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Foreword 

T h e  material covered i n  t h i s  report involves  the  work of s e v e r a l  Laboratory 
d iv is ions ,  e a c h  of whose ac t iv i t ies  is coordinated by t h e  program coordinator 
through t h e  divis ion representat ives .  Effect ive May 1964, Wm. B. Cottrel l  re- 
placed F. R. Bruce as program coordinator because  of Mr. Bruce’s increased  
responsibi l i t ies  in  L,aboratory administration. 

After t h e  t i t le  of e a c h  subsec t ion  of th i s  report, there  is a l i s t  of key words 
which def ine t h e  s c o p e  of t h e  work included therein. T h e s e  key words are in- 
c luded in  a n  attempt to assist documental is ts  and information s p e c i a l i s t s  i n  in- 
dexing t h e  information and are taken f rom t h e  thesaurus developed for the  Nu- 
c l e a r  Safety Information Center. 

T h i s  is t h e  fifth i n  a s e r i e s  of semiannilal reports descr ib ing  t h e  Nuclear  
Safety Research  and Development Program, which is being carr ied out at t h e  
Oak Ridge Nat ional  Laboratory as a part of t h e  Reactor Safety Program of t h e  
Reactor  Development Division, US. Atomic Energy Commission. T h e  previous 
reports i n  t h i s  series are: 

F o r  Period Ending June  30 ,  1962 - ORNL-3319 

For Period Ending December 31, 1962 - ORNL-3401 

For Per iod  Ending June  30, 1963 - ORNL-3483 

F o r  Per iod Ending December 31, 1963 - ORNL-3547 

... 
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Introduction and Summary 

T h e  Nuclear  Safety Program a t  Oak Ridge 
Nat ional  Laboratory is an integrated program di -  
rectly involving personnel  from four research 
d iv is ions ,  a s  wel l  as support ing engineer ing,  
irradiation, and analyt ical  se rv ices .  T h e  program 
as currently const i tuted h a s  t h e  following ob- 
j e c t i v e s  which change from t ime to time, depend- 
ing on program in te res t s :  

(1) Esl abl ishing cr i t ical ly  safe condi t ions for 
handl ing f i ss ionable  mater ia ls ,  (2) obtaining d a t a  
which a r e  needed  to assess real is t ical ly  the con- 
s e q u e n c e s  of acc idents  in reactors  and chemical  
plants ,  ( 3 )  developing and  eva lua t ing  countet-  
measures  to be employed in  the event  of acc idents  
en ta i l ing  radioact ive mater ia ls ,  (4) cr i t ical ly  
eva lua t ing  and compiling, i n  handbook form, in- 
formation on reactor containment, and (5) co l lec t -  
ing,  inlerpreting, and reporting da ta  i n  cer ta in  
key a r e a s  of reactor  safety.  To achieve  t h e s e  ob- 
jec t ives ,  t h e  ac t iv i t ies  reported in t h i s  progress  
report a r e  being pursued. T h e  s ignif icant  de-  
velopments which occurred during the  p a s t  s i x  
months a r e  summarized below. 

PART 1. FISSION PRODUCT RELEASE 
AND BEHAVIOR 

1.1 Release and Transport of UO, Fission 
Products in the Confinement 

Mockup Fac i l i ty  

Two experiments  were conducted in  the  CMF in 
which trace-level-irradiated s ta in less -s tee l -c lad  
UO, spec imens  were melted in  ambient a i r .  In 
one experiment, part of the a i r  in t h e  component 
tank w a s  unfiltered, while  i n  the  other  all t h e  a i r  
p a s s e d  through a n  absolu te  filter and a charcoa l  
bed. T h e  fraction of re leased  iodine in a form 
that  can  penetrate  charcoa l  b e d s ,  possibly an  

organic  iodine,  w a s  greater by a factor  of 10 in 
t h e  experiment in  which some unfiltered a i r  w a s  
present .  Deposition of f i ss ion  product act ivi ty  
in  t h e s e  experiments  w a s  found t o  be  unaffected 
by agglomeration of par t ic les ,  and a s ignif icant  
fraction of the  re leased  iodine remained airborne 
for a period of s e v e r a l  hours. Approximately e q u a l  
proportions of t h e  airborne iodine were in particn- 
l a t e  and molecular form. 

Only one  experiment on  r e l e a s e  and  t ransport  of 
f i ss ion  products from highly i r radiated UO, (7000 
Mwd/ton) h a s  been conducted to d a t e  i n  t h e  CMF. 
R e l e a s e  of f iss ion p r o d u c k  from the  melted s p e c i -  
men w a s  not  markedly different from resu l t s  ob- 
ta ined with trace-level-irradiated UO , except  i n  
the  case of tellurium, which increased  from 12 to 
55%. R e l e a s e  va lues  for plutonium and strontium 
were about  the  same as the fraction of the UO, 
that  volat i l ized (0.005%). Rapid deposi t ion of 
f iss ion products occurred in the  confinement tank 
during the  f i rs t  few minutes a f te r  the  U 0 2  melted. 
T h e  fraction of the airborne iodine inventory 
dropped f rom 0.91 to about 0.10, tellurium dropped 
from 0.53 t o  0.07, and cesium dropped from 0.30 
t o  0.19. A large part of t h e  depos i ted  iodine w a s  
desorbed by p a s s a g e  of 1.5 tank volumes of argon 
through the  confinement tank af ter  a 3-hr ag ing  
period. Condensation nuclei  in  the  tank dropped 
from a concentration oE IO7 per cm3 to 10’ per 
c m 3  during the period P O  to  25 min af ter  mel t ing 
and then more slowly t o  l o4  per cm3, but no s i g -  
nif icant  change  in  airborne f i l terable  act ivi ty  w a s  
noted. 

An experiment was conducted i n  the  CMF to 
s tudy  iodine behavior in  t h e  a b s e n c e  oE vaporized 
fuel  par t ic les  and other  f i ss ion  products for com- 
parison with Bri t ish experiments  on plate-out of 
iodine in  the P lu to  and Dido reactor containment 
s h e l l s .  Elemental  3 1 1  with added carr ier  iodine 
w a s  vaporized and transferred into the  confinement 
tank f i l led with a i r  a t  a pressure  of 15 psig. Most 
of t h e  airborne iodine w a s  deposi ted during the 
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f i rs t  few minutes of t h e  4-hr aerosol  aging period. 
Depressurization of t h e  tank from 15 to 2.5 p s i g  
removed only 3% of the  iodine, while  p a s s a g e  of 
25 tank volumes of argon through t h e  tank removed 
7%; an additional 3% W P S  removed by sweeping t h e  
tank with an equal  quantity of air. In general ,  
the  iodine behavior in  th i s  experiment agreed with 
the resu l t s  of Bri t ish experiments, although there  
were unavoidable differences in  some of the experi-  
mental condi t ions such  a s  wal l  material and s u r -  
face-to-volume ratio. It seems c lear  that  t h e  
resu l t s  of experiments on iodine behavior per- 
formed by vaporizing iodine will not accurately 
predict the  behavior of f iss ion product iodine 
re leased  by melting irradiated UO, fuel. Desorp- 
tion of iodine in t h e  s t a i n l e s s  s t e e l  confinement 
tank was much higher i n  t h e  la t ter  case for reasons  
that  a r e  not c lear  a t  the present. 

1.2 Release of Fission Prpmd~cts on I n - P i l e  
Melting of Reactor Fuels Under Transient 

Reactor Conditions 

Two expcriments were performed in  the TKEA'T 
reactor which gave d a t a  on the  re lease  of f iss ion 
products and f u e l  material from s ta in less -s tee l  - 
c l a d  UO,  i n  air-steam atmospheres. Pr ior  to  the  
experiments t h e  speci incns were irradiated t o  
t racer  level  (about 2 x 1 O I 6  f i s s i o n s  for e a c h  
specimen). T h e  t ransient  irradiation i n  the  
TREAT reactor amounted t o  about 1.3 x 10'' fis- 
s i o n s ,  with a reactor integrated power of approx- 
imately 370 Mwsec and with a reactor period of 
approxiiilately 75 msec. T h e s e  experiments s i m -  
ulated t ransient  acc idents  with reactors  containing 
aged fission products in  t h e  presence  of an 
oxidizing air-steam atmosphere. P h y s i c a l  exam- 
ination of the  transient-heated spec imens  revealed 
that  the s t a i n l e s s  s t e e l  c ladding rneltkd completely 
and tha t  approximately 75% of the UO, melted. 
T h e  resu l t s  ind ica te  that no large e f fec ts  on fuel  
appearance os on fractional i e l e a s e  and behavior 
of f iss ion products c a n  b e  ascr ibed to  the presence 
of oxidizing steam-air mixtures in  the  range studicd 
(3--50 vol X) a s  compared to an inert atmosphere. 

or vaporizing miiliatiire s ta inless-s teel-clad IJO 
fucl  e lements  in  the  OMl? in  var iocs  atmospheres. 
'The e f fec ts  of moist helium and of moist a i r  on the  
behavior of re leased  f iss ion prodiicts wcre obser7~ed 
as well a s  the e f fec ts  of sus ta ined  overheat ing in  
moist air .  I i esu l t s  of an experiment us ing  moist 
helium, compared with corresponding resu l t s  ob- 
ta ined us ing  dry helium, with environmental condi -  
t ions approximately equivalent  in  both c a s e s ,  re- 
vealed that  moisture caused  t h e  s t a i n l e s s  s t e e l  
c ladding to becoiiie partially oxidized; conseqxent ly ,  
very l i t t l e  metal l ic  s t a i n l e s s  s t e e l  condensa te  
could be  found after the  experiment, Otbcrvrise 
t h e  presence  of moisture i n  the  helium atmosphere 
s e e m s  to h a v c  had no subs tan t ia l  effect  on t h e  
re lease  of f iss ion products from t h e  fuel itself. 
However, t h e  re lease  of iodine and of telliirisin 
from t h e  high-temperature zone  w a s  increased  i n  
moist helium and that  of rutheniuin was  decreased.  
Radiocherriical resu l t s  revealed that the a i r  atmos- 
phere had no appreciable effect  on the  r e l e a s e  of 
nonvolatile 01 volat i le  f iss ion products from the  
fuel  i t s e l f  but that  t h e  releases of iodine,  tellurium, 
and cesium from the  high-temperature zone appeared 
to be  enhanced. 

In t h e  course  of an  experiment which w a s  intended 
to study the e f fec ts  of sus ta ined  overheat ing in  
moist air, i t  was  discovered that  t h e  UO,  melted 
a t  an apparently considerably lower tefiiperature 
than i t s  normal melting point, T h i s  effect  w a s  
asci ibed to the  melting-point depression brought 
about by the  incorporation into the  UO, of ox ides  
of the  cladding material, The Fuel in  t h i s  experi- 
ment w;is not previously irradiated; so t h e  e f fec ts  
of short-lived precursors  on f iss ion product be- 
havior could be  seen.  T h e  fractional r e l e a s e  of 
iodine and tellurium (which have  nonvolat i le  pre- 
c u t m r s )  froiii t h e  fuel w a s  lower than ihe corre- 
sponding r e l e a s e  from preirradiated specimens,  
while t h e  e f fec ts  of xenon and krypton precursors  
could b e  observed i n  the  higher fractional re lease  
of cesium, strontium, and barium. 

Supplementary equipment and modifications were 
developed for in-pile melting of s ta in less -s tce l -  
c lad  UO i n  a high-concentration s team atmosphere. 
Modifications of the  present  equipment allow con- 
trolled steam injection to prevent premature con- 

1.3 Behavior of F i s s i o n  Products Released densat ion and provide for condensat ion of t h e  
g)tJ?ing IVl-B";!e B€!St rMt$ iO l l  Ob ReoCtO?'  steam outs ide  t h e  high-temperatuie zone. With 

t h e s e  modificatioiis, experiments c a n  now be  per- 
Studies  of the  charac te r i s t ics  and behavior of  formed i n  air-steam mixtures up to 90% relat ive 

humidity and a total pressure of 1 atm. To da te ,  f iss ion products have been continued by melting 
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one in-pile experiment h a s  becn conducted i n  
which a stainless-s teel-clad fuel e lement  w a s  
melted in a high-concentration s team atmosphere 
with a small  amount of air. 

T h e  e f fec t iveness  of t h e  components of t h e  gas-  
c leaning sys tem Cor retaining f iss ion products  w a s  
est imated by examining radiochemical d a t a  from 
mater ia ls  plated on var ious portions of the  in-pile 
system during a l l  previous expcriments. T h e  re- 
s u l t s  show that considerable  amounts of iodine,  
tellurium, and cesium depos i t  i n  t h e  diffusion 
t u b e s  and that  additional quant i t ies  of iod ine  de- 
pos i t  on t h e  cool metal  sur face  of t h e  reactor  fur- 
nace.  F s t i m a t e s  of t h e  upper limit of t h e  amounts 
of f iss ion products  penetrat ing the  f i l t e rs  and ad- 
s o r t e r  were a l s o  obtained. 

Greatei usefu lness  and flexibility of t h e  off-gas 
a n a l y s i s  equipment have  been obtained by recent  
modifications. T h e  off-gases  being s tudied  have  
p a s s e d  from t h e  in-pile meltdown furnace through 
t h e  f i l t e rs  and t h e  charcoal  trap. T h e  modified 
uni t  permits (1) monitoring of t h e  radioactivity of 
the g a s  during operation, (2) col lect ion of rare 
gases in  a refrigerated charcoal  trap, ( 3 )  transfer 
of the col lec ted  g a s e s  into an evacuated  tank by 
hea t ing  the  charcoal  trap, and (4) col lect ion of 
g a s e o u s  samples  in biological serum bottles. 

1.4 Characterization and Control of Accident- 
Reieased F iss ion Products 

Diffusion tubes  were used  to s tudy the  distribu- 
tion of iodine in aged aerosols ,  in  conjunction 
with modified May p a c k s  which cons is ted  of an 
absolu te  filter, copper- or s i lver-plated copper  
screens ,  charcoal-impregnated f i l ter  paper, and 
a s e r i e s  of small charcoal  beds.  T h e  unfiltered 
aerosol  in t h e  containment tank,  produced by 
melting 7000 Mwd/ton i r radiated UO,, contained 
iodine which w a s  70% molecular and 25% associ- 
a t e d  with pa i t ic les  in  t h e  20- to 3 0 4  size range. 
T h e  remaining 5% w a s  dis t r ibuted among larger 
par t ic les  and a charcoal-penetrating form pre- 
sumed to  be a n  organic  iodine.  Fi l t ra t ion of the  
aerosol  by a n  absolu te  filter removed most of the 
par t ic les  larger than 50 A,  whi le  p a s s a g e  through 
copper s c r e e n s  removed molecular iodine and 
s o m e  tha t  w a s  a s s o c i a t e d  with par t ic les ;  of t h e  
remainder, that  a t tached  t o  par t ic les  in t h e  20- 
t o  30-A range and t h e  penetrat ing form were t h e  
pr incipal  airborne iodine s p e c i e s .  The la t te r  

form accounted for only about  0.3% of the  total  
iodine inventory. 

Separate  filter packs  and diffusion t u b e s  were 
u s e d  t o  determine the  iodine distribution in the  
aged  aerosol  from t h e  confinement tank in  t h e  
a b s e n c e  of hea ted  fuel  a t  th ree  s t a g e s  in  t h e  
iodine t racer  experiment: during depressurizat ion,  
during argon sweep,  and during air sweep.  

An effor t  w a s  made to determine, by t h e  liquid 
contactor  or scrubber  method, t h e  distribution of 
forms of radioiodine remaining airborne af ter  
s e v e r a l  hours  i n  t h e  Confinement Mockup Fac i l i ty .  
T h e  purpose oE the  t e s t  w a s  to supplement infor- 
mation being obtained from t h e  May pack filter- 
absorbers  and from da ta  on deposi t ion in diffusion 
tubes.  From t h e  resu l t s  to  d a t e  it  appears  tha t  
t h i s  sys tem must be thoroughly t e s t e d  in order 
to give distribution da ta  which can  be  interpreted 
unequivocally and that  inclusion in the  sys tem 
of a filter having a known eff ic iency for very 
smal l  iodine-bearing par t ic les  wil l  a i d  interpreta-  
tion of t h e  da ta .  

The eff ic iency of May p a c k s  as iodine samplers  
was invest igated in two experiments  by u s e  of 
composi te  diffusion tubes  connected to e a c h  s e c -  
tion of t h e  May pack. In the f i rs t  experiment 
re la t ively dry filtered air w a s  employed with 
iodine which w a s  99.7% elemental  and 0.3% 
iodine compounds. As indicated by t h e  diffusion 
tubes,  t h e  behavior of the volat i le  iodine i n  the  
May pack, in  one  t e s t  with fairly dry air ,  w a s  
observed to b e  generally cons is ten t  with t h e  
designed function of t h e  May pack components. 
On t h e  other  hand, about 19, of t h e  elemental  
iodine w a s  apparently not re ta ined by the  copper  
gauze;  i f  this is a u s u a l  occurrence, May pack 
measurements would incorrectly labe l  part of t h e  
elemental  iodine as  nonelemental .  Mislabeling 
to t h i s  ex ten t  could be  of considerable  s ign i f icance  
i n  connection with t h e  design of high-efficiency 
iodine removal sys tems.  

An experiment w a s  performed to inves t iga te  
cer ta in  anomalies  which have been observed in  
t h e  u s e  of composi te  diffusion tubes.  Six dif- 
fusion tubes  having various arrangements of wal l  
mater ia l  were suppl ied with a i r  bearing iodine 
generated by the  dichromate method. One of the 
diffusion tubes  w a s  hea ted  to 100°C. T h e  ob- 
serva t ions  a r e  tentat ively interpreted to show 
the  presence  of a t  l e a s t  two d is t inc t  iodine s p e c i e s  
other  than I , ;  one of the  s p e c i e s  s e e m s  to b e  
relat ively unstable .  T h e  deposi t ion rate  on rubber 
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tubes  d o e s  not appear  i o  be  primarily dependent  
upon diffusion, but is probably infiuenced by the 
dissociat ion of an iodine compound t o  yield HI 
or I , .  Iodine carried by par t iculates  i s  not ob- 
se rved  in the  aerosol  produced by the  dichromate 
riieihod. A heated diffusion tube y ie lds  an al tered 
but interpretable  distribution, and the  usefulri 
of t h i s  arrangement for character iz ing radioiodine 
in  a moist atmosphere will be invest igated further. 

Experiments continue t o  show that moisture 
interferes  with the adsorption of volat i le  iodine 
compounds a t  t h e  charcoal  sur face  but d o e s  not 
have as  s t rong an interfering effect on the  sorption 
of elemental  iodine vapor. Experiments  were 
performed in a n  attempt t o  identify the volat i le  
iodine compound by making n s c  of i t s  solubi l i ty  
(partition) behavior in  two differcnt so lvents ,  
such  a s  methyl iodide and water, R e s u l t s  ind ica te  
that  t h e  mixture containing volat i le  iodine c o m -  
pounds inc ludes  either methyl iodide or a n  iodine 
compound of s imilar  solubi l i ty .  

T h e  method for in-place tes t ing  of iodine ad-  
sorbers  on t h e  Nuclear  Ship “Savantiah” was 
developed further by application to  the 9 0 0 0 ~ f m  
building ventilation system of t h e  ORR.  Iodine 
vapor labeled with ’ ‘I is released into t h e  venti- 
lation duct  and i s  measured before and af ter  the 
iodine adsorber .  Satisfactory e f f ic ienc ies  were 
observed.  P l a n s  are being considered to estab--  
l ish a routine in-place tes t ing  procedure. 

Experiments  have  shown that  while act ivated 
charcoal  i s  highly eff ic ient  for removal of volat i le  
iodine compounds from dry a i r  a t  room temperature, 
i t s  eff ic iency drops off sharply with increasing 
humidity; i t  i s  a l s o  a function of the  riature of 
t h e  iodi-ne compounds present .  T h e  removal 
eff ic iency of t h e  charcoal  w a s  shown t o  i n c r e a s e  
when the  temperature of the adsorber  w a s  in-  
c reased  t o  about 100OC. It w a s  a l s o  shown that  
coconut  charcoal  is t h e  most effect ive of the  
three  types  of chareoal  s tudied for the removal 
of t h e  volat i le  (penetrating) iodine fraction. 
Elemental iodine was removed frorn a i r  by charcoal  
with high efficiency- for a l l  condi t ions tes ted .  

Fibrous f i l ters  are being employed for t h e  
character izat ion of radioact ive aerosols .  By 
t h i s  iiiethod the  distribution of radioact ive par-  
t i c l e s  in  a s e r i e s  of uniform fiber f i l ters  is in- 
terpreted in terms of three main filtration mech- 
anisms - diffusion, interception, and iner t ia l  
impaction. Several  experiments were performed 
in  order t o  compare f i l ters  of 7 2  and 94% porosity. 

Streams of a i r ,  ilowirig at  l inear  ve loc i t ies  from 
0.4 to 88 fpm and camying par t ic les  labeled with 
6 5 % n ,  which ranged in diameter from 2 0  to  300 A, 
were passed  through s u c c e s s i v e  layers  of i d e n t i i a l  
f i l ters .  T h e  filtration curves  obtained were re -  
so lved  in to  three s t ra ight  l ines  indicat ing three 
different par t ic le-s ize  groups. T h e  resu l t s  a l s o  
showed that  decreasing the  porosity reduced t h e  
amount of penetration. Decreasing the  porosity 
seems t o  improve filter eff ic iency,  particularly 
a t  interinediate flow ra tes  (40 fpm), l e s s  so a t  
lower (10 fpm) and highei  (80 fpm) ve loc i t ies ,  
and negligibly et very low flow ra tes  (2.5 fprrr). 

2.1 Nuclear Safety Pilot Plmt  

Construction of the Nuclear Safety Pi lot  P l a n t  
(NSPP) w a s  completed, and two experimental r u m  
i n  which unirradiated UO, w a s  melted were  car-  
ried out during the report period. A ntimber of 
plasma torch runs were  made in  connection with 
development of plasma flame melting of ceramic 
fuel e lements  under some of the operat ing condi- 
t ions  proposed for the  NSPP.  Three  new sampling 
devices  have  been added: May-pack sarupler for 
taking time--dependent aerosol  samples  and dif- 
ferentiating the chemical fo rm of the  iodine in 
t h e s e ,  a device  for invest igat ing how t h e  diffusion 
behavior of t h e  aerosol  is changed by renroval 
of some of i t s  components by elements  of the  
May pack, and a device for col lect ing time- 
dependent fallout samples .  

