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INTRODUCTION 

1 . The l e v e l s  of oxygen and .hydrogen impuri t i e s  i n  sodium and 
sodium/potassium a l l o y  systcms may be c o n t r o l l c d  by making u s c  of 
t h e i r  p o s i t i v e  temperature  c o e f f i c i e n t s  of s o l u b i l i t y  ( F i g .  1 ) .  I f  
p a r t  of t h e  c i r c u i t  is mainta ined a t  a  temperature  lowcr than t h c  
s a t u r a t i o n  temperature  of t h e  l i q u i d  metal  f o r  t h e  i m p u r i t i e s  p r c s c n t ,  
t h e  excess  i m p u r i t i e s  w i l l '  p r e c i p i t n  t c  ou t  and  may be r e t a i n e d  i n  some 
way. Impuri ty  c o n t r o l  by t h i s  mcans was o r i g i n a l l y  demonstrated by 
Voorhees and  Bruggeman i n  t h e  Knolls  Atomic Power L a b o r a t o r i e s  1951 
( 1 ) .  T h i s  method i s  capab le  of rcduc ing  oxygcn contominotion t o  l e s s  
than 5 ppm. I f  clean-up beyond t h i s  f i g u r e  i s  r e q u i r c d  i t  bccomes 
necessary  t o  use  chemical  methods, e.g. r eac t i .on  of oxygen wi th  a n  
i n s o l u b l e  g e t t e r  such as zirconium. 

2. w e e  me tho& of c o l d  t r a p p i n g  may b e  used t o  e f f e c t  clcan-up of 
a l i q u i d  metal  c i r c u i t .  I n  t h e  f i r s t  one t h e  c o l d  t r a p  has a  p o r t i o n  
of the  system flow p a s s i n g  through i t .  The l i q u i d  mctal  i s  coo led  as 
i t  flows through the  t r a p ,  t h e  excess  i m p u r i t i e s  p r e c i p i t a t e  out and 
a r e  r e t a i n e d  by means of packing m a t c r i a l ,  f i l t e r s  o r  o t h e r  s u i t a b l e  
s u r f a c e s  i n  t h e  t r a p .  This  method i s  most cmmonly .used  f o r  the  con- 
t r o l  of l i q u i d  metal  systcms i n  r e a c t o r s  and exper imental  r i g s .  

3. The second method r e l i e s  upon the  d i f f u s i o n  of t h e  impurities t o  
a  cooled limb connected t o  t h e  main l i q u i d  metal  SyStCi,. Therc i s  no 
f o r c e d  f low iri the t r a p  c o n t a i n e r  and precipitated impuri ty  s e t t l c s  
ou t  a s  d i f f u s i o n .  from the bu lk  l i q u i d  metal  occurs .  D i f f u s i o n  cold-  
t r a p p i n g  is  a slow process  and i s  cons idered  t o  be of only l i m i t e d  
v a l u e  i n  c l e a n i n g  up a  contaminated c i r c u i t .  I t  c o u l d ,  however, havc 
a p p l i c a t i o n  i n  the  con t inued  c o n t r o l  of c i r c u i t s  where r e l a t i v e l y  c l e a n  
c o n d i t i o n s  have a l r e a *  been a t t a i n e d ,  

4. The t h i r d  method is  t h a t  of batch cold- t rapping,  where the  l ic ju id  
mcta l  is  hca ted  t o  above the s a t u r a t i o n  temperature of thc  systcnl and 
thcn dumped i n t o  a  s t a r a g e  tank. The m c t a l  i s  then clllorved t o  coo l  t o  
a temperature  which is j u s t  above i t s  f r e e z i n g  p o i n t  and mainta ined a t  
t h i s  f o r  s e v e r a l  hours s o  a s  t o  p r e c i p i t a t e  t h e  i m p u r i t i e s .  I t  i s  thcn 
recharged t o  the  system through a  f i l t e r .  The p rocess  may be r e p c a t c d  
u n t i l  the impuri ty  l e v e l  has  reached t h e  r e q u i r e d  l e v e l  and c l c a n  up t o  
l e s s  than 5 ppm of oxygen has  been ob ta ined  i n  t h i s  way. The method i s  
s u i t a b l e  f o r  i n i t i a l  c l e a n  up of c i r c u i t s ,  f o r  removing a c c i d e n t a l  g ross  
oxygen contaminat ion a n d  f o r  u s e  on c i r c u i t s  where no i n s t a l l e d  c o l d  
t r a p  is provided.  

