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FUEL, MATERIALS AND COOLANTS FOR WR-1 

The WR-1 r e a c t o r  i s  unique not only i n  Canada but  a l s o  i n  t h e  world 
today.  I n  two o t h e r  papers p resen ted  t o  t h i s  conference (1,2) it has  been 
po in ted  ou t  t h a t  i t  i s  a  heavy-water-moderated p ressure - tube  type of r e a c t o r  
f u e l l e d  with U02 and cooled with an organic  l i q u i d .  No o t h e r  r e a c t o r  e i t h e r  
i n  t h e  Western o r  i n  t h e  Eastern  world i s  opera t ing  with t h e  combination of 
moderator, coo lan t ,  f u e l  and m a t e r i a l s  found i n  WR-1. The p a r t i c u l a r  com- 
b i n a t i o n s  chosen o r  under t e s t  have evolved from some very  i n t e r e s t i n g  de- 
velopment s t u d i e s  over  t h e  p a s t  few y e a r s .  This  paper w i l l  review b r i e f l y ,  
and of  n e c e s s i t y  r a t h e r  g e n e r a l l y ,  some of t h e  work leading t o  t h e  p a r t i c u l a r  
choices o f  coo lan t ,  m a t e r i a l s  and f u e l s  found i n  WR-1  today.  

The reasons f o r  t h e  choice of an organic  l i q u i d  as  a  nuc lea r  r e a c t o r  
coolant  have been discussed elsewhere ( 3 , 4 )  as has t h e  course of Canada's 
organic-cooled r e a c t o r  program (5 ) .  No f u r t h e r  e l abora t ion  w i l l  be given 
h e r e .  The work descr ibed i n  t h i s  paper ,  which culminates i n  t h c  p rcscn t  
r e a c t o r ,  has  been t h e  r e s u l t  of t h e  cooperat ive  e f f o r t  of many people,  not  
only i n  AECL b u t  a l s o  i n  Canadian i n d u s t r y ,  e s p e c i a l l y  Canadian General 
E l e c t r i c .  I n  t h i s  p r e s e n t a t i o n  not  a l l  published work w i l l  be acknowledged 
and indeed t h e  work of many who were v i t a l l y  ins t rumenta l  i n  b r ing ing  t h e  
r e a c t o r  t o  i t s  p r e s e n t  s t a t e  of  e f f i c i e n c y  does not  appear i n  t h e  published 
l i t e r a t u r e .  However i n  t h i s  paper I  would l i k e  t o  acknowledge t h e  a s s i s t a n c e  
of a l l  those  who p a r t i c i p a t e d  i n  t h e  des ign,  development, cons t ruc t ion ,  com- 
missioning and opera t ion  of  t h e  r e a c t o r .  

2 .  COOLANT 

The coolant  o r i g i n a l l y  chosen f o r  W R - 1 ,  and indeed t h e  p resen t  
"reference" coo lan t ,  i s  based on a  commercial mixture of terphenyl  isomers 
marketed by t h e  Monsanto Company under t h e  t r a d e  name o f  Santowax OM. This 
mixture  i s  a  s o l i d  a t  room temperature with a  melt ing p o i n t  of  8 5 O ~ .  How- 
ever  under i r r a d i a t i o n  t h e  main products a r e  h igher  molecular weight polymers 
of  high b o i l i n g  p o i n t  and a r e  c a l l e d  High Boi lers  (HB) as  a  c l a s s .  I t  has 
been found t h a t  i f  HB a r e  allowed t o  b u i l d  i n  t o  30 w t .  pe rcen t ,  che r e s u l t -  
ing  mixture i s  a  viscous,probably supercooled,  f l u i d  a t  room temperature.  
I t  has t h e  consis tency of heavy molasses,  bu t  i t  can be pumped i n  a  c i r c u i t  
a t  room tcrnperature and t h e  process  system using i t  needs a  minimum of  t r a c e  
hea t ing .  The mixture o f  Santowax OM + 30% H B  has been success fu l ly  used as 
coolant  f o r  i n - r e a c t o r  loops a t  CRNL.  I n  t h i s  ins tance  t h e  HB were those  
separa ted  from t h e  OMRE r e a c t o r  i n  t h e  U.S.A. and were mechanically mixed 
with t h e  Santowax OM p r i o r  t o  i r r a d i a t i o n .  

