




Stud ies  on Iodine  Trapping P lan t  f o r  Hot C e l l s  

In t roduc t ion  

1. The hot  c e l l s  and me ta l lu rg ica l  l i n e s  operated by Windscale Nuclear Power 
Development Labora tor ies  (WNL) and t h e  Atomic Energy Establishment Winfri th ( m W )  
have, b u i l t  i n t o  t h e i r  v e n t i l a t i o n  systems, f i s s i o n  product t rapping p l a n t  comp- 
r i s i n g  a high e f f i c i e n c y  p a r t i c u l a t e  f i l t e r ,  and a charcoal  bed ( f o r  the  t rapping 
of radio iodine) .  T h i s  paper desc r ibes  r ecen t  work done on d i f f e r e n t  des igns  of 
t h e  charcoal  bed component of such p l a n t  i n  use, and one under cons idera t ion  f o r  
use; previous  similar work has a l ready been published (Ref 1). These u n i t s  a r e  
designed f o r  the  t rapping of methyl iodide  r a t h e r  than molecular iodine ,  s ince  
t h a t  is t h e  most pene t ra t ing  vapour form of radioiodine confirmed as o c c u r r u g  i n  
a r e l e a s e  from i r r a d i a t e d  f u e l  (Ref 2). Although o f  d i f f e r e n t  mechanical design, 
a l l  use  one o r  both of two forms o f  a c t i v a t e d  charcoal  as t h e  absorber:  a char- 
coa l  base impregnated e i t h e r  with 1 . s  by w t .  of potassium iod ide  (KI) o r  with 
yk by w t .  of t r i e t h y l e n e  diamine, (TEDA). A 50/50 mixture of the  two is most frequ- 
e n t l y  used. The t e s t s  c a r r i e d  out f a l l  i n t o  two c l a s ses ,  t e s t s  done d i r e c t l y  on 
the  p l a n t ,  and t e s t s  done on samples o f  t h e  charcoal  of the  p l a n t  taken before 
and a f t e r  the  pe r iod ic  renewal of t h e  charcoal  i n  t h e  p l a n t ,  and during its in-  
s e r v i c e  use. 

T e s t  methods 

2. D e t a i l s  of the  method of t e s t i n g  t h e  funct ion  of the  p l a n t  d i r e c t l y  have 
been published elsewhere (Ref 3). Br i e f ly ,  t he  method involves  the  r e l e a s e  of 
a smal l  quan t i ty  of methyl iodide,  l a b e l l e d  with t h e  i so tope  1131 (8.05 days 
h a l f - l i f e )  i n t o  the  c e l l  v e n t i l a t i o n  e x t r a c t  a i r ,  wh i l s t  t h e  a i r  flow i n t o  and 
out of the  absorber  bed is being sampled. Methyl iodide  i n  the  air samples is 
trapped i n  a s u i t a b l e  small  mesh s i z e  impregnated charcoal  and the  upstream and 
downstream sampled iodine  a c t i v i t i e s  a r e  compared by y-counting. Th i s  t e s t  
measures the  performance of t h e  p lan t  under normal opera t ing  condi t ions ,  but 
because those  condi t ions  can vary widely from day t o  day ( p a r t i c u l a r l y  i n  r e spec t  
of r e l a t i v e  humidity) it is a poor i n d i c a t o r  o f  o t h e r  than g ross  changes i n  the  
condit ion o f  t h e  charcoal  i n  the  p l a n t ;  however, e a r l y  penet ra t ion ,  i e  during the  
f i r s t  h a l f  hour is usual ly  an i n d i c a t i o n  of gas  by-pass o f  the  charcoal  o r  s e a l  
leakage ( o r  extens ive  poisoning) whi l s t  l a t e r  inc rease  i n  pene t ra t ion  is evldence 
of desorpt ion  r e s u l t i n g  from in-service de te r io ra t ion .  The r e s u l t  of t h i s  t e s t  
is usua l ly  expressed a s  a decontamination f a c t o r  (DF), i e  t h e  r a t i o  o f  i n l e t  
a c t l v l t y  t o  o u t l e t  activity. 