5. T h i s  paper  i s  conf ined p r i n c i p a l l y  t o  d i s c u s s i o n  of exper ience on 
t h e  through-f low co ld  t r a p p i n g  methods employed i n  l i q u i d  metal  sys  terns 
a t  D.E.R.E. 
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6. Cold-trapping is e s s e n t i a l l y  a c r y ~  t a l l i s a t i o n  p r o c e s s ,  ant1 a1 thoagh 
most of t h e  data a v a i l a b l e  on c r y s t a l l i s a t i o n  was ob ta ined  i n  ac!ucous 
systems i t  a p p e a r s  reas'onable t o  app ly  t h e s e  as g e n e r a l  p r i n c i p l e s  t o  
1 iqu id .meta l 'work .  The main problem i n  a c o l d  t r a p  is t o  ensure  t h a t  
t h e  r o t e  of d e p o s i t i o n  is h i g h  i n  r e g i o n s  des igned  t o  c o n t d i n  t h e  d e p o s i t  



and docs not occur i n  regions wl~care coa~l,lctc: 1,lockiib.c could tilkc plircc., 
The amount, d i s t r i b u t i o n  and r a t e  of cool ing  appl icd  t o  the cold t r ap  
and the residence time of thc l i q u i d  me t a l  within i t ,  w i l l  l a rgc ly  
determine the mechanism of c rys  t a l l i s a  t  ion and the rcgion whcrc deposi- 
t ion  w i l l  takc place.  The l i q u i d  metal f lowrate  is dependent on these I 

! 

f a c t o r s  bu t  a l s o  inf luences the. degree of a g i t a t i o n  and t u r b i d i t y  I 

whiclr i n  t u n  a l s o  n f f c c t  tllc c rys  t a l l i s a t i o n  mechanism. I ! 
7 .  As thc l i q u i d  metal i s  cooled bclow i t s  s a tu ra t ion  tempcraturc, 
oxide nuclci  a r c  produccd and growth cont inues i n  thc strcam. Tl~c  . I 

c r y s t u l s  a r c  r e t a ined  i n  tile f i l t e r  medium and may i n  f a c t  bccomc p a r t  
of i t  ( 2 ) .  Nucleus formation i s  induced by thc presencc of f  orci&-n 
bodies and by a g i t a t i o n .  The r a t e  of nuc lea t ion  i s  a f f e c t e d  by thc  
ex t e n t  t o  which super-sa tura  t i on  occurs i .e. tile d i f f e r ence  betwecn 
the sa turo t i on  tempcra tu re  and the temperature a t  which p rec ip i  tn t i o n ,  
i n  f a c t ,  takes place.  Where thc degree of supersa tura t ion  i s  small ,  
p rec ip i ta . t ion  should r e s u l t  mainly i n  t h e  growth of l a rge  c r y s t a l s .  
Wllere the degree of supersa tura t ion  i s  l a rge ,  numbers of f r e s h  nuc le i  i 
w i l l  be formed on p r e c i p i t a t i o n  r e s u l t i n g  i n '  the formation of numerous 
small c r y s t a l s .  The . e x t e n t  t o  which c r y s t a l  growth occurs i n i t i a l l y  1 I 
may thus off e c t  t he  cx t cn t  to  which the  cold t r a p  packing ma te r i a l  will I 

a c t  a s  a. f i l t e r .  . 

8. The s i t u a t i o n  i n  p rac t i ce  i s  complicated by the simultaneous presence 
of oxide, hydride and possibly o ther  impur i t ies  with the r e s u l t  t h a t  i n -  
d iv idua l  p r e c i p i t a t i o n  mechanisms may be modified, In' the presence of 
sodium monoxide and other  impur i t ies  i t  i s  improbable t h a t  any dcgree ' 

of supcrsa turo t ion  e x i s t s .  I f  t h i s  i s  s o  i t  would appear t h a t  when once 
sdme p r e c i p i t a t e  has been co l l ec t ed  i n  the  t r a p  the process  w i l l  be one 
of continued depos i t ion  and growth. The su r f ace  condit ion of the  t r a p  
and packing mater ia l  may a l s o  a f f e c t  t he  process .  of c r y s t a l l i s a  t ion.  

9 .  To summarise therefore  the f a c t o r s  i n  co ld  t r a p  design and operat ion 
which must be influenced by the mechanism and k i n e t i c s  of the c r y s t a l l -  
i s a t i o n  process  are:- I . . 

I I I :  i i i )  The flow r a t e ,  

1 

I 11 ; i v )  The packing ma t e r i a  1' densi ty , su r f ace  a r e a  and condi t ion ,  

* ,  i )  The range and r a t e  of cool ing ,  . . 

i )  The residence time, 
. - 

I 1 1  v )  The inf luence  of the presence of one impurity on another .  

10. A nurnber of d i f f e r e n t  designs of co ld  t r a p  have been i n  nse  on the 
l i q u i d  metal c i r c u i t s  a t  D.E.R.E. which include the  Dounreoy F a s t  
~ e a c t o r  and the  r i g s  . a s soc i a t ed  with the p ro j ec t .  I t  has been found 
poss ib le  to  operate  a l l  of these  co ld  t r a p s  successfu l ly  but  a  lack  of 
fundamental data so f a r  prevents  any t r u e  opt imizat ion of c o l d  t r ap  
design o r  opera t ing  parameters . 