For i t s  use  i n  a  r e a c t o r  however, problems a r i s e .  I n  t h e  WR-1 type 
of  r e a c t o r  t h e  coolant  must flow p a s t  t h e  f u e l  i n  very narrow channels;  hence, 

' a  low v i s c o s i t y  i s  mandatory, Santowax OM i s  a  s o l i d  a t  room temperature;  
considerable  t r a c e  h e a t i n g  would be necessary ,  thus inc reas ing  t h e  c a p i t a l  



c o s t .  The problem of  t r a c e  hea t ing  t h e  coolant  channels i s  p a r t i c u l a r l y .  
d i f f i c u l t  e s p e c i a l l y  s i n c e  t h e  presence of p a r a s i t i c  neutron absorbers must 
be minimized. HB from another  r e a c t o r  could be used t o  lower t h e  mel t ing 
po in t  and t h i s  process  i s  indeed f e a s i b l e .  This would mean, i n  e f f e c t ,  
adding r e j e c t  m a t e r i a l  from one r e a c t o r  i n t o  another ;  s p e c i a l  melt ing and 
mixing equipment would a l s o  be necessary .  Considerable p u r i f i c a t i o n ,  prob- 
ably by d i s t i l l a t i o n  of t h e  HB f r ac t ion ,migh t  be necessary e s p e c i a l l y  i f  it 
had become contaminated i n  any way. 

Thus i t  appeared q u i t e  e a r l y  i n  our i n v e s t i g a t i o n s  t h a t  a  most 
a t t r a c t i v e  goal  would he t o  produce an a l t e r n a t i v e  coo lan t ,  which had about 
t h e  same phys ica l  and chemical p r o p e r t i e s  as  Santowax OM bu t  which was a  
l i q u i d  a t  room temperature.  In  p r a c t i c e ,  lower thermal and r a d i o l y t i c  
s t a b i l i t y  could be accepted i f  t h i s  m a t e r i a l  were only used as  a  s t a r t - u p  
cool'ant and were g radua l ly  replaced by Santowax OM, by a  feed-and-bleed 
system as  HB b u i l t  up. 

I n  1962 a. s ea rch  was s t a r t e d  and s e v e r a l  a l t e r n a t i v e s  were consid: 
ered (6 ) .  One of t h e s e  was HB-40, a  p a r t i a l l y  hydrogenated terphenyl which 
was commercially marketed by Monsanto Company. This m a t e r i a l ,  which has 
an acceptable  v i s c o s i t y  of  about 1 4  c e n t i p o i s e  a t  room temperature,  i s  used 
as  a  h e a t  t r a n s f e r  f l u i d  bu t  i t s  main use i s  i n  t h e  p l a s t i c s  indus t ry  as  a  
p l a s t i c i z e r .  Some e a r l i e r  screening work i n  t h e  U.S.A. had i n d i c a t e d  t h a t  
t h e  thermal and r a d i o l y t i c  s t a b i l i t y  of HB-40 were markedly i n f e r i o r  t o  t h a t  
of Santowax Oh!. However it was a  commercially a v a i l a b l e  mixture ,  whereas 
t h e  o t h e r  a l t e r n a t i v e s  t e s t e d  i n  t h e  e a r l y  experiments were no t ,  and f o r  
completeness i t  was included with our  i n i t i a l  t e s t s .  The r e l a t i o n s h i p  of 
HB-40 t o  Santowax OM i s  i l l u s t r a t e d  i n  Fig.  1. 