2.2 Keoctor Containment Handbook 

Technica l  revision of the  Reactor  Containment 
Handbook based upon t h e  revie-,m received by 
J u I ~ ~  1, 1961, i s  now completed, and the  Ilandbook 
i s  being indexed 3nd edi ted for prcliniinary i e l e a s e  
t h i s  fa l l .  

A slab-geometry plate-type c i i t i ca l  experiment 
w a s  constructed to  measure the reactivity e f fec ts  
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of smal l  perturbations introduced by fuel-element 
displacements .  T h e s e  perturbations were cal- 
cu la ted  by both diffusion-theory and transport- 
theory c o d e s ,  with careful  a t tent ion to s o u r c e s  
of error in  the calculat ion model, in  order t o  t e s t  
t h e  relat ive ab i l i t i es  of the  two calculat ion methods 
t u  predict the  magnitude of such  perturbations. 
T h e  transport-theory resu l t s  were in rather good 
agreement with t h e  experiment, whereas  t h e  dif- 
fusion theory was  far less accura te  in  its pre- 
dict ions s 

PART 4. RADIOCHEMICAL PLANT 

4.1 Radiochemical-Plant Safety Studies 

The hazards  a s s o c i a t e d  with a large radiochemi- 
cal plant  were evaluated in  a publ ished report. 
One of the critical assumptions i n  t h i s  report w a s  
the  character izat ion of aerosols  formed by f i res  
and explos ions .  Since l i t t le  experimental work 
h a s  been done in  t h i s  a rea ,  a n  experimental 
program involving the  combustion of organic 
so lvents  has been ini t ia ted.  

PART 5. NUCLEAR SAFETY INFORMATION 

5.1. Nuclear Safety Information Center 

T h e  Nuclear  Safety Information Center  h a s  col-  
lected,  evaluated,  and s tored  over 2500 s o u r c e s  
of information in its f i rs t  y e a r  of operation. T h o s e  
s o u r c e s  pertaining to t h e  containment of nuclear  
fac i l i t i es ,  over 1300, were s e l e c t e d  t o  form a 
miniature information center  exhibi t  for the  Third 
International Conference on t h e  Peacefu l  U s e s  
of Atomic Energy a t  Geneva,  Switzerland, August 
31 through September 9, 1964. During t h e  report 
period, t h e  Center  receivcd and answered 31 
s p e c i f i c  reques ts  for information and consul ted 
with 16 vis i tors .  

5.2 Technical Progress Review 

During t h e  pas t  s ix  months, two i s s u e s  of t h e  
technica l  progress  review Nuclear  Safety were 
prepared. 
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1.1 Release and Transport of. 
Products in the Confinement Moc 

G. W. Parker  
R. A.  Lorenz 
G .  E. Creek 

‘The ORNL Hot-Cell Confinenleilt Mockup Fac i l i ty  
(CMF) h a s  been descr ibed in previous reports. 
T h e  advantages  of an integrated r e l e a s e  experi-  
mental device ,  of which t h e  C:MF is t h e  f i rs t  of a 
ser ies , ’  a r e  mainly assoc ia ted  with the  study of 
pos t - re lease  f iss ion product transport and deposi-  
t ion.  11 appears  that af ter  m o s t  of the  parameters 
of the  UO, f iss ion product re lease  h a v e  been 
somewhat roughly evaluated,  tho remaining un- 
cer ta in t ies  of grea tes t  s ign i f icance  a r e  in  the  
parameters controlling the  transport. p rocess ,  
e s p e c i a l l y  those  of iodine. The fact  tha t  the  
CMF’ tcink is constructed of s t a i n l e s s  s t e e l  sug-  
g e s t s  tha t  i t  might s imulate  the primary reactor 
or pres:jute v e s s e l ;  in  fact ,  i t  merely represents  a 
comproinise between what is experimentally ex-- 
pedient and -what would be  more rea l i s t ic .  Sui table  
provisions have  been made to eva lua te  the  probable 
differences between this  small  s t a i n l e s s  s t e e l  
sys tem and a large heterogeneous confinement 
building; however, extrapolation of t h e  transport 
and deposi t ion d a t a  to ac tua l  reactor environment 
will be more eas i ly  accomplished in  the  1350-ft3 
Nudeai: Safety P i l o t  P l a n t  faci l i ty  a t  ORNL and 
in the 33,O(1O-it.~ Containment Systems Experiment 
a t  t h e  Hanford laboratories. T h e  flexibility of 
the  ChIF wil l  permit t h e  subst i tut ion of s e v e r a l  

1 

‘G. W. Parker et a l . ,  N u c l .  S a f e t y  Program Semianrl. 
Pro&. R e p t .  J L I I I ~  30, 1963, ORNL-3483, p. 33;  N u c l .  
S a f e f y  Program Semiatin. Pro&. Rept. Dec. 31,  1963, 

W. El. Cottrell  et  af., ”U.S. Experience on the Re- 
l e a s e  and Transport  of F i s s ion  Products Within Cun- 
lainment Sys tem Under Simulated and Actual Reactor 
Accident Conditions,” paper to be presented a t  the  
Thi rd  International Conference on Peaceful  U s e s  of 
Atomic Energy, Geneva,  1964. 

ORNL-3547, p. 3.  
2 

1. G. Wilhelm 
W .  J .  Martin 
C.  J. Barton 

al ternate  confinement v e s s e l  types and mater ia ls ,  
including a s imulant  of a primary vesse l .  

Recent  modifications of the CMF me indicated 
i n  Fig.  1.1. Significant changes  include t h e  pro- 
vision for operating with air or s team pressures  
up  to 30 psig.  B e s i d e s  having to  improve the s e a l  
qual i ty  at a l l  connect ions and entry points ,  t h i s  
provision required double valvinp, for sa fe ty  reasons 
and the instal la t ion of pressure-type letdown va lves  
for re leas ing  gas s t reams to tes t  equipment.. 
Operation with s team pressure is simplified by 
deferring sample  removal unt i l  the  temperature 
of ?.he kink (and i t s  conten ts )  h a s  dropped s i g -  
nificantly and most of t h e  water vapor which 
would complicate  sampling bas condensed.  Added 
1.0 t h e  faci l i ty  are: (1) a more elaborate  filter 
pack (May pack), (2) a condensat ion nuclei  
counter ,  (3) a hea ted  ca ta ly t ic  burner to convert 
organic forms of iodine to  free iodine,  and (4) an  
aerodynamic par t ic le  separator ,  commercially known 
iis an Andersen sampler. New arrangements for 
measuring deposi t ion r a t e s  in the confinement 
tank and for sampling t h e  tank aerosol  a r e  dis- 
c u s s e d  e l sewhere  in  t h i s  report. 

In t.he following s e c t i o n s ,  five experiments 
performed in air in  t h e  CMF are d iscussed .  T h e s e  
represent  four different sets of coriditions; rutis 
A and H a r e  dupl icates .  T h e s e  two runs (A and B) 
were conducted with tracer-level-irradiated UO 2 .  

Run C w a s  t h e  f i rs t  of the  high-burnup UO, mel t s ,  
and run D w a s  a n  13’I-tracer simulation run using 

3 
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unirradiated UO,. 
t racer  r u n  under 15 p s i g  air pressure.  

Run E w a s  a s t ra ight  '."I- 

FISSION PRODUCT RELEASE FROM MELTING 
TRACE-LEVEL-IRRADIATED 110, 

Two experiments  on melting trace-level-irradiated 
s ta in less -s tee l -c lad  UO, i n  the  CMF have  been 
completed. T h e  UO, w a s  melted over a period of 
severa l  minutes while a s t ream of a i r  flowing at  
3 liters/'min w a s  p a s s e d  over the crucible  t o  t rans-  
port the smoke and volat i le  f iss ion products into 
t h e  s t a i n l e s s  s t e e l  confinement tank. T h e  two 
experiments  differed only in that  one had  a por- 
tion of unfiltered cell air ,  approximately 25% of 
the  tank volume, accidental ly  added to the tank 
after melting of t h e  fuel w a s  completed. T h i s  
difference in the  condi t ions of the two experiments  
had  a r-+ignificant effect  on t h e  chemical  Eorm of 

the  released radioiodine. T h e  proportion of pen-  
e t ra t ing forms (possibly organic iodine compounds) 
w a s  increased  by a factor of approximately 10. 
T h i s  w a s  t h e  ratio bctween the  amounts of iodine 
found to  penetrate  a 11/-in. charcoal  bed (ORR 
spec i f ica t ions)  in  t h e s e  t e s t s .  Data  on iodine 
behavior, total f iss ion product r e l e a s e  from the  
UO,, and the  amount of e a c h  f iss ion product 
deposi ted during a 3-hr ag ing  period in the  con- 
finement tank are summarized in T a b l e  1.11. 

It is interest ing that  the  rate  of removal of 
radioactivity from t h e  aerosol was low in t h e s e  
experiments, which s u g g e s t s  tha t  the part ic les  
remained too small  t o  depos i t  rapidly. Analyses  
o f  the  diffusion tube,  of t h e  absolu te  filter, and  of 
t h e  charcoal  bed showed that  approximately equal 
parts of par t iculate  and molecular iodine were 
present  in  t h e  confinement tank at t h e  end of t h e  
3-hr period. The amount of  iodine in a penetrat ing 
(organic) form was  only a fraction of ei ther  form 
and varied between t h e  run:;. 

h Table 1.1. Distribution of UO, Aerosol and F i s s i o n  Products from UO," Melted in Air  

Distribution (a of inventory) 

A B C A B C A E3 c C 

Iodine Tellurium Ce siium Plutonium 
. _ _  . ..-... 

Tota l  re lease  84 64 91 1 2  12  55 29 37 

Hot-zone deposition' 6.3 11 0.4 3.3 1.9 2.5 3.2 16 

T o t a l  in aerosol tank 47 24 25 3.1 3.4 46 20 9.3 

Activity remaining 31 30 62 3.3 6.5 6.2 5.7 13 
airborne after 3 hr 

Amoirnt of iodine in 3.7 0.4 0.3 
penetrating form 

Iodine loss  through 1.3 0.1 0.01 
1.5 in. of charcoal 

. .. . ~... ..... . . . . . ..._____....... ______ .......... 

37 0.005 

6.2 0.0005 

14 0.004 

16  0.0001 

"Runs A and B were made with tracer-level-irradiated U 0 2 .  Run C w a s  made with 20 g of stainless-steel-clad UO, 

'Run A w a s  performed with filtered air diluted by -25% wi th  unfiltered air. Runs I3 and C were performed with 

cTemperature in the "hot zone" varied from an undetermined value c lose  to t-hat of the fuel to approximately room 

irradiated to 7000 Mwd/ton. 

a i r  entirely filtered by absolute fi l ters and a charcoal bed. 

Ce triperii ture . 



6 

FISSION PRODUCT RELEASE FROM 
HIGHLY IRRADIATED UO, 

Comparison of Release Behavior from 
Tracei-hevbl-lrradioted UO, with That 

zirconia crucible  with a i r  flowing a t  18 fpm), only 
5 x of both Pu and UO, vaporized; iilost of 
t h i s  vaporized fraction deposi ted iapidly in  the 
confinement tank. 

Data obtained by sampling the confined aerosol  
from High- Burn up- Level Fuel a t  intervals  showed a rapid reduction from the 

T h e  initia! meltdown of highly irradiated (7000 
Mwd/ton) U 0 2  was  performed in ambient a i r  in 
the  CMF. T h i s  experiment w a s  of s p e c i a l  in te res t  
s i n c e  i t  provided t h e  first opportunity to  compare 
f iss ion product re lease  va lues  from fuel  irradiated 
to a rea l i s t ic  level  with the  resul ts  of tracer-level 
experiments. ‘Total re lease  values ,  a s  expected,  
were not markedly differerii  except  in the  c a s e  of 
tellurium, which increased from about 12 t o  55%. 
T h e  total  re lease  da ta  a r e  summarized for th i s  
experiment in ‘Table 1.1,  and more  detai led da ta  

calculated ini t ia l  concentration of f iss ion products 
i n  the  tank to  that  in the first sample,ivhich w a s  
drawn 10 miii af ter  melting. Iodine concentration 
dropped f rom 91 to 10%; cesium dropped from 35 t o  
19%; and tellurium dropped from 53 to 7%. Evidence 
of probable deposition of a l l  three f iss ion products 
in the  sampling tubes w a s  observed. In addition, 
i t  was fourid that  about 73% of the  iodine tha t  
deposi ted on the  wal l s  of the  confinement tank 
w a s  desorbed by pass ing  1.5 tank volumes of 
argon (270 l i te rs )  through the  tank.  

ate given in Table  1 .2 .  
The r e l e a s e  of plutonium w a s  in good agreement 

with previous es t imates  that i t s  volatility would 
correspond t o  that  of UO,. Under the  conditions A condensat ion nuclei  counter (supplied by 
of  inelting (20 g of s ta in less -s tee l -c lad  UO, in a Gardner Instrument Co.), which is a light-scattering 

Sotol Nuclei  Count in the Aerosol 

Tnble 1.2. Distribution o f  f i s s i o n  Products Released from High-Rurnup (SO00 Mwil/ton) Uo2 (Run C) 
_____ 

Release  a s  Percent  of Tota l  in Saliiplc 

Iodine Cesium Telliirium Rutheninn Plutonium Strontium Gross Gamma 
- - _____ Location 

Furnace tube 0.4 6.2 2.5 0.0006 0.000G 0.001 0.03 

Aerosol tank 25.2 13.9 46.3 0.001 0.004 0.007 0.5 

Fil ter pack: 

Roughing filter 3.4 16.5 6.2 0.0008 0.0001 0.002 0.004 

Absolute filter 0.5 0.04 0.008 0.0 0003 

Copper screens 52.7 

Charcoal paper 4. I 

1s t  charcoal 4.4 

2d charcoal 0.07 

3d charcoal 0.01 

4th charcoal 0.002 

5th charcoal 0.0005 

2d absolute 0.00003 

2d copper screens  0.000005 

Visc backup 0.002 
- -  I__ - - ~~ ~~ 



ion-chamber device  with a maximum scale reading  
of l o 7  nuclei/cm3, was  employed to  follow the  
tapid change  in the total  nuc le i  concentration 
re leased  in the  preceding tes t .  Agglomeration of 
sma l l  par t ic les  is one  of the  p rocesses  expected 
to  influence the  deposit ion of activity from the  
tank aerosol.  In F ig .  1.2, a comparison of the  
number of par t ic les  is given, as  well  a s  the  relat ive 
quantity ot fi l terable act ivi ty  in the  aerosol.  T h e  
rapid agglomeration rate (which can be extrapolated 
to appro’ximately 10’ nuc le i /cm3 a t  r e l ease  time) 
dropped from about l o 7  to 10’ in 15 min and then 
decreased  slowly to lo4 nuclei/cm3. The  total  
amount of fi l terable act ivi ty  in the gas  samples  
removed during t h i s  period (with the  fan operating 
1 min before each  sample)  did not change appreci-  
ably over t he  first  3-hr period. T h i s  sugges t s  
that  while the  nuclei  did increase  in s i z e ,  growth 
w a s  terminated by a reduction in concentration of 
par t ic les  so  that deposit ion w a s  not appreciably 
enhanced. 

w 
:: 

2 

IO* I  ..... !-.-I I-.! .......... I ......... .i 
li 56 92 1.16 176 216 2516 316 

TIME A F  Kti MELrlNG [ u,ini 

Fig.  1.2. Comparison of Nucle i  Concentration and 

Part iculate Aerosol Activi ty  from High-Burnup UOz. 

F iss ion Products Remaining Airborne as  a 
Function of Time 

Radiochemical  da t a  obtained from samples  of 
the  aerosol in  the confinement tank during the 
preceding t e s t  with the 7OW-Mwd/ton UO, were 
supplemented by da ta  at two additional ca lcu la ted  
points: activity at the ini t ia l  (zero) time and 
act ivi ty  a t  f inal  (300 min) t i m e .  T h e  ini t ia l  value 
is based  on knowledge of the  total  amount re leased  
( a l l  of which was  ini t ia l ly  airborne), and the  final 
value is based  an knowledge of the amount dis-  
placed by the  argon gas sweep.  Some unexplained 
variations a re  noted in the  da ta  shown in F ig .  1.3, 
such  as a peak in the  iodine curve at  the third 
point and an  apparent increase  in  the  concentration 
of cesium and tellurium a t  the ca lcu la ted  end  
point. Th i s  la t ter  condition i s  very l ikely due to 
deposit ion of the  aerosol  ac t iv i t i e s  (cesium and 
tellurium) in  the sample l i nes .  T h e  most p l eas ing  
a spec l  of the da ta  in Tab le  1.3 and in F ig .  1.3 is 

0 400 200 300 

T I M E  ( m i n  j 

Fig.  1.3. Concentration of Airborne Fission Prod- 
ucts as  a Function of Time After Melting. 



8 

Table  1.3. Percent o f  Total Fission product Inventory i n  the Aerosol as  a Function o f  T ime After Mel t ing 

......... ~ ~~ -........ . . . . .___ _- .~ 

Tiine After Melting 
(min) Iodine Cesium Tellurium Ruthenium 

0;" 91 30 53 0.002 

1 0  11 12 5 0.001 

25 21 15 I 0.001 

55 5 12 5 0.0008 

115 6 10 3 0.0008 

118 11 11 3 0.001 

300b 72 19 7 0.001 

~ ~ __ __ ~ 

aCalculated from total  amount released to the confinemelit vessel. 
bCaIculated from total  amount airborne to collecting filter-absorber .;ystern. 

~ 

Plutonium 
- - 

0.005 

0.010 

0.004 

0.004 

0.008 

0.010 

0.0003 

Strontium 

0.01 

0.00 1 

0.002 

0.001 

0.001 

0.0008 

0.002 

the  very low re lease  of strontium, Pluto-- 
nium, and ruthenium. 

T h e  c o s t  of tes t ing  large confinement t e s t  faci l i -  
t i e s  with real  f iss ion product mixtures re leased by 
melting highly irradiated fuel i s  very high; there-  
fore development of a well-characterized ' 3 1 1  
simulant  which gives  rea l i s t ic  behavior i s  one of 
t h e  present  object ives  of the  CMF' program. 

In one experiment (run D) a n  attempt w a s  made 
t o  produce a real.istic UO, aerosol  with added 
t racer  1 3 1 1 .  A sample  of carefully prepared molec- 
ular iodine having a known quantity of carr ier  
iodine,  in addition t o  severa l  millicuries of I 3 ' I ,  

was s e a l e d  in a '/-in. length of a f:6-in.-diam 
quartz  ampul. T h e  ampul w a s  placed in the  melt ing 
crucible  under a layer  of insulat ing ZrO powder, 
in  a n  effort to  delay the  heat ing of the  quartz  
unt i l  af ter  some UO, had melted and unt i l  some U 0 2  
vapor w a s  enter ing the  tank. However, premature 
r e l e a s e  of iodine occurred in t h i s  experiment, so 
that  melting of the  specimen cladding and of t h e  

2 

2 

UO, occurred af ter  the iodine vapor had entered 
the  containment tank. 

Comparison of resu l t s  of three experiments us ing  
irradiated fuel with d a t a  obtained in  run D (Table 
1.4) indicates  that  the  UO, meltdown with simu- 
la ted  f i ss ion  product iodine w a s  reasonably suc-  
c e s s f u l  in  dupl icat ing the  aerosol  from t h e  
irradiated (7000 Mwd/ton) fuel. hut that  the iodine 
behavior here  differed from t h a t  i n  the low iodine 
concentration e s p e r i m m t s .  T h e  amount of iodine 
penetrat ing the 1 $-in.-thick charcoal  bed (f i rs t  
two charcoal  t raps)  w a s  lower i n  the higher iodine 
concentration runs, C and D. The  proportion of 
iodine i n  one par t ic le-s ize  range (18 t o  22 A) w a s  
low i n  the s imulat ion run; i t  possibly would have 
been higher i f  vaporization of the iodine and UO, 
had occwred simultaneously as planncd. De- 
sorption da ta  obtained in t h e s e  experiments and 
information on distribution of iodine among differ- 
ent  forms are d i s c u s s e d  la te r  in t h i s  report. An 
interest ing observat ion made i n  t h i s  run w a s  that 
the  copper s c r e e n s  apparently were deac t iva ted  by 
some foreign material and t h u s  permitted most of 
the  iodine to  p a s s  through them t o  the charcoal  
paper and beds. Diffusion tube d a t a  (Figs .  1.34 
1.35) indicate  c lear ly  that  the  iodine form and 
proportions were quite s imilar  to  those  shown in 
F igs .  1.29. 1.30, and 1.31 for run C. 
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Table  1.4. Deposition and Transport of Iodine i n  Uo2 Fuel Meltdown Testsa 

Inventory in Each Location (% of iodine) 

A B C D 
Location of Iodine __I__.._ 

_____.._ ___- 

Tcltal re lease  83.8 63.8 90.9 92.1 

Hot  zone 

Aerosol tank 

Filter p a r k  

Roughing Olter 

Absolute fi l ter  

Silver-copper screens  

Charcoal paper 

1 s t  charcoal 

2d charcoal 

3d charcoal 

4th charcoal 

5th charcoal 

2d absolute fi l ter  

2d copper sc reens  

6.3 

47.5 

15.7 

0.3 

4.8 b 

10.6 

23.8 

15.1 

0.3 

8.1 

0.4 

25.2 

3.4 

0.5 

49.4 

4.1 

5.5 3.0 4.4 

2.3 0.2 0.07 

0.6 0.02 0.01 

0.3 0.003 0.002 

0.0005 

0.0 0003 0.00005 0 

0.0002 0 0.000005 

0.4 

34.2 

0.84 

0.24 

2.0 

14.7 

39.2 

0.18 

0.02 

0.005 

0.002 

0.00003 

0.0002 

Cold trap backup 0.26 0.04 0.0002 0.0001 
_______ ~ 

"Runs A and B were with trace-irradiated UO,. 

2' Run C was  performed with irradiated (7000 Mwd/ton) UO 
Run D was  a 1 3 1 1  tracer simulant re leased  by melting unirradiated UO,. 

'In run A, bronze screens  were used. They were later found to  be less efficient than copper screens ,  which were 
used  in  subsequent runs. 