RIG COLD TRAP EXPERIENCE 

1 1 .  Five dynamic 1ic;ait-l mctnl r i g s  f  i t t c d  w i t h  c o l d  t r a p s  have s o  f ; ~ r  
been conlmissioncd i t  D . E . R . E .  A l l  tire t r a p s  have bccn of the tilrough 
f low type,  but  some cxperimcnts w i  t l l  d i f f u s i o n  type t r a p s  ant1 ci t l i  
ba tch cold- t rapping llave becn c a r r i e d  ou t .  A numLcr of types and d s s i g n s  
Itnve -been used and t h c i r  main f e n t u r c s  a r e  summarised i n  Table I ttnd 
i l l u s t r a t e d  in F i g s .  2 t o  7. 

12. Thc co ld- t raps  have been used f o r  impuri ty  l c v e l  c o n t r o l  i . e .  tiicy 
hove not  only been used t o  c i e a n  up t h e  l i q u i d  metal  t o  t h c  lowest  
~ ~ o s s i b l c  impuri ty  l e v e l ,  b u t  have been used t o  provide s p e c i f i c  in~pur- 
i t y  l e v e l s  f o r  exper imental  purposes by a c t i n g  both  a s  t r a p s  and d i s -  
pcnscrs .  The s o l u b i l i t y  da ta  of F i g .  1 may be used t o  i n d i c a t e  t h e  
impuri ty  l e v e l s  i n  any l i q u i d  metal  system by mcasuring t h e  tempcraturc 
of i t s  c o l d  t r a p  and t h i s  method i s  used f o r  a d j u s t i n g  t h e  oxygen con- 
t e n t  of t h e  rigs. The methods of v e r i f y i n g ,  t h e  a c t u a l  impuri ty  l c v e l  
as a g a i n s t  t h e  p r e d i c t e d  l e v e l  of impuri ty  ob ta ined  from s o l u b i l i t y  
& ta have , included:  

i) D i r e c t  sampling fol lowed by a n a l y t i c a l  de te rmina t ions  f o r  a  
p a r t i c u l a r  impur i ty  e . g. oxygen, ca rbon ,  hydrogen. 

i i  ) Plugging meter obse rva t ions  , where d i s s o l v e d  i m p u r i t i e s  a r e  
p r e c i p i t a t e d  ou t  by c o o l i n g  a n  o r i f i c e  and n o t i n g  t h e  
temperature  a t  which f low r e d u c t i o n  commences. 

i i i )  Rhometer r e a d i n g s ,  where t h e  e l e c t r i c a l  r e s i s t i v i t y  of t h e  
l i q u i d  metal  is  con t inuous ly  measured and t h e  impuri ty  
l e v e l  of t h e  system deduced from t h i s .  

13. I t  has  been noted t h a t  al thougll  respons'e t o  l a r g e  changes i n  c o l d  
t r a p  fcmperature  i s  r a p i d ,  a  p e r i o d  of f l u c t u a t i o n  i n  impuri ty  l c v c l s  
l a s t i n g  a s  long a s  s e v e r a l  days may be r e q u i r e d  b e f o r e  s t e a d y  c o n d i t i o n s  
p r e v a i l  once more. For  t h i s  r eason  changes i n  c o l d  t r a p  teniperature 
a r e  made very  g r a d u a l l y  and i n  normal p r a c t i c e  a r e  u s u a l l y  l c s s  tlinn, 
rind do n o t  exceed 10'~ p e r  hour.  Sudden i n c r e a s e s  i n  c o l d  t r a p  tempcr- 
n t u r c s  have l e d  t o  wide f l u c t u a t i o n s  i n  t h e  impur i ty  l e v e l  probably d i ~ c  
t o  l a r g e  p a r t i c l e s  being detached and  f lowing  round the c i r c u i t .  Sudden 
l a r g e  decreases  i n  temperature .  a lmost  i n v a r i a b l y  l e a d  t o  blockages i n  
t h e  c o l d  t r a p  l i n e s  and  t o  f l u c t u a t i o n s  i n  impuri ty  l e v e l .  ' 

14. ~ e c n u s e  of t h e  s c a t t e r  i n  a n a l y t i c a l  ' r e s u l t s  and the  d e l a y s  a s s o c i -  
a t e d  with t h e  sampling and a n a l y t i c a l  methods i n  use  i t  i s  n o t  p o s s i b l c  
t o  s e e  t h e s e  e f f e c t s  e a s i l y  where t h i s  means of determiner t i o n  is t h e  
only one a v a i l a b l e .  T h i s  is  l e s s  t r u e  of the  plugging meter  t e c h 1 r i . j ~ ~  
which c a n  be perf  ormcd on a semi-continuous b a s i s  and from which r e s u l t s  
citn be obta ined  i n  a  very s h o r t  time. Tru ly  cont inuous  moni to r ing  of 
i n p u r i t y  is  .only p o s s i b l e  n t  t h e  moment u s i n g ' t h c  r l ~ o m e t e r .  

15. The l i q u i d  nle t o 1  r i g s  f  i t  t e d  v ~ i  tlr c o l d  t r a p s  f o r  clean-up purposes 
a t  D.E.R .E. ' i nc lude  those  l i s t e d  bclow. 



