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INTRODUCTION

1. The le v e l s  of oxygen and hydrogen im pur i t ie s  in sodium and 
sodium/potassium a l lo y  systems may be co n t ro l l e d  by making use of 
t h e i r  p o s i t iv 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 ig .  l ) . I f  
p a r t  of the c i r c u i t  i s  maintained a t  a temperature lower than the 
s a tu r a t i o n  temperature of the l i q u id  metal f o r  the im pur i t ie s  p re sen t ,  
the excess impur i t ies  w i l l  p r e c i p i t a t e  out and may be re t a in ed  in some 
way. Impurity con t ro l  by t h i s  means was o r ig i n a l ly  demonstrated by 
Voorhecs and Bruggeman in  the Knolls Atomic Power Labora tor ies  1951 
( ] ) .  This method i s  capable of reducing oxygen contamination to le ss  
than 5 ppm. I f  c lean-up beyond th i s  f ig u r e  i s  req u i red  i t  becomes 
necessary to use chemical methods, e .g .  r e a c t i o n  of oxygen with an 
inso lub le  g e t t e r  such a s  zirconium.

2. Three methods of cold  t rapping may be used to e f f e c t  c lean-up of 
a l i q u id  metal c i r c u i t .  In the f i r s t  one the cold  t r ap  has a por t ion  
of the system flow pass ing through i t .  The l i q u id  metal i s  cooled as 
i t  flows through the t r a p , the excess im pur i t ie s  p r e c i p i t a t e  out and 
a re  r e t a in e d  by means of packing m a t e r i a l , f i l t e r s  or other s u i t a b l e  
sur faces  in  the t r a p .  This method i s  most commonly used fo r  the con
t r o l  of l i q u id  metal systems in  reac to r s  and experimental r i g s .

3 .  The second method r e l i e s  upon the d i f fu s io n  of the im pur i t ie s  to 
a cooled limb connected to the main l i q u i d  metal system. There i s  no 
forced flow in  the t rap  con ta ine r  and p r e c i p i t a t e d  impurity s e t t l e s  
out as  d i f f u s io n  from the bulk l i q u id  metal occu rs . D iffusion  cold -  
trapping i s  a slow process  and i s  considered to be of only l im i ted  
value in  c lean ing  up a contaminated c i r c u i t .  I t  cou ld ,  however, have 
a p p l i c a t io n  in  the continued con tro l  of c i r c u i t s  where r e l a t i v e l y  c lean 
condit ions  have aircatty been a t t a i n e d .

4 .  The th i r d  method i s  tha t  of batch co ld - t r ap p in g ,  where the l iq u id  
metal i s  heated to above the s a tu r a t i o n  temperature of the system and 
then dumped i n to  a s to rage tank. The metal  i s  then allowed to cool to 
a temperature which i s  j u s t  above i t s  f r eez ing  po in t  and maintained a t  
t h i s  fo r  severa l  hours so as  to p r e c i p i t a t e  the im p u r i t i e s .  I t  i s  then 
recharged to the system through a f i l t e r .  The process  may be repeated  
u n t i l  the impurity level has reached the req u i red  leve l  and c lean  up to 
le ss  than 5 ppm of oxygen has been obtained in  th 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 lean  up of c i r c u i t s , f o r  removing a cc id e n ta l  gross 
oxygen contamination and f o r  use on c i r c u i t s  where no i n s t a l l e d  cold 
trap  i s  provided.

5 .  This paper i s  confined p r in c ip a l ly  to  d iscuss ion  of experience on 
the through-flow cold t rapp ing  methods employed in  l i q u id  metal systems 
a t  D.E.R.E.