ADSORPTION AND DESORPTION OF 

MOCKUP FACILITY 
RA~DIOIODINE IN THE CONTAINMENT 

The s igni f icance  of t he  reported' high degree of 
desorption or resuspens ion  of radioiodine adsorbed 
on the s t a i n l e s s  s t e e l  wa l l s  of the Containment 
Mockup Fac i l i t y  (CMF) could not be determined 
from the r e su l t s  obtained i n  the  f i rs t  t e s t s .  Other 
experiments have  been conducted or planned in an 
effort to determine the  fraction of f i ss ion  product 

3G. W, Parker et al., "Properties of Aerosols Re- 
leased  from Overheated Reactor Fuels," Oak Ridge 
National Laboratory Status and Progress Report, April 
1964,  ORNL-3628, pp. 15-16. 

iodine (adsorbed on  metal  su r f aces )  that  might 
become airborne under real is t ic  reactor acc ident  
conditions.  

In reported s tud ie s  conducted in  the  United 
Kingdom4 on the behavior of iodine in containment 
v e s s e l s ,  the  concentration of airborne iodine was  
reduced by about two orders of magnitude with a 
wide range of iodine concentrations.  There  were, 
however, s eve ra l  important differences between 
the  U K  experiments and those  at ORNL, bes ides  
the  la rge  scale of the former which involved the  
containment facilities of the  Dido and Pluto re- 
actors .  These  differences included u s e  of wall  

'W. J. Megaw and F. G. May, J .  Nucl .  Energy: P f .  
A & B 16, 427-36 (1962). 
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mater ia ls  s u c h  as polyvinyl chloi ide s h e e t ,  paint ,  
and concrete  in  the  UK experiments  in cont ias t  
to  c l e a n  s t a i n l e s s  s t e e l  used  in t h e  CMF. T h e  
UK method of iodine re lease  involved only oxidized 
radioiodine tracer with the des i red  amount of 
carr ier ,  while  i n  the ORNL experiments  a n  attetilpt 
w a s  made t o  present  a more rea l i s t ic  sys tem by 
re leas ing  iodine only in  the presence of simul- 
taneously melted UO,. Therefore, there was 
a lways  a n  accompanying aerosol  of fuel e lement  
components i n  the  CMF tank atmosphere. T h i s  
factor may have  contributed t o  iodine desorption. 
T h e  experiment descr ibed i n  t h e  following sec t ion  
w a s  performed in an effort t o  eva lua te  the  e f fec t  
of the  UO, aero, col on iodine behavior. 

Conditions sf the Plate-Out Experiment in the 
CMF Simulating UK Experimental Conditions 

In order to observe the behavior of iodine i n  the  
CMP' under condi t ions s imilar  t o  those  that pre- 
vai led in  the  Dido and Plu to  experiments, except  
for the unavoidable difference i n  tank wall matei ia l  
mentioned above,  an experiment w a s  conducted in 
t h e  CMF u s i n g  oxidized 13'1 with carrier iodine 
(2 mg/m3 level). The containment tank w a s  a l s o  
pressurized to 15 psig,  i n  order t o  provide a means 
of removing a fraction of the  g a s  content of t h e  
tank which would more nearly represent  acc ident  
condi t ions than w a s  poss ib le  in  the  previous 
experiments. 

T h e  condi t ions and sampling s e q u e n c e s  descr ibed 
in thc following paragraphs were e z p l o y e d  i n  th i s  
experiment. 

Source. - T h e  source w a s  SO m c  of 1 3 1 1  as  I,, 
with 350 pg of 

Method of Introduction. - A liquid-nitrogen- 
cooled ampul containing the source was broken 
open and dropped into a quartz  furnace tube. 
Volatilization was  accomplished in  l e s s  than 1 min 
by u s e  of a g a s  torch t o  hea t  the  quartz tube and 
ampul while a i r  flowed through the tube to carry 
the iodine i n t o  the containment tank. 

Atmosphere, --- Air a t  ambient re la t ive humidity 
(-60%) and a t  15 ps ig  w a s  used. Half of the a i r  
w a s  filtered; the  other half w a s  unfiltered. 

Mixing. - T h e  tank fan w a s  operated for only 
about  2 min a t  the time of addition of t h e  iodine 
to  the containment tank. T h i s  was  apparently 
suff ic ient  t o  produce a homogeneous sys tem,  as 
w a s  indicated by the  ionizat ion chamber ad jacent  
to  t h e  tank. 

7 I  carrier. 

Plate-Out Cycle. - Approximately 4 hr w a s  
allowed for plate-out deposi t ion.  

Deposition Samples. .- A new technique was 
employed in t h i s  experiment t o  obtain plate-out 
samples .  Cylindrical spec imens  '4 in. by 0.8 in. 
long were inser ted horizontally in the tank and re- 
inoved a t  the  following intervals  after transfer of 
iodine t o  the  tank: 6, 14,  34,  74, 134,  and 214 n i n .  

Plate-Out Cycle .  - Six g a s  
samples  were removed from the  tank a t  the  samc 
time that  the  deposi t ion samples  were taken.  
Th?se were taken by inser t ing a hollow needle  
through a rubber membrane and filtering a measured 
volume of tank air  through an absolu te  filter and a 
charcoal  trap. 

2, Pressure Rclcsse. ..- Star t ing a t  15 psig,  the  
tank air  w a s  re leased  through a s t a i n l e s s  s t e e l  
control valve and a filter pack at a ra te  of 3 
liters/min for 1 hr. At the end of th i s  period a 
residual  pos i t ive  pressure of 2'4 p s i  remained. 

3. Wet Contactor Sampling. - A final sampling 
of the remaining g a s  a t  a pressure of 2 4 ps i  w a s  
conducted by u s e  of a wet scrubber or contactor  
method descr ibed in another sect ioi i  of th i s  report. 

4 .  Argon Sweeping. - After the air in  the con- 
tainment tank reached atmospheric pressure,  a new 
filter pack and a d i f h s i o n  tube were ins ta l led ,  and 
234 tank volumes of argon were p a s s e d  through the 
tank to  d isp lace  most of the  remaining airborne 
iodine and t o  remove e a s i l y  desorbed iodine from 
the  wall of t h e  tank. 
5. Air  Sweeping.  --- Fina l ly ,  2'4 tank volumes of 

air were  p a s s e d  through the  tank and through a 
separa te  filter pack and diffusion tube. 

Instrumentation, - The iodine .activity in  the  
containment tank (' 'I gamma) was observed and 
recorded continuously. E a c h  of the three filter 
packs  w a s  monitored separately,  and the total 
act ivi ty  w a s  a l s o  recorded continuously. 

Gas Sampling. - 1.  

1 

Results o f  the Simulated Experiment 

T h e  complete record of t h e  experiment i s  shown 
in Fig.  1.4. From th is  s e r i e s  of graphs i t  i s  
apparent  that  most of the iodine deposi ted during 
the 4-hr period and tha t  r e l e a s e  of air pressure of 
12.5 ps i  removed only a smal l  fraction of the 
iodine (2.8%). The  argon s w e e p  removed a some- 
what larger fraction (7.0%), and the air sweep  r e -  
moved an additional 2.9%. About '7% wa.s removed 
in various plate-out samples .  Including the la t ter  
amount, 86% of the iodine remained adsorbed on 
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TIME AFTER INTKCDUCTION OF I ' " - T R A C E R  I I  hours 

Fig.  1.4. Rate of Iodine Deposition and Transfer to Fi l ter  Pocks  During Release of Air  Pressure  and Sweeping 

with Argion and Air. 

T a b l e  1.5. Comparison o f  the Behaviar of Iodine from LBO2 Fuel Meltdown Tests" with That o f  

Trocer Iodine i n  the  Absence of Vaporized U 0 2  

Percentage of Iodine Inventory ..... ....... __ 
Iodine Disposition Low Iodine Concentration High Iodine Concentration 

. I_..-.__ __ 
A B C D E 

__I ~. 

Total release from fuel 83.8 63.8 90.9 91.6 100 

Amount deposited in furnace chimney 6.3 10.6 0.4 0.4 0 

Total on aerosol tank wall after 2-hr aging 46.5 23.8 2.5.2 34.2 86 
snd 2.5dir gas sweep period 

Amount airborne and desorbed from tank wall 31.0 20.6 6 0.4 57.0 13 
during 2.5-hr gas sweep period 

3.7 0.4 10. 3 0.5 a3 h Amount i n  penetrating form 

Loss through 1.5-in. charcoal bedC 1.3 0.14 0.03 0.03 0.003 

........................... . _I-__ ____..__ 

"Run A - trace-irradiated U 0 2  (approx 1 pg  I) with 20% unfiltered air ("-'5 pg 1 per m3). 
Run I3 - trace-irradiated UO, (approx 1 pg  I) with 100%, filtered air ( - 5  /& I per m3). 
Run C - 700U-Mwd/ton U02 i 2 0  g UOz,  approx 400 /Lg I) with filtered air ("'3 trig I per m'). 
Run D - tracer I 3 ' I  simulation with approx 200 fLg I and with filtered air (-1.5 m g  I per m3). 
Run E - tracer 131[ in filtered air without vaporized lJog. 

'Determined from distribution of iodine activity in charcoal beds after removal of elemental iodine. 

cThis is a part of the penetrating iodine activity. 
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the  tank wal l s  after more than 20  hr. Iodine be- 
havior i t1  t h i s  experiment is compared in Table  1.5 
with that  observed in  experiments  in which U 0 2  
w a s  vaporized. 

VeEocity of Deposition of ladine on 
Stainless Steel in  Air 

The rate of deposi t ion on the tank wall w a s  
determined from the  change in iodine concen- 
tration in the tank air  as a function of t h e ,  
according to  the  ana lys i s  of the s i x  gas  samples .  
A plot (Fig.  1.5) of these  s i x  points  and the 
ini t ia l  ‘‘zero time” point, which w a s  calculated 
from the  total  iodine d isp laced ,  as  well as  that  
adsorbed in  the  tank, showed that  very rapid plate-  
out of 60% of the  iodine apparently occurred before 
the  f i i s t  sample was removed (6 min after addition 
of iodine t o  the tank). T h e  deposi t ion velocity 
(the rat io  of surface deposi t ion rate  to  the  aerosol  
concentration) calculated for th i s  interval  w a s  
1.9 x l o p 2  cm/sec which i s  equivalent  t o  a half- 
time of about 5 min. After 6 min the d a t a  show a 
change t o  a s lower proccss  and t o  a cons tan t  ra te  
of deposi t ion for t h e  next 2 hr that was almost  a 
factor  of 1 0  lower (2.2 x cm/sec)  than t h e  
ini t ia l  rate. T h i s  corresponds to  a half-time of 
nearly 45 min. T h e  f inal  sample  in  the s e r i e s  
indicated a further reduction i n  deposi t ion velocity 
to  5.5 x l o d 4  cm/sec and a half-time of severa l  
hours. 

In a previous experiment approximately half of 
the  iodine deposi ted in the  sampling l ines ,  but in  
th i s  experiment the l i n e s  were considerably 
shortened in order t o  reduce t h i s  effect. 

Fig.  1.5. Rate of Deposit ion d lodine in  the CMF 
Confinement Tank (Run E), 

T h e  ini t ia l  very short  half-time for iodine 
deposi t ion (5 min) is i n  agreeiiient with that  ob- 
se rved  in t h e  P lu to  experiment (20 t o  30 min) 
when al lowance is made for the difference in  
surface-to-volume ratio in the two experiments  
(2.8 f t2 / f t3  in the CMF and 0.12 f tZ/ f t3  in  Pluto). 
Since the  rapid deposi t ion process  s topped a t  the  
end of 6 m i n ,  i t  brings to  a t tent ion the  question of 
the importance of the  IISF: of the  fan and l e a d s  
to  speculat ion as to whether the plate-out process  
w a s  ini t ia l ly  enhanced by turbulence produced by 
the fan. 

Amount of Airborne Iodine in  the Containment 
Vessel a t  the End of the 6-hr A3ing Period 

A comparison of t h e  amounts of iodine removed 
by e a c h  of the  pressure r e l e a s e  and sweep c y c l e s  
is shown in T a b l e  1.6. It is poss ib le  t o  es t imate  
from t h e s e  va lues  the  proportion that  w a s  lef t  
airborne as well  a s  t h e  amount adsorbed. 

The  arnouiit d i sp laced  in  reducing the pressure 
from 15 to 2.5 ps i  w a s  2.8%. Corrccting t h i s  value 
to 0 p s i g  and multiplying by 2 g ives  a value  of 
6.8% for airbornc iodine. Subtracting t h i s  figlire 
from that  for the  total  displaced iodine, 12.7%, 
l e a v e s  5.9% as the amount desorbed. An adequate 
explanat ion for the sinall amount of iodine desorbed 
in  t h i s  experiment as  compared to the large fraction 
of iodine desorbed i n  previous experiments (Table  
1.1) cannot  be offered at t h e  present  t i m e .  IIow- 
ever ,  a s  w a s  mentioned e l sewhere  in th i s  report, 
the  principal difference in  experimental condi t ions 
seems to be the  a b s e n c e  of small  par t ic les  froin 
vaporized UO, in  the p iesent  experiment. 

CMF 6 5 s  Sampling w i t h  an Evacuated Bulb and 
Injection Needle Technique 

One problem cncountered in previous at tempts  
to  sample g a s  in the  CMF tank was  the difficulty 
of obtaining representat ive samples  through con- 
nect ing tubes  without a n  uncertain or indetermi- 
n a t e  amouiil of deposition in  t h e  tubes  and valves .  
A g a s  bulb, a filter pack,  and a needle  holder were 
arranged as shown in Fig. 1.6 to  t e s t  a vacuum- 
bulb, injection-needle technique. T h e  needle  
socket  w a s  cemented t o  the alnminum filter housing, 
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T a b l e  1.6. Summary of Iodine Displaced and Desorbed fram Containment Tank in Iodine Tracer 

Experiment ( R u n  E) 
-- -- ___. -. . . . . .... .. 

Collection Point and Time Percent  of Tota l  

Adsorbed on tank wall  during entire experiment 

1st fi l ter  compact during release of air  pressure 

Assoc ia ted  diffusion tubes  

2d filter compact during argon sweep 

Assoc ia ted  diffusion tube 

3d filter compact during air  sweep  

Assoc ia ted  diffusion tube 

Gas  samples Nos. 1 through 6 - 1st 4-hr ag ing  period 

Scrubber sys tem during re lease  of l a s t  2.5 psi  of air  pressure 

Plate-out samples  - 1st 4-hr aging period 

S ta in less  

Mild steel 

Pa in ted  s t e e l  

Backup charcoal traps (entire experiment) 

Letdown valve - 1st 4-hr aging period 

79.5 

2.8 

0.1 

7.0 

0.4 

2.8 

0.08 

0.1 

0.2 

0.1 

3.6 

2.4 

0.00004 

0.8 

and i t  w a s  made vacuum-tight by the  addition of a 
Teflon gasket .  

To obtain a g a s  sample,  the  bulb w a s  connected 
to  a f i l ter  pack and a t tached  needle  with heavy 
pressure tubing. A gas manometer w a s  a t tached  t o  
a s i d e  tee ,  the needle  w a s  pushed through a 
spec ia l  rubber diaphragm, and the bulb w a s  then 
evacuated.  After c los ing  a s topcock  between t h e  
bulb and the  vacuum sys tem,  a smal l  s t a i n l e s s  
stecl valve o n  the  tank w a s  opened to  a l low the  
pr txsu i ized  g a s  in  t h e  tank to flow into t h e  bulb 
until the pressure  reached 1 atm. T h e  needle  w a s  
then withdrawn, and the total  iodine i n  the sample  
w a s  determined by measuring t h e  gamma act ivi ty  
of the needle ,  the  f i l ter ,  and t h e  charcoal  with a 
gamma spectrometer. It w a s  noted that the amount  
of iodine that  w a s  held up in  the  needle  w a s  qui te  
var iable ,  ranging from l e s s  than 1% of the total  
sample to  a maximum of 16%. T h e  sampling w a s  
apparently much more cons is ten t  than had been 

obtained previously, and the  amount deposi ted i n  
t h e  needle  w a s  not considered excess ive .  

Rote of Uptake of lodine by Typical Reactor 
Con sttuct ion Materia I s  

Several  inves t iga t ions  have es tab l i shed  t h e  
importance of surface composition on  r a t e s  of 
deposi t ion of iodine in  reactor containment 
buildings. Since t h e  tank of t h e  CMF is made of 
s ta in!ess  s t e e l ,  which is typical  only of reactor 
pressure-vessel  material, i t  w a s  of in te res t  to 
develop and t e s t  a method of comparing some 
mater ia ls  with s t a i n l e s s  s t e e l  in  the  CMF. 
Deposition samplers  employing pressure-tight 
Teflon and neoprene O-ring s e a l s ,  shown i n  Fig. 
1.7, were designed and instal led in  t h e  contain- 
ment tank of t h e  CMF. Small cyl indrical  speci- 
mens in. in  diameter  and 0.8 in. long con- 
nected by i-in.-diam segmented rods c a n  be  
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UNCLASSIFIED 
PHOTO 66069 

Fig. 1.6. Iniection-Needle Gas Sampler. 

the  tank atmosphere after des i red  
intervals  of exposure.  

Three samplers  of t h i s  type  were used  in the 
tracer * 311 plate-out s tudy  described above with 
samples  of s l ight ly  rusted mild steel, alkyd- 
enamel-painted steel, and polished s t a i n l e s s  steel. 
The  samples  were t e s t ed  once to measure uni- 
formity of exposure under typical operating condi- 
t ions  and  were found to  be sa t i s fac tory  in  t h i s  
respect.  

The  three sample rods  were completely inser ted  
into the  tank a t  the s t a r t  of the  experiment, and 
one sample of e a c h  type w a s  withdrawn at se l ec t ed  
sampling intervals ,  s t a r t i ng  6 min after introduction 
of iodine. 

e d  in F ig .  1.8 show a 
s t r ik ing  difference between s t a i n l e s s  steel and the  
other two materials. The rusty steel was  sl 
more reactive to iodine than the  fresh alkyd 
and both were almost 20  t imes  as adsorptive as the  
polished s t a i n l e s s  steel. T h e  amount of iodine 
adsorbed by the small amount of sur face  exposed 
(Table 1.2) for the  reac t ive  materials s u g g e s t s  that  
a far fas ter  p rocess  for plate-out should be  ex- 
perienced with containment building mater ia l s  than 
w a s  observed with the s t a i n l e s s  s t e e l  vesse l .  

The deposit ion r e su l t s  p 

Conclusions from Experiments in the CMF 

T h i s  s e r i e s  of iodine r e l ease  t e s t s  h a s  not com- 
pletely clarified the anomalous iodine behavior 
which r e su l t s  i n  30 to 60% desorption by an inert- 
g a s  d isp lacement  of a i r  from the CMF. 

After duplicating more c lose ly  the  iodine release 
conditions used  in the  UK in experiments involving 
no UO, vapor, the  rapid deposit ion rate  character-  
istic of the former experiments was  observed. The 
iodine desorption p rocess  was  minimized, and 
relatively modest  desorption of only a few percent 
of the iodine occurred. N o  reason for the different 
behavior in the presence of UO, aerosol i s  
sugges ted .  Experiments  are continuing t o  aid in  
interpreting t h i s  behavior. 

T h e  s t r iking difference in  plate-out of more than 
20 to 30 t i m e s  as much iodine on t e s t  samples  of 
mild s t e e l  and of painted steel over that on 
s t a i n l e s s  s t e e l  confirms the importance of the  
materials of construction. Major differences (30% 
desorption) are shown between t race  l eve l  (6 pg  of 
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Fig. 1.7. Segmented Deposition Samplers Employed in  the CMF. 
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Fig.  1.8. Rates of Deposition of Iodine on Metal  and Painted Surfaces. 



I per m 3 )  (60% desorption) and at high-burnup release simulat ing an ac tua l  accidental  over- 
level  (2 mg/m3). More than twice the  total  g a s  pressurizat ion and leakage t o  atmosphere r e l eased  
sweep ing  i n  t h e  nonmeltdown experiment desorbed only 3% of t h e  total iodine f rom the  containment 
only 13% of the injected iodine. A pressure vesse l .  

1.2 Release of Fission Products 
Reactor Fuels Under Transient 

on In-Pile Melting of 
Reactor Conditions 

G. W. Parker  
C. E .  Miller, Jr. 

T h e  purpose of the ORNL fission-product-release 
experiments in  the A N L  TREAT faci l i ty  is to 
s tudy t h e  re lease  of f i ss ion  products from fuel 
during a reactor t ransient  in which the fuel mel ts  
rapidly as the  resul t  of a reactor transient.  T h e  
objec t ives  of t h i s  program are  t o  measure and 
interpret  the  re lease  of f i ss ion  products as a 
function of fuel type, c ladding,  atmosphere,  burnup, 
and t ransient  character is t ics .  

In t h e  f i rs t  two experiments,  previously unir- 
radiated s ta inless-s teel-clad uranium dioxide 
specimens were heated i n  an argon atmosphere.  
T h e s e  experiments s imulated the type of t ransient  
acc iden t  that  could occur with a c l ean  reactor 
core  where t h e  only f i ss ion  products ava i lab le  for 
r e l e a s e  a r e  those  formed during the transient.  

Two additional experiments were performed in  
t h i s  s e r i e s  that  employed s i m i l a r  specimens and 
procedures,  except  that  the specimens received 
a preliminary tracer-level irradiation to build up 
an inventory of f iss ion products and t h e  atmos- 
phere in both c a s e s  was  a mixture of air and 
steam. T h e s e  experiments simulated t ransient  
acc iden t s  with reactors  containing aged f i ss ion  
products in the p re sence  of an oxidizing air-steam 
atmosphere.  

Experiment01 Assembly 

T h e  experimental  equipment used for the  third 
and fourth experiments was  ident ical  to that used 

'G. W. Parker e t  al.,  Nucl. Safety Program Semiann. 
Progr. Rept. Dec. 31, 1963, ORNL-3547, pp. 25-42. 