3. The more gradual  deterioration i n  se rv ice  of the  charcoal  can be determined 
from labora to ry  t e s t s  on samples of t h e  p l a n t  charcoal ,  taken from the  p l a n t  a t  
i n t e r v a l s  dur ing  its l i f e t ime .  The f a c i l i t y  f o r  tak ing  such samples and ensurmg 
that they a r e  r ep resen ta t ive  should, of course, be designed i n ;  t o  shut  down the  
plant ,  open up the  charcoal  bed, and e x t r a c t  a sample is no t  usual ly  a convenient 
operat ion and such a sample may not be r e l i a b l y  representa t ive .  The standard 
laboratory t e s t  used at  Wlndscale h a s  been described elsewhere (Ref 3 ) ;  b r i e f l y  
the t e s t  c o n s i s t s  of t h e  s a t u r a t i o n  o f  a sample of charcoal  with water by passing 
through i t  a stream of  a i r  a t  98% r e l a t i v e  humidity (RH) u n t i l  equil ibr ium water 
content is  achieved, followed by a t e s t  of its e f f i c i ency  f o r  r e t a i n i n g  methyl 
iodide, l a b e l l e d  with 113,, c a r r i e d  i n  the  gas  stream at t h e  same humidity. 



The test thus simulates in the laborat,ory a plant test.at 98% RH. ;This humidity 
is cnosen because the equilibrium water content of the charcoal and the resulting 
DF neasured are consistently reproducible and because it represents the worst 
conditions for plant operation. Tests at other humidities can be done if specially 
required, but results tend to be inconsistent and depend on sample history. 
Laboratory results, when applied to the plant, are thus always pessimistic. The 
laboratory test is standard in terms of gas flow rate, sample volume, and temp- 
erature, as well as RH and methyl iodide loading on the charcoal and no attempt 
is normally made to reproduce plant conditions. The results for different char- 
coal samples are then directly comparable, and they may be applied to plant iii terms 
of a parameter ~(s-') defined as K = logld,F X (Volume flow rate)/(Charcoal 
volume). The value of this parameter for a given charcoal sample depends on RH, 
as implied above; it is not entirely independent of other operating conditions 
(temperature, bulk density, flow rate, etc) but for most plant purposes may be 
regarded as so being. (Charcoal volume)/(Volume flow rate) is also referred to as 
"residence time" or "staytime" of the gas in the absorber bed. 

Uses of the tests 

4. The plant test measures the performance of the plant as a whole. Iodine 
penetration past the absorber bed may do so through inefficiency of the charcoal 
or through by-passing of the absorber through leaky seals, channeling through 
poorly packed material, settlement voids, etc. Some of these leaks may be 
present initially and others may appear in service. The charcoal will lose 
efficiency be ageing, and may be poisoned by some undesirable contaminant in the 
air stream. If the partial DF due to leakage is DFL, and that due to the absor- 
ber bed is DFa, then the effective plant DF as measured, DFp, is given by 

From the laboratory tests and a knowledge of the flow rate and bed volume of the 
plant we may calculate an expected minimum value DFc for DFB, so that 

l/DFC > l/DFB and l/DFp < l/DFL + l/DFC .......... ( 2 )  