SOME GENERAL PRINCIPLES AFFECTING THROUGH-FLOW COLD TRAPPING

6. Cold-t rapping i s  e s s e n t i a l l y  a c r y s t a l l i s a t i o n  p rocess ,  and although 
most of the  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 obtained in  aqueous 
systems i t  appears reasonable  to apply these  as  genera l  p r in c ip le s  to 
l i q u id  metal work. The main problem in  a cold  t rap  i s  to ensure tha t
the r a t e  of deposi t ion  i s  high in  regions  designed to  con ta in  the deposi t
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and docs not occur in regions  wlurc complete blockage could take p lace .
The amount, d i s t r i b u t i o n  and r a t e  of coo l ing  app l ied  to the cold trap 
and the res idence  time of the l i q u id  metal with in  i t ,  w i l l  la rge ly  
determine the mechanism of c r y s t a l l i s a t i o n  and the region where deposi
t ion  w i l l  take p l a c e . The l i q u id  metal f lowrate  i s  dependent on these 
fa c to r s  but a l s o  inf luences  the degree of a g i t a t i o n  and tu r b i d i ty  
which in turn a l so  a f f e c t  the c r y s t a l l i s a t i o n  mechanism.

7 .  As the l iq u id  metal is  cooled below i t s  s a tu r a t i o n  temperature,  
oxide nucle i  a rc  produced and growth continues  in  the stream. The 
c r y s t a l s  are  r e t a in e d  in the f i l t e r  medium and may in f a c t  become p a r t  
of i t  ( 2 ) .  Nucleus formation i s  induced by the presence of foreign 
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 the 
ex ten t  to which su p e r - sa tu ra t io n  occurs i . e .  the d i f f e r en ce  between 
the sa tu r a t i o n  temperature and the temperature a t  which p r e c i p i t a t i o n ,  
in f a c t ,  takes p la ce .  Where the degree of su p e r sa tu ra t io n  i s  sm a l l , 
p r e c i p i t a t i o n  should r e s u l t  mainly in  the  growth of la rge  c r y s t a l s .
Where the degree of supersa tu ra t ion  i s  l a r g e ,  numbers of f r e sh  nuc le 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  in the formation of numerous 
small c r y s t a l s .  The e x ten t  to which c r y s t a l  growth occurs i n i t i a l l y  
may thus a f f e c t  the  ex ten t  to which the cold t rap  packing m a te r ia l  w i l l  
a c t  as a. f i l t e r .

8 .  The s i t u a t i o n  in  p ra c t i c e  i s  complicated by the simultaneous presence 
of oxide,  hydride and poss ib ly  o ther im pur i t ie s  with the r e s u l t  tha t  in 
d iv idual p r e c i p i t a t i o n  mechanisms may be modif ied .  In the presence of 
sodium monoxide and other im pur i t ie s  i t  i s  improbable th a t  any degree
of sup e r sa tu ra t io n  e x i s t s .  I f  t h i s  i s  so i t  would appear th a t  when once 
some p r e c i p i t a t e  has been c o l l e c te d  in  the t rap  the process  w i l l  be one 
of continued depos i t ion  and growth. The su r face  condit ion  of the t rap  
and packing m a te r ia l  may a l s o  a f f e c t  the  process of c r y s t a l l i s a t i o n .

9 .  To summarise th e re fo re  the f a c to r s  in  co ld  t r a p  design and opera tion 
which must be influenced  by the mechanism and k in e t i c s  of the c r y s t a l l 
i s a t i o n  process  a r e : -  <

i )  The range and r a t e  of coo l in g ,

i i )  The re s idence  t ime, 

i i i )  The flow r a t e ,  

iv) The packing m a te r i a l  d e n s i ty ,  su r face  a rea  and cond i t ion ,

v) The inf luence  of the presence of one impurity on ano ther .

10. A number of d i f f e r e n t  designs  of cold  t rap  have been in  use on the 
l i q u id  metal c i r c u i t s  a t  D.E.R.E. which include  the Dounreay Fas t  
Reactor and the r i g s  a s so c ia t e d  with the p r o j e c t .  I t  has been found 
poss ib le  to opera te  a l l  of these  cold t r a p s  su ccess fu l ly  but a lack of 
fundamental data so f a r  prevents  any t rue  opt imiza t ion  of co ld  trap 
design or opera t ing  parameters .
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11. Five dynamic l i q u id  metal r ig s  f i t t e d  with cold  traps  have so f a r  
been commissioned a t  D.E.R.E. All the t raps  have been of the through 
flow type ,  but some experiments with d i f fu s io n  type t raps  and with 
batch co ld- t rapp ing  have been c a r r i e d  ou t .  A number of types and designs 
have been used and t h e i r  main fea tu re s  a re  summarised in Table I  and 
i l l u s t r a t e d  in F ig s .  2 to 7 .