R. A 
J. G. Wilhelm 

Lorenz 

with the f i r s t  two experiments,  except  for elimina- 
t ion of the vacuum tes t ing  gage and minor s t ruc-  
tural  changes i n s i d e  the fuel autoclave for with- 
s t and ing  the oxidizing atmosphere. A diagram of 
t h e  experimental  assembly is shown in F ig .  1.9. 
T h e  apparatus  was  composed of three intercon- 
nected parts:  a fuel autoclave,  a diffusion system 
tha t  included a flow regulator, and a second auto- 
c lave ,  ini t ia l ly  evacuated,  to  collect fi l tered g a s  

Table  1.7. Fuel  Specimen Characteristics 

Cladding 

Material 

Wall th ickness  
Inside diameter 
Pe l le t  end clearance 

UO, Fuel  

Specimen weight 

Density 

Diameter 
U 
23SU 

O/U ratio 
N 
C 
Fe + Zr + Ni + Cr 
W B  

Type 347 s t a in l e s s  s t ee l  

0.035 in. 
0.407 in. 
1/16 in. to ta l  

30.4 g (two pellets,  

10.39 g/cm3 (94.7% 
15.2 g each) 

of theoretical) 

0.405 in. 
86.2 wt 70 

10.1 wt '70 
c2.001 

50 PPm 
500 ppm 
800 ppm 
2.1% 

aImpurity introduced during fabrication. 
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1.9. F l o w  Diagram f o r  Experiments on 

Release of F i s s i o n  Products on In-Pile 

Melting o f  Reactor F u e l s  Under Transient  

Reactor Condit ions.  

F'fKSSURli CE!.! -;i 
FMI. AUTOCLAVE 
FILLING VALVE ~ _ , _  ~~-.,.E. 

from the  fuel  autoclave.  T h e  fuel au toc lave  con- 
ta ined an e lec t r ic  hea te r  to preheat the  fue l  spec-  
imen and to vaporize the  water to form a steam-air 
a tmosphere for the t ransient .  

T h e  revised fuel  autoclave is shown in Fig. 
1.10. An evacuated  s t a i n l e s s  steel Dewar f l a s k  
w a s  used  to l i n e  the  au toc lave  t o  s e r v e  as thermal 
insulat ion in  p lace  of the  ref lect ive tungsten s h e e t  
u s e d  in t h e  f i rs t  two experiments .  T h e  UO, fuel, 
c ladding,  and thermocouples were  ident ica l  to 
those  used  in experiments  1 and 2, except  that  
10-mil-diam wires  of tungsten and  tantalum only 
were used  in grooves between t h e  two p e l l e t s  t o  

, FLOW CON1 flOLLER 

- .... ~ - EXP!.OSIVF- VALVE 

* . . . . . . . . . . . GAS 

-..- 
OUiLET TIJOE 

- -  FUEL A I I I O C L A W  ( INITIA.W 
FILLED W I T H  2 5  psiu OF A I R  
AT 25  "C AND WATER) 

provide ev idence  of the  maximum temperature 
reached during the t ransient .  More s p a c e  w a s  
left between the pe l le t s  and end c a p s  for longi- 
tudinal  expansion.  F u e l  specimen charac te r i s t ics  
a r e  given in T a b l e  1.7. 

The diffusion sys tem was  ident ical  t o  t h a t  used  
previously in  experiments  1 and 2. T h e  f i l ter  
assembly  for experiments  3 and 4 c o n s i s t e d  of 
f ive membrane-type f i l t e rs  in s e r i e s .  T h e  f i rs t  
w a s  a 1.2-p pore size filter, and t h e  last four 
were 0.45-c( nylon-reinforced membrane f i l t e rs .  
T h e s e  membrane f i l t e rs  should effect ively collect 
par t ic les  as small as 0.02 p. 
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Fig .  1.10. Diagram of Fuel  Autoclave for In-Pile 

Melting of Reactor Fuels Under Transient Reactor 

Conditions. 

Preliminary experimentation was performed with 
var ious amounts of a i r  and water  heated in  as- 
sembled fuel autoclaves.  T h e  temperature dis t r i -  
bution, a i r  and steam partial p ressures ,  diffusion 

of s team to low-temperature a r e a s ,  and change 
in atmosphere composition were determined. T h e  
assriiibled au toc laves  were pretreated by flowing 
a i r  through t h e  heated au toc laves .  Subsequently, 
hea t ing  t e s t s  30 to 70 min long were made with 
air  and water sea led  in ihe autoclaves.  LOSS of 
s team t o  low-temperature regions such as  the 
pressure c e l l  W A S  negl igible  during t h e  tiitre re- 
quired for the  experiments. T h e  consutnption of 
oxygen ranged f rom 10 to  50 a n 3  (S'PP). T h e  
generation of CO, ranged from 2 to 17 cm3,  H32 
from 0.1 to  1 cm3,  and CII ,  froin 0 t o  2 cm . 
Refilling and reheat ing the au toc laves  resulted in 
t h e  smaller  chang 

After these  pre!iminary hea t ing  t e s t s ,  the  c l a d  
fuel  spec imens  were given a t race  irradiation, 
were allowed to  decay two weeks ,  and W e i C  ie- 
instal led i n  the  fuel autoclaves.  T h e  fuel auto- 
c lave  of experiment 3 w a s  filled to  25  ps ia  with 
a i r  sa tura ted  with water at 24OC. T h e  fuel  2uto- 
c l a v e  of experiment 4 mas filled with 0.21 m l  of 
II,O and 25 ps ia  of air  a t  2SoC. T h e  diffusion 
trrber, were filled with a i r  a t  50 psia ,  and the gas- 
col lect ion au toc laves  wcre evacuated.  T h e  fuel 
au toc laves  were not hea ted  af ter  the  irradiated 
fuel spec imens  were instal led unt i l  the  experi- 
ments were performed in  t h e  TIiEAT reactor. 

After e a c h  experiinent w a s  ins ta l led  in the  re- 
actor ,  the specirnen w a s  preheated electr ical ly  
to  8OO0C, in order to  s imulate  rea l i s t ic  reactor 
condi t ions,  to  vaporize e x c e s s  water (experiment 
4), and t o  help reduce fuel fragmentation during 
the  transient. 'The reactor t ransient  w a s  performed 
with the reactor integrated power approximately 
10% greater than that  u s e d  in experiment 2, wherein 
65% of the  UO, fuel melted. Similar t rans ien ts  
were used  in experiments 3 and 4, s o  that  the  
only difference would be  the amount of water  
ava i lab le  for reaction with the fuel and cladding. 
Twelve  s e c o n d s  af ter  the  t ransient ,  the  explosive 
va lves  were opened, and the  aerosol  from t h e  fuel 
autoclave flowed through the diffusion sys tem and 
f i l t e rs  into the gas-collection autoclave unt i l  the 
pressure w a s  equal ized throughout the assembly.  

A summary of the  reactor t ransient  d a t a  and 
calculated specimen f iss ion energy i s  given in  
Table  1.8. 

A comparison of the hea t ing  of fuel and cladding 
in both experiments is shown in F ig .  1.11. T h e  
time scale w a s  arbitrarily s e l e c t e d  to be  zero  a t  
a reactor integrated power of 23 Mwsec. The  
s t a i n l e s s  s t e e l  temperatures were recorded with 



Table  1.8. Summary of Operating Canditions 

Experiment 3 Experiment 4 
- 

Reactor integrated power, Mwsec 378 363 

Reactor period, msec 

Estimated UO, temperature range, O C  

Stainless steel cladding temperature, OC 

Alumina heater temperature, *C 

Autoclave wall temperature, "C 

74 

800 to mp 

800 to mp 

710 to 1020 

10.3 to  138 

77 

800 to  mp 

800 to mp 

780 to 1140 

162 to 155 

Fission energy input, c a ~  per g of U O ~ ~  291 280 

Initial fuel autoclave fill: 
Air at 2S°C, psia 
Water, g 
Volume percent steam (assuming 

complete vaporization) 

25 

0.05 

3 

2 5 
0.21 

50 

Fuel autoclave pressure a t  start of transient: 
Total pressure, psia 43 53-58 

Air partial pressure, psi 42 48 
Water partial pressure, psia 1.2 5-1 0 

- 

"Calculated using a value of 0.77 cal per g of 1 J 0 2  per Mwsec determined Crom experiments I and 2. 

1J N CLASS I F I E 0 
O i l N L -  IJWG 64 -  7111 
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TIME IseL) 

Fig,  1.11. Comparison of Transient  Heat ing Rates of 

U 0 2  FLieI and Stainless Steel Cladding in  Experiments 

Containing Moist Air Atmosphere Showing that the U 0 2  
F u e l  Reached Maximum Temperature While Cladding 

Was Intact. 

high-speed equipment. T h e  UO fuel  temperature 
w a s  ca lcu la ted  assuming tha t  no h e a t  w a s  l o s t  
f rom t h e  fuel  and that  320 Mwsec heated t h e  fuel 
from 800 t o  2800OC. T h e  figure s h o w s  that  the  
UO, fuel  reached its maximum temperature while 
t h e  s t a i n l e s s  s t e e l  c ladding remained intact .  

PHYSICAL EXAMINATION OF COMPONENTS 

All components of experiment 3 appeared s imilar  
t o  t h o s e  of experiment 4. Figure 1.12 i l lus t ra tes  
the pos tex peri men ta  1 specimen distribution ob- 
served  in experiment 4. Most of the melted s ta in-  
less s t e e l  formed a puddle at one s i d e  of t h e  
bottom, while UO, t h a t  melted and expanded t o  
a porous or foamy condition ran mainly out  t h e  
s i d e  of the  lower pel le t  opposi te  the s t a i n l e s s  
s t e e l  puddle. T h e  s t a i n l e s s  s t e e l  entrained ap- 
proximately 1% of the total  UO,, while  the UO, 
t h a t  ran out of t h e  pellet s h e l l s  entrained a greater 
fraction of s t a i n l e s s  steel. Figures 1.13 and 1.14 
show the  fuel specimen and heater  from experi- 
ment 3,  while the fuel  specimen and heater  from 
experiment 4 are shown i n  Fig. 1.15. T h e  puddle 
of melted s t a i n l e s s  s t e e l  is vis ible  in  the  bottom 
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of the heater. Some smal l  p i e c e s  of melted UO, 
broke off during disassemhly of both experiments. 
There was  no ev idence  of fracturing or shat ter ing 
of the specimen. T h e  fuel  in experiment 3 ap- 
peared t o  have  been hot ter  than that  in experiment 
4, s i n c e  the  upper pel le t  drained m o r e  completely 
of UO, and a thinner s h e l l  remained. T h e  lower 
pel le t  of experiment 3 contained some largc voids. 
Approximately 75% of the  UO, melted in e a c h  
experiment. ‘The upper pel le ts  swel led less than 
574, but t h e  diameter of the  lower pe l le t s  of cx- 
periments 3 a n t  4 increased  a maximum of 10 
and 15% respect ively.  Approximately 50% of the 
UO, ran out of the pel le t  s h e l l  in experiment 3 
and 30% in experiment 4. ‘The bulk densi ty  of 
UO, which ran out. of the  pe l le t s  w a s  measiired 
by displacement  of water. Immersion of dry p i e c e s  
in  water showed a densi ty  of 6.4, When the  large 
open pores  were filled by preweiting with waler ,  
t h e  measured bulk densi ty  w a s  4.1. T h e  lowex 
pe l le t s  from both experiments contained sur face  
c racks  which apparently resul ted from stretching 
of the pe l le t  skin.  T h e  tungsten and tantalum 
wires  originally placed between the pe l le t s  were 
not recovered, and no metd lographic  work was 
done. T h e  oxidizing steaiii-air atmosphere used  
in  t h e s e  experiments produced no observable  
e f fec ts .  

Deposi ts  on the  f i l t e rs  of e x p e r i n c a t s  3 and 4 
w c ~ e  s imilar  to  those  i n  experiment 2. A light 
f i lni  of gray material w a s  deposi ted on the  f i rs t  
filter in  each expzrjment, with n o  v is ib le  depos i t s  
on other  filters. Figure 1.16 shows the s i z e  
distribution of par t ic les  from the  f i rs t  f i l ters  in  
experiments  1 t o  4. Experiments 3 and 4 showed 
ident ica l  particle-size distribut.ion, and the re- 
ported mean particle s i z e  w a s  much l e s s  than 
that  of expeririients 1 and 2. T h i s  difference i n  
m e a n  particle s i z e  may not b e  s ignif icant ,  s i n c e  
both the electron microscope and the particle-size 
analyzer  used  in  experiments 3 and 4 had better 
resoivirig power than that  used  i n  the ear l ier  ex- 
per imenis .  T h e  sizn distribntion is that  of the 
individual par t ic les  which were ei ther  separa te  
or formed the agglomerates. S ince  most of the  
par t ic les  were agglomerated, t h e  behavior of the  
soiidk in the aerosol  (diffusion coeff ic ients ,  e. 9.) 
will b e  determined by the s i z e  or other properties 
of the  agglomerates rather than the propei t ies  of 

t h e  individual par t ic les .  Adequate methods for 
ie la t ing  microscopic observat ions of agglomerates 
t o  se t t l ing  or diffusion rates  d o  not scem l o  be  
present ly  avai lable .  

U N C l  A S S l F l E D  
O R N L -  DWG 6 4 -  7!17 

- N K E L T E D  UC2 SI-iCLI 

MELTED,  POROUS U02  

SWOLLEN U02 S H E L L  

MFILTING STAIP.!LESS STEEL 
C L ~ C C ~ P J G  

Fig.  1.12. Diagram Showing Distribution of U 0 2  
F u e l  and Stainless Steel Cladding in F u e l  Autoclove 

After  In-Pi le  ALrelting Under Transient Reactor Condi- 

tions (Exper iment  4). 
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4 

Fig. 1.13. Melted Fuel  Assembly and Heater After In-Pi le  Mel t ing in a Moist A i r  Atmosphere Under Transient 
Reoctor Condit ions (Experiment 3). 

Fig. 1.14 Lower Port ion of Fuel Assembly Showing 

Hollowed U 0 2  Pellet, Melted U02, Melted Stainless 

Steel Cladding, and Part of Ceramic Heater After In-Pi le  
Melt ing in Moist A i r  Atmosphere Under Transient Re- 
actor condi t ions (Experiment 3). 
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Fig. 1.15. Melted Fuel  Assembly and Heater After In-Pile Melt ing in a Steam-Air Atmosphere Under Transient 

Reactor Conditions (Experiment 4). 
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m-Air Atmospheres Under Transient  Reactor Con- 

ditions. 

GAS ANALYSIS 
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Table  1.9. Composition of Gas in the Fue l  Autoclave and Dif fusion Systema 

After Experiments and Observed Changes 

Experiment 3 Experiment 4 

Change Change 
(cm3, STP)  Percent  (cm3, STP) Percent  

H 2  

N 2  

O2 

2 0  

Ar 

0.10 

0.94 

82.06 

12.71 

1.01 

+0.3 

-36 

0.14 

1.47 

82.64 

11.76 

0.98 

+0.5 

-40 

3.18 +12 3.01 +11 C0 2 

Hydrocarbons co.01 (0.01 

=Original g a s  volumes (STP) were 237 m l  in  the  fuel autoclave and 163 ml in the diffusion system. The oxygen 

content of the g a s  in the fatter system was  not avai lable  for reaction while the fuel specimen w a s  a t  a high tempera- 
ture. 

RADIOCHEMICAL RESULTS 

Radiochemical a n a l y s e s  were  obtained for t h e  
two experiments. Eight  f i ss ion  products and 
uranium were determined throughout e a c h  experi- 
ment s o  tha t  a complete  f i ss ion  product ba lance  
w a s  obtained. T h e  e ight  f iss ion products were 
those  usua l ly  determined i n  f iss ion product re lease  
experiments .  T h e  pretransient  irradiation for f is-  
s ion  product buildup w a s  planned t o  b e  160 times 
as great  as t h e  irradiation received during t h e  
t rans ien t  s o  tha t  t h e  experiment would s imulate  
a n  acc ident  with reactors  containing aged  f i ss ion  
products. However, the  a c t u a l  pretransient  irradi- 
a t ion w a s  only 16.5 t imes  that  of the t ransient .  
S ince  30 d a y s  decay  time occurred between t h e  
pretransient  irradiation and the t rans ien t ,  much of 
the  'I, ' 40Ba, and other short-half-life i so topes  
decayed  to  low l e v e l s  before the  t ransient  w a s  
performed. Consequent ly ,  t h e  transient-formed fis- 
s ion  products of m a s s  numbers 131 and 140 were 
of relatively s ignif icant  quant i ty .  T h e s e  i so topes  
interfered with t h e  invest igat ion of t h e  re lease  
of 1311 and 14'Ba, s i n c e  nearly all t h e  t ransient-  
formed f iss ion products were born a s  short-half-life 
i so topes ,  which behaved differently in  t h e  experi- 
ment than the  longer-half-life i s o t o p e s  into which 
they la te r  decayed.  

T h e  decay  cha ins  for f i ss ion  products of in te res t  
were presented and d i s c u s s e d  previously '  for 
experiments  1 and 2. In all cases the  short-half- 
l i fe  precursors  h a v e  half-lives of t h e  order of 
s e c o n d s  and minutes, s o  that  t h e s e  experiments  
cannot  b e  examined and analyzed before precursors 
h a v e  decayed in to  t h e  i so topes  of interest .  In 
most cases the precursors behave  differently, 
both physical ly  and chemical ly ,  from t h e  daughters. 
F o r  example,  the mass 131 yield from f i ss ioning  
is mostly I3lSn,  I3'Sb, and I 3 l T e ,  which decay  
progressively by be ta  emiss ion  with half- l ives  of 
t h e  order of minutes into ' 'I. 

When experiments  3 and  4 were  analyzed,  only 
56% of t h e  1311 found w a s  actual ly  1311 at the  
t i m e  of t h e  t ransient .  T h e  remaining 44% w a s  
formed during the  t ransient  and w a s  re leased  and 
dis t r ibuted as short-half-life precursors  'Sn, 
131Sb, and 131Te. Therefore ,  t h e  resu l t s  of ex- 
periments 3 and 4 show the release of cer ta in  
mixtures of f iss ion products and their  precursors. 
T h e  percentage of e a c h  f i ss ion  product and t h e  
percentage of its principal precursors  a r e  l i s ted  
in a footnote of Table  1.10, but a r e  not repeated 
for T a b l e s  1.11 and 1.12. T h e  e f fec t  of the  pre- 
cursors  may be  qual i ta t ively inferred from the  
r e s u l t s  of experiment 2, i n  which all t h e  f i ss ion  
products  were re leased  as precursors ,  although 
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Tab le  1.10. Distribution of F iss ion  Products and Fuel  in Experiments 3 and 4 
Including Tronsient-Formed F iss ion  Products 

Location of 
Material 

Percentage in Each Locationa 

uo 2 1311 12gTe 137cs 106Ru 8gSr 140Ba 95Zr 1 4 4 ~ e  

U02 fuel 

Stainless s t ee l  
claddingb 

Alumina heater 

Autoclave liner 

Fuel autoclave 
walls 

Aerosol-transport 
zone ‘ 

Filters‘ 

Gas-collection 
autoclave‘ 

UO, fuel 

Stainless s t ee l  
claddingb 

Alumina hea ter  

Autoclave liner 

Fuel autoclave 
walls 

Aerosol-transport 
zone‘ 

Filters‘ 

Gas-collection 
autoclave ‘ 

61 

12 

19 

3.3 

3.6 

0.59 

0.11Sd 

0.16 

66 

4.7 

18 

5.1 

4.4 

0.86 

0.093 

0.052d 

6 9  

12 

12 

5.9 

0.82 

0.086 

0.013 

0.0046 

73 

7.4 

14 

4.3 

0.52 

0.22 

0.013d 

61 

0.61 

29 

6.6 

1.4 

0.86 

0.017 

0.95 

68 

1.1 

24 

3.9 

0.94 

1.6 

0.10 

0.00062d 1.1 

Experiment 3 

92 

0.033 

3.6 

2.5 

1.4 

0.0033d 

0.00092d 

0.00024d 

94 

0.52 

0.82 

1.5 

0.98 

1.1 

0.11 

1.3 

Experiment 4 

98.8 95 

0.38 0.039 

0.77 1.2 

0.040 0.77 

0.0042 0.18 

0.004d 1.5 

0.022 0.090 

0.0018d 1.5 

90 

0.48 

4.5 

2.5 

1.3 

1.1 

0.074 

0.054 

91 

0.018 

5.3 

1.8 

0.54 

1.6 

0.071 

0.012 

97 

0.50 

0.62 

1.4 

0.95 

0.00099 

0.00012 

0.00014 

99.3 

0.024 

0.56 

0.073 

0.0084 

0.0018 

0.00024 

0.00009 

97 

0.53 

0.66 

1.3 

0.89 

0.0011 

0.00004 

0.00009 

99.3 

0.012 

0.62 

0.076 

0.01 0 

0.0026 

0.00004 

0.00002 

97 

0.36 

0.44 

1.9 

0.86 

0.00066 

0 

0.00014 

99.3 

0.0001 1 

0.59 

0.062 

0.0053 

0.00078 

0.00001 

0.00022 

aThe distribution of radiochemically analyzed fission products is shown. At the time of the transient each l isted 
isotope was  a mixture of the isotope and i t s  chain precursors. Mass chain 131 was  56% I and 44% Sn, Sb, and Te. 
Mass chain 129 was  90% Te and 10% Sn and Sb. Mass 137 was  94% C s  and 6% I and Xe. Mass 106 was  94% Ru and 
6% Mo and Tc. Mass 89 was  92% Sr and 8% Br and Kr. Mass 140 was  77% Ba and 23% Xe and Cs. Mass 95 was 94% 
Zr and 6% Rb and Sr. Mass 144 was  94% Ce  and 6% Ba and La. 

and i t s  normally assoc ia ted  fission products which adhered to the s t a in l e s s  s t ee l  samples  were removed by a 
surface leach of the s t a in l e s s  s t e e l  and included a s  part of the “UO, fuel” above. In both experiments this amounted 
to approximately 1.5% of the UO,. 

mately 40% of the transient-generated aerosol enters the  filter and gas-collection autoclave. 

bUO 2 

=Only approximately 60 % of the transient-generated aerosol enters the aerosol-transport system. 

dError f 100%. 

Only approxi- 
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Table  1.11. Distribution of Material Released from Transient-Heated U02 i n  Experiment 3 
Including Transient-Formed F iss ion  Products 

Percent of Tota l  Inventoryn 
Release  Zone 

" ~ r  1 4 4 ~ e  uo2 
1311 1 2 9 ~ ~  137cs  106Ru 89sr 140Ba 

Tota l  re lease  from 39 31 39 7.6 6.3 10 3.4 3.4 3.5 
U 0 2  fuel 

temperature zone' 

Release  from high- 4.5 0.92 3.3 1.4 3.5 2.6 0.95 0.89 0.86 

Transported release' 0.86 0.10 1.82 0.0044 2.5 1.3 0.0013 0.0013 0.00080 

a, I h e  distribution of fission products a s  radiqchernically analyzed is shown. At the time of the transient the 
amount of each  fission product i n  precursor isotope form was :  44% of I3'I, 10% of 129Te, 8% of 89Sr, 23% of 140Ba, 
and 6% of 1 3 7 C s ,  lo6Ru, 95Zr, and 144Ce. 

bThe high-temperature zone includes the fuel, cladding, heater,  and autoclave liner. 
CGas-transport zone, f i l ters,  and gas-collection autoclave. 