Rather t o  our s u r p r i s e ,  HB-40 passed these  t e s t s  remarkably w e l l ,  
one reason being t h a t  t h e  dosimetry was b e t t e r  known than it had been p r c ,  
v ious ly  (6 ) .  Of t h e  four  m a t e r i a l s  t e s t e d  i t  d i d  indeed show t h e  poores t  
thermal and r a d i o l y t i c  s t a b i l i t y ,  bu t  t h e  decomposition r a t e s  were low 
enough t h a t  it looked a t t r a c t i v e ,  a t  l e a s t  as  a  s t a r t  up coolant .  The Xead- 
ing contender,  a e u t e c t i c  mixture o f  o r t h o  and meta terphenyl  and biphenyl 
was l i q u i d  a t  room temperature only i f  t h e  para- terphenyl  content  could be 
c o n t r o l l e d  a t  l e s s  than 2  w t .  pe rcen t .  Monsanto i n d i c a t e d  t h a t  t h i s  was 
f e a s i b l e ,  b u t  only a t  a  p r i c e  t h a t  was not  a t  a l l  a t t r a c t i v e .  The o t h e r  
contender,  a  p a r t i a l l y  hydrogenated mixture of o r t h o  and meta t e rpheny l ,  
was i n  a  very embryonic s t a g e  of development and a  product f r e e  from 
c r y s t a l s  a t  room temperature could not  be guaranteed.  

Thus our  a l t e r n a t i v e  a t  t h a t  time was e i t h e r  t o  spend q u i t e  l a r g e  
sums of money on f u r t h e r  development o r  t o  t e s t  HB-40 i n  a more d e t a i l e d  
and exhaust ive  manner. We chose t h e  l a t t e r  a l t e r n a t i v e .  Tes t ing continued 
i n  capsules i n  t h e  NRX r e a c t o r  and i n  a s s o c i a t i o n  with our Van de Graaff  
e l e c t r o n  a c c e l e r a t o r  a t  Whi teshel l .  More important ,  a  smal l  loop, t h e  
E-2 loop, was b u i l t  f o r  use  i n  NRX i n  which t h e  coolant  could be r e c i r c u -  
l a t e d  a t  temperatures up t o  4 0 0 0 ~  and experiments could be performed under 
s t eady  s t a t e  cond i t ions .  The mixed r a d i a t i o n  f l u x  found i n  t h e  t e s t  sec-  
t im of this experiment was a  c lose  approximation t o  t h a t  i n  t h e  WR-1 
r e a c t o r  ( 7 ) .  Table I shows a  comparison of t h e  phys ica l  p r o p e r t i e s  o f  
Santowax OM and HB-40 while Table I1 i l l u s t r a t e s  comparative decomposition 



r a t e s  obta ined i n  t h e  E-2 loop. 

TABLE I 

COMPARISON OF SANTOWAX OM AND HB-40 

Santowax Santowax OM HB-40 
OM + 30% H B  HB-40 + 30% H B  

F i n a l  Melt ing 
po in t  O C  8 5 6 7 < 0 < 0 

Vapour Pressure  
( l b / i n 2  abs) 

a t  3 5 0 ~ ~  : 6 
a t  4 0 0 ~ ~  40 

14  19 20 - 50 (a) 
3 4 39 40 - 95 (a) 

V i s c o s i t y  (cP) 
50°c 2 7 1000 14 %lo0 

350°C 0.23 0.47 0.29 0.47 

Density (g/cm3) 
50°C 1.07 1.10 0.99 1.02 

3 5 0 ' ~  0.82 0.87 0.76 0.80 

(a)  Range is i n d i c a t e d .  Actual value  depends on degassing r a t e  which de- 
termines t h e  concen t ra t ion  of low b o i l i n g  c o n s t i t u e n t s .  

TABLE I 1  

COMPARISON OF STEADY-STATE DECOMPOSITION RATES (a,b) 

AT 3 5 0 ~ ~  

Santowax OM HB-40  

HB content  (wt. %) 3 3 33 

Gas formation r a t e  ~ 0 . 2  0.7 

V o l a t i l e s  formation r a t e  0 .0  2.4 

"HBt' formation r a t e  10.5 15.0 

To ta l  coolant  consumption r a t e  16.5 18.1 

(a) Kates measured as  grams produced (o r  consumed) p e r  k i lowat t -hour  of  
r a d i a t i o n  energy absorbed i n  coo lan t .  