12. The co ld - t raps  have been used fo r  impurity leve l  con t ro l  i . e .  they
have not only been used to  c lean up the l i q u id  metal to the lowest
poss ib le  impurity l e v e l ,  but have been used to provide sp ec i f i c  impur
i t y  l e v e l s  f o r  experimental  purposes by a c t in g  both as  t raps  and d i s 
pensers .  The s o l u b i l i t y  data of F ig .  1 may be used to in d ic a te  the 
impurity l e v e l s  in any l iq u id  metal system by measuring the temperature 
of i t s  co ld  trap  and t h i s  method i s  used fo r  a d ju s t in g  the oxygen con
ten t of the r i g s .  The methods of v e r i f y in g  the a c tu a l  impurity level  
as a g a in s t  the p red ic ted  leve l  of impurity obtained from s o l u b i l i t y  
data have included:

i )  D irec t  sampling followed by a n a l y t i c a l  de terminations  f o r  a 
p a r t i c u l a r  impurity e .g .  oxygen, carbon, hydrogen.

i.i) Plugging meter observa t ions ,  where d is so lved  impur i t ies  are
p r e c i p i t a t e d  out by coo l ing  an o r i f i c e  and noting  the
temperature a t  which flow reduc t ion  commences.

i i i )  Rhometer read ings ,  where the e l e c t r i c a l  r e s i s t i v i t y  of the 
l iq u id  metal i s  cont inuously measured and the impurity 
leve l  of the system deduced from t h i s .

13. I t  has been noted th a t  al though response to  la rge  changes in cold 
trap temperature i s  r a p id ,  a per iod  of f l u c tu a t io n  in impurity l ev e l s  
l a s t i n g  as long as severa l  days may be requ ired  before  steady condit ions  
p rev a i l  once more. For t h i s  reason changes in  co ld  t rap  temperature 
a re  made very gradually  and in normal p ra c t i c e  are  usua l ly  l e s s  than,  
and do not exceed 10 C per hour .  Sudden inc reases  in cold  t rap  temper
a tu re s  have led to  wide f l u c tu a t io n s  in  the impurity leve l  probably due 
to la rge  p a r t i c l e s  being detached and flowing round the c i r c u i t .  Sudden 
la rge  decreases in temperature .a lmos t inva r iab ly  lead  to blockages in 
the cold  t rap  l in e s  and to f l u c tu a t i o n s  in impurity l e v e l .

14. Because of the s c a t t e r  in  a n a ly t i c a l  r e s u l t s  and the delays a s s o c i 
a ted  with the sampling and a n a l y t i c a l  methods in use i t  i s  not poss ib le  
to see these e f fe c t s  e a s i ly  where th i s  means of de te rmination is  the 
only one a v a i l a b l e .  This i s  le ss  true  of the plugging meter technique 
•which can be performed on a semi-continuous b a s i s  and from which r e s u l t s  
can be obtained in a very sh o r t  t ime. Truly continuous monitor ing of 
impurity i s  only poss ib le  a t  the moment us ing the rhometer .

15. The l i q u id  metal r i g s  f i t t e d  with cold  t raps  f o r  c lean-up purposes 
a t  D.E.R.E. include  those l i s t e d  below.



V' Loop *F *

16 . This r i g  was designed f o r  instrument development and t e s t i n g  a t  
temperatures of up to 600°C. I t  i s  b u i l t  of V  nominal bore s t a i n l e s s  
s t e e l  pipework and conta ins  approximately 0 .3  cubic f e e t  (10 l i t r e s ) ,  
of sodium. Impurity con t ro l  i s  by a cold  trap  but several  hot traps 
have been f i t t e d  to the r i g  in the course of experimental work. The 
cold trap i s  a simple a i r - j a c k e t e d  c y l in d r i c a l  vesse l  (F ig .  2) packed 
with s t a i n l e s s  s t e e l  r ings  and f i t t e d  i n to  a by-pass across  the 
e l e c t ro  magnetic pump. The performance of the trap has proved qu i te  
s a t i s f a c to r y  but i t  tends to block eas i ly  and b e t t e r  con tro l  could
be achieved i f  i t  were p o s s ib le  to obtain a more accura te  packing 
temperature measurement.