UNC LASS IF I ED 
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Table  1.12. Distribution of Mater ial  Released from Transient-Heated U 0 2  i n  Experiment 4 
Including Transient-Formed F iss ion  Products 

-. .... .- ...._____ 

Percent of Tota l  Inventorya 
.......I__ Release  Zone ...... 

uo 2 
1311 1 2 9 ~ ~  1 3 7 ~ ~  106Ru 8QS, 140B, 9SZr 144ce 

. 

Tota l  re lease  from 34 27 32 1.2 5.3 9.3 0.67 0.72 0.66 

UO, f u e l  

Re lease  from high- 5.4 0.76 3.8 0.033 3.2 2.2 0.011 0.013 0.0063 
b temperature zone 

Transported re lease  1.0 0.24 2.9 0.029 3.1 1.7 0.0021 0.0027 0.0010 

aThe  distribution of fission products a s  radiochemically analyzed is shown. At the t ime of the transient the 
amount of each  fission product in precursor isotope forni was:  440/, of 1311, 10% of "'Te, 8% of 89Sr, 23% of 14'Ba, 
and 6% of 13'Cs, '"Ru , 9sZr, and 144Ce. 

'The high-temperature zone includes the  fuel, cladding, heater,  and autoclave liner. 
'Cas-transport zone, f i l ters,  and gas-collection autoclave. 

only 65% of the  fuel  melted in  experiment 2 and 
t h e  atmosphere w a s  argon. 

From radiochemical resu l t s ,  pretransient  irra- 
diat ion for f i ss ion  product buildup was  calculated 
to be 2.4 x 10'~ fissions i n  experiment 3 and 
2.1 x 10 l 6  f i ss ions  i n  experiment 4. T h e  t ransient  
irradiation amounted to1.36 x 10" and 1.31 x 10" 
f i s s i o n s  for experiments  3 and 4, respect ively,  
ca lcu la ted  from t h e  reactor  integrated power. 
T a b l e  1.10 s h o w s  t h e  de ta i led  distribution of 

f i ss ion  products, including both pretransient- and 
transient-produced f i ss ion  products ,  i n  t h e  two 
experiments. 

T h e  large p iece  of melted s t a i n l e s s  steel clad- 
d ing  was analyzed i n  each experiment. Most of 
the f i ss ion  products and uranium a s s o c i a t e d  with 
t h e  s t a i n l e s s  s t e e l  sample were found in a nitric 
acid leach of the  sur face ,  indicat ing entrainment 
of UO,. Most of t h e  13'1 and '"Te w a s  found 
in the solution of t h e  previously leached  s t a i n l e s s  
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s t e e l .  The  ”’Te w a s  probably al loyed with t h e  
s t a i n l e s s  s t e e l ,  and t h e  Sn and Sb precursors of 

F i s s i o n  products found on the alurnina heater  
were predominantly the volat i le  f iss ion products I ,  
T e ,  and (3s. Next i n  abundance w a s  I4’Ba, whose 
precursors  are Xe and Cs ,  with t h e  other  f iss ion 
products  approximately equal  to  t h e  pe icentage  
of UO,. T h e  autoclave l iner  and  fuel autoclave 
wal l s  of experiment 3 contained s ignif icant ly  more 
UO, and nonvolat i le  f i ss ion  products  than did 
experiment 4. Nothing was observed during d is -  
assembly of the  assemblies that  would account  
for t h i s  difference. 

T a b l e s  1.11 and 1.12 summarize da ta  on t h e  
distribution of f iss ion products in  the  two experi- 
ments. R e l e a s e  va lues  a re  expressed  a s  the  
percent of the to ta l  inventory of e a c h  f i ss ion  
product or fuel. Values  a r e  given for release from 
the  UO, fuel, r e l e a s e  from t h e  high-temperature 
zone, and for “transported re lease ,”  which i s  
material carried out of the  fuel  au toc lave  through 
the  aerosol  sampling sys tem by a low-velocity g a s  
s t ream; it inc ludes  only gaseous  matesial and 
small  par t ic les  formed by the  t ransient  heating. 

T h e  high-temperature zone inc ludes  t h e  fuel  
au toc lave  liner and a l l  equipment within t h e  liner 
such  as  t h e  wires  and insu la tors  between the 
alumina heater  and the  fuel autoclave c a p ,  the 
heater ,  s t a i n l e s s  steel cladding, and the  fuel. 
Except  for t h e  outs ide  of t h e  liner, t h e  high- 
temperature zone represents  sur faces  which were 
above  approximately 50OOC. R e l e a s e  from the  
high-temperature zone  includes transported r e l e a s e  
and material deposi ted on the  fuel  au toc lave  
wal l s  and cap ,  T h e  relatively large quant i ty  of 
uranium and nonvolat i le  f iss ion products (Zr and 
Ce)  found on t h e  fuel autoclave wal l s  of experi- 
ment 3 was probably introduced during d isassembly  
of fuel autoclave components. 

T h e  v a l u e s  for total  release from UO, fuel  a re  
subjec t  t o  variation b e c a u s e  of the  difficulty of 
separa t ing  melted UO , from melted s t a i n l e s s  s t e e l  
and from t h e  alumina heater .  Therefore, no s ig-  
nif icance i s  a t tached  to  the difference between 
experiments  3 and 4 with respec t  to release of 
fue l  and nonvolatile f iss ion products within the  
fuel autoclave.  

T h e  transported re lease  va lues  found in experi- 
ment 4 a r e  greater than those of experiment 3. 

‘I a l s o  probably al loyed with t h e  cladding. 

T h e  greater  amount of s team formed in the fuel 
au toc lave  of experiment 4 might b e  expected to  
force a greater  fraction of the fission-product- 
containing mixture from the  fuel  au toc lave  into 
the gas-transport zone than w a s  transferred i n  
experiment 3. T h i s  bet ter  f lushing of the fuel 
autoclave in experiment 4 may have  been respon- 
sible for the  greater transported re lease  va lues  
observed in t h i s  experiment, 

The da ta  from experiments 3 and 4 would b e  
more useful  for predicting f i ss ion  product re lease  
from accidental  p07~1er reactor excurs ions  if t h e  
transient-generated f i ss ion  products in experiments 
3 and 4 could b e  dis t inguished from t h o s e  formed 
during t h e  preliminary irradiation. T h e  distribution 
and amount of transient-generated f i ss ion  products 
can  he approximated by us ing  t h e  resu l t s  of ex- 
periment 2, in which all of the  fission products 
were formed during t h e  t ransient .  ‘This u s e  of 
the  da ta  from experiment 2 may resul t  in  correc- 
t ions that  a r e  not absolutely correct  b e c a m e  of 
minor differences between experiment 2 and ex- 
periments 3 and 4. The grea tes t  difference i s  
in t h e  atmospheres  employed, but data  obtained 
by other experimenters s u g g e s t  that  there  should 
b e  no large effect of atmosphere on t h e  re lease  
of f iss ion products from melted UO,. Hy us ing  
the  distribution of transient-generated f i ss ion  
products  found in  experiment 2, adjnsted for dif- 
fe rences  in t ransient  energy,  t h e  transient-formed 
f iss ion products in experiments  3 and 4 c a n  b e  
calciilatcd and subtracted from the f i ss ion  products 
formed during the  preliminary irradiation. T a b l e  
1.13 shows t h e  resu l t s  of applying th i s  correction 
t o  t h e  distribution of f iss ion products; T a b l e  1.14 
presents  a summary of the  corrected distribution 
of released material. 

T h e s e  tab les  show a cons is ten t  pattern of re- 
lease and distribution of f iss ion products from 
transient-heated UO , fuel. T h e  correct ions re- 
su l ted  i n  negat ive va lues  or numbers with no 
s igni f icance  for some locat ions b e c a u s e  of the 
noirnal variation found in radiochemical. a n a l y s i s  
and b e c a u s e  of minor experimental differ- Lnces  
mentioned previously. Generally good agreement 
between experiments 3 and 4 is evident, and the 
mater ia ls  having comparable vola t i l i t i es  s u c h  as  
I-Te-Cs, Sr-Ba, and Zr-Ce-UO show cons is ten t  
behavior. 
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Table 1.13. Distribution of F iss ion  Products i n  Experiments 3 and 4 with 

Transient-Formed Precursors Removeda 

UO, fuel 

Stainlcss s tee l  
claddingb 

Alumiira hea ter  

Autoclave liner 

Fuel  autoclave 

walls 

Aerosol-transport 
zone  

F i l te rs  

Gas-collection 
autoclave 

UO fuel 

Stainless s t e e l  
b cladding 

Alumina heater  

Autoclave liner 

Fuel  autoclave 

walls 

Aerosol-transport 

zone 

F i l te rs  

Ga s-collec tion 
autoclave 

55 

5.5 

26 

5.5 

5.8 

0.87 

0.036 

0.27 

59 

C 

24 

8.2 

6.8 

1.3 

0 

0.08 

68 

12 

13 

6.5 

0.78 

0.090 

0.012 

0.0028 

72 

6.6 

14 

4.7 

0.45 

0.24 

0.01 1 

C 

62 

0.58 

30 

6.6 

0.93 

0.07 

C 

0.15 

69 

1.1 

25 

3.7 

0.40 

0.89 

0 

0.33 

Experiment 3 

92 98 97 

0.035 0.55 0.41 

3.7 0.26 0 

2.7 1.2 1.9 

1.5 0 C 

0 0 0.65 

0.0005 c C 

0.0002 0 0.05 

Experiment 4 

98.8 98.4 97 

0.40 0.023 c 

0.81 0.68 0.63 

0.043 0.42 0.89 

0.0043 c C 

0.0016 0.35 1.2 

0.023 c C 

0.0018 0.21 C 

96 

0.53 

0.61 

1.4 

1.0 

0.0005 

0 

0.0001 

99.4 

0.019 

0.55 

0.073 

0.0013 

0.0014 

0.00013 

0.00007 

97 

0.56 

0.21 

1.4 

0.92 

0.0003 

C 

C 

99.8 

0.007 1 

0.17 

0.073 

C 

0.0019 

C 

C 

97 

0.36 

0.44 

1.9 

0.86 

0.00066 

0 

0.00014 

99.3 

0.00011 

0.59 

0.062 

0.0053 

0.0007 8 

0.00001 

0.00022 

%ansient-formed fission products were subtracted using the distribution found in Experiment 2 and the amounts 

bA nitric ac id  leach of the s t a in l e s s  s t ee l  was  included in the ‘61J0 ,  fuel.” 
‘The method of correction resulted in a negative value. 

given in footnote ( a )  of Table 1.10. N o  correction was  applied to  UO,. 
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Table 1.14. Distribution o f  Mafer iol  Released from Transi3nt-Haated 

UO, with Transient-Formed Precursors Removed 
........ __I_.. ........ ........... II__ ........ ___ II_ .... 

uo 2 
Release  Zone 1311 1 2 g T e  1 3 7 ~ ~  1 0 6 ~ ~  89sr 140Ba 952, 1 4 4 c e  

I__. .... .- ___I__. ... . . ___ ......... ...... ......._I__ 

Experiment  3 

Total re lease  from 45 32 38 8 2 3 4 3 3 
uo, fuel 

Release  from high- 7.0 0.88 1.2 1.5 0 0.7 1.0 0.92 0.86 
temperature zone 

Transported release 1.2 0.10 0.22 0.0007 0 0.7 0.0006 0.0003 0.0008 

Experiment 4 

Total release from 41 2 8  31 1 .2  1.6 3 0.6 0.2 0.7 
UO, fuel 

0.70 1.6 0.031 0.56 1.2 0.003 0.002 0,006 Release  from hjgh- 8.2 
temperature zone 

Transported re lease  1.4 0.25 1.2 0.026 0.56 1.2 0.002 0.002 0.001 

Experiments 3 and 4 gave d a t a  for the  re lease  
of f iss ion products and fuel  from transient-heated 
trace-irradiated s ta in less -s tee l -c lnd  UO , i n  air- 
steam atmospheres. T h e  fuel autoclave of experi- 
ment 3 contained 3 vol % steam, arid experiiiient 
4 contained enough water t o  provide equal. volumes 
of s team and a i r  when fully vaporized, although 
only approximately one-fifth of the  water w a s  
vapoiized a t  the  beginning of the  transient. No 
s ignif icant  differences betwecn t h e s e  two experi- 
ments in  which 75% of t h e  UO, melted were oh- 
served.  No s p e c i a l  effect  of t h e  oxidizing stearn- 
air a tmospheres  was noticed when the r e s u l t s  
and t h e  spec imens  in experiments  3 and 4 were 
compared with those  i n  experiments 1 and 2 con- 
ducted with a n  argon atmosphere i n  t h e  fuel 
autoclave.  This may have  been due  to the  fact 
that  a large fraction of t h e  oxygen in  t h e  fuel 
au toc laves  TMBS consumed during experimestis 
3 and 4. 

Interpretation of t h e  data  from expei iments  
3 and 4 w a s  complicated by the  presence  of a 
mixture of f i ss ion  products formed during the 
t ransient  and during the  pretransient  irradiation. 

Correct ions were made by subtract ing the  transient- 
formed f i ss ion  product r e l e a s e  va lues  on t h e  
b a s i s  of the  resu l t s  of experiment 2. T h e  cor- 
rected resu l t s  show the  behavior of aged f iss ion 
products re leased  f r o m  fuel during a reactor  
t ransient .  

In t h e s e  experiments the  t ransient  re lease  of 
aged f iss ion products from UO, was l e s s  than 
the r e l e a s e  of f i ss ion  products formed during the 
t ransient  b e c a u s e  t h e  recently born f i ss ion  prod- 
u c t s  were more volat i le  than their daughters. A 
comparison of t h e  t ransient  re lease  of aged fis- 
s ion  products with the  r e l e a s e  of aged f iss ion 
products by s low melting (Section 3 )  shows that 
t h e  pattern of re lease  i s  s imilar  and that  the  
percent  r e l e a s e  i s  in a l l  c a s e s  less for t ransient  
heating. R e l e a s e  va lues  for the  low-volatility 
f iss ion products Sr, Ba, Zr, and Ce correspond 
to  the re lease  of uranium i n  both types of experi- 
ments. Large fract ions of t h e  volat i le  f iss ion 
products are released from t h e  fuel, but most of 
t h e s e  mater ia ls  remain i n  the  high-temperature 
zone. In t h e  t ransient  r e l e a s e  experiments  ap- 
proximately one-third of the  volat i le  f iss ion 
products I,  ' r e ,  and C s  were re leased  f rom t h e  
fuel, but only 1% was  re leased  from the  fuel  
autoclave. 



1.3 Behavior of Fission Products Release 
In-Pile Destruction of Reactor Fue 

W. E. Browning, Jr. 
C. E. Miller, Jr. 

R. P. Shie lds  
R. F. Roberts  

In-pile experiments  of t h e  type  previously re- 
ported” a re  being continued t o  s tudy t h e  charac-  
t e r i s t i c s  and behavior of f i ss ion  products  re leased  
during s imulated reactor acc idents .  In t h e s e  e x -  
per iments  f i ss ion  products are  releiised by melt ing 
miniature s t a i n l e s s s t e e l - c l a d  UO, fuel  e lements  in 
the ORR. Three addi t ional  experiments  have been 
conducted and  analyzed.  S tudies  have  been made 
of the e f fec ts  of atmosphere and of s u s t a i n e d  over- 
heat ing below the melting point of UQ, on t h e  
behavior of re leased  f i ss ion  products .  

Previous experiments on t h e  e f fec ts  of gas 
velocity have  shown that  r e l e a s e  of f i ss ion  prod- 
u c t s  from t h e  fuel i tself  d o e s  not appear  to be af- 
fected by flow ra te  over the l inear  velocity range 
60 to 350 fpm. R e l e a s e  of f i ss ion  products from 
the high-temperature zone, however, w a s  affected 
by flow rate. T h e  sweep gas in t h o s e  experiments  
w a s  helium. Two of the  experiments  descr ibed i n  
detai l  in  the  following sect iot is  were performed 10 
detetmine the  e f fec ts  of a n  oxidizing atmosphere 
with the  expectat ion that  c h a n g e s  in  chemica l  form 
of f i ss ion  products  due to reaction with the  atmos- 
phere could affect t h e  behavior of the  re leased  
f i ss ion  products and t h e  r e l e a s e  from the  high- 
temperature zone. 

T h e  third experiment descr ibed in detai l  i n  t h e  
Eollowing s e c t i o n s  w a s  performed to s tudy t h e  ef- 
fec ts  of sus ta ined  overheat ing of !.he fuel below 
its melting point. T h i s  type of experiment simu- 
l a t e s  an acc ident  where fuel c ladding is melted but 
l.he fuel  i t se l f  d o e s  not melt. Variat ions i n  r e l e a s e  
of f i ss ion  products from t h e  fuel a s  a function of 
temperature a re  expected. T h e  behavior  of t h e  le- 
l e a s e d  f iss ion products and their r e l e a s e  from t h e  
high-temperature zone  should b e  inf luenced more 
by atmosphere and other  condi t ions o u t s i d e  of the  
fuel. 

In all t h e s e  experiments physical  examination of 
t.he fuel. res idues  and of other  par t s  of t h e  high- 
temperature zone y i e l d s  valuable  information. In- 

herent  variation o f  f iss ion power in a spec i f ic  
posi t ion of the reactor la t t ice  over a period of many 
c y c l e s  c a u s e s  a considerable  spread  in  the maxi- 
m u m  temperatures i n  the  various experiments, Thus ,  
in order to study the ef fec ts  of a spec i f ic  variable, 
those  e f fec ts  due to temperature variation must  b e  
recognized. Ana lys i s  of the physical  appearance 
m a k e s  it p o s s i b l e  to group experiments  h a v i n g  
s imilar  temperature h is tor ies ,  and further interpte- 
tation of d a t a  can  be made within t h e s e  groups. 
Usefu l  information can  b e  obtained about  the s t a t e  
of t h e  atmosphere duriiig meltdown and its e f f e c t s  
on t h e  materials. In addition, t h e  physical  condi- 
t ions  of fuel, cladding, and other  vis ible  mater ia l s  
c a n  s h e d  l ight  on t h e  behavior of t h e  correspond- 
ing mater ia ls  under the same condi t ions i n  reacf.or 
accidents .  T h i s  information will a s s i s t  i n  the 
construct ion of concepts  of t h e  s e q u e n c e  of evenf.s 
in t h e  c o r e  during an accidental  meltdown. Some 
features  of t h e  fuel. region of the experimental 
assembl ies  which physically change with spec i f ic  
changes  i n  condi t ions have  been found to do so in  
reproducible ways. T h e s e  features  a re  appearance 
of  fuel res idue,  position of st.aii11e:;s s t e e l  “dew 
l ine,”  form of cladding residue,  size and color  of 
“filter cake,”  and extent  of cracking of par ts ,  In 
t h e  de ta i led  s e c t i o n s  to follow, some physical  
fea tures  of t h e  experiinenr are descr ibed which 
have  proved to b e  good indicat ions of temperature 
his tory,  of atmosphere conditions, and of t h e  
behavior of core  mater ia ls  under acc ident  coildi- 
tions. 

EFFECTS OF ATMOSPHERE ON B E H A V I Q ~  OF 
RELEASED FISSION PRODUCTS 

Experiments 12 and 13 were performed to study 
t h e  e f fec ts  of atmosphere on the r e l e a s e  and be- 
havior o f  fission products. Atmospheres of moist 
helium i n  the 12th experiment and moist  a i r  in  the  
13th experiment were used, T h e  dew point w a s  
23OC i n  each  case. T h e  fuel spec imens  were pre- 
irradiated for 18 hr  to accumulate  f iss ion products, 

.._......._I -___- ~ 

‘WW. E. Drowning, Jr., et al.,  N u c l .  S a f e t y  Program 
Serniarin. Pro&. R e p f .  Dee .  31, I Y G 3 ,  ORNL-3547, 
pp. 42-55). 

. . . . . . . . 
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and they were held near t he  melting temperature 
for 5 min. 

Moist Helium 

Visual  examination of the fuel  specimen from 
experiment 12 showed tha t  t he  fuel did not melt .  
However, i t  reached a slightly higher temperature 
than t h e  fuel  i n  experiment 7, which w a s  run in  dry 
helium. T h e  s t a i n l e s s  steel c ladding  from experi- 
ment 12 apparently w a s  at least partially oxidized 
in  t h e  moist  helium. T h e s e  conclus ions  were 
reached by making the following comparisons be- 
tween 12 and 7. Por t ions  of the fuel cy l inders  
from experiments 12 and 7 (Fig. 1.17) show that 
t h e  cavi ty  in the  experiment 12 fuel is larger than 
that in the  experiment 7 fuel, ind ica t ing  a higher 
temperature in  experiment 12. Por t ions  of t h e  fuel 
remaining in  the  T h o ,  holders are shown for com- 
parison in  Fig. 1.18 for experiments 1 2  and 7. A 
l a rge  amount of s t a i n l e s s  steel cladding can b e  
seen in the experiment 7 holder; only a few drople t s  
c a n  b e  s e e n  in  the  experiment 12 holder. T h i s  
a l so  would ind ica te  that  t h e  temperature was  higher 
in  experiment 12. Other ev idence  ind ica t e s  that  
the  c ladding  in experiment 12  perhaps  reac ted  with 
the  moisture in  the helium. In an experiment such  
as 7, where the  s t a i n l e s s  steel is hea ted  to high 
temperature, droplets of s t e e l  are found on m o s t  of 

U N C L A S S I F I E D  
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the  p i eces  of t h e  high-temperature zone. In experi- 
ment 12 very l i t t l e  s t a i n l e s s  steel could be found. 
F igure  1.19 shows for comparison the  T h o ,  exi t  
por t s  of the  melting chamber from experiments 12 
and 7. Shiny s t a i n l e s s  s t e e l  droplets can  b e  seen  
in  the  experiment 7 port, while none  can  b e  seen  
in  the  experiment 12 opened port. 