(b) Experiments performed i n  E-2 loop i n  NRX. Dose r a t e  i n  t e s t  s e c t i o n  
~ 0 . 3  W/g. 62% of  absorbed dose due t o  f a s t  neutron i n t e r a c t i o n s ,  
remainder due t o  y-ray i n t e r a c t i o n s .  

Developnlent has  continued t o  be encouraging, and t h e  p resen t  s t a t u s  
may be summarized as  fo l lows:  

(a)  Overa l l  decomposition r a t e s  a r e  not  s i g n i f i c a n t l y  h igher  f o r  
HB-40 than they a r e  f o r  Santowax OM(8). Gases and v o l a t i l e  com- 
ponents b o i l i n g  i n  t h e  range o f  benzene are indeed produced 
a t  many t imes t h e  r a t e  they a r e  i n  Santowax OM. However t h e  
abso lu te  r a t e  i s  reasonable and gas and v o l a t i l e  concentra t ions  



i n  t h e  coolant  system can be c o n t r o l l e d  by usc of  t h e  de- 
gass ing c i r c u i t .  There i s  evidence t h a t  i f  v o l a t i l e s  a r e  
not  s t r i p p e d  out  i n i t i a l l y  they e n t e r  f u r t h e r  i n t o  r a d i o l y t i c  
r e a c t i o n s  t o  form h igher  molecular-weight and h igher  b o i l i n g -  
po in t  compounds, some of  which appear t o  be use fu l  coo lan t .  

High b o i l e r s  a r e  produced a t  a  r a t e  somewhat h igher  than t h e i r  
product ion r a t e  i n  Santowax OM. However they a r e  l e s s  thermal ly  
s t a b l e ,  and a t  temperatures of 3 0 0 ' ~  and above, and c e r t a i n l y  
a t  t h e  temperatures of t h e  d i s t i l l a t i o n  u n i t  (350 - 400°c), they 
"crack" t o  lowcr molecular-weight products .  Again t h e s e  pro- 
duc t s ,  which may not be t h e  o r i g i n a l  compounds found i n  HB-40, 
appear t o  be u s e f u l  coo lan t .  Thus t h e  n e t  HB formation r a t e  
i s  about t h e  same and the  more important  parameter,  t h a t  of  t h e  
a c t u a l  coolant  consumption r a t e ,  appears t o  be  not  s i g n i f i c a n t l y  
h igher  i n  HB-40 than i n  Santowax OM. 

(b) The fou l ing  p o t e n t i a l  of HB-40 under i r r a d i a t i o n  does not  appear 
t o  be any h i g h e r  than t h a t  of Santowax OM as  long as  s i m i l a r  
p recau t ions  a r e  taken ( 9 ) .  These include exclus ion of ch lo r ine  
and oxygen from t h e  system and con t ro l  of t h e  water content  i n  
t h e  range 100 - 200 ppm. We have been opera t ing  t h e  X-7 loop 
i n  NRX us ing HB-40 as  coolant  f o r  t h e  p a s t  y e a r ,  a t  temperatures 
as  high as  3 7 0 ~ ~ .  I n  t h i s  loop we have a l s o  had Zr-Nb and SAP 
c l a d  U02 f u e l  specimens opera t ing  a t  t h e  maximum r a t i n g s  expected 
i n  WR-1 ( ~ 1 0 0  W/cm ) and have seen no evidence of fou l ing  beyond 
what would be expected from Santowax OM. Comparative experiments 
i n  a  smal l  loop i n  conjunction with our  Van de Graaff  a c c e l e r a t o r  
have a l s o  shown no demonstrable d i f f e r e n c e  between t h e  two 
coo lan t s .  