I ?  Loop ' J '

17. This r i g  i s  a development of the small loops which c a r r i e d  out
the ear ly  B r i t i s h  l i q u i d  metal s tu d ie s  a t  Harwell and l a t e r  a t  Culcheth.  
The pipework i s  of nominal bore s t a i n l e s s  s t e e l  and the l iq u id  metal 
capac i ty  i s  approximately 0 .5  cu .  f t .  (15 l i t r e s )  and th i s  loop i s  
f i l l e d  with 70/30 NaK. I t  i s  used mainly f g r  corros ion  s tud ies  on 
r e a c to r  m a te r ia l s  a t  temperatures up to 650 C and impurity con t ro l  i s  
by a co ld  t rap  and a zirconium f i l l e d  hot t r a p .  The cold  trap i s  a 
unpacked o i l  cooled vesse l  (F ig .  3) and although the capac i ty  i s  l i m i t 
ed i t  has proved to be s u i tab le  fo r  accu ra te ly  c o n t r o l l i n g  oxygen levels  
to wi th in  + 2 ppm. Trapping probably occurs in  and below the s in te red  
p la t e  and in  the  gap between inner  and oute r w a l l s .

Components Test  Rig *8*

18. This r i g  i s  l a rg e r  in s ize  and is  const ruc ted  of 5*" nominal bore 
s t a i n l e s s  s tee l  tub ing . I t s  capacity  i s  approximately /, cubic f e e t
(120 l i t r e s )  of 70/30 NaK and temperatures up to 600 C can be obtained 
in i t s  th ree  t e s t  zones. Two of these a re  simple v esse ls  which have 
accommodation fo r  sna i l  specimens and a l so  provide f o r  the removal of 
l i q u id  metal samples. The remaining f a c i l i t y  can house up to three 
complete DFR fu e l  elements and sub jec t  them to flow and temperature 
condit ions  of the same order as those in the DFR c o r e . A plugging 
meter and rhometer are  i n s t a l l e d  on t h i s  r i g  and impurity  con t ro l  is  
provided by an o i l  cooled cold t r a p . The trap (F ig .  4 ) is  of la rge  
capacity  and i n t e r n a l l y  cooled with a s i l i co n e  o i l  cool ing  c o i l  passing 
through the s t a i n l e s s  s t e e l  packing r i n g s . In  serv ice  i t  has performed 
well  and has shown no tendency to b lock .  Control  of plugging temper
a tu re s  by changing cold t rap  temperatures lias been poss ib le  to with in  
+5°C but temperature measurement could be improved by r e p o s i t io n in g  the 
thermocouples t o  read more accura te ly  the packing m a te r ia l  temperature .

1" Loop lA*

19. This r i g  i s  of V' nominal bore s t a i n l e s s  s t e e l  pipework designed 
to t e s t  and commission the l i q u id  metal sampling gear f o r  DFR. The 
loop conta ins  approximately 7 cubic f e e t  (200 l i t r e s )  of 70/30 NaK 
and impurity con t ro l  i s  achieved by using  an a i r - c o o le d  cold  t rap  and 
a zirconium f i l l e d  hot t r a p .  A rhometer i s  f i t t e d  .and the  maximum 
opera ting  temperature i s  220 C. The trap  (F ig .  5) i s  of la rge  capac i ty
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and f i t t e d  with a simple r egenera t ive  heat  exchanger to  economise in 
to t a l  heat  requirements .