Comparison of the  radiochemical resul ts  of ex- 
periment 12 with those of experiment 7 shown in 
Tab le  1.15 shows that t he  presence  of moisture i n  
the  atmosphere had no appreciable effect  on the  
release of f i ss ion  products from the fuel itself. 
T h e  s l ight  i nc rease  in  r e l ease  of nonvolati le f is-  
s ion  products  was  probably due  to the  s l ight ly  
higher temperature of t h e  fuel  in  experiment 12, 
T h e  r e l ease  of iodine and tellurium from the  high- 
temperature zone  (Table  1.16) was  inc reased  when 
moisture w a s  present  i n  the  atmosphere. The re- 
l e a s e  of ruthenium decreased. T h e  r e l ease  of non- 
volat i le  f iss ion products did not change. 

Moist Air 

Visual  examination of experiment 13 in the  hot 
cell showed that t he  fuel melted completely and 
that t he  s t a i n l e s s  s t e e l  had been oxidized. As 
evidenced by the  similari ty in  appearance  of fuel 
residue, t h e  fuel reached a temperature comparable 
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Fig. 1.17. Portions of U 0 2  F u e l  Cylinders from Experiments 12 (Le f t )  and 7 (Right) for Comparison of Ternpero- 

tures. 
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F i g .  1.18. UOq F u e l  Remaining in Holders from Experiments 12 ( L e f t )  and 7 (Right) for Comparison of Tempera- 

tures. 
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Fig.  1.19. Melting Chamber E x i t  Ports, Indicating Oxidation o f  Stainless Steel Cladding in Moist  Hel ium 

Atmosphere in Experiment 12 (Le f t )  Compared t o  Dry Hel ium in Experiment 7 (Right). 



Table  1.15. Mater ial  Released from the Fue l  in UO Melting Experiments 2 

Material Released  (%) Flow Rate  
l 3  'Te l 3  7 c s  Io6R" Sr- 'Ba 9 5 ~ r - 1 4 4 ~ e  UO, 

89 Percent  of U 0 2  Melted 1311 
Experiment 

No. Atmosphere (fpm) 

7 

6, 8 

4, 5. 9 

10 

11 

12 

13 

14 

0-20 

80-90 

100 

97 

70-80 

0-20 

100 

100 

He 

He 

He 

He 

He 

H 20-He 

H 0-air  

H20-air, 
2 

100 min 

60 

60 

60 

125 

350 

60 

25 

60 

96 

99.0 

99.6 

97 

98 

94 

97 

66 (Sn-Sb) 

96 11 9.6 

96.5 99.0 58 55 

99.2 98 88 7 1  

96 96 70 

99.4 96 48 22 

24.4 14 88 92 

96 96 44 32 

63 (Sn-Sb) 73 (Xe) 64 45 (Kr-Xe) 

1.7 

52 

57 

58 

10 

3.7 

32 

21  (Y-Ce) 

0.72 

42 

49 

56 

5.1 

1.8 

33 

20 

w 
N 

Table  1.16. Material  Released from High-Temperature Zone of the Furnace in U 0 2  Melting Experiments 

Flow Rate  Material Released  (%) 

No. Atmosphere (fpm) 1 3 2  Te 1 3 7  CS Io6Ru 89Sp140Ba 95zp144~e 
Percent of U 0 2  Melted Experiment 

1 3  lI 

7 0-20 He 60 50 12 74 2.0 0.72 0.19 0.0 15 

6. 8 80-90 He 60 94 67 85 1.4 0.90 0.11 0.16 

4. 5. 9 100 He 60 86 85 70 5.0 1.5 0.25 0.11 

10 

11 

12 

13 

14 

97 He 125 89 72 8 1  2.4 1.9 0.29 

70-80 He 350 89 80 88 0.15 5.4 0.88 1.6 

0-20 H 20-He 60 86 63 71  0.21 0.79 0.24 0.18 

100 H 2 0-air 50 95 95 92 22 1.4 0.75 1.1 

60 49 (Sn-Sb) 42 (Sn-Sb) 49 (Xe) 45 2.1 (Kr-Ze) 3.8 (Y-Ce) 5.0 H 0-air, 
2 
100 m i n  

100 



33 

UNCLASSlFl ED 
R-18460 

UNCLASSIFIED 
R-11999 

Fig.  1.20. U02 Fue l  Residues After In-Pi le  Melting in Moist A i r  of Experiment 13 (Le f t )  and i n  Helium, Experi- 

ment 9 (Right). 

1 
UNCLASSIFIED ” . ^ . r .  

F ig .  1.21. Melting Chamber E x i t  Ports, Indicating Oxidation of Stainless Steel Clodding in Moist Air  in Experi- 

ment 13 (Le f t )  Compared to Hel ium in Experiment 4 (Right). 
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to  that  of experiments  4, 5 ,  and 9, all of which 
were run in  dry helium. Figure 1.20 s h o w s  t h e  
T h o ,  holders  and  fuel  remains for experiments  13 
and 9. A shiny drop of s t a i n l e s s  s t e e l  which had 
apparent ly  refluxed c a n  b e  s e e n  i n  t h e  experiment  9 
holder. N o  droplets  of steel were found in  experi-  
ment 13. Figure  1.21 s h o w s  the  comparison of t h e  
T h o ,  e x i t  ports  from t h e  melt ing chamber  in  experi- 
ments 13 and 4. Again, t h e  a b s e n c e  of metal l ic  
droplets  ind ica tes  tha t  the  s t a i n l e s s  s t e e l  h a s  been 
oxidized.  

Comparison of t h e  radiochemical resu l t s  of ex- 
periment 13 with t h o s e  of experiments 4, 5, and 
9 s h o w s  that  the  air  a tmosphere had no effect on 
t h e  fraction of strontium, barium, zirconium, and 
cerium remaining in  t h e  fuel i tself .  T h e r e  w a s  
a l s o  no change  i n  t h e  r e l e a s e  of vo la t i le  f i ss ion  
products  from t h e  fuel. T h e  amount of UO, t rans-  
ported from t h e  fuel z o n e  w a s  reduced (Table  1.15). 
T h e  r e l e a s e  of iodine, tellurium, and cesium from 
t h e  high-temperature zone  w a s  increased  in  moist 
air. T h e  distribution of iodine in  experiment 13 
indicated that  i t  w a s  i n  the  elemental  form, having  
been oxidized by the  a i r  atmosphere, and w a s  a b l e  
to penetrate  t h e  f i l ters  but w a s  retained by the  
charcoal. T h i s  is d i s c u s s e d  further i n  a l a t e r  sec- 
tion. Ruthenium w a s  re leased  to  a greater  extent. 
There  w a s  no change  i n  t h e  r e l e a s e  of strontium, 
barium, zirconium, and cerium. 

EFFECTS OF SUSTAINED OVERHEATING IN 
MOIST AIR 

Experiment 14 w a s  performed to s tudy t h e  e f fec t  
of long  irradiation at high temperature on t h e  be- 
havior  and r e l e a s e  of f i ss ion  products. T h e  fue l  
in  t h i s  experiment w a s  not  preirradiated but  w a s  
held at a temperature above t h e  melt ing point  of 
t h e  s t a i n l e s s  s t e e l  c ladding but  below t h e  melt ing 
point  of  UO, for 105  min. T h e  s w e e p  g a s  w a s  
moist  a i r  having a dew point of 23OC. Visual  ex- 
amination showed tha t  the fuel  appeared to h a v e  
melted, contrary to all ind ica t ions  that  t h e  f u e l  
temperature w a s  below t h e  melt ing point of UO,. 
F igure  1.22 s h o w s  t h e  appearance  of a part of t h e  
fuel and holder  i n  the  T h o ,  cyl indrical  s i d e  wall 
of the melting chamber. T h i s  figure may b e  com- 
pared with Fig. 1.20, which s h o w s  t h e  fuel res idues  
and holders  from experiments  13 and 9. T h e  fuel 

w a s  completely destroyed in  each case. N o  s ta in-  
less s t e e l  droplets  were found in  t h e  experiment 
1 4  melting chamber. A comparison of t h e  tem- 
peratures  of t h e  fuel may b e  made by comparing 
t h e  appearance  of the melting chamber ex i t  ports  
from experiment 1 2  (Fig. 1.19, left), experiment 13 
(Fig. 1.21, left), and experiment 14, shown in Fig. 
1.23. T h e  temperature of the  fuel in  experiment 12, 
which w a s  run in  moist  helium, w a s  well below the  
melting point of UO,, while  t h e  temperature of t h e  
fuel  in  experiment 13, which w a s  run in  moist air, 
w a s  above t h e  melting point of UO,. On comparing 
t h e  ex i t  ports  and consider ing the  longer period of 
heating, i t  appears  that  t h e  temperature of the fuel 
in  experiment 14 w a s  less than tha t  i n  experiment 
12. Thermocouples which survived in  experiment 
1 4  a l s o  indicated that  the  temperature w a s  l e s s  
than tha t  in  experiment 12. 

T h e  apparent  melting of the  fuel i n  moist  a i r  a t  a 
temperature well below the  melting point  of UO, in  
experiment 14 is of potential s ign i f icance  in  pre- 
d ic t ing  t h e  movement of fuel i n  reactor  accidents .  
A poss ib le  explanat ion c a n  b e  developed by con- 
s ider ing  t h e  l iquidus curves  for mixtures of  UO, 
and o x i d e s  of t h e  metal components of s t a i n l e s s  
s teel .  T h e s e  curves  a r e  not ava i lab le  directly 
from t h e  l i terature ,  but their general nature  may b e  
inferred by reference to ava i lab le  d a t a  for mixtures 
with ZrO,, which i s  s imilar  to  UO, in  many re- 
spec ts .  F igure  1.24 i l lus t ra tes  t h i s  similarity for 
A1,0, for which d a t a  are ava i lab le7  on both t h e  
UO, and t h e  ZrO, systems.  Aluminum oxide is 
also s imilar  to  Fe,O,, which is of principal in- 
te res t  here. Figure 1.25 s h o w s  t h e  l iqu idus  curves  
for mixtures of ZrO, with t h e  o x i d e s  of iron, chro- 
mium, and  nickel ,  t h e  cons t i tuents  of s t a i n l e s s  
steel.' Also shown i n  Fig. 1.25 i s  a s ingle  point 
which h a s  been reported for t h e  sys tem U0,-Fe,O, 
(ref. 9). Of t h e s e  oxides ,  Fe,O, h a s  t h e  most 
pronounced effect; as l i t t l e  a s  25 mole % could  
depress  t h e  melting point to  20OO0C. T h e  fuel 
res idue shown in Fig. 1.22 may c o n s i s t  of a rela- 
tively low-melting flux of U0,-Fe,O, with t h e  
undissolved e x c e s s  of UO, d ispersed  as f ine 
grains. T h i s  material would b e  expec ted  to h a v e  a 

'E. M. i e v i n ,  H. F. McMurdie, and F. P. Hall, P h a s e  
Diagrams for Ceramicists,  part I (19.56). Figs. 121  and 
149, American Ceramic Society, Columbus, Ohio, 1956. 

'E. M. Levin e t  al . ,  ibid., part I (1956). Figs. 148 
and 149, and part I1 (1959). Fig. 1035. 

' S .  G. Tresvyatski i  and V. I. Kushakovskii, At. 
Energ. 8. 56-8 (1960). 
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F i g .  1,22. Residue of Stoinless-Steel-Clad U 0 2  F u e l  Element Overheated in 

Experiment 14 for 105 min i n  Moist Air Below the Melt ing Point  of  U02, Indi. 

cating Reaction with Oxid ized Cladding. 

s lushy  cons i s t ency  and may not flow rapidly from 
the  overheated part  of a reactor core, but at t h e  
same time i t  could re lease  f i ss ion  products readily. 

c a l  a n a l y s e s  of experi- 
ment 14 are  given in s 1.15 and 1.16. T h e s e  
resu l t s  should not b e  compared directly with those  
of other  experiments s i n c e  there  were no aged 
f i ss ion  products present  in  the  experiment 14 fuel. 
T h e  resu l t s  depend upon the precursor form of the  
f iss ion product rather than the  analyzed form. 
comparing t h e  resu l t s  of experiment 14 with th  

The  resu l t s  of radi 

B 

of experiment 13, se l ec t ed  because  of s imilar  
a tmospheres  and similar extent  of fuel destruction, 

e ef fec ts  of precursors may b e  seen.  T h e  re lease  

reduced (Tab le  1.15). T h e s e  elements  
volat i le  precursors (tin and antimony). T h e  r e l e a s e  
of cesium, strontium, and barium occurred as  

l a t i l e  precursors (xenon and krypton). Other 
ion products,  such  as zirconium and cerium, 

and t h e  transported fuel  were released to t h e  small 
degree expected for a maximum fuel temperature 

iodine and tellurium from t h e  fuel 
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Fig .  1.23. Melting Chamber E x i t  Port from Experiment 14, Stainless-Steel- 

Clad UOq Overheated in Moist A i r  for 105 min. 
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Fig .  1.24. Comparison of Liquidus Curves of the 

Systems Al2O3-UO2 ond AI2O3-ZrO2 to Justify the 

Use of Z r 0 2  os o Stand-In for U02 i n  Phase Diagrams. 
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Fig.  1.25. Depression of Melt ing Point  of ZrOZ, o 

Stand-In for U02, by Oxides of  Stoinless Steel. 
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less than tha t  of experiment 12, but  for a longer 
duration. T h e  r e l ease  of f i ss ion  products from the  
high-temperature zone  (Table  1.16) again ind ica tes  
t he  effects of precursors and the  long time period. 
T h e  iod ine  and tellurium release w a s  lo 
o ther  experiments, again because  the  precursor 
e lements  actually re leased  w nonvolatile. T h e  
strontium and barium re l ease  higher, and la rge  
f rac t ions  of t h e s e  e lements  were found in  the  fi l ter  
sec t ion .  T h e  high r e l ease  of zirconium, cerium, 
and  UO, fuel is believed to b e  due  to the  long 
t i m e  period of sweeping. 

Samples of the  g a s  penetrating the  f i l ters  and 
in th i s  experiment were analyzed by 

gamma spectrometry, and the  r e su l t s  are  d i scussed  
separa te ly  in a subsequent  sec t ion .  

EQUIPMENT FOR IN-PILE MELTING OF 
STAINLESS-STEEL-CLAD UO, IN A 
HI GH-CON CEN TRATION STEAM 

ATMOSPHERE 

Most present-day nuclear power reac tors  u s e  
pressurized water as a coolant,  and during a reac- 
tor accident,  a t  l ea s t  init ially,  t he  fuel  would be  
exposed to an atmosphere of steam. In previous 
experiments miniature UO, fuel e lements  have  been 
melted in-pile i n  helium, air ,  moist helium, and 
moist  a i r  a tmospheres  to  inves t iga te  the  behavior 
of re leased  fission products. In t h e  se 
periments now being started,  the  fuel wil 
i n  t he  presence  of s team to s imula te  conditions in  
a water-cooled reactor during an  accident.  T h e  
use  of a steam atmosphere h a s  n e c  con- 
s iderable  modifica present  equipment to 
provide controlled 
mature condensation, and finally to condense  the  
steam. 

T h e  problem of supplying the  steam at a con- 
trolled rate was  so lved  by design 
which will  supply water a t  0.28 c 
when e ted and added to the  50 cm3/min of  
air ,  pro m-10% air  mixture flowing 
a t  t h e  3/rnin, which is normally 
used  in  t h e  in-pile meltdown 
water injector,  Fig. 1.26, c o n s i s t s  of a 1-in.-ID 
cylinder with highly polished in s ide  wa l l s  and a 
piston with an  O-ring seal. T h e  piston is driven 
by a screw that is turned by a geai. T h e  unit is 
mounted vertically so that  any air  in  t he  sys tem 
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Fig. 1.26. Water Injector for Generating Steam a t  o 

Controlled Rate During In-Pile Melting of U02. 



38 

c o l l e c t s  in  t h e  cone-shaped upper end  of t h e  cyl- 
inder, where it can  b e  discharged through a \-in, 
tube and valve. I t  is necessary  to  remove air from 
t h e  en t i re  inject ion system so that  it cannot  com- 
p r e s s  during a temporary blockage and then c a u s e  
delivery of water at too high a rate. T h e  delivery 
tube for t h e  water  i s  a $16-in. s t a i n l e s s  s t e e l  tube 
to within 5 ft of t h e  furnace. Here i t  is changed to 
a 0.035-in. capi l lary,  which penet ra tes  t h e  $-in. 
g a s  in le t  l i n e  and cont inues concentr ical ly  with 
the  g a s  l i n e  to  a point i n s i d e  the  furnace. A small  
tube  is used  so that  s team formation above  t h e  
out le t  cannot  suddenly c a u s e  t h e  delivery of a large 
p u l s e  of water. Water is not admitted unt i l  t h e  
furnace i s  above 100°C so tha t  t h e  water  will 
evaporate  a s  fas t  as  i t  en te rs  t o  c a u s e  a cons tan t  
vapor flow through t h e  furnace and out  t h e  g a s  
exi t  tube. 

In all t h e  in-pile experiments t h e  g a s  ex i t  tube 
h a s  served  t h e  dual  funct ions of a delivery tube 
which t ransports  re leased f iss ion products t o  t h e  
f i l ters  and of a diffusion tube which provides  
analyt ical  information relat ive to  par t ic le  s i z e  and 
to the  ac t iv i t ies  assoc ia ted  with t h e  par t ic les .  In 
t h e  experiments  us ing  a s team atmosphere, i t  is 
mandatory that  t h e  temperature over the  full 40-in. 
length of t h i s  tube remain above 100°C to prevent 
t h e  condensat ion of water i n  the  tube. Premature 
condensat ion could have  two adverse  effects :  (1) 
al low t h e  return of water  into t h e  furnace with a 
consequent  pulsat ion of sweep and poss ib le  damage 
to  t h e  containment and (2) disturb the  par t ic le  de- 
p o s i t s  in  t h e  diffusion tube. T h e  necessary  tem- 
perature i s  maintained by surrounding t h e  ex i t  
tube with a s team j a c k e t  in  the  form of a f lexible  
metal hose.  Figure 1.27 shows the  assembly which 
w a s  developed. Steam for t h e  jacke t  is provided 
by hea t ing  water  in  t h e  lower part of t h e  j a c k e t  
with a platinum-wound heater. T h e  a i r  is elimi- 
nated from t h e  jacke t  by hea t ing  t h e  water to  the 
boi l ing point; t h i s  c a u s e s  t h e  a i r  to  b e  driven into 
t h e  top of t h e  jacke t ,  where i t  c a n  b e  released.  
When a l l  a i r  is removed, three thermocouples moni- 
toring t h e  top, middle, and bottom of the  e x i t  tube 
read t h e  same a t  all power levels .  T h e  possibi l i ty  
of cold s p o t s  where condensa te  could form is thus  
eliminated. T h e  isothermal condition g ives  added 
dividends when analyzing t h e  diffusion tube d a t a  
b e c a u s e  i t  e l iminates  t h e  possibi l i ty  of tempera- 
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Fig. 1.27. Experimental Assembly for Controlling Con- 

ture e f f e c t s  a long  t h e  tube. densation During In-Pile Melt ing of UOg. 



39 

H e a t  ba lance  for the  steam j a c k e t  sys tem is a 
compromise between keeping the  hea ter  power re- 
quired in t h e  retracted position low and providing 
suff ic ient  h e a t  d i ss ipa t ion  to k e e p  t h e  j a c k e t  pres-  
s u r e  a t  a s a f e  level  during full inser t ion into the  
reactor core. T h e  platinum-wound hea ter  at the 
b a s e  of the steam jacke t  maintains  t h e  temperature 
while  the  experiment is retracted. With t h e  experi- 
ment inser ted,  approximately 300 w of gamma h e a t  
is generated. T o  d i s s i p a t e  hea t ,  an aluminum block 
is mounted on t h e  top of t h e  steam jacke t ,  and, 
when j!:s teniperature increases ,  i t  f i t s  lightly 
aga ins t  the  wall of t h e  secondary container  which 
is maintained at react.or water  temperature. A 
recordirig potentiometer responding to  a therrno- 
couple  inside t h e  s team j a c k e t  turns  off the  hea ter  
power when t h e  temperature reaches  120°C. If t h e  
temperature reaches  225°C: (300 ps ia  in  the s team 
jacke t ) ,  t h e  experimental assembly is retracted 
automatically a s  a safety measure. T h i s  s team 
jacke t ,  supplying its own steam produced by the 
heater and  d iss ipa t ing  gamma h e a t  automalically, 
provides eff ic ient  and safe way to maintain the 
ex i t  tub:? at a predetermined isothermal  temperature. 

T h e  water  vapor in t h e  sweep gas ,  leaving t h e  
s team j a c k e t  region, must b e  condensed and sepa- 
rated frDm t h e  air. T h e  condenser  is an.aunular  
c a n  2.5 in. OD and 1% in. ID designed to make 
good contac t  wiih the  water-cooled secondary wall, 
S ta in less  s t e e l  in le t  and out le t  tubes  & in, i n  
diameter penetrate  the  top a t  a 45" angle  and con- 
tiniie halfway around t h e  i n s i d e  circumference, to 
prevent  direct  drainage of the condensa te  when 
the experiment is laid in a horizontal posi t ion in  
t h e  hot cells. T h e s e  tubes  a r e  s i lver  soldered to 
t h e  i*lsJ.de wall to provide t h e  h e a t  d i ss ipa t ion  
necessary  to condense  the  v~ipor. T h e  condenser  
m u s t  b e  loca ted  below t h e  top of t h e  steam jacke t  
as shown in Fig. 1-27 to avoid return of condensa te  
a t  t h e  furnace. Uncondensed g a s  p a s s e s  from the  
condens.sr to  the  filter package. Measurement of 
t h e  f iss ion products retained in  t h e  condenser  will 
give valuable  infotmation which will he lp  i n  under- 
s tanding t h e  behavior of f iss ion products during 
s team condensat ion under reactor acc ident  condi- 
ti on s . 

']The operation of t h e  experiment revised for s team 
atmosphere is only s l ight ly  different From the usual  
operat ing procedure, Irradiat.ion of t h e  fuel prior 
to mel t ing i s  done u s i n g  helium a s  t h e  sweep gas 

to protect c ladding  and other  parts from corrosion. 
Before inser t ing  to  melt the  UO,, t h e  s w e e p  is 
changed to air, and, after t h e  temperatures  a r e  
cons tan t  and above 100°C everywhere i n  t h e  pri- 
mary container  of the  furriace and in  t h e  e x i t  t.ube, 
t h e  a i r  flow is reduced to  50 cm3/min and t h e  
water  injector  is star ted.  A f low of water  vapor i s  
ind ica ted  by a thermocouple on t h e  condenser  in le t  
line. Without water vapor flow t h e  temperature is 
50 to 6QoC, and as soon as  condensa te  s t a r t s  
through the tube, it i n c r e a s e s  to 100°C. With th i s  
s w e e p  flow a t  400 cm3/min (350 H20--SO air) t h e  
experiment is inser ted all the way into t h e  la t t ice  
to melt t h e  UO,. A s  t h e  experiment is be ing  re- 
t racted,  the  water injector  is s h u t  off and t h e  a i r  
flow is replaced by heiium; after 10 min of helium 
s w e e p  t h e  hea ter  power to the s team j a c k e t  is 
turned o f f .  