By t h e  end of 1964 t h e  dec i s ion  was made t h a t  t h e  WR-1 r e a c t o r  should 
be  s t a r t e d  up using HB-40 as t h e  s t a r t - u p  coo lan t .  Santowax OM remains as  
t h e  re fe rence  equi l ibr ium coo lan t ,  and our  p resen t  plarts c a l l  f o r  gradual  
replacement of  t h e  HB-40 by Santowax OM when t h e  HB content  has reached 30% 
and s t e a d y - s t a t e  condi t ions  have See? 5,hieved. This  dec i s ion  may be r e -  
viewed i f  HB-40 shows adequate high-temperature p r o p e r t i e s  and an adequately 
low f o u l i n g  p o t e n t i a l .  I n  such an event we may we l l  leave HB-40 as  coolant  
i n  a t  l e a s t  one of t h e  two r e a c t o r  c i r c u i t s .  

Coolant behaviour t o  d a t e  has been very  encourag%ng i n  t h e  WR-1 r e a c t o r .  
Our dec i s ion  t o  use  a  low-melting coolant  as  a  s t a r t - u p  f l u i d  has been amply 
j u s t i f i e d .  We a r e  now opera t ing  t h e  r e a c t o r  a t  a  coolant  o u t l e t  temperature 
o f  3 5 0 ~ ~ .  Decomposition r a t e s  appear t o  be those  preducted.  Fouling p o t e n t i a l  
a s  measured by s p e c i a l  probes,  although h igher  than d e s i r a b l e ,  a t  2  t o  4  
pg/cm2-h, i s  no h igher  than we would expect  wi th  Santowax OM. There does not  
appear t o  be any problem i n  keeping c h l o r i n e ,  oxygen and ash concentra t ions  a t  
t h e  requ i red  low l e v e l  and a  watt ' r o l  a t  150 2 50 ppm is  r e a d i l y  achieved. 

We s t i l l  have much t o  l e a r n  about t h e  opera t ion  of o rgan ic  coolants  
a t  high temperatures i n  a  nuc lea r  r e a c t o r .  Continued opera t ion  i n  WR-1 w i l l  
do much-to f i l l  i n  many of t h e  gaps i n  our knowledge. For ins tance  our  know- 
ledge of t h e  fou l ing  problem i s  s t i l l  embryonic and we do not  r e a l l y  know 
t h e  optimum methods of reducing and c o n t r o l l i n g  t h e  f o u l i n g  p o t e n t i a l  of  the 
coo lan t .  One experiment now underway i s  t o  determine whether continous p u r i -  
f i c a t i o n  by t h e  use  of  Attapulgus c l a y  columns i s  r e a l l v  necessary .  We a r e  



opera t ing  one coo lan t  c i r c u i t  wi th  c l a y  columns and t h e  o t h e r  wi thout .  To 
d a t e  t h e r e  a r e  i r d i c a t i o n s  t h a t  while t h e  c l a y  may be very  u s e f u l  i n  c lean-  
ing  badly-contaminated coo lan t ,  it is  r e a l l y  not  much use  duriilg opera t ion  
wi th  c lean  coo lan t .  

MATERIALS 

We a r e  t e s t i n g  f u e l  c l a d  i n  SAP (S in te red  Aluminum Product) ,  a 
m a t e r i a l  c o n s i s t i n g  of  A 1  + 10% A1203 prepared by a  powder meta l lurgy 
p rocess .  However, i n  Canada today t h e r e  is  not an a c t i v e  SAP development 
program, al though much work i s  being done both i n  t h e  U.S.A. and a t  
Euratom. We a r e  completing our  i r r a d i a t i o n  t e s t  work t o  round out  t h e  
Canadian c o n t r i b u t i o n  t o  t h i s  technology (10).  Poor performance of  SAP 
i n  e a r l y  i r r a d i a t i o n s  i n d i c a t e d  t h a t  we should search f o r  an a l t e r n a t e  
cladding and p ressure - tube  m a t e r i a l .  Because zirconium a l l o y s  had per-  
formed we l l  i n  water-cooled r e a c t o r s  they were an obvious choice.  