20. During experiments on the measurement of impurity l e v e l s  using 
the rhometer the r i g  was operated a t  220 C and the cold trap  temper
a tu re  va r ied  from 110•C to 220°C. No increase  in r e s i s t i v i t y  took 
p lace above a cold  t rap  temperature of 180 C (F ig .  6) and i n v e s t i 
gat ion showed tha t  p a r t s  of the r i g  were forming 1 dead l e g s '  through 
which there was no flow and whose temperature was lower tliun the main 
r i g  temperature by approximately 5 0  C. These 'dead  legs '  appeared to 
a c t  as  e f f i c i e n t  d i f fu s io n  cold t raps  and cleaned up the r i g  to a 
plugging temperature of 180 C. After severa l  months running the 'dead 
leg s '  became re s e rv o i r s  of im pur i t ie s  and dispensed them in to  the 
system whenever the cold trap  temperature was reduced below 180°C 
rendering impurity leve l  con tro l  a d i f f i c u l t  and slow process desp ite  
the ample capac i ty  of the. cold  t r a p .

Twin Zone Loop 'K*

21. This r i g  i s  s im i la r  in  concept to the ' J '  r i g  a lready described 
but i s  f i t t e d  with two specimen chambers which enable corros ion t e s t s  
to be c a r r i e d  out in  the same l i q u id  metal a t  d i f f e r e n t  temperatures .
The t e s t  zone temperatures can reach 650 C and 750 C re s p ec t iv e ly  and 
the loop has a capac i ty  of approximately 1,2 cu.  f t .  (40 l i t r e s )  of 
sodium. A zirconium f i l l e d  hot trap and a wire mesh packed cold  trap  
with  o i l  cooling (F ig .  7) provide impurity c o n t r o l . The trap i s  an 
improved ve rs ion  of the 1J '  design and has proved to  be s a t i s f a c t o r y  
in  opera t ion .

4" Loop 'G'

22.  This r i g  i s  s im i la r  in  s ize  and layout to one of the 24 DFR primary 
c i r c u i t s .  I t  i s  intended f o r  fu e l  element and r eac to r  component t e s t 
ing.  The l iq u id  metal  capac i ty  i s  approximately 62 cubic f e e t  (1800 
l i t r e s )  and the  impurity con t ro l  i s  by a cold  t r a p  s im i la r  in design
to  the DFR type but  f i t t e d  with in t e r n a l  o i l  coo l ing  in the basket to 
supplement the ex te rna l  a i r  cool ing (F ig .  8 ) .  The r i g  i s  a t  presen t  
under c o n s t ru c t io n ,

D.F.R. COLD TRAP EXPERIENCE

Original Cold Traps

23. The o r ig in a l  design of the  DFR primary c i r c u i t  had cold  traps  
f i t t e d  in  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 to f r i c t i o n  along a sec t ion  of the main c i r c u i t  was used to 
c re a te  a flow in a b y -p a s s . (F ig .  9) and a t  f u l l  primary pump flow the 
by-pass flow was about 5 gpm.

24. The arrangement of the co ld  trap  i s  shown a t  F ig .  10. Cooling 
was provided by blowing a i r  over a f inned  e x t e r i o r  and an in t e r n a l  r e 
generative  heat  exchanger was incorpora ted  to minimise heat  l o s s . The 
basket was packed with s t a i n l e s s  s t e e l  r in g s  and the flow through i t  
was moderated by an i n t e r n a l  by-pass which l e f t  a f low through the 
basket of approximately 2 gpm. The he igh t  of the t rap  in  the system
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tvas arranged to allow a free  NaK surface  to the b lanket g a s . i h i s  
allowed the basket to be r a i s ed  above the l i q u id  metal so tha t  hot 
trapping opera tions  would not merely cause migration of oxide from 
cold traps  to hot t r a p s .  I t  a l so  permit ted  complete removal of the 
baskets  from t r a p s , which a re  of course s i t u a t e d  with in  the b io 
log ica l  s h ie ld ,  by a f l a sh in g  technique.