16. This  r i g  was dcsigncd f o r  ins t rument  developmcnt and t e s t i n g  a t  
temperatures  of up t o  600'~.  I t  i s  b u i l t  of &" non~ina l  bore  s t a i n l e s s  
s t e e l  pipcwork and c o n t a i n s  approxima t c l y  0 .3  cub ic  f e e t  ( 10 l i  t r c s ) .  
of sodium. Impuri ty  c o n t r o l  i s  by a c o l d  tr i lp b u t  s c v c r a l  trot t r a p s  
have Ccen f i t t e d  t o  ttie r i g  i n  the  c o u r s c  of cxpcr imcnta l  work. Tllc 
colt1 t r a p  i s  a s imple  a i r - j a c k e t e d  c y l i n d r i c a l  v e s s c l  ( F i g .  2) packed 
w i t 1 1  s t a i n l e s s  s t e e l  r i n g s  and f i t t e d  i n t o  a by-pass a c r o s s  t h c  
e l c c t r o  magnetic pump. The perf  ormancc of t h e  t r a p  lras proved c;ui t c  
s a t i s f a c t o r y  b u t  i t  t ends  t o  b lock c n s i l y  and L e t t e r  c o n t r o l  c o u l d  
be ach ieved  i f  i t  were p o s s i b l e  t o  o b t a i n  a more a c c u r a t e  pack ing  
temperature  mcasuremen t. 

!?' Loop ' J t  

17. This  r i g  i s  a development of t h e  small loops  which c a r r i e d  o u t  
t h e  e a r l y  B r i t i s h  l i q u i d  meta l  s t u d i e s  a t  Harwell  and l a t e r  a t  Culchcth .  
The pipework is of k' nominal bore  s t a i n l e s s  s t e e l  a n d  the  l i q u i d  meta l  1 

* c a p a c i t y  i s  approximately 0.5 cu.  f t .  ( 15 l i t r e s )  and t h i s  loop  is  I 
f i l l e d  wi th  70/30 BaK. I t  i s  used mainly f 8r c o r r o s i o n  s t u d i e s  on 
r e a c t o r  m a t e r i a l s  a t  temperatures  up t o  650 C and impur i ty  c o n t r o l  is  
by a c o l d  t r a p  and a zirconium f i l l e d  h o t  t r a p .  Ttle c o l d  t r a p  i s  a 
unpacked o i l  c o o l e d  v e s s c l  (F ig .  3 )  a n d  altltoug11 tlte c a p a c i t y  i s  l i m i t -  
ed i t  h a s  proved t o  be  s u i t a b l e  f o r  accura  t c l y  c o n t r o l l i n g  oxygen l c v c l s  
t o  w i t h i n  + 2 ppm. Trapping probably  occurs  i n  and below the s i n t e r e d  
p l a t e  a n d  i n  t h e  m p  between i n n e r  and o u t e r  w a l l s .  

Components T e s t  Rig B' 

IS. This  r i g  is  l a r g e r  i n  s i z e  and  is  c o n s t r u c i e d  of ?+" nominal bore  
s t a i n l e s s  s t e e l  tubing.  I t s  c a p z c i t y  is  approximate ly  4 cub ic  f e c t  
( 120 l i t r e s )  of 70/30 NaK and  t e n p e r a t u r e s  up t o  6 0 0 ~ ~  can be ob ta ined  
i n  i t s  t h r e e  t e s t  zones. Two of tliese a r e  s imple  v e s s c l s  wt~iclr have 

, accommodation f o r  m a l l  spec  h e n s  and a l s o  provide  f o r  llie rcriiova? of 
l i q u i d  meta l  samples. Thc remaining f a c i l i t y  can  house up t o  t i t ree 
complete LFR f u e l  elements and s u b j e c t  them t o  flo:v and temperature  
c o n d i t i o n s  of t h e  same o rder  a s  those  i n  ttie DFR c o r e .  A plugging 
mete r  and  rhometer a r e  i n s t a l l e d  on this r i g  and i m p u r i t y  cor l t ro l  is 

. ' providcd by an o i l  coo led  c o l d  t r a p .  The t r a p  (F ig .  4) is  of l a r g e  
c a p a c i t y  and i n t e r n a l l y  cooled w i t 1 1  a s i l i c o n e  o i l  c o o l i n g  c o i l  p a s s i n g  

I through the  s t a i n l e s s  s t e e l  packing r i n g s .  I n  s c r v i c c  i t  h a s  perf  ormcd 
I w e l l  and h a s  shown no tendency t o  b lock.  C o n t r o l  of p lugg ing  temper- I 

a t u r e s  by changing c o l d  t r a p .  temperatures  has  been p o s s i b l e  t o  w i t h i n  
+sOc b u t  temperature  rneasuremcnt cou ld  b e  improved by reposi te ioning t h e  - i 
thermocouples t o  r e a d  m o r e  a c c u r a t e l y  tlie packing ma t e r i a l  temperature  . 1 
1" Loop ' A f  