Ear ly  exp lo ra to ry  work i n  t h e  U.S.A. ind ica ted  t h a t  zirconium 
a l l o y s  were u n a t t r a c t i v e  i n  organic  coo lan t s  a t  h igh temperatures because 
they hydr ided,  e m b r i t t l e d  and f e l l  t o  p ieces  i n  a  ma t te r  o f  hours i n  t h i s  
environment. However, by 1960 t h e  X-7 loop was opera t ing  i n  NRX a t  CRNL 
and t h e  oppor tuni ty  was taken t o  i n s e r t  some zirconium a l l o y  corros ion 
specimens i n  t h e  coolant .  These r e s i s t e d  a t t a c k  s u r p r i s i n g l y  wel l  and 
as  a  r e s u l t ,  we s t a r t e d  g iv ing  s e r i o u s  thought t o  t h e  use  of zirconium 
a l l o y s .  There i s  no t  time o r  space t o  g ive  t h e  d e t a i l s  h e r e ,  bu t  we 
found t h a t  t h e s e  a l l o y s  could indeed be used i n  organic  coolants  i f  
c e r t a i n  p recau t ions  were taken.  Nature has  been kind t o  us i n  t h a t  we have 
found t h a t  two o f  t h e  important  v a r i a b l e s  a f f e c t i n g  fou l ing ,  i . e .  c h l o r i n e  
and water ,  a l s o  have a  s i g n i f i c a n t  e f f e c t  on t h e  oxidat ion and hydr iding of 
zirconium a l l o y s  (11) .  

Traces of c h l o r i n e ,  as  low as  2 ppm, can a f f e c t  hydr iding very  
adverse ly ,  e s p e c i a l l y  when t h e  ch lo r ine  occurs a s  compounds such as  H C 1  o r  
t r i c h l o r e t h y l e n e ,  which undoubtedly d i s s o c i a t e s  t o  H C 1 .  Thus i n  WR-1 we have 
s t r i n g e n t  r e g u l a t i o n s  regarding t h e  use o f  ch lo r ina ted  s o l v e n t s ;  t h e r e  i s  
a  maximum s p e c i f i c a t i o n  of 2 ppm on feed coolant  and we have a v a i l a b l e ,  f o r  
use  when requ i red ,  a  c a t a l y s t  of Pd on A1203, which is  e f f e c t i v e  a s  a  c h l o r i n e  
remover. To d a t e  we have had no d i f f i c u l t y  i n  mainta ining c h l o r i n e  contents  
of  l e s s  than 0 .5  ppm. 

The presence of water has  been found t o  be  very necessary  t o  r e t a i n  
t h e  p r o t e c t i o n  o f f e r e d  by t h e  Z r 0 2  f i l m .  Whether t h e  water is  requ i red  t o  
h e a l  cracks  o r  r e p l a c e  ZrO2 l o s t  by d i s s o l u t i o n  i n  t h e  metal  is not y e t  known. 
The p e n c e  of 100 ppm of  water  i n  t h e  coolant  i s  necessary  t o  mainta in  a  
coherent  Z r O z  f i l m  which acts as a b a r r i e r  aga ins t  t h e  i n g r e s s  of  H2 from 
t h e  coolant  t o  t h e  meta l .  Under these  condi t ions  we have been a b l e  t o  show 
t h a t  t h e  n a t u r e  of t h e  o rgan ic  coolant  i s  not  important  i n  t h a t  it a c t s  only 
as  a  c a r r i e r ,  and t h a t  corros ion and hydr iding r a t c s  a r e  just those  one 
would expect  i n  steam a t  t h e  same temperature and p a r t i a l  p r e s s u r e .  Thus as  
long as  c h l o r i n e  i s  absent  and 100 ppm water i s  p resen t  one should expect  
zirconium a l l o y s  t o  behave t h e  same i n  e i t h e r  Santowax OM o r  HB-40. This  
has been shown t o  be  t h e  case .  



The two most e f f e c t i v e  a l l o y s  t o  d a t e  have proven t o  be Zircaloy-4 
and Zirconium 2.5 w t .  % Nb. Our p resen t  d a t a  on hydr iding r a t e s  a r e  shown 
i n  Fig.  2. These d a t a  do not  include an allowance f o r  t h e  e f f e c t  of i r r a d -  
i a t i o n .  A t  4 8 0 ~ ~  where annealing r a t e s  a r e  r a p i d  t h e r e  i s  probably no 
e f f e c t  b u t  a t  temperatures of 4 0 0 ~ ~  o r  l e s s  t h e  r a t e s  shown may be low by 
a f a c t o r  of  two o r  t h r e e .  