25. A fte r  l i q u id  metal was charged in to  the primary c i r c u i t  in 
1959 i t  became c le a r  th a t  these t raps  were inadequate f o r  the con
d i t io n s  under which they were requ i red  to operate  a t  tha t  time (4)•  
Many of the by-pass c i r c u i t s  were found to be blocked and those 
which were open tended to  block when the t r a p  cool ing  system was 
brought in to  opera tion due to  the high impurity leve l s  which caused 
p r e c i p i t a t i o n  of oxide and consequent blockage in the regenera t ive  
heat exchanger and the annulus a d jac e n t  to  the cooled w al l .

Temporary Cold-Trap Loop

26. The by-pass cold t raps  can only have flow through them when 
the main flow i s  g r e a te r  than 50%, as below t h i s  the l i q u id  metal 
leve l  does reach the o u t l e t  p ipe .  In the ea r ly  stages of commission
ing i t  was not poss ib le  to  opera te  the r e a c to r  a t  anywhere approach
ing  the f u l l  design flow r a t e  because of gas entrainment d i f f i c u l t i e s  
( 5 , 6 ) .  The e lectromagnet ic  pumps cannot be run a t  above 10% flow a t  
any time when the r e a c t o r  i s  de -p ressu r i sed  f o r  fue l  changing or 
maintenance, and thus opera tion of the by-pass t raps  i s  impossible 
during these  pe r iods ,  when the p o s s i b i l i t y  of oxygen contamination i s  
most l i k e ly  to occur.  A simple ex te rna l  pumped cold  t rap  loop was 
the re fo re  designed and i n s t a l l e d  temporarily on the r e a c t o r  top .  Dip 
legs f i t t e d  i n to  one of the o r ig in a l  by-pass c o ld - t r a p  v e sse l s  and an 
expansion tank in ad jacen t  c i r c u i t s  provided flow and r e tu rn  p o in t s .  
The loop consis ted  of two cold  t raps  of s im i la r  layout to the e x i s t 
ing ones, an e lectromagnet ic  pump and plugging meters which could be 
used to monitor e i t h e r  the i n l e t  or o u t l e t  s ide  of e i t h e r  t r a p . 
Shie lding was not provided and n e i th e r  was double containment of the 
pipework and v e s s e l s  and th i s  meant th a t  the loop was only s u i t a b le  
f o r  opera tion a t  shutdown c o n d i t io n s .

27. The t rap  baskets  were s im i la r  to  the previous ones but there
was no in t e r n a l  by-pass i . e .  the whole of thg trap flow passed through 
the baske t .  With a i n l e t  temperature of 160 C and the design flow of 
2 gpm, f u l l  cooling reduced the basket temperatures  to  120 C. Under 
these condi t ions  the t raps  blocked a f t e r  two or th ree  days opera t ion .  
I t  was found poss ib le  to c l e a r  the blockages by i s o l a t i n g  the loop 
from the r e a c to r  and r e - c i r c u l a t i n g  the NaK a f t e r  h ea t in g .  Re- t rap
ping was then c a r r i e d  out u n t i l  the plugging temperature f e l l  as the 
impur i t ies  were r e d i s t r i b u t e d  through the system. This procedure^ 
could be repea ted  u n t i l  the maximum loop temperature (approx. 300 C) 
was approached by the plugging temperature of the r e c i r c u l a t i n g  
coo lan t .

28.  The blockages were found to be occurr ing in  the annulus between 
the t r a p  body and the basket and in  the  reg en e ra t iv e  heat  exchangee 
In  order t o  minimise depos i t ion  in  the annulus theQtrap  cooling was 
c o n t ro l le d  to give a basket temperature of only 10 C below the 
i n l e t  plugging tempera ture . At t h a t  time the r e a c t o r  plugging



temgcrature was about 130°C when the coolant was a t  150°C but rose to 
180 C when the re a c to r  temperature rose  to  220 C. This behaviour was 
s im i la r  to that  a lready discussed f o r  the 1" loop 'A'  (para 20) and 
i t  appeared tha t  there were regions  in the  c i r c u i t  where oxide was 
trapped and being dispensed out to con t ro l  the plugging tempera ture . 
Continuous co ld - t rapp ing  opera tions  over severa l  months reduced the 
plugging temperature to 100-110 C but none of the blocked by-pass 
c i r c u i t s  c lea red .  Mechanical means together with a s c r ie s  of batch 
co ld - t rapp ing  opera tions  were requ ired  before  a l l  the by-pass flows 
were e s ta b l i sh e d .  The loop was dismantled in 1962 when i t  was r e 
placed with a permanent f a c i l i t y .