For a newly refilled bed, we can expect DFC to be quite large, so that l/DFC tends 
to zero and DFpm DFL; if DFp is then considered to be too small, by-pass leakage 
can then be looked for and remedied and the plant retested until a satisfactory 
result is obtaned. Charcoal samples may then be taken at intervals, and tested 
In tne laboratory and DFc calculated. As long as DFc is much larger than DFp, 
plant tests only measure DFL; but the laboratory tests will show a fall in the 
value of K found from which deductions can be made about the condltions of the 
charcoal and from which predictions can be made of the probable performance of the 
absorber bed for wet gas conditions. Thus, where the design of the bed allows 
samples to be taken, maintenance of good performance of the bed 1s based on an 
initial measurement of DF under normal operating condltions to ascertain by-pass 
DF followed by the testing in the laboratory of charcoal samples taken from the bed 
during its life to ascertain the rate of charcoal deterioration. If the bed life 
allows, further plant tests serve to determine any changes in by-passing or confirm 
the effects of changes in the charcoal. If samples cannot be obtained, the effects 
of ageing on the charcoal may be estimated (Refs 4, 5) but not the cumulative effects 
of any poisoning. 



R e s u l t s  

5. P l a n t  No. 1 ---------- 
This  p l a n t  was an experimental i n s t a l l a t i o n  i n  the  v e n t i l a t i o n  l i n e  of an empty 
c e l l ;  it w a s  f o r  t h e  purpose of i n v e s t i g a t i n g  commercially produced 'modular 
u n i t s '  which would be r e a d i l y  changeable, similar i n  shape, s i z e ,  s ea l ing ,  access ,  
e t c  t o  t h e  usua l  HEPA u n i t s  normally i n s t a l l e d  i n  v e n t i l a t i o n  systems f o r  protec- 
t i o n  a g a i n s t  p a r t i c u l a t e  discharges. The arrangement is shown d iag rmmat ica l ly  
i n  F i g u r e s  1 and 2. Figure 2 shows i n  p a r t i c u l a r  t h e  method of mounting the  u n i t s  
i n  such a fashion  t h a t  t h e  u n i t ' s  e x t e r n a l  s e a l s  and a l l  a s soc ia t ed  j o i n t s  i n  t h e  
r l g  could be immersed i n  charcoal  so  t h a t  any leakage gas  would have t o  pass 
through charcoal.  I n  t h i s  way a l eaky  s e a l  could f i r s t  be de tec ted  a t  an  open 
j o i n t ,  and then  its e f f e c t  on the DF could be el iminated by adding the  charcoal  
covering. (The c e l l  is now i n  use and its v e n t i l a t i o n  system is no longer  a v a i l -  
a b l e  but p l a n t  development using modular u n i t s  cont inues  at WW). 5evera l  
d i f f e r e n t  modules have been examined. A l l  showed a tendency t o  s u f f e r  from s i m -  
llar problems t o  high e f f i c i ency  p a r t i c u l a t e  f i l t e r  modules eg  l i a b i l i t y  t o  damage 
by c a r e l e s s  handling, and manufacturing f a u l t s  a t t r i b u t a b l e  t o  volume production. 
This  type  of charcoal  u n i t  would obviously requ i re  the  same degree of in spec t ion  
a s  HEPA un i t s .  Af te r  p l a n t  t e s t i n g ,  the  modules have been opened up and t h e  
charcoal  removed f o r  t e s t i n g  i n  t h e  laboratory.  One of the  disadvantages o f  these  
modules is t h a t  charcoal  Mmples cannot be taken from the  u n i t  without des t roying 
i t ;  f o r  in-serv ice  t e s t i n g  purposes, some i n d i r e c t  method would have t o  be employed, 
eg by a r rang ing  f o r  samples o f  the  o r i g i n a l  charcoal  t o  be exposed i n  the  p l a n t  so  
t h a t  they ' see '  t he  same condi t ions  of s tayt ime,  e t c ,  as the  charcoal  i n  the  module. 
Resul t s  f o r  th ree  d i f f e r e n t  modules a r e  i n  Table 1. 