Simultaneously with t h e  modifications j u s t  de- 
scr ibed,  t h e  des ign  of the filter unit w a s  also 
changed to include severa l  improvements: (I) to 
provide m e a n s  of tes t ing  each filter iri p lace,  (2) 
to  make  c h a n g e s  for easier handl ing in  the  hot cell, 
and (3)  to i n c r e a s e  filter area. Special  ports, 
which are a c c e s s i b l e  af ter  mounting of t h e  f i l ters  
and which c a n  b e  s e a l e d  af ter  tes t ing,  a r e  pro- 
vided before and af ter  each filter, T e s t i n g  t h e  
f i l t e rs  c o n s i s t s  in drawing a i r  with a known 
par t ic le  content  in through one  port, through the  
filter, and out  t h e  port above  the filter. A con- 
densa t ion  nucleus par t ic le  detector  is used  for 
determination of par t ic le  concentrations. T h e  per- 
c e n t a g e  of par t ic les  s topped i s  a measure of filter 
e f f i c i m c y .  The filter p a r t s  and t h e  assembled  
uni t  a r e  shown in Fig.  1.28. T h e  capabi l i ty  for 
in-place t e s t i n g  of the  f i l t e rs  makes it p o  
to d e t e c t  and el iminate  l e a k s  which might other- 
w i s e  diminish filter e t f ic ienc ies  ind ica ted  for 
re leased  f i ss ion  products. 

One in-pile experiment h a s  been  conducted i n  
which a miniature s ta i t i less-s teel-clad UO, fuel  
elemerit was  melted i n  a ~ i i ~ ~ i - c o n c e n t r a t i o n  steam 
atmosphere with a s m a l l  amount ol  air. T h e  ex- 
perimental assembly h a s  been  disassembled and 
examined in the hot ce l l s .  T h e  U02 w a s  fully 
melted, and no metal l ic  s t a i n l e s s  steel w a s  
found. Radioassay  of the  s a m p l e s  f rom t h i s  ex- 
periment is i n  progress, and t h e  results a r e  ex- 
pec ted  to he lp  to predict  t h e  behavior of f iss ion 
products i n  a n  acc identa l  meltdown i n  a water- 
cooled reactor. 
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Fig.  1.28. In-Pile Fi l ter  Package ,  Modified to Permit In-Place Tes t ing ,  

RETENTION OF RELEASED FISSION PRODUCTS 
PRODUCED BY COMPONENTS O F  THE 

OFF=GAS SYSTEM 

T h e  amounts of re leased  f i s s ion  products and 
uranium col lec ted  by the  relatively co ld  wall 
surrounding the  furnace, t h e  diffusion tube, t he  
fi l ters,  the  charcoa l  adsorber, and other pa r t s  of 
the  off-gas sys tem a re  determined by radiochemical 
a n a l y s i s  for each  in-pile fuel des t ruc t ion  experi- 
ment. T h e s e  par t s  s imula te  various components 
which would be  encountered by re leased  f i ss ion  
products a s  they would be  carried from the melted 
fuel t o  the containment v e s s e l  and into a fi l ter-  
adsorber sys tem in an  ac tua l  reactor acc ident .  
From t h e s e  radioassay da ta  an estimate of the  
e f f ec t iveness  of the components  of the gas- 
c leaning  sys tem can  be obtained. T h e  amounts 
of material  found downstream from the  fuel and 
from the  high-temperature zone, expres sed  a s  per- 
cen t  of t he  total  inventory of that  material, are the  
r e l ease  data which have  been presented  previously 

for experiments where U02 w a s  melted6 and where 
uranium carbide-graphite fuel  was  burned. l o  T h e  
present  d i scuss ion  concerns  material  found down- 
s t ream of se l ec t ed  components of the  off-gas s y s -  
tem. Table  1.17 shows the  amount of each  mate- 
r ia l  downstream of the  diffusion tube a l s o  expressed  
a s  percent of the total inventory of that  material. 
T h e  difference between a va lue  i n  th i s  tab le  and 
the corresponding va lue  in  tables of material  re- 
l eased  from the high-temperature zone  of the  
furnace g ives  the fraction of the  inventory de- 
posited on the  coo l  metal sur faces  of the  furnace 
chamber and the  diffusion tube. T h e s e  components 
s imula te  the  reactor v e s s e l  and p ipes  lead ing  to 
the containment v e s s e l  of an ac tua l  reactor. A 
comparison of t h e s e  da ta  so ca lcu la ted  with the  
da ta  on the  r e l ease  from the  high-temperature zone  
of the  furnace generally shows similar va lues  for 
the  nonvolati le ruthenium, strontium, barium, 
zirconium, cerium, and uranium. On the  other 

10 W. E, Browning, Jr., et SI., NueI. Safe ty  Semiann. 
Progr. Rept ,  June 30, 1963, ORNL-3483, pp. 22-26. 



ExperimentB b Conditions 

Table  1.17. Material  Found Downstream of the Diffusion Tube 

Expressed  a s  percent of the to ta l  inventory of material 

G- 1 Burned in air 9 

G- 3 Burned in air 7 

2 He atm 

3 He atm 4.4 

4 He atm 26 

5 He atm 47 

6 He atm 5s 

7 He atm 0.7 

8 He atm 11 

9 He atm 43 

10 High flow He 53 

11 Very high flow He 39 

12 Moist He 42 

13 Moist air 70 

14 Not preirradiated; 32' 
moist air, 105 min 

lo6Ru *'sr U 

13 24 

5.2 15 

6 

14 

28 22 

5 1  4 1  

32 32 

4.4 3.5 

23 14 

14 32 

29 33 

30-50 26 

33 32 

36 35 

17' 35' 

35 

2.1 

0.1 

0.5 

3 

2.6 

0.7-1.3 

0,9 

1.2 

3.6 

0.00s-0.009 

0.03-0.07 

0.13 

6.1 

3.7 

1.0 

0.8 

7.1' 

0.37 

1.3 

1.1 

0.39 

0.50 

0.57 

0.50 

0.9 

0.8 

0.38 

0.56 

14' 

0.39 

0.44 

7-1 1 ' 
0.26 

0.46 

1.3 

0.30 

0.35 

0.071 

0.29 

1.0 

1.7 

0.1s 

0.34 

9' 

0.59 

0.23 

0.026 

0.09 

0.01 

0.014 

0.09 

0.012 

0.0 18 

0.047 

2.1 

0.011 

0.0035 

0.22 

0.034' 

5.2 

0.8 

0.16 

0.032 

0.1 

0.18 

0.034 

0.17 

0.17 

0.12 

0.23 

0.26 

0.029 

1.0 

1.3 

0.30 

0.048 

1.4 

0.0023 

0.029 

0.10 

0.021 

0.0051 

0.0050 

0.10 

0.15 

0.007 

0.20 

1.4 

a8gG" prefix indicates experiments with uranium carbide-graphite fuel. Others were with U 0 2 .  
bDuration was  5 min except where noted otherwise. 
'Reflects behavior of precursors. 



Table  1.18. Material Found Downstreom of the Diffusion Tube 

Expressed a s  percent of that re leased  from the high-temperature zone of the furnace 

Experimenta b Conditions 13 lI  I3*Te i 3 7 c s  lo6Ru 89s* 140Ba 1 4 4 ~ e  U 

G- 1 

G- 3 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Burned in air 

Burned in air 

He atm 

He atm 

He atm 

He atm 

He atm 

He atm 

He atm 

He atm 

High flow He 

Very high flow He 

Moist He 

Moist air 

Moist air, 105 min; 
not preirradiated 

33 

49 

9 

28 

54 

58 

1.4 

12 

53 

60 

44 

48 

73 

65' 

38 

37 

6 1  

63  

61 

38 

29 

16 

40 

50 

53 

38 

4 l C  

65 

35 

29 

30 

51 

50 

39 

4.7 

16 

55 

41 

30 

45 

38 

72' 

87 

40-60 

3 

84 

50-70 

51 

96 

30-50 

71 

94 

4-8 

20-40 

63 

28 

8 

84 

6 1  

34' 

30 

56 

76 

42 

58 

45 

52 

43 

28 

37 

47 

57c 

78 

65 

3gC 

35 

49 

58 

55 

60 

9 

26 

35 

21 

27 

22 

56= 

85 

18 

22 

70-90 

20-40 

73 

97.0 

33 

35 

38 

74 

1.9 

1.6 

62 

1. 2' 

82 

28 

27 

1.8 

20-40 

55 

50 

52 

69 

4 1  

22 

21 

12 

91 

27 

80 

28 

36 

4.5 

38 

44 

7 

34 

39 

35 

9 

3.6 

19 

28 

P tu 

2' 
a6*G" prefix indicates experiments with uranium carbide-graphite fuel. 
bDuration was  5 min except where noted otherwise. 
'Reflects behavior of precursors. 

Others were with UO 



Table I. 19. Material Found Downstream of F i r s t  Intact H i g h - E f f i c i e n c y  Fi l te r  

Expressed a s  percent of the total  inventory of material 
~~ ~~~ ____ _ _ _ _ _ ~  ~ _ _ _ _ ~ ~  ~ ~ 

Experimenta Conditionsb 131 I 13'Te : 3 7 c s  106 Ru 89sr I 4 O ~ a  9 5 ~ r  1 4 4 ~ e  u 

c- 1 

G-3 

2 

3 

5 

6 

I 

9 

10 

11 

12  

13 

14 

Burned in air, 15 min 

Burned in air, 15 m i n  

We atm, 10 rn in  

Xe atm 

He atm 

He atm 

He atrn 

He atm 

High flow He 

Very high flow He 

Moist Ne 

Moist air 

Not  preirradiated; 
moist air, LO5 rnin 

5.4 

1.5 

0.8 

3.5 

15 

0.16 

2.8 

1.3 

2.9 

0.81 

45 

1.5' 

0.067 

0.07 

0.4 

22 

0.06 

12 

0.022 

0.19 

0.111 

0.61 

2.7" 

21 

14 

0.13 

io  
19 

12 

2.9 

4.2 

2.5 

2.7 

1. 1 

1.0 

26' 

25 

1.1 

0-0.10 

0.002-0.0 10 

2.3 

0.66 

0.7 

1.3 

0.0011 

0.022 

0.06 

0.02-0.06 

0.32 

0.43 

0.47 

@.008c 

0.19 

0.63 

0.20 

0.48 

0.25 

0.23 

0.023 

0.15 

0.071 

5.9' 

3.26 

0.38 

4 "  

0.019 

G. 22 

0.18 

0.32 

0.13 

0.23 

0.17 

0.053 

0.11 

7' 

0.31 

0.18 

0.005 

0.0037 

0.008 

0.08 

0.012 

0.013 

1.2 

0.0011 

0.0030 

0.0012 

0.0063" 

4.9 

0.7 

0.029 

0.01 1 

0.13 

0.027 

0. 16 

0.035 

0.13 

0.017 

0.022 

0.0 19 

0.16 

0.17 

0.003 

0.005 

0.012 

0.0051 

0.0033 

0.008 

0.0006 

0.005 

0.002 

0.12 

A 
W 

2' a "Gsv  prefix ind ica tes  experiments w i ~ h  uranium carbxie-graphite fuel. 
bDuration was  5 m m  except where noted otherwise. 
'Reflects behavior of precursors. 

a t h e r s  were wi:h UO 



T a b l e  1.20. Moteriel Found Downstream of First Intact High-Efficiency Fi l ter  

Expressed as  percent of that  re leased from the high-Temperature zone of the furnace 

Experimente Conditionsb 1311 13ZTe 7 c s  

G1 

G 3  

2 

3 

5 

6 

7 

9 

10 

11 

12 

13 

14 

Burned in air, 15 rnin 

Burned in air, 15 min 

He atm, 10 min 

He atm 

He a tm 

He atm 

He atm 

Ne atm 

High flow He 

Very high flow He 

Moist He 

Moist air  

Not preirradiated; 
moist air, 105 min 

20 

10.6 

1.5 

3.9 

15 

0.32 

3.5 

1.4 

3.3 

0.9 

47 

3.OC 

0.19 58 

0.5 33 

0.60 

20 

0.5 24 

42 14 

0.6 3.9 

13 7.2 

0.031 3.1 

0.24 3.1 

0.18 1.6 

0.64 1.1 

6.3' 5 3c 

lo6Ru 898, l4OBa Zr 1 4 4 ~ e  Y5 U 

61 

20-40 

1 

0.3-1.5 

45 

50-90 

20-40 

33 

0.9 

14 

29 

0.2 

0.72 

35 

35 

O.03€jc 

15 

44 

22 

56 

26 

11 

0.77 

15 

6.0 

23c 

5 1  67 

56 14 

1 3' 0.4 

2.6 3.5 

10 4 1  

33 04.8 

55 33 

11 10 

8 42 

2.1 0.20 

9 1.4 

7.0 0.33 

3gC 0.23' 

79 

24 

4.0 

0.6 

4 1  

40 

49 

12 

13 

1.4 

9 

1.7 

3.4 

47 

0.0 

3.4 

40 

34 

26 

2.7 

0.037 

3.0 

0.2 

2.3 

aCrGDD prefix indicates experiments with uranium carbide-graphite fuel. 
bDura:~on was 5 min except  where noted otherwise. 
'Reflects behavior of precursors. 

Others were with UO 
2 

. 



45 

hand, t h e s e  data  for tellurium and cesium a r e  
usual ly  considerably smaller  and a r e  much smaller  
for iodine than are t h e  corresponding da ta  on re- 
lease from the  high-temperature zone. T h e s e  
resu l t s  ref lect  the fac t  that  much iodine  depos i t s  
on t h e  cool  metal  sur face  of the  reactor  furnace 
and considerable  iodine, tellurium, and cesium 
depos i t  i n  the diffusion tube. In experiment 13, 
iodine w a s  probably oxidized by the  a i r  to ele- 
mental vapor and thus  w a s  not depos i ted  on t h e  
metal  sur faces  as in  previous experiments. In 
experiment 14 the  fuel w a s  not preirradiated to 
build up f i ss ion  products, and mass numbers 89 
and 140 were released as vola t i le  precursors  
while  mass 131 w a s  retained b e c a u s e  i t s  pre- 
cursor  is nonvolatile. 

In T a b l e  1.18, the mater ia l  downstream of the 
diffusion tube is expressed  as a percentage of the  
amount of that  material re leased  from the  high- 
temperature zone  of the furnace. T h e  da ta  a r e  
displayed in  th i s  f o r m  in  order t o  show expl ic i t ly  
the  e f fec t iveness  of t h e  Components of the off-gas 
sys tem between t h e  high-teinperature zone  of t h e  
furnace and the  far end of the  diffusion tube for 
the  retention of re leased  f i ss ion  products. T h e  
i so topes  which show grea tes t  r e l e a s e  from the  
high-temperature zone a l s o  a r e  t h e  o n e s  which a r e  
re ta ined to  the  grea tes t  ex ten t  on the  cold wall 
of the furnace and in  the  diffusion tube. Although 
there  is wide variation, general ly  l e s s  than half 
of the  material re leased  froiii t h e  high-temperature 
zone  of t h e  furnace is found downstream of t h e  
diffusion tube. 

Table  1.19 s h o w s  the arnounts of material found 
downstream of a “high-efficiency” f i l ter  ex- 
pressed as  percent  of total  inventory of that  
material, and Table  1.20 shows t h e  same quanti- 
t i e s  expressed  a s  percent  of that  material re leased  
from the high-temperature zone  of t h e  furnace. 
Only data  for f i l ters  which remained intact  during 
the en t i re  experimental run a re  presented. Where 
a n  experimental assembly contained mote than one  
such  filter, da ta  for the  ini t ia l  one a r e  shown. 
T h e  “high-efficiency” filter mater ia l  is ei ther  
Gelman type E g l a s s ,  HV-’70, or F landers  F-700. 
T h e  difference between va lues  in  one of t h e s e  
tab les  and t h o s e  i n  the  corresponding tab les  of 
mater ia ls  downstream of the  diffusion tube g i v e s  
the  fraction of material depos i ted  on the  “high- 
eff ic iency” f i l ter  and, i n  many experiments ,  a l s o  
on a roughing filter. From T a b l e  1.19, it  is s e e n  
that  only very small  fraction of the  to ta l  inventory 

of nonvolatile e lements  (ruthenium, strontium, 
barium, zirconium, and uranium) and s l ight ly  
larger amounts of volat i le  e lements ,  (iodine, tellu- 
rium, and cesium) ace found downstream of a 
“high-efficiency” filter, T h e  d a t a  presented in 
Table  1.20 generally indicate  that  for the volat i le  
i s o t o p e s  smaller  f ract ions of t h e  material re leased  
into off-gas sys tems e s c a p e  capture  by the  “high- 
eff ic iency” f i l ter  than is t h e  case for the  non- 

volat i le  ones.  T h i s  probably ref lects  the fact  that 
greater  amounts of t h e s e  mater ia ls  a r e  re leased  
into the off-gas system. Calcu la ted  eff ic iencies  
of the  “high-efficiency” f i l t e rs  for the  var ious 
f i ss ion  products follow the  same pattern. T h e  
la rge  amounts of iodine shown for experiment 13 
are probably due  t o  i t s  oxidation to t h e  elemental  
form by the moist a i r  atmosphere. In th i s  form t h e  
iodine was  deposi ted to a lesser exten t  prior t o  
the charcoal ,  and only 0.7% penetrated t h e  f i r s t  
2 in. of charcoal. 

T h e  da ta  i n  T a b l e s  1.19 and 1.20 a r e  of in te res t  
i n  a s s e s s i n g  the  performance of f i l t e rs  in removing 
f i ss ion  products re leased  i n  reactor accidents .  
Because  the amounts of f i ss ion  products which 
e s c a p e  t h e  high-temperature zone a r e  so  small, 
the  d a t a  a re  suscept ib le  to  interference by con- 
tamination (e.g., i n  t h e  hot cel ls) .  Although great  
c a r e  is exerc ised  t o  prevent such  contamination, 
i t s  occurrence cannot  be  ruled out entirely. At the  
present  time, however, the  da ta  i n  T a b l e s  1.19 and 
1.20 generally must be  considered as  upper limits, 
and judgment must b e  withheld about the  implied 
low f i l ter  eff ic iencies .  T h e  d a t a  in  T a b l e  1.19 
represent  upper limits for t h e  fract ions of t h e  
fission-product inventor ies  which would b e  found 
beyond a n  absolu te  filter in  a reactor accident .  

ANALYSIS OF OFFOGAS FRO 
MELTING EXPERIMENTS 

T h e  off-gas which h a s  p a s s e d  from t h e  in-pile 
meltdown experiments  through the  f i l t e rs  and the 
charcoal  trap is processed  in  a permanrnt par t  
of t h e  ORR faci l i ty  t o  determine t h e  extent  to 
which the  various f i ss ion  products  can penetrate  
t h e s e  components. T h i s  uni t  h a s  been revised 
recently and now performs t h e  following functions: 
(1) monitoring of the radioactivity of the gas during 
operation, (2) col lect ion of rare g a s e s  in a refriger- 
a t e d  charcoal  trap, (3) transfer of the col lected 
g a s e s  into a n  evacuated  21-liter tank by heat ing 
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t h e  charcoal  trap, and (4) col lect ion of gaseous  
a l iquots  in  7-cm3 biological  serum bot t les .  Col- 
lect ion of g a s  samples  i s  accomplished by 
piercirig the rubber tops  of the  serum bot t les  in 
the  manifold sys tem with hypodermic needles .  
T h e  bot t les  c a n  then be  evacuated,  with a vacuuin 
pump instal led in  the system, and filled ei ther  
direct ly  from the  g a s  s t ream before the refrigerated 
charcoal  t rap  or f rom the 21-liter tank which con- 
ta ins  t h e  g a s e s  removed from t h e  charcoal. Re- 
moving samples  from the  l ine before the  t rap 
permits the detect ion of nucl ides  which would 
otherwise remain fixed on t h e  trap. T h e  revised 
unit w a s  used  for experiment 14, and the resu l t s  
have  been partially interpreted. 

Construction of experiment 14 was ident ical  t o  
that  of previous experiments. The  s ta in less -s tee l -  
c lad UO, fue l  specimen was  surrounded by thoria 
insulat ion through which s w e e p  g a s  passed  to 
carry released f iss ion products through f i l ters ,  a 
charcoa l  trap, and on to t h e  part of the  facility 
descr ibed above. T h e  a n a l y s i s  d i s c u s s e d  in th i s  
sec t ion  d e a l s  only with samples  removed from the  
gas  s t ream in th i s  part of the  facility. Operation 
of experiment 14 differs from previous experiments 
in that t h e  fuel  w a s  not preirradiated but w a s  in- 
se r ted  immediately into the  la t t ice  of t h e  reactor 
t o  a point where t h e  temperature of the UO, w a s  
-2000°C. It was irradiated for 105 min with 

moist a i r  sweeping over the fuel a t  400 cm3/min. 
Seveti-cubic-centimeter samples  of t h e  g a s  were 
taken at 10-min intervals  beginning 10 min af ter  
insertion. After the experiment thc  conten ts  of 
t h e  charcoal  trap were discharged in to  an evac-  
uated tank,  and t h i s  gas a l s o  w a s  analyzed.  
The gas  samples  were found t o  contain smal l  
amounts of the 131, 132,  133, and 135 chains ,  
Preliminary a n a l y s i s  of t h e  m a s s  132 da ta  in-  
d i c a t e s  that some antimony or tellurium pene- 
t ra ted the  gas-cleaning sys tem during t h e  in i t ia l  
20  min of operation but not later. On the other 
hand, t h e  mass 133 d a t a  ind ica te  that  not more 
than 0.36% of t h e  antimony w a s  released,  0.0034% 
of t h e  tellurium, a vanishingly small  fraction of 
t h e  iodine, or 50% of t h e  xenon formed 10 min 
after t h e  s tar t .  

