members of t h e  committee 

C. W. Alexander 
J. A. Conl in  
S .  S. H u r t ,  I11 
R. M. Moon, Jr. 
A, F. Rowcl.iffe 
C. D. West (Chairman) 

We are a s k i n g  t h e  committee to  

which are l i s t e d  on t h e  a t t achmen t .  

are : 

Chemical Technology 
Engineer ing Technology 
Operat i o n s  
S o l i d  S t a t e  
Metals fi Ceramics 
Engineer ing Technology 

c a r r y  ont a number of s p e c i f t c  t a s k s  

The t a s k s  i n c l u d e  R c o n s i d e r a t i o n  o f  

t h e  e x t e n t  t o  which t h e  type  of ma te r ids  t e s t i n g  work c u r r e n t l y  under- 

taken a t  t h e  QRR could be c a r r i e d  o u t  a t  o t h e r  ORNE f a c i l i t i e s  i f ,  as is 

p r e s e n t l y  planned,  t h e  ORR i s  c l o s e d  when t h e  f u e l  c u r r e n t l y  on hand and 

under c o n t r a c t  is exhausted i n  about  1988. Tlie committee i s  also re- 

q u i r e d  t o  e n s u r e  t h a t ,  as far as p o s s i b l e ,  proposed changes i n  e x p e r i -  

menCal methods, t e c h n i q u e s ,  and f a c i l i t i e s  f o r  t h e  HFIR are compa t ib l e  

with the proposed H F I R - I 1  r e a c t o r .  

The Execut ive C Q i i i I n i t t e e  e x p e c t s  t o  r e c e i v e  a p r o g r e s s  r e p o r t  and be 

g iven  the opport iani ty  t o  d i s c u s s  t h e  i n t e r i m  f i n d i n g s  of (:he Committee 

a f t e r  f o u r  months, and a d r a f t  r e p o r t  should be p r e s e n t e d  f o r  Executive 
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Exhibit A . l  (continued) 

Committee review three months after that. It is expected that the Commit- 

tee findings will eventually be published as an ORNL report. 

Research Committee members are asked to provide assistance to the ad 

hoc committee members i n  their assignment, which is expected t o  have a 

major influence on some very important programs and faciliaies of the 

Laboratory. 

FRM:RSW:CDW:bdb 

Attachment 

cc/att. R. E. MacPherson 
Materials Irradiation Facilities Improvement Committee 
Research Commi t t ee 
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Exhfb i t  A. 2 

Materials T r r a d i a t i o n  F a c i l i t i e s  
LmDrovement Committee C h a r t e r  

- ~ - ~ ~ -  

BQ To compare the p r e s e n t  r e a c t o r  faci.1.i.ties f o r  matierials i r r a d i a t i o n  

t e s t i n g  a t  ORNL with t hose  a v a i l a b l e  e l sewhere  

@ To i d e n t i f y  l i k e l y  changes i n  the teclani.ca1 reqriirernents of i r radia-  

t i o n  expe r imen te r s  ove r  t h e  next s e v e r a l  years 

9 To i d e n t i f y  f e a s i b l e  improvements t o  t h e  HE’IR and Owl? i r r a d i a t i o n  f a -  

c i l i t i e s  > o p e r a t i o n a l  t e c h n i q u e s  , and s u p p o r t i n g  a c t i v i t i e s  t h a t  would 

p rov ide  t h e  Labora to ry  w i t h  c o m p e t i t i v e  o r ,  p r e r e r n b l y ,  unique capa- 

b i l i t i e s  f o r  both in-house and o u t s i d e  u s e r s  

o To i d e n t i f y  f e a s i b l e  changes or  m o d i f i c a t i o n s  t o  t h e  H F I R  and o t h e r  

r e a c t o r s  a t  the Labora to ry  that  would a l l o w  them, i n  c o n j u n c t i o n  w i t h  

new experi-mental tec-hniques i f  n e c e s s a r y ,  t o  accommodate materials ir- 

r a d i a t i o n  needs c u r r e n t l y  met by t h e  OKR 

To e v a l u a t e  the  e f f e c t s  of proposed changes on o t h e r  u ses  of the re- 

a c t o r s ,  p a r t i c u l a r l y  i s o t o p e  p r o d w t i o n  and neutron-beam expe r imen t s  

a To recommend p r i o r i t i e s ,  o r  sets of p r i o r i t i e s  dependent upon e x t e r n a l  

e v e n t s ,  f o r  the sugges t ed  m d i f  i c a t i o n s  
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THE WORLD'S BEST MATERIALS TESTING REACTOR - A 
POSSIBILITY FOR THE 1990s 

The recommendations f o r  modi f ica t ion  of t he  HFIR w i l l  g i v e  O R m  a 

unique f a c i l i t y  f o r  many t y p e s  of engineer ing materials i r r a d i a t i o n  ex- 

periments.  However, t h e  HFIR w i l l  a l w a y s ,  because of its core construc-  

tion, l ack  the  f l e x i b i l i t y  of a gene ra l  purpose r e a c t o r .  There i s  appar- 

e n t l y  no present  need to  bu i ld  such a r e a c t o r  at a c o s t ,  presumably, i n  

excess  of $100 m i l l i o n  or  even t o  upgrade the  ORR a t  a cos t  o f  perhaps 

$50 mil l ion .  

I n  t h e  middle of t he  next decade, t he re  is a p o t e n t i a l  oppor tuni ty  

t o  e s t a b l i s h  a t  ORNL the  bes t  gene ra l  purpose test r e a c t o r  in t he  world 

Eor a cos t  of perhaps $20 mi l l i on .  

I f  t he  CNR i s  b u i l t ,  along with i t s  new r e a c t o r ,  the  HFIR w i l l  no 

longer  be needed f o r  neutron s c a t t e r i n g  or  f o r  i so tope  production. 

S .  S. Hurt. has proposed t h a t  under those  circumstances (assuming the re  

is a need a t  t h a t  t i m e  f o r  a gene ra l  purpose tes t  r e a c t o r ) ,  t he  HFIR core  

and inne r  r e f l e c t o r  could be replaced with the  ORR core  or  a s imi la r  one 

(Fig.  B . l ) .  The modi f ica t ions  involved would be modest, and most of t h e  

more expensive components of a r e a c t o r  - t h e  cool ing system, c o n t r o l  

room, pool ,  containment bu i ld ing ,  and o f f i c e  space - would a l r eady  be i n  

place. With the  WIR cool ing system, a materials t e s t i n g  r e a c t o r  core  

l i k e  t h a t  of t h e  ORR o r  Pe t t en  could run a t  75 t o  100 MW, which i s  higher  

than the  IWR i n  P e t t e n .  The r e s u l t  would be an unmatched f a c i l i t y  f o r  

gene ra l  purpose materials t e s t i n g  a t  perhaps one-tenth the  cos t  of bui ld-  

i ng  a completely new reac to r .  
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ORNL-DWG 85---4663 ETD 

REACTOR 

F i g .  B . l .  A materials t e s t i n g  reactor core compared with p r e s e n t  
HFXR core. 
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