6. ModuleA was nominally f i l l e d  with l.% K1 charcoal.  On a n a l y s i s  it was found 
to have a K1 content  only 0.6%; t h i s  w i l l  reduce the  t o t a l  load  o f  radio lodine  
which t h e  u n i t  can ca r ry ,  and possibly its ageing c h a r a c t e r i s t i c s .  Tes t  r e s u l t s  
a re  i n  Table ?. The K value found i n  the  s tandard l abora to ry  t e s t  i s  much lower 
than expected, as is the  value measured at  50% W, and sugges ts  a poor q u a l l t y ,  o r  
contaminated, o r  aged charcoal  f i l l i n g .  The p lan t  t e s t s  c l e a r l y  i n d i c a t e  some 
leakage: t h e  DF at f i r s t  measured is not  much above t h e  p e s s i m i s t i c a l l y  ca lcu la t ed  
value, and is considerably lower than the  expected value. Use of equation (1)  
suggests  about  Yh of flow is by-passing. Packing t h e  e x t e r n a l  s e a l s  with charcoal  
to remove methyl iodide  from any s e a l  leakage gave some improvement, but there  
dere c l e a r l y  still some sources  of by-passing still remaining. 

7. Module B had a nominal f i l l i n g  o f  TEDA charcoal.  On a n a l y s i s  only 2.% 
T2DA content  was found; t h i s  descrepancy, as with module A above, would reduce 
the maxlmum load of radio iodine  which the  u n i t  could carry.  Tes t  r e s u l t s  a r e  i n  
Table 1. The standard t e s t  r e s u l t  f o r  K a t  9% RH is not  unexpected, but the  
DF found by p l a n t  t e s t  is lower than expected and sugges ts  about 0.1?, of t o t a l  
flow t o  be by-passmg. I f  the  measured DF and est imated leakage were acceptable ,  
tne expected l l f e  of the  u n i t  could be ca lcula ted:  thus  i f  a t y p i c a l  minimum 
DF of 100 were requi red ,  then DFC can be allowed t o  f a l l  t o  120, and the  expected 
l i f e  of the  u n l t  would be 56 weeks ( a t  the  t e s t  a i r f low) ;  thus  t o  p lan  t o  change 
unlts  every year  would be reasonable. 



. Eodule C a l s o  had a f i l l i n g  of 1.5% K1 charcoal ;  t e s t  r e s u l t s  a r e  a l s o  i n  
l a o l e  1. The measured K value is very  low f o r  f r e sh  ma te r i a l  o f  t h i s  type;  a 
measurement of K a t  t he  p lan t  t e s t  humidity RH - 7% was not  made, but  a value 
was e s t m a t e d ,  from which an  expected value of p l an t  DF w a s  estimated. The 
f l r s t  measurement of p l an t  DF gave a very  poor r e s u l t ,  but packing t h e  e x t e r n a l  
s e a l s  with charcoal  gave a g r e a t l y  improved value. Clear ly  t h e  e x t e r n a l  s e a l i n g  
w a s  very poor but o the r  sources  of by-passing must be q u i t e  small. Compare the  
e f f e c t  of similar a c t i o n  on t h e  r e s u l t s  f o r  module A. I n  view o f  the  very 
poor K va lue ,  a fu r the r  i n v e s t i g a t i o n  was made t o  see  i f  t h e  charcoal  had been 
contaminated during the  manufacturing process: samples of a charcoal  o f  known 
K value were exposed i n  the  manufacturer 's  works under t y p i c a l  s to rage  condl t ions .  
and then r e t e s t e d ,  and a l s o  r e t e s t e d  a f t e r  processing, but no source of cont- 
amination could be traced. 

9. General conclusions which can be drawn from these  r e s u l t s  are t h a t  i t  is 
poss ib le  t o  manufacture replaceable  modular u n i t s  of adequate performance but 
t h a t  c a r e  must be taken t o  ensure e f f e c t i v e  s e a l i n g  and s ince  the  charcoal  i n  
the  u n i t  cannot be non-destruct ively t e s t e d  i t  is e s s e n t i a l  t h a t  a c lose  c o n t r o l  
be kept  on charcoal  q u a l i t y  during manufacture. 