I n  WR-1 t h e  f u e l  charge is  c l a d  i n  Zr-2.5 Nb a l l o y  and we have four  
experimental  p ressure  tubes ,  two o f  Zircaloy-4 and two o f  Zr-2.5 Nb, under 
i r r a d i a t i o n .  There a r e  a l s o  zirconium a l l o y  corros ion specimens a t t ached  t o  
t h e  hanger rods o f  f u e l  s t r i n g s  i n  t h e  zirconium a l l o y  p ressure  tubes .  I t  
i s  too  e a r l y  t o  ob ta in  any experimental  d a t a  from t h e s e  assemblies,  b u t  r e -  
f e r r i n g  t o  Fig.  2, we can f o r e c a s t  some l i f e t i m e s  based on t h e  c r i t e r i o n  
t h a t  once t h e  terminal  s o l u b i l i t y  of Z r H 2  i s  reached i n  t h e  cladding o r  i n  
t h e  p ressure  tube,  then t h e  u s e f u l  l i f e  of  t h e  assembly i s  ended. I w i l l  
no t  d i scuss  he re  whether o r  not  t h i s  is a good c r i t e r i o n ,  b u t  on t h i s  b a s i s  
we can p r e d i c t  a u s e f u l  l i f e  of t h e  f u e l  shea ths  of 1% years  and of t h e  p res -  
sure tubes  of 5 yea r s  (11,12).  The c a l c u l a t i o n  of t h e s e  l i f e t i m e s  has  
included a f a c t o r  assuming an increased corros ion r a t e  under i r r a d i a t i o n .  
We f e e l  t h a t  they a r e  probably p e s s i m i s t i c ;  however, b e t t e r  d a t a  w i l l  come 
from t h e  opera t ion  o f  WR-1 i t s e l f .  

I n  a l a r g e  organic-cooled power r e a c t o r  t h e  d e s i r a b l e  l i f e t i m e  of 
t h e  f u e l  i s  probably 3 years  and of t h e  p ressure  tubes  a t  l e a s t  15 and 
p r e f e r a b l y  20 y e a r s .  Obviously zirconium a l l o y s  with lower corros ion and 
hydr iding r a t e s  would be a t t y a c t i v e .  We a r e  now looking a t  two promising 
a l l o y s  which a r e  p o t e n t i a l  cancklates f o r  high-temperature steam a p p l i c a t i o n  
as  we l l  as  f o r  use  with organic  coolants .  I n  a d d i t i o n ,  i f  we can cause 
t h e  hydrogen t h a t  a p ressure  tube p icks  up t o  migrate  t o  a region where i t  
w i l l  not  harmfully a f f e c t  t h e  s t r u c t u r a l  i n t e g r i t y ,  then we can expect  t o  
i n c r e a s e  t h e  l i f e  of  t h e  tube.  The f inned  p ressure  tube is  such an approach, 
which we w i l l  b e  t e s t i n g  i n - r e a c t o r  i n  1967. 

4 .  FUEL - 
U02 FUEL (10) 

The f irst  f u e l  charge f o r  t h e  WR-1 r e a c t o r  is pressed and s i n t e r e d  
U02, enr iched t o  2.4 w t .  % u~~~ i n  U and c lad  i n  Zr-2.5 w t .  % Nb a l l o y .  
Some d e t a i l s  a r e  given i n  Tables I11 and I V .  A s  an a l t e r n a t i v e  we have 
had f a b r i c a t e d  a hal f -charge  of U02 c lad  i n  t h e  SAP 895 a l l o y ,  (see  a l s o  
Tables I11 and IV) . A t  presen t  t h e  main p a r t  of  t h e  f u e l  charge under 
i r r a d i a t i o n  is  Zr-2.5 Nb c lad .  A s  a pre l iminary  t e s t ,  one s i t e  has  been 
loaded with SAP c l a d  U02 f u e l .  