Permanent 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 epara te  pumped c o ld - t r a p  c i r c u i t  
on the r e a c t o r  which could opera te  independently of main c i r c u i t  
f lows. This f a c i l i t y  was designed and manufactured to the same 
r igorous  sp e c i f i c a t io n  l a i d  down f o r  the r e a c to r  primary c i r c u i t s .
I t  c o n s i s t s  of two c o ld - t r a p s ,  a sepa ra te  regenera t ive  heat exchanger,  
an e lectromagnetic  pump, a plugging meter and a rhometer.  ...1 the 
v e s s e l s  and pipework are f u l l y  leak - jacke ted  ( the  valves  a re  double 
bellows sea led and l e a k - j a c k e t e d ) . The whole u n i t  i s  housed in a 
lead shie lded  cubic le  with a s t e e l  l ined  base which can a c t  as  a 
l i q u id  metal  containment of 1000 gallon capacity  in  the un l ike ly  
event of a f a i l u r e  of both a vesse l  or pipe and i t s  leak j a c k e t .  The 
flow and r e tu rn  l i n e s  a re  f i t t e d  to ad jo in ing  i n s t a l l e d  cold trap  
v e s s e l s  in  the primary c i r c u i t .  A s im p l i f i ed  flow sheet of the loop 
i s  given in  F i g .  11 and a general  view of the loop i s  in  F ig .  12.

30 . The cold  t r a p  bodies used in  th is  loop a re  again  v i r t u a l l y  
i d e n t i c a l  to  the o r ig in a l  D.F.R. design and have ex te rna l  a i r  coo l ing .  
The basket i n t e r i o r s  (see  F ig .  13) d i f f e r  from previous designs in 
the fol lowing ways:

i )  the  annulus between basket and body has been increased
from 0 . 25" to 2 .70" in order to  reduce blocking in  th i s  
reg ion .

i i )  s t a i n l e s s  s t e e l  knitmesh i s  used ins tead  of Raschig r ings  
to improve f i l t e r  e f f i c i e n c y .

i i i )  the  i n t e rn a l  regenera to r  i s  omitted as the loop i s  f i t t e d  
with a separa te  regenera t ive  heat exchanger.

In  a d d i t io n ,  the i n t e r n a l  by-pass i s  omitted as the c i r c u i t ,  l i k e  the 
temporary loop,  has i t s  own p o s i t i v e  pumping system.

31. During the ea r ly  s tages  of i t s  opera tion in  mid 1962 blockages 
“occurred in  the t rap  o u t l e t  pipes where basket cooling a i r  was leak

ing on to  them. Remedial work to c o r r e c t  th is 'was  success fu l  but 
o ther  leaks in  the cooling ducts have prevented the f u l l  design 
f ig u r e s  being reached. Basket temperatures of 135 £ a t  1 gpm a re  
however obta inable  from an i n l e t  temperature of 204 C. During high 
power opera tion of the r e a c t o r  the r a d i a t i o n  le v e l s  a re  too high to 
permit  continuous manning of the loop and th i s  has not permit ted  the
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f u l l e s t  use to be mode of the f a c i l i t y .  Improvements to the sh ie ld ing  
arc  in hand and these should enhance the value of t h i s  f a c i l i t y  in  the 
f u t u r e .