P lan t  No. 2 

10. Plan t  No. 2 is a s i n g l e  u n i t  s e rv ing  one l abora to ry  bui ld ing;  t h e  p lan t  is 
under cover  m s i d e  the  building. Resu l t s  of t e s t s  during the  l a s t  2 yea r s  a r e  
i n  Table 2. The v e n t i l a t i o n  flow through the  bed (charcoal  volume, 2.0h3, o r  
72 cu f t )  can vary between about 2.1 m 3  s'l and 2.8 m 3  S-l (4500 and 6000 cfm) 
g iv ing  a bed stayt ime varying between 0.72 and 0.96 secs. T h i s  can make q u i t e  
a l a r g e  d i f f e rence  t o  DF. By-passing usual ly  l i m i t s  t he  DF o f  t h i s  bed t o  about 
2000. A t  t h e  start o f  Table 2, t h e  charcoal  is coming t o  the  end of its use fu l  
l i f e .  The predic ted  DF is poor, and the  meazured DF is wel l  below the  bypass 
value. A l abora to ry  measurement w a s  made of the  K value a t  98k RH of new charcoal  
purchased t o  r e f i l l  t he  bed. The r e f i l l e d  bed when t e s t e d  had a DF of 2600 - 
t h i s  is t h e  new by-pass value; its u s e f u l  l i f e  was est imated t o  be about 3 yea r s  
A charcoal  sample taken from the  bed a f t e r  7 months had a K value lower than 
expected, sugges t ing  t h a t  t h e  bed was ageing more r ap id ly  than  usual ,  however, t he  
predic ted  minimum DF w a s  still acceptable  and expected l i f e  still about 1; years. 
A r e t e s t  a f t e r  1 year  gave a DF only 800, s o  another  charcoal  sample was tes ted .  
The r e s u l t  6.6 S-l i n d i c a t e s  t h a t  d e t e r i o r a t i o n  is not now a s  rapid ,  and the  bed 
should s t i l l  be good. The poor DF may then be t h e  r e s u l t  of eg  se t t lement  i n  
the  bed l eav ing  voids and the  charcoal  may need t o  be packed down (eg  by v l b r a t l o n )  
and topped up. 

P lan t  No. 3 
-----A----- 

11. The t e s t  r e s u l t s  f o r  p l a n t  no. 3 a r e  i n  Table 3. The p l a n t  c o n s i s t s  of two 
s l m i l a r  u n i t s  i n  p a r a l l e l ,  ou t s ide  t h e  main l abora to ry  bui ld ing  and exposed t o  
the  weather; they a r e  t h u s  sub jec t  t o  condensation of moisture from the  w a r m  gas  
stream leav ing  the  building,  i n  cold weather. A t  t h e  start of t h e  two year  
period quoted, they were i n  poor mechanical condit ion;  it was suspected t h a t  r a i n  
was en te r ing  the  p lan t ;  one of the  beds w a s  permanently on l i n e  because of 
defec t ive  i s o l a t i n g  dampers. The charcoal  was i n  very poor condit ion,  being 
contaminated by o i l ,  and t h e  measured DFs were very poor. The mechanical s t a t e  
of the  u n i t s  was improved, and no. 1 u n i t  was r e f i l l e d  wlth a charge of f r e s h  
charcoal.  There was l i t t l e  improvement although t h e  charcoal  was c l e a r l y  i n  
good condition. On f u r t h e r  in spec t ion  i t  was found t h a t  the  f i l l i n g  access  
arrangements were madequate and t h e  f i l l i n g  was very uneven. The beds had t o  
be f i l l e d  by pouring i n  charcoal  through a few access  ho les  at the  top  of the  bed, 