Prototype elements of t h i s  f u e l  (both SAP and Zr-Nb c lad)  a r e  j u s t  
completing a long term i r r a d i a t i o n  i n  t h e  X-7 loop i n  NRX i n  HB-40 coolant .  
A burn-up of 6000 MWd/Tonne U has been s u c c e s s f u l l y  achieved.  The t a r g e t  
burn-up is  8000 MWd/Tonne U .  'I 'his, t o g e t h e r  with previous experiments 
i n  X-7 and U-3, g ives  us  confidence t h a t  we w i l l  b e  a b l e  t o  meet t h e  burn- 
up t a r g e t  i n  WR-1 without d i f f i c u l t y .  



The only unusual  occurrence  t o  d a t e  has been t h e  removal o f  one f u e l  
s t r i n g  because  o f  a suspec ted  d e f e c t  i n  t h e  Zr-2.5 Nb cladding.  

TABLE I11 

WR-1 FUEL GEOMETRY 

Zr-Nb Clad SAP Clad Zr-Nb Clad SAP Clad 

Enrichment 
w t .  % u~~~ i n  u 2 . 4  2 . 4  

Nominal bundle 
length  (cm) 49.5 81.3 49.5 81.3 

Bundles p e r  
ch anne 1 

Elements p e r  
bund 1 e 18 18 

Clad.  O . D .  (mm) 15.1 15.4  15.1  15.4 

Clad.  th i ckness  
(mm) 0.635 0.635 0.635 0.635 

Diam. c l ea rance  
f u e l  t o  c l a d .  (cold) 

(mm) 0.05-0.13 0.08-0.15 0 .09 0.14 

TABLE IV 

WR-1 FUEL DESIGN PARAMETERS 
(Maximum cond i t ions )  

Zr-Nb Clad SAP Clad Zr-Nb Clad SAP Clad 

Element h e a t  
r a t i n g  Q/4r 
W/cm 

Surface  hea t  
f l u x  w,!cm2 105 105 

Clad. s u r f a c e  
temp. a t  3 5 0 ' ~  
coolant  o u t l e t  OC 435Oc 435Oc 427Oc 427Oc 

Fuel  c e n t e r  OC ~ 2 0 0 0  %ZOO0 795 1020 

Target  burn-up 
MWd/Tonne U 7500 7500 



UC FUEL (13) 

We now have one Zr-Nb c lad  UC f u e l  s t r i n g  under i r r a d i a t i o n .  A SAP 
c lad  UC s t r i n g  w i l l  be added s h o r t l y  (Tables I11 and IV). 

Previously  prototype elements of SAP c l a d  IJC had been i r r a d i a t e d  
i n  t h e  X-7 loop t o  a maximum burn-up of  11,100 MWd/Tonne U, a t  which time 
a c ladding f a i l u r e  occurred.  However, t h e  UC i n  t h i s  i r r a d i a t i o n  was s l i g h t l y  
hypostoichiometr ic  (<4 .8  w t .  % C) which i s  somewhat more s u s c e p t i b l e  t o  
i r r a d i a t i o n  swel l ing than  i s  t h e  hypers to ichiometr ic  UC (4 .8  - 5.0 w t .  % C) 
which is  being used i n  t h e  WR-1 i r r a d i a t i o n .  The f u e l  was a l s o  opera t ing  a t  
r a t h e r  h igher  r a t i n g s  than w i l l  be found i n  W R - 1 .  An i r r a d i a t i o n  of SAP c lad  
and'Zr-2.5 Nb c l a d  UC bundles was a l s o  performed i n  the  U-3 loop i n  NRU t o  
2800 MWd/Tonne U .  This  had t o  be removed a t  t h a t  s t a g e  t o  make way f o r  an- 
o t h e r  experiment. However with our p resen t  knowledge we a r e  reasonably con- 
f i d e n t  t h a t  t h e  des ign t a r g e t  of 16,000 MWd/Tonne U can be met with e i t h e r  
c ladding.  
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