> I 
13. This  r i g  i s  of 1" nominal bore  s t a i n l e s s  s t e e l  pipework des igned j 
t o  t e s t  and  commission the  l i q u i d  meta l  sampl ing g e a r  for DFR. The 
loop  cc i l t a ins  approximate ly  7 cub ic  f e e t  (200 l i t r e s )  of 70/30 Nali 
and i r rpur i ty  c o n t r o l  is achieved by u s i n g  a n  ~ i r - c o o l e d  c o l d  t r a p  and 
n zirconium f i l l e d  hot  t r a p o o  A rhometer is  f i t t e d  a n d '  t h e  m a x i m  
operating temperature is 220 C . The t r a p  ( ~ i g .  5) i s  of l a r g e  c a p i c i  t y  



and f  i t t c d  w i t h  a  sirnpl'e regenera t ive  hcnt cxcl~ilnger t o  economise i n  
t o t a l  hca t requirements. 

20. During expcrimcnts on t l ~ c  mca..iurcmcr~t of impurity l e v c l s  using 
the rltomctcr the r i g  !CIS opera tcd i~ t 220% and the cold t r ap  tc~npcr- 
a t u r c  var ied  from 1 loOc t o  220'~. No incrcnsc i n  r c s i s t i v i t . ~  took 
place above n cold  t r a p  tcn~perature of lt30°c (Fig.  .6) and inves t i -  
gat ion stlowed tha t  por t s  of thc r i g  rvcrc forming 'dead legs '  tltrougll 
wl~ich tlicrc \+as no flow and whosc tcmperritcu-e was lorvcr t l u n  . the main 

0 r i g  Cempcraturc by approximn t e l y  50 C.  These 'deod lcgs '  appeared to  
a c t  n s  e f f i c i e n t  d i f fus ion  gold t r a p s  and cleaned 'up the r i g  t o  a 
plugging tcmpcra ture  of 180 C .  Af te r  scvcra l  months running the 'dcad 
legs '  became reservoirs of impur i t ies  and dispensed them i n t o  the 
systcm whenever the cold t r ap  temperature was reduced below 1 8 0 ~ ~  
rendering impurity l e v e l  cont ro l  a d i f f i c u l t  and slow process despi  t c  
the ample capac i ty  ,of the .  co ld  t rap.  

Twin Zone Loop 'Kt 

2 1 .  This r i g  i s  s imi l a r  i n  concept t o  the 'J1 r i g  already described 
but  i s  f i t t e d  wi.th two specimen chambers wvhich enable corrosion t e s t s  
t o  be  c a r r i e d  out i n  the same l i q u i d  met$ a t  d i f f g r e n t  temperatures. 
The t e s t  zone temperatures can rcach 650 C and 750 C r e spec t ivc ly  and 
the loop has a  capaci ty of ,approxima te'ly 1.2 cu. f t. (40 l i  t r e s )  of 
sodium. A zircoriium f i l l e d  hot  t rap  and a  wire mesh packed co ld  t r a p  
wi th  o i l  cool ing (Fig. 7 )  provide impurity con t ro l .  'The t rap is  a n  ' 

improved vers ion  of the ' J' design and has proved t o  be s a t i s f a c t o r y  
i n  operation. 

I." Loop 'G' 

22. This r i g  is s imi l a r  i n  s i z e  dnd layout  t o  one of the 24 DFR primary 
c i r c u i t s .  I t  i s  intended f o r  f u e l  element and r eac to r  component t e s t -  
ing. The l i q u i d  metal  capac i ty  i s  approxima t c l y  62 cubic f e e t  ( 1500 
li t r e s )  and t h e  impurity con t ro l  is. by a  - co ld  t r a p  , s i m i l a r  i n  design 
t o  the DFR type but' f i t t e d  with i n t e r n a l  o i l  cool ing  i n  the basket  t o  
supplement , the ex terna l  a i r  cool ing (Fig.  8). The r i g  i s  a t  present  
under c  ons t r u c  t ion. 

D.F.R. COLD TRAP EXPERIENCE 

, 11 i Original  co ld  R a p s  

. . 23. The o r i g i n a l  design of t he  DFR primary c i r c u i t  had co ld  t raps  

f i t t e d  i n  f i f t e e n  of the twenty four  primary c i r c u i t s  (3)  . The pressure 
drop due t o  f r i c t i o n  along a  s ec t ion  of the main c i r c u i t  was used t o  
c r e a t e  a  flow i n ' a  by-pass.(Fig. 9) and a t  f u l l  primary pump flow Lhe 
by-pass flow was about 5 gpm. 
* 

&.. The arrangement of the c o l d  t r ap  is  SIIO\MI h t  Fig.  10. Cooling 
- - was provided by blowin$ a i r  w e r  a  f inned  e x t e r i o r  and a n  i n t e r n a l  rc-  

gcnera t ive hca t exchanier was incorporo ted t o  minimise hea.t l o s s .  The 
, basket was packed with s t a i n l e s s  s t e e l  r i n g s  and the flow through i t  - 

was moderated by an interna.1 by-pass which l c f  t a 'flow through the 
las l ic t  of approximately 2 g p m .  Thc he ight  of the t r a p  i n  t11c system - . . 