l ead ing  t o  uneven f i l l i n g ;  t h e  upper su r face  of the  charcoal  tended t o  the  form 
of a few l a r g e  heaps immediately below the  access  h d e s  with voidage i n  the  gaps 
between. The need was f o r  more access  h o l e s  f o r  pouring, so  t h a t  the  upper 
l e v e l s  of the  bed were more evenly f i l l e d .  The beds were thus  modified t o  
improve access ,  and t h e  charcoal  repacked evenly and topped up. The e f f e c t s  a r e  
c l e a r l y  seen. I n  the  meantime no. 2 u n i t  had been a t tended t o  and s i m i l a r l y  
improved, and the  u n i t s  can now be run with one on l i n e ,  one on standby. Because 
of its e a r l i e r  h i s to ry ,  t he  p l a n t  is being t e s t e d  every t h r e e  months, but because 
r e s u l t s  a r e  nea r  t o  t h e  l i m i t  of s e n s i t i v i t y  f o r  t h i s  p l a n t  no s ign i f l c3?ce  can 
y e t  be a t t r i b u t e d  t o  the  changes i n  DF found. Charcoal samples from u n i t  no. 1 
a f t e r  6 months suggest t h a t  d e t e r i o r a t i o n  is tak ing  p lace  at  t h e  e n t r y  face. 

P l a n t  No. 4 ----------- 
12. P lan t  no. 4 c o n s i s t s  of a group of similar u n i t s ,  each se rv ing  a sepa ra te  
f a c i l i t y  i n  the  l abora to ry  bui ld ing  and a l l  under cover i n s i d e  the  building.  
The nominal p l a n t  s tayt ime is 0.375 s and the  absorber beds a r e  on t h e  downstream 
s i d e  of  t h e  f ans  f o r  reasons  of space and cons t ruc t ion  convenience. They a r e  
t h u s  n a t  only  under pressure  s o  t h a t  any s e a l  leakage is outwards t o  atmosphere, 
which is  bad s a f e t y  design, but any o i l  leakage from fan  bear ings  is l i k e l y  
t o  contaminate the  charcoal. A l l  u n i t s  i n  the  group normally behave s imi la r ly .  
The charcoal  is renewed annually a s  p a r t  of r e g u l a r  planned maintenance. Char- 
coal  samples taken during and a t  the  end of the  l i f e  of t h e  bed suggest t h a t  
the charcoal  i n  these  u n i t s  is c o n s i s t e n t l y  d e t e r i o r a t i n g  more r a p i d l y  than i t  
should, and t h a t  t h e  probable cause is t h e  absorpt ion o f  o i l  which is bl inding 
the  a v a i l a b l e  su r face  area. A l i k e l y  source is the  fan bearings. Redesign of 
t h i s  p l a n t  is under considerat ion.  

P lan t  No. 5 ----------- 
13. This  p l a n t  is a t  AEEW, and is being used f o r  development o f  p l an t  us ing  
modular un i t s .  The p lant  l ayou t  is shown i n  Figures  3 and 4; t h e  o r l g i n a l  zodine 
f i s s i o n  product t r a p  comprises a s t e e l  c a n i s t e r  conta in ing  a l t e r n a t e  l a y e r s  of 
perforated metal,  copper gauge, and beds of impregnated charcoal  granules. The 
flow through t h e  charcoal  is upwards, and the  packing f r a c t i o n  can vary consid- 
e rably  on f i l l i n g ,  so t h a t  f l u i d i s a t i o n  o f  the  beds may occur with consequent chan- 
n e l l i n g  of t h e  a i r  stream and l o s s  o f  granules  i n t o  the  e x i t  stream. Laboratory 
t e s t s  have shown t h a t  DFs of up t o  107 should be achievable,  but  i n  p r a c t i c e  p l a n t  