Modified Main C i r c u i t  Traps

32. The cold  t rap  capac i ty  in the r e a c t o r  has been supplemented by 
the recommissioning of four of the main c i r c u i t  cold t r a p s .  The a i r  
cooling to  these four trap bodies has been improved by a d d i t io n a l  
f a n s . The basket design i s  s im i la r  to tha t  used on the cold t rap  
loop but the following a d d i t io n a l  f e a tu re s  tire incorpora ted ( F i g . 14)*

i )  Provis ion has been made f o r  the basket to  be l i f t e d  above 
NaK le v e l  during shut  down and a llj Kw immersion hea te r  
has been provided a t  the trap i n l e t .  These measures 
ensure tha t  any tendency of the i n l e t  pipe to block 
during shut down i s  minimised.

i i )  The i n t e r n a l  by-pass has been re in t roduced  as  the a i r  1
cooling could  not be increased  s u f f i c i e n t l y  to deal 
w ith  f u l l  by-pass flow ( f u l l  flow must e x i s t  in the 
by-pass c i r c u i t  to avoid lowering the leve l  in  the 
expansion tank to a po in t  a t  which vor tex  formation 
and consequent gas entrainment might o c cu r ) .

33.  The performance of these t raps  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 th e  flow through the basket 
cannot be measured.  However temperature measurements and heat  ba lances 1 
in d ica te  the following:

Total  by-pass c i r c u i t  flow 4 .36 gpm 
Flow through baske t  0 ,70-  1 gpm
I n l e t  temperature 204QC
Basket temperature 141QC
Outle t  temperature 199 C

Modificat ions  to  improve the a i r  cooling system s t i l l  f u r t h e r  a r e Qin 
hand and i t  i s  hoped to reach a minimum basket temperature of 115 C 
in t h i s  way.

34. During the most r e c en t  power run these t raps  toge ther  with the j
Permanent Cold Trap Lgop operated and the  plugging temperature drop- j
ped from 135 C to 110 C over one week and then remained s tead y .  V.lign |
the t r a p s  were shut down the plugging temperature rose  again  to 135 C j
and t h i s  tends to  confirm tha t  there  i s  s t i l l  a source of undissolved
impurity p resen t  in  the c i r c u i t ,  j

. . |

35. The f i r s t  of the redesigned main c i r c u i t  baske ts  to  be i n s t a l l e d  
ind ica ted  th a t  due to the balance of p ressure  drops between the basket  
and the i n t e r n a l  by-pass i t  was poss ib le  to  have a condi t ion  of reve rse  
flow in  the b a sk e t .  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 in the baske t  but i t  was thought d e s i r ab le  to  have a f u l l  flow 
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  
F ig .  15. In  order to  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  i s  s i t u a t e d  a t  the o u t l e t  to  e l iminate
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any p o s s i b i l i t y  of b lockage. The 11, Kw i n l e t  hea te r  has been omitted 
as i t  lias been found to be unnecessary . Fur ther  development of the 
main c i r c u i t  traps  may include in t e r n a l  coo l ing  as in the experimental 
t rap  in the 4" loop (para .  21) poss ib ly  using NaK ins tead  of s i l i c o n e  
o i l  as the cooling medium.
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TABLE I

D.E.R.E. RIG COLD TRAP DATA

R I G C O L D T R A P

T i t l e Metal Volume
( f t 3 )

Flowrate 
g.p.m.

Residence 
Time (Mins) Packing Method of 

Cooling
Method of 
Checking

F ig .  
No.

'j11 Loop 
' F ' Na 0.3 0.1 2.5 Lessing Rings External  Air Sampling 2

Loop
«J'

70/30
NaK 0 .5 0.1 1.3

Nil  (S in te red  
S .S .  F i l t e r  

p l a t e )
External  Oil Sampling 3 .

Components 
Test  Rig 

«B'
70/30
NaK 4 . 0 1.0 9.0 Raschig Rings I n t e r n a l  Oil

Sampling 
Plugging Meter 

Rhomc te r
4

1" Loop 
'A* x 

vP
 

0 7 .0 1.0 3 2 .0 Lessing Rings Externa l Air Rhometer
Sampling 5

Twin Zone 
Loop 'K' Na 1 .2 0.1 1.0

Woven Wire 
Mesh External  Oil Sampling 

Plugging Meter 7

4" Loop 
•G'

70/30
NaK 62 .0 1.5 5 .0

Woven Wire 
Mesh

In te rn a l  Oil 
and

External Air

Sampling 
Pjugging Meter 8
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