. . \$as arrangcd t o  a l l o w  a  f r c c  R'nK sur fncc  t o  tlic bl;~n!tct [:as. This  
al lowcd t h e  basket  t o  bc r a i s e d  cibove the  l ic lu id  mctal  s o  t h a t  h o t  
t r app ing  opcra t ions  would n o t  mcrcly cnusc migra t ion  of oxidc from 
c o l d  t r a p s  t o  h o t  t r a p s .  I t  a l s o  pe rmi t t ed  cornplcte rcmoval of tlic 
baske t s  f r a n  traps. ,  which a r c  of course  s i t u a t c d  w i t h i n  the  bio- 
l o g i c a l  s h i e l d ,  by a  f l a s k i n g  I;echnic~ue: 

25. A f t e r  l i q u i d  metal  wvas charged i n t o  thc  primary c i r c u i t  i n  
1959 i t  became c l c a r  t h a t  these  t r a p s  were inadequate  f o r  t h e  con- 
d i t i o n s  under vhich they were r e q u i r e d  t o  o p e r a t e  a t  t h a t  time (4) .  
Many of t h e  by-pass c i r c u i t s  were found t o  be blocked and those  
which were open tended t o  block when the  t r a p  c o o l i n g  system was 
brought i n t o  o p e r a t i o n  due t o  t h e  h i g h  impuri ty  l e v e l s  which caused 
p r c c i p i  t a  t ion of oxidc and conscc:uen t blockage i n  t h e  regenerative 
h c a t  cxchanger and the  annu lus  a d j a c e n t  t o  thc  cooled wal l .  

Temporary Cold-Trap Loop 

26. The by-pass c o l d  t r a p s  can only have f l o w  through them when 
t h e  main f low i s  g r e a t e r  than a s  below t h i s  the  l i q u i d  metal  
l e v e l  does. r each  the  o u t l e t  p i p e .  I n .  the  e a r l y  s t a g e s  of commission- 
i n g  i t  wvas no t  p o s s i b l e  t o  o p e r a t e  t h e  r e a c t o r  . a t  anywhere approach- ' 

i n g  t h e  f u l l  des ign  f l o w  r a t e  because of gas entra inment  d i f f i c u l t i e s  
(5 ,6 ) .  The e lec t romagne t ic  pumps cannot  be r u n  a t  above 1@ f l o w  a t  
any time when t h e  r e a c t o r  i s  de-pressur ised f o r  f u e l  changing o r  
maintenance,  and  thus o p e r a t i o n  of t h e  by-pass t r aps '  i s .  impossible  
dur ing  t h e s e  p e r i o d s ,  when the  p o s s i b i l i t y  of oxygen contaminat ion is  
most l i k e l y  t o  occur.  A simple e x t e r n a l  pumped c o l d  t r a p  loop was 
t h e r e f o r e  des igned and i n s t a l l e d  temporar i ly  on the  r e a c t o r  top.  Dip 
l e g s  f i t t e d  i n t o  one of the  o r i g i n a l  by-pass c o l d - t r a p  v e s s e l s  and a n  
expansion tank i n  a d j a c e n t  c i r c u i t s  provided f low and  r e  t u r n  p o i n t s .  
The loop  c o n s i s t e d  of two c o l d  t r a p s  of s i m i l a r  l a y o u t  t o  tllc c x i s t -  
i n g  ones, an  e lec t romagne t ic  pump and plugging mete r s  which cou ld  be 
used t o  monitor e i t h e r  t h e  i n l c t  o r  o u t l e t  s i d e  of e i t h e r  t r a p .  
S h i e l d i n g  was n o t  p r w i d e d  and n e i t h e r  wvas double containment of the  
pipe\vork and v e s s e l s  and t h i s  meant t h a t  t h e  loop was only s u i t a b l e  
f o r  o p e r a t i o n  a t  shutdown c o n d i t i o n s .  

27. Thc t r a p  b a s k e t s  were s i m i l a r  t o  t h e  p rev ious  ones b u t  t h e r e  
rvas no i n t e r n a l  by-pass i .e. t h e  whole of thg t r a p  f l o w  passed thwough 
the, baske t .  With a i n l e t  temperature  of 160 C and t h e  des ign  f l o w  of 
2 gpm, f u l l  c o o l i n g  reduced t h e  baske t  temperatures  t o  120 C.  Under 
these  c o n d i t i o n s  t h e  t r a p s  blocked a f t e r  two o r  t h r e e  days operat ion.  

. . I t  was f  oynd p o s s i b l e  t o  c l e a r  the  blockages  by i s o l a t i n g  t h e  loop 
frcm the  r e a c t o r  and r e - c i r c u l a t i n g  t h e  NaK a f t e r  h e a t i n g .  Re-trap- 

' ping  tvas then c a r r i e d  ou t  u n t i l  the  plugging temperature f e l l  a s  t h e  
impuri t i c s  were r e d i s t r i b u t e d  through t h e  s y s  tern. T h i s  procedui.co 
could b e  repecited u n t i l  t h e  maximum loop temperature  (approx. 330 C) 
wvas opproaclred by t h e  ,p lugging temperature of the  r e c i r c u l a  t i n s  
c o o l a n t .  