4 DFs of only up t o  10 have been obtained. 

14. Current  development on t h i s  p l a n t  is the  s u b s t i t u t i o n  of modular u n i t s  of 
type C above (paragraph 8 )  f o r  t h e  e x i s t i n g  traps.  Table 5 g ives  t h e  r e s u l t s  of 
an experiment performed on the  p lan t  t o  compare the  e f f i c i ency  of the  e x i s t i n g  
t r a p s  with t h a t  of a modular u n r t  i n s t a l l a t i o n .  There a r e  th ree  simllar e x t r a c t  
ducts  as shown t y p i c a l l y  i n  Figure 3, and i n  one, duct a ,  an  assembly of 
nodular  u n i t s  was s u b s t i t u t e d  f o r  the  e x i s t i n g  t r a p s  (Figure 5). The remaining 
t w o  d u c t s  'b '  and ' c ' ,  were unmodified. The duct flows were balanced t o  take  
equal  volumes o f  a i r  from the  hot  c e l l .  Pol lack counter  t e s t s  t o  d e t e c t  major 
l e a k s  showed p a r t i c u l a t e  pene t ra t ions  of l e s s  than 1% f o r  each trap. The t e s t  
was done at  r e l a t l v e  humidity 6% a t  21'~. 



15. Although the efficiency of the installed charcoal beds is well within the 
operating limit of 1% penetration the 228 mm and 292 mm water gauge pressure 
drops are not acceptable and suggest a high packing fraction. From past 
experience, more loosely packed charcoal granules in this design of bed are 
liable to fluidise and ultimately join the extract air stream. Plenty of margin 
exists in the prototype assembly for an increase in bed depth, volume and pres- 
sure drop to produce a staytime of 1.5 to 2.0 secs, which would clearly give 
a far improved efficiency. Development of the prototype modular assembi: will 
continue. 

Discussion 

16. The results for the in-service plants nos 2, 3 and 4 illustrate some of the 
possibilities and essential requirements for the maintenance of adequate trap- 
ping of iodine in the ventilation systems of hot laboratories. The normal 
installation is some form of absorption bed filled with an impregnated charcoal, 
a 50/50 mixture of 1.5% K1 and 3% TEDA impregnated coal-based charcoals is 
usual at Windscale. Both regular testing of the plant performance under normal 
conditions and the extraction and testing in the laboratory of samples of the 
charcoal are necessary, and good maintenance and care on the part of the operator 
is also required. The operator is in a difficulty when a poor result is due to 
some fault in the bed rather than the charcoal, work in the laboratory must 
be maintained, and a bed with a poor but just adequate DF is better than no bed 
at all, so that the search for faults and improvement of the bed, as in plant no. 3 
may take months of work done when the opportunity allows. Consistent results 
must also be obtained from the tests otherwise the operator can be given little 
in the way of confident guidance; plant no. 2 is not as colisistent as nos 3 and 4 
in this respect. However, it is clear that good performance can eventually be 
got from plant initially in very poor condition. The redults for plant no. 4 
indicate that it is not enough to test a newly reconditioned plant, obtain a 
good result, and then forget it; standard ageing formulae which have been derived 
using normally clean laboratory air must be shown to apply to the plant in ques- 
tion by charcoal sample testing during the life of the plant, or misleading beliefs 
about the life of plant m&y be held. A contaminant in the ventilation air 
may accelerate deterioration of the charcoal, and an operator's only recourse 
may be to renew charcoal more frequently. In this event, the readily changeable 
modular units may be advantageous, but in their turn they clearly have their own 
troubles - poor sealing and charcoal filling of unknown quality are but two which 
have been found during the course of the investigative work at Windscale. 

Conclusions 

14. The outlined methods of investigating plant performance combine the full 
scale, in situ testing of plant with methyl iodide-131 and the testing in the 
laboratory under standard conditions of samples of absorber material (impregnated 
charcoals) taken from the plant. Recent work indicates that in general plant 
performance can be maintained at satisfactory levels, but examples of significant 
bypass leakage and unusually rapid charcoal deter5oration have been detected, and 
continued vigilance is necessary for the maintenance of adequate performance. 
Studies of modular units indicate that they, like the refillable bed plants, have 
their own disadvantages, which include liabiljty to faulty external sealing, 



f i l l i n g  with charcoal  of unknown and possibly poor q u a l i t y ,  contnmin:ition of 
the  charcoal  during manufacture of the  u n i t ,  and the  imposs ib i l i t y  of non- 
d e s t r u c t i v e  t e s t i n g  of t h e  charcoal  during the  l i f e  of the  plant .  