I ' 

28. The blockages were found t o  be .occurr ing i n  the  a ~ u l u s  be tween .  
t h e  t r a p  body and  the  b a s k e t  and i n  t h e  r e g e n e r a t i v e  h e a t  exchangec 
I n  o r d e r  t o  minimise d e p o s i t i o n  i n  t h e  annu lus  t h e o t r a p  c o o l i n g  was 

I .  c o n t r o l l e d  t o  g i v e  a b a s k e t  temperature  of only 10 C below t h e  

i n l c t  p lugging temperature.  A t  t h a t  t i m e  the  r e a c t o r  p lugging 
. . 



0 
tern era ture  was about 1 ~ 0 ' ~  d,en the coolant mv8s a t  150 C but rose to  6 180 C when the r eac to r  temperature rose  ' t o  220 C.  This bchaviour was 

. '  si .milar to  tha t  a l ready discussed f o r  the 1" loop ' A 1  ( pa ra .20 )  and . - . , i t  appeared t h a t  tllcre were regions in  t he  c i r c u i t  where oxide was 
trappcd and being dispensed out t o  coritrol the plugging tczipcra ture .  
Continuous cold-trapping opera t i ons  over several  months reduced tile . 0 plu:,;;ing temperature t o  100-110 C but none of the blocked by-pass 

. .  . c i r c u i t s  c leared.  8lcchaniccll means together  with a s e r i e s  of batch . 

cold-trapping operat ions were requi red  before a l l  the by-pass flays 
were established. The loop was dismantled i n  1962 when i t  was rc -  
placed with a pcrmnent  f a c i l i t y .  

Perinanent Cold Trap Loop 

29. The experience gained on the temporary loop confirmed the 
a d v i s a b i l i t y  .to f i t  a permanent s epa ra t e  pumped cold-trap ci'rcui t 
on the  r e a c t o r  which could operate  independently of main c i r c u i t  
flows. This  f a c i l i t y  was designed and manufactured t o  the s m e  
r igorous specif  icii t ion l a i d  down f o r  the r e a c t o r  pr in~ary  c i r c u i t s .  
I t  c o n s i s t s  of two cold-traps,  a separa t e  regenera t ive  heat exchanger, 
an electromagnetic pump, a plugging meter and rhometer. :'.:1 the 
v e s s e l s  and pipework a r e  f u l l y  leak- jacketed ( the ,valves a r e  double 
be l lo~vs  sealed and leak-jacketed).  The whole u n i t  i s  housed i n  a 
lead shielded cubic le  with a s t e e l  l i ned  base which can a c t  a s  a 
l i q u i d  metal containment of 1000 gal lon capaci ty i n  the unl ike ly  

. . event  of a f a i l u r e  of both a vesse l  o r  pipe and i t s  leak jacket .  The 
f low.and  r e t u r n  l i n e s  a r e  f i t t e d  t o  ad jo in ing  i n s t a l l e d  cold t r a p  
v e s s e l s  i n  the primary c i r c u i t .  A s imp l i f i ed  flow shee t  of the l o o p .  
is given i n  Fig.  1 1  and a general  view of the  loop i s  i n  Fig. 12. 

, . 

30. .The co ld  t r a p  bodies used i n  t h i s  loop a r e  aga in  v i r t u a l l y  
. i d e n t i c a l  t o  the  o r ig ina l  D.F.R. design and have ex terna l  a i r  cooling. 

The basket  ' i n t e r i o r s  ( s ee  Fig. 13) d i f f e r  from previous designs i n  . 

the following ways: 

i)  t he  annulus between basket  and body has been increased 
from 0.25" t o  2.70". i n  order t o  reduce blocking i n  t h i s  
region. 

. . 
. i i )  s t a i n l e s s  s t e e l  knitmesh is  used ins tead  of Raschig r ings  

t o  improve f i l t e r  e f f ic iency .  

i i i)  t he  i n t e r n a l  regenerotor  is  omitted a s  the loop is f i t t e d  
with a sepqra t e  regenera t ive  hea t  exchanger. 

I n  add i t i on ,  the i n t e r n a l  by-pass i s  omitted a s  the c i r c u i t ,  l i k e  the 
temporary loop, has i ts  o\vn p o s i t i v e  pumping system. 

' 1 During the e a r l y  s t ages  of i t s ' o p e r a t i o n  i n  mid 1962 blockages 
0 

occurred i n  t he  t r a p ' o u t l e t  pipes where basket  cool ing  a i r  was leak- 
ing  on t o  them. Remedial work t o  c o r r e c t  th i s 'was  successfu l  bu t  . 

' other  leaks i n  the cool ing ducts  have prevented th$ f u l l  design 
f i y r e s  being reached. Basket temperatures of 135 S a t  1 gpm a r e  - however obtainable  from an i n l e t  temperature of ,204 C.  ,During high 
power ,opcmt ion  of the r e a c t o r  the r a d i a t i o n  l e v e l s  a r e  too high t o  
permit continuous manning of the loop and t h i s  has not  permit tcd thc  
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* .  f u l l e s t  u'sc to  be made of the f a c i l i t y ,  Iniprovcmenls t o  ttre shicltl ing 
a r c  i n  hand and .these should enhance tlre value of t h i s  f o c i l i  ty i n  tlrc 
fu ture .  

Slodif ied Ma in Circui t '  Traps 

32. The cold  t r a p  capac i ty  i n  t,he r e a c t o r  has been suppl.cmcr~tcd by 
thc recommissioning of four  of thc main c i r c u i t  cold t raps .  The a i r  
cool ing t o  tllcse four  t rap  bodies has been improved by a d d i t i o n a l  
fans.  'The baskct design is s imi l a r  t o  t h a t  used on the cold t r a p  
loop but  the following add i t i ona l  f e a t u r e s  a r e  incorporated ( ~ i g .  14).  

i )  Provis ion has becn made f o r  the basket  t o  be l i f  t ed  above 
NaK l e v e l  during s h u t  do\.m and a  11; Kw immersion hea ter  
has been provided a t  the t rap  i n l e t .  These measures 
ensure tha t  any tendency of the i n l e t  pipe t o  block 
during shut  down is minimised. 

i i )  The i n t e r n a l  by-pass has becn reintroduced a s  the a i r  
cool ing  could  not  be increased s u f f i c i e n t l y  t o  dea l  
wi th  f u l l  by-pass f low ( f u l l  flow must e x i s t  i n  the 
by-pass c i r c u i t  t o  avoid lowering the l e v e l  i n  the  
expansion tank to  a  po in t  a t  which vo r t ex  formation 
and consequent gas entrainment might occur).  

33. The performance of these t r a p s  cannot be checked d i r e c t l y  because 
the t r a p  o u t l e t  plugging temperature and t h e  flow through the basket 
cannot be measured. However temperature measurements and hea t  balances ,I 

i nd i ca t e  the following: 

~ o t a l  by-pass c i r c u i t  flow 4.36 gpm 
Flow through.basket  0.7,- 1 gpm 
I n l e t  temperature 2W0C 
Basket temperature 14lOC 
Out le t  temperature 199 C 

3lodifications t o  improve the a i r  cool ing system s t i l l  f u r t h e r  a r eo in  
hand and i t  i s  hoped t o  reach a  minimum basket  temperature of 115 C 
i n  t h i s  way. 

I 

During the most r ecen t  power run these t r aps  together  with the I 

Permanent Cobd Trap Lgop operated and t h e  plugging temperature drop- I 
ped from 1 j5 C t o  1 10 C over one week and then remained s teady . \ttl~pn 1 
the  t r a p s  were shut  down the plugging temperature ro se  aga in  t o  135 C i 
and t h i s  tends t o  confirm that there  is  s t i l l  a source of undissolved 
impurity present  i n  the c i r c u i t .  I 

I 

35. Thc f i r s t  of the r e d e s i a e d  main c i r c u i t  baske ts  t o  be i n s t a l l e d  
ind ica ted  t h a t  due to  thc balance of pressure  drops between the basket 
and the i n t e r n a l  by-pass i t  was poss ib le  t o  have a condit ion of r eve r se  
flow i n  the basket.  This f a u l t  has been overcome by f i t t i n g  a  r e s t r i c t -  
ion i n  the baske t  bu t  i t  was thought des i r ab l e  t o  have a f u l l  f low 
basket which could not  poss ib ly  r e c i r c u l a t e .  This  design i s  shown a t  
Fig. 15. I n  order  t o  make maximum use of the a i r  coo l ing  an  economiser 
has been f i t t e d  and a 5 Kw h e a t e r  is  s i t u a t e d  a t  the  o u t l e t  t o  e l imina te  



any p o s s i b i l i t y  ol' Llockilgc. T t~c  1': K w  inl(:L I~c;rtcr* 1~1s  LCCI) O I I I ~  1. tctl 
a s  i t  11a.s bcen found'  t o  be u n ~ ~ e c c s s i ~ r y  . F u r t l ~ c r  dcvclopn~cnt  of tllc 

I -  . , . main c i r c u i - t  t r a p s  may incl::~!c i ~ l t c r n ; . ~ l  c o o l i n g  a s  i l l  t l leexpcriaicntal  
. t r a p  i n  the  I," loop  { p i ~ r a .  21) p o s s i b l y  u:iing NaK iristencl of s i l i c ~ n c  

. o i l  as tire c o o l i n g  medium. 
. . 
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Fig. 7 Cold Tr.ap layout .  t w i n  Zone Loop ' K '  F i g .  8 4- Loop Cold Trip 
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Fig. 15 D.F.R. blain Circui't Tl~rough-Flow Cold Trap 