E J Higham 
Apr i l  1979 



Test resu l t s .  plant no. 1 

Laboratory t e s t s  

in. 5 

13.5 1B.3 
18.5 

1B.5 

1C.2 
(8.3) 1C.3 

IC. 4 
IC. 5 
lc.6 

4odule 

1A 

1B 

1C 

Plant  t e s t s  - 
Result ref  

U. l 
1A.2 

1B. 1 
1E.2 

1C. 1 

The values DFB (expected) a r e  calculated from the laboratory t e s t  r e s u l t s  a t  low RH. 
The values DFC a r e  calculated from the laboratory tes t  r e s u l t s  f o r  98% RH. 



Event 
No 

Plant 
staytime 

(8) 

(.77) 
-77 

TABLE 2 

Test results, plant no. 2 

Plant 

D F ~  

615 
7 3  

2600 

800 

Predicted 

DFc 

495 1 

204 . 

9 1.2 X 'l0 

2 X 10 5 

1.2 X 10 5 

Comment 

Absorber at end of useful fe, and 
due for change. 

New charcoal for bed refilling. 

Refilled bed. 

Sample from bed after 7 months. 

Test after 1 year. 

Sample from bed after 13 months. 

Bracketted values of K are calculated using assumed ageing characteristics. 

Bracketted values of staytime are calculated using assumed flow rates. 



Plant 
staytime 

(8) 

(0.7) 

(0.7) 

TABLE 3 

Test r e s u l t s ,  Plant  No. 3 

Predicted 

DFc 

4.1 X 10 
a 

1.9 X 10 7 

7.9 X 10 
4 

Comment 

No. 1 bed. 
Both beds i n  para l le l .  

O i l  content 3.3% Tests  on 
O i l  content l.% samples of 3 bed charcoal 

New charcoal fo r  r e f i l l i n g  of 
units .  

No. 1, a f t e r  r e f i l l i n g .  

No. 1, a f t e r  improvements and 
topping up. 

Sample a f t e r  6 months, from be 
exit .  
Sample a f t e r  6 months, from be 
entry. 

No. 1 un i t  a f t e r  6 months. 
No. 2 un i t  a f t e r  a t tent ion.  
L i m i t  of s ens i t i v i t y  value. 

a f t e r  fur ther  3 
months 

No. 2 un i t  
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Event 
No. 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

Plant  
staytime 

(6)  

TaBLE 4 

Test  r e su l t s ,  Plant No. 4 

Plant  

D F ~  

Predicted 

DFc 
Comment I 

New charcoal. 

Typical value a f t e r  6 months 
service. 

Typical value f o r  sample a f t e r  
1 year l i f e .  4.8 S-? expected. 

New charcoal fo r  f resh charge. 1 
Typical value for  newly r e f i l l e d  
bed. 

Typical value of sample a f t e r  9 
months service. 7.0 S-? expected, 
O i l  content 1.9% typical .  

Typical value a f t e r  11 months 
service 2.6 S-l expected from 
event 4.6. 

New charcoal obtained for  
annual r e f i l l .  



TABLE 5 

Comparative t e s t s  on i n s t a l l e d  conventional and modular t r app ing  p lan t  
( p l a n t  5) 
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2 Arrangement of charcoal f i l t e r  i n  
housing f o r  methyl iodide penetrztion 
t e s t .  

(a)  o r ig ina l  arrangement, 

(b) a f t e r  packing s e a l s  with 
charcoal. 
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