It can  be  concluded from th is  a n a l y s i s  that  either 
antirnony or tellurium is released in  a detectable ,  
but very small, amount from U02 fue l  heated t o  
-2000°C and that the released material p a s s e s  
through a roughing filter, a charcoal  t rap at 4OoC, 
and about 30 ft of $*-in. tubing. T h i s  method of 
a n a l y s i s  h a s  proved t o  be  highly s e n s i t i v e  and is 
being developed further with the expectat ion of 
s e t t i n g  limits on the  amounts of v a r i o w  f i ss ion-  
product e lements  which penetrate a gas-cleaning 
system. 

1.4 Characterization and Control of 
Accident-Release ission Products 

IODINE DISTRIBUTION AMONG CHEMICAL tank of t h e  CMF. Diffusion tube da ta  obtained 
from sample  s t reams withdrawn a t  three points  in 

A E ROSO LS the  filter pack while 3-hr-aged aerosol  passed  
FORMS AND PARTICLE S i Z f S  IN AGED 

through the  pack a r e  given i n  Figs. 1.29, 1.30, 
and 1.31. Figure 1.29 presents  d a t a  on the un- G. W. Parker  G. E. Creek W.  J. Martin 

f i l te ted mixed aerosol  enter ing the  analyzer; Fig. 
1.30 g ives  d a t a  on t.he aerosol  af ter  filtration by 
“absolute” (CWS) f i l ter  paper; and Fig.  1.31 gives  

An experiment (run C) w a s  descr ibed in  Sect. 1.1 data  on the  iodine remaining af ter  adsorption of 
of t h i s  report in which highly irradiated UO, (7000 the elemental  iodine on eight  act ivated copper 
Mwd/ton burnup) w a s  melted i n  a i r  and the result- sc reens .  The diffusion tube plots were used  to  
i n g  aerosol  w a s  transferred to the  confinement ca lcu la te  the  iodine distribution d a t a  displayed in 

Aerosol from 7000 Mwd/ton Burnup UO, 
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Fig.  1.29. Diffusion Tube Data for Unf i l tered Aged 

A ~ K O S O I  from 7000-Mwd/ton U02.  

‘Table 1.21. Some addi t ional  d a t a  on larger size 
par t ic les  were obtained by u s e  of the  Aridersen 
sampler; however, t h e  amount of iodine (0.2%) 
assoc ia ted  with par t ic les  co l lec ted  by t h e  sampler 
c a n  he neglected.  

I t  i s  espec ia l ly  in te res t ing  tha t  a frequently 
observed par t ic le  size (20 to 3 0  A) is t h e  only 
one s e e n  i n  F ig .  1.31 af te r  the  sample  had p a s s e d  
through t h e  copper  screens .  

Additional d a t a  which support  the  ex is tence  of 
t h i s  par t iculate  form of iodine a re  given in  t h e  
plot (Fig. 1.32) of the  relat ive amount of iodine on 
individual copper  s c r e e n s .  T h e  occurrence of a n  
addi t ional  form of iodine is indicated by the plot 
of t h e  charcoa l  car t r idge da ta ,  Fig.  1.33. T h e  
s l o p e  of t h e  d a t a  obtained with t h e  last three 
car t r idges is at t r ibuted to a “penetrat ing organic 
f o ~ m . ”  
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Fig .  1.30. Diffusion Tube Data for f i l t e r e d  Aged 

Aerosol from 7000-Mwd/ton UQ2. 

Tab le  1.21. Distribution of Iodine States and 

Particles from 7000-Mwd/ton UO Melted in  Aira 2 
.................... ~ 

Percent  of Airborne 
Iodine 

Before After 
Filtration F iltiation 

Form Method ___-______ 

.................... ~ 

Diffusion tube 70 65 

20-30 A Diffusion tube 2 5  32 
I?  

30-50 A Diffusion tuhe 2.0 

0.4 100-240 A Diffusion tube 2 

240 A-.0.7 p Abs f i l ter  

0.7-3 / r  

Organic + Charcoal 0.8 1.5 

2 0 

0.2 Impact or 

desorbed I 
.................... .......... ___-__ 

eAirborne after 3 hr in containment. 
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F i g .  1.31, Diffusion Tube Data for Aged Aerosol from 

7000-Mwd/ton U 0 2  After Passing Through a F i l ter  and 

Copper Screens. 

Aerosol from Molten UQ2-lodine Tracer (Run D) 

Diffusion tube d a t a  obtained with aged aerosol ,  
unfiltered and filtered, are shown i n  Figs. 1.34 
and 1.35 respect ively.  It is c l e a r  from t h e s e  d a t a  
tha t  p a s s a g e  through a n  absolute  filter had l i t t l e  
effect  on the  distribution of iodine among molec- 
ular  iodine and small par t ic les  deposi ted in  the  
diffusion tubes.  

Distribution d a t a  obtained in  various experi- 
ments involving r e l e a s e  of iodine in the presence 
of vaporized UO 

The  largest  variation noted i s  in  the  iodine 
assoc ia ted  with par t ic les  in  the  50- t o  100-A size 
range. The  difference between t h e  resu l t s  ob- 
ta ined in  runs A and B c a n  probably be attributed 
to t h e  presence of unfiltered a i r  i n  run B. I t  s e e m s  
s ignif icant  tha t  when a rea l i s t ic  concentration of 
iodine (2 mg/m3) is present  ini t ia l ly  in  the  con- 
finement tank the fraction of iodine at tached to 

are  compared in T a h l c  1.22. 
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F i g .  1.32. Distribution of Iodine on Copper Screens. 

part ic les  in  t h e  50- t o  100-A s i z e  range i s  qui te  
small .  It is not c l e a r  whether the  variation in 
the fraction of iodine a t tached  t o  the  small  par- 
t i c l e s  (18 to 22 A) h a s  any s ignif icance.  As w a s  
mentioned previously i n  th i s  report, the  molecular 
l Z 7 I  with t racer  l 3 I I  employed in run D w a s  trans- 
ferred t o  t h e  confinement tank before the unir- 
radiated U 0 2  specimen or its s t a i n l e s s  s t e e l  
cladding melted, and th i s  may have  given less 
opportunity for t h e  iodine t o  adsorb  on or react  
with t h e s e  smal l  pa i t ic les .  

Aerosol from Iodine Tracer Experiment 

Several  tests were cornpared to obtain t h e  rat io  
of var ious forms of iodine produced i n  t h e  experi- 
ment (run E) descr ibed in  Sect. 1.1 of t h i s  report, 
in  which molecular l z 7 I  with t racer  1 3 ' 1  w a s  
introduced in to  the containment tank (of the CMF) 
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Fig .  1.33. 
sorber Pock.  

Distribution of Iodine in the Chorcool Ad- 

Tab le  1.22. Comparison of Distribution of Iodine 

Among Different Par t ic le  Sizes 

Percent  of Airborne Iodine 
Size Range 

(A) Run A Run B Run (7 Run D 

8-14 (I2) 80 68 78 92 

18-22 14 12 22 8 

50-..100 "5 2 0  0.02 

> l o o  0.4 0.4 
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Fig .  1.34. Diffusion Tube Qata for Unfiltered Aged 
Aerosol from U02-1311 Simulation Experiment. 
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f i g .  1.35, Diffusion Tube Data for Fi l tered Aged 

Aerosol from U02-1311 Simulation Experiment. 

filled with a i r  a t  15 psig. Since some unfiltered 
air  was  present  i n  t h e  containment tank, it w a s  
expected tha t  some par t iculate  iodine and some 
organo-iodine compounds would b e  found. T h e  
f i r s t  means  of differentiation were  the filter pack 
and the  diffusion tubes.  Separate  filter packs  and 
diffusion tubes  were  used  at three s t a g e s  in  the 
experiment. Absolute f i l t e rs  preceding t h e  dif- 
fusion t u b e s  removed only part of the  very smal l  
(near molecular size) part ic les .  The silver-copper 
screen  combination (three silver-platcd screens  
followed by f ive copper  s c r e e n s )  was  probably 
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Table 1.23. Particle Size of Airborne and Desorbed Iodine in  Iodine-Tracer Experiment (Run E) 

Iodine Collected on Fi l te rs  

Par t ic les  
>60  A: Held 

by Fi l te r  

par t ic les  of 
Fraction Analyzed Undetermined 

Iodine Pass ing  Through Fi l te rs  
-... . . .. . . __ 

Molecular or 

Ionic Iodine 
Held on 
Silver- 

Re active Penetrating 
Small Par t ic les  F o r m s  Held 

Held on on Charcoal 
Copper Screen Charcoal Pawr Beds  

Percent of Tota l  Iodine Removed in Each Fraction 

Air pressure re lease  

(2.8% of total)  

Argon s w e e p  

(7.0% of total)  

Air sweep 

(2.9% of total)  

1 

1 

10 

0.6 

1.7 

1.5 

64 32 2.9 

(37 + 27)b 

71 23  2.8 
(45 + 26)b  

72 16 1.4 
(39 + 33)b 

BAbsolute filter is composed of 2-in. d i sk  of CWS-6 or AEC-type “hi&-efficiencyP’ air  f i l ter  and one membrane- 

’Total amount i s  determined by adding the iodine held on a a6polypore” filter paper after penetration of the normal 
type filter. 

CWS paper. 

IlhCLASSIFIEO 
CRNL DWG 64 57044 

0 PRESSURE RELEASE 
A AIR TRANS 

0 1 2 3 4 5 6 7 8 0 1 2 3 4 5  
SCREEN NIJMBER PAPER NUMBER 

Fig. 1.36 Iodine Col lected on Silver-Copper Screens 

and on Charcoal-Loaded Fi l ter  Paper During Iodine 

Tracer Experiment (Run E). 

effect ive i n  removing HI and molecular or atomic 
iodine. Data  plotted i n  Fig. 1.36 show that  t h e  
copper w a s  more effect ive than s i lver .  The  re- 
mainder of t h e  small  par t iculate  fraction w a s  
presumably co l lec ted  i n  t h e  charcoal  filter paper, 
and t h e  organic or penetrat ing fraction w a s  re- 
ta ined in  the  charcoal  car t r idges.  T h e  distribution 
given in Table  1.23 is based on t h i s  method of 
fractionation. T h e  s i z e  of t h e  par t ic les  at e a c h  
s t a g e  w a s  determjned frorn the  diffusion tube plot. 

IDENTIFICATION OF CHEMICAL F 
IODINE BY A LAQUID CONTACTOR METHOD 

G. W. Parker  G. E. Creek J. G. Wilhelm 

One method used  to determine the  chemical  s t a t e  
of radioiodine is that  which makes u s e  of equili- 
bration of t racer  iodine between two so lvents  s u c h  
as  water  and carbon tetrachloride (CCI4). T h e  
accepted va lue  for  t h e  distribution of e lemental  
iodine is approximately 80 parts in c C i 4  t o  1 in 
water, while I - ,  IO3- ,  and I O 4 - -  concentrate  
in  water  on equilibration. It appears ,  therefore, 
tha t  t h e  distribution of iodine between so1vcnt.s 
should afford a method for determining whether 
iodine is present  as I or in  another valence s t a t e .  

2 
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I-Iowever, t h i s  method, as i t  is currently used,  
g ives  resul ts  of quest ionable  value in  f i ss ion  
product r e l e a s e  experiments  because :  (1) organo- 
iodine compounds may extract  into CC14, for ex- 
ample, and become identified as 1 2 ;  (2) submicron 
par t ic les  carrying iodine may possibly dis t r ibute  
between s o l v e n t s  without reference to the s t a t e  
of oxidation of t h e  radioiodine; ( 3 )  a rapid change 
in oxidation s t a t e  may occur  due t o  react ion with 
impurities in  t h e  s o l v e n t s ,  espec ia l ly  a t  very low 
concentrat ions of iodine;  and (4) rapid isotopic  
exchange of radioiodine in  one s t a t e  with that in  
another previously added as  a carrier t o  the solvent  
sys tems is possible .  Information derived without 
due regard for t h e s e  var ious poss ib i l i t i es  i s  likely 
t o  be in  error. 

Studies  conducted t o  d a t e  have  not quantitatively 
defined any of t h e  above-mentioned ef fec ts ,  but 
preliminary t e s t s  of t h e  liquid-contactor method 
were performed i n  an effort t o  supplement d a t a  
obtained by use of the  modified May pack and dif- 
fusion tubes.  

An experiment w a s  performed in which ambient 
air carrying a mixture of * '1 w a s  intro- 
duced into a s t a i n l e s s  steel tank. T h i s  experi- 
ment (run D ) i s  descr ibed in  more detai l  i n  Sect .  1.1 
of th i s  report. After the  aerosol had aged for 5 
hr and the pressure in  the tank had been reduced 
from 15 t o  2.5 lb,  a g a s  s t ream from t h e  aerosol  
tank was removed and s p l i t  in to  two parts. One 
s t ream w a s  directed t o  t h e  CCl sys tem,  and the 
other t o  the  CH31 sys tem,  a s  shown in t h e  block 
diagram, Fig.  1.37, which also g ives  the  observed 
distribution da ta  . 

the CH31 sys tem,  t h e  g a s  s t ream passed  
through e ight  s i lver  s c r e e n s  t o  remove I 2  and any 
HI tha t  might h e  present. T h e  s c r e e n s  removed 
about  81% of t h e  airborne iodine. T h e  distribution 
of iodine among the  e ight  s c r e e n s  s u g g e s t s  that  
part of t h e  deposi ted iodine w a s  a t tached  to  small  
par t ic les .  There  seems t o  b e  l i t t l e  doubt that  
interpretation of dis t r ibut ion d a t a  would b e  sim- 
plified by u s e  of f i l t e rs  having  a high eff ic iency 
for removal of smal l  par t ic les .  T h e  g a s  w a s  then 
bubbled through CH3I (maintained a t  approximately 
6OC) which extracted most of the  iodine not r e -  
moved by t h e  screens .  T h i s  solvent  should re- 
move organic iodine compounds, such  as CH,I, but, 
as mentioned above,  part of t h e  18.8% of iodine 
found in  t h i s  scrubber  may have  been due  to  
par t ic les .  After p a s s i n g  through the CH31, t h e  
g a s  flowed through a water scrubber  and a charcoal  
trap. 

3 1 1  and 

4 

In 

GAS 
l1937,! 

Fig.  1.37. Distr ibut ion of Iodine in Water and Organic 

Solvents. 

In t h e  CC14 sys tem,  t h e  g a s  was f i rs t  scrubbed 
with CC14, which w a s  cooled to  approximately 
6OC. T h i s  treatment removed 1 and,  presumably, 
organic iodine compounds as  well. Nearly a l l  
(99.8%) of t h e  airborne iodine was removed by th i s  
scrubber. T h e  CCI4-scrubbed g a s  w a s  bubbled 
through water t o  remove HI and any other water- 
so luble  iodine compounds present  and then p a s s e d  
through a charcoal  trap. 

A signif icant  amount (-26%) of the  to ta l  act ivi ty  
in  CC14 w a s  extracted by three water washes .  T h i s  
indicated the  presence  of nonelemental iodine,  
which could be due  t o  a change i n  s t a t e  of some 
of t h e  original e lementa l  iodine i n  solut ion or 
to water-soluble iodine compounds, such  as  might 
b e  carr ied by par t ic les  trapped in  t h e  CCI4. 'The 
distribution of iodine act ivi ty  between the  three 

2 
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s u c c e s s i v e  backwashes  and the CC1 indicated 
however tha t  l i t t le ,  i f  any,  of the  iodine in  the 
CC14 w a s  present  a s  HI. Very l i t t l e  water-soluble 
iodine w a s  found in  the CHJI scrubber .  

I t  appears  that  part of the radioiodine that re- 
mained airborne for more than 5 hr and w a s  ex-  
t racted from a i r  by CC1 w a s  la te r  i n  a form which 
w a s  water-extractable I T h i s  fraction w a s  not 
found i n  t h e  CH31 and,  therefore, must have been 
retained on s i lver  sc reens .  More d a t a  wil l  be re- 
quired t o  determine the  e f fec t  of iodine concentra- 
tion on t h e  fraction of iodine in  CC1 converted 
t o  the extractable  form and,  i n  general, the  value 
of dis t r ibut ion d a t a  for character iz ing t h e  chemical  
form of gas-borne radioiodine. 

4 

4 

4 

INVESTIGATION OF IODINE BEHAVIOR IN 
MAY PACKS BY MEANS OF COMPOSiTE 

DIFFUSION TUBES 

W. E. Browning, Jr. R. D. Ackley 

Iodine samplers  referred to as May packs  have  
been extensively employed by British workers in 
s tudying t h e  nature and behavior of radioiodine 
in  g a s  T h e  May pack, named after 
F. G. May, c o n s i s t s  of components intended t o  
dis t inguish between e lementa l  iodine,  iodine on 
par t iculates ,  and two classes of volat i le  iodine 
compounds - one class being those  readily ad- 
sorbed on charcoal  and the other those adsorbed 
l e s s  readily. More recent ly ,  American workers 
have also inst i tuted t h e  u s e  of iodine samplers  
of t h i s  type. They a r e  being used  iri the  Nuclear 
Safety P i lo t  P l a n t  (NSPP) and have  been con- 
s idered for u s e  in  t h e  Containment Systems Experi- 
ment (CSE) and the  Loss of Flow T e s t  (LOFT). In 
view of t h e  widespread application of t h e s e  Sam- 
plers ,  i t  i s  desirable  that  their  capabi l i ty  for dis- 
crirninatingbetween the various f o r m s  of iodine which 
a re  encountered b e  invest igated.  T h e  u s e  of com- 
pos i te  diffusion tubes  for the character izat ion of 

"V. J. Megaw and F. G. May, J .  NucJ. Energy:  Pt. 

' 'A. C .  Chamberlain et a ] . ,  J .  NucJ. Energy:  P t .  A 

13G. W. Parker et  aJ., NucJ. S a f e t y  Program S e m i a m .  

A & B 16, 427-36 (1962). 

Rr. 17, 519.--50 (1963) .  

Progr. R e p t .  D e c .  3 1 ,  1963,  ORNL-3547,  PP. 3-25. 

molecular forms of iodine h a s  been previously de- 
scr ibed,  1 4 * 1 5  and application of t h i s  technique ap- 
peared to provide a su i tab le  means for invest igat-  
ing  iodine behavior i n  May packs.  Accordingly, an 
experimental program based  on t h e  foregoing con- 
s iderat ions w a s  initiated. 

One experiment h a s  been completed and i s  re- 
ported herein. It involved the u s e  of iodine which, 
as  volat i l ized,  was 99.7% elemental  and 0.3% 
iodine compounds, carried by a st ream of relatively 
dry, f i l tered air. A s e c o n d  experiment, s imilar  
except  for the  u s e  of air at a relat ive humidity of 
approximately 60%, h a s  been performed, and radio- 
activity determinat ions and d a t a  treatment a r e  
under way; resu l t s  wil l  be reported later. 

. 

Experimental 

T h e  May pack, as  recently descr ibed,12 con- 
s i s t e d  of a b r a s s  holder 2l4 in. long 'oy 2 in. in  
diameter, containing t h e  following: (1) two or 
more copper  mesh d i s k s  to  remove elemental  
iodine vapor, (2) a membrane filter t o  remove 
par t iculate  matter, ( 3 )  two or mote clnarcoal-loaded 
f i l ter  papers  to remove readi ly  adsorbed iodine 
compounds, and (4) a plug of granular charcoal  t o  
remove less readily adsorbed iodine compounds. 

T h e  top  right portiori of Fig.  1.38 s h o w s  the  
se lec t ion  of components for dupl icat ing the  above 
apparatus. T h e  copper  gauze,  mounted i n  a s ta in-  
l e s s  steel holder, was c u t  from wire cloth; w a s  
degreased with acetone,  and w a s  then pretreated 
with 4 N WC1 solution. The  membrane filter w a s  
Millipore, MF type PH. T h e  carbon-loaded paper 
w a s  Alex Pir ie  2/21-100GSM. T h e  granular 
act ivated carbon was Pi t tsburgh PCB, which was 
retained in a &in. s e c t i o n  of g l a s s  pipe. T h e  
overall May pack assembly w a s  made with appro- 
pziately machined Teflon par ts  us ing  Teflon O- 
rings where necessary ,  a l l  held together under 
s l igh t  compression by a metal  rod framework with 
end pieces .  Teflon was se lec ted  because  of i t s  
low absorption capac i ty  for iodine and i t s  com- 
pounds. F i v e  of the  Teflon par ts  were dr i l led 
radially for inser t ion of diffusion tubes,  each  of 

1 4 W .  E. Browning, Jr., and K. D. A c k l e y ,  N U C J .  

S a f e t y  Program Semiann. Progr. H e p t .  June 3 0 ,  1963, 
ORNL-3183, Pp. 2G-28. 

"W. E. Browning, Jr., R. D. Ackley ,  and K. E. A d a m ,  
NucJ. S a f e t y  Program Semiamin. Progr. Rept .  D e c .  31,  
1963,  ORNL-3547,  pp. (5044.  
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which w a s  held in  p lace  by friction. The  d i s a s -  
sembled May pack is shown in F ig .  1.39; Fig .  1.40 
shows it after assembly with diffusion tubes  in- 
ser ted.  T h e  in s ide  diameter of most of the  May 
pack was  2 in. 

Each  of t h e  diffusion tubes  presented to  the  
flowing gas  s u c c e s s i v e  inner su r faces  of s i lver ,  
rubber, and activated carbon, which a r e  intended 

to distinguish between various chemical  species. 
T h e  tubing lengths corresponding to  these  three 
su r faces  were 30, 30 (exclusive of overlap), and 
20 c m ,  respectively,  and the  ins ide  diameters 
were each  about 0.8 c m .  The  s i lver  sur face  w a s  
obtained by plating; the rubber sur face  w a s  ob- 
tained simply by us ing  translucent amber la tex  
rubber tubing; and the  ac t iva ted  carbon sur face  

Fig .  1.40. M a y  Pack Assembly with Diffusion Tubes.  
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Fig.  1.41. Air  F low Rates and Velocit ies i n  May Pack Experiment. 
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w a s  obtained by c o a t i n g  t h e  i n s i d e  of a n  adhesive-  
lined copper  tube with d u s t  obtained by grinding 
Pi t tsburgh P C B  ac t iva ted  carbon t o  p a s s  a No. 80 
s ieve .  T h e  t raps  at the  e x i t  of the  diffusion tubes  
e a c h  contained a 2-in.-long, 3/-in.-diam column of 
Pi t tsburgh P C B  1 2  x 30 ac t iva ted  carbon. 

Figure 1.38 s h o w s  the  e s s e n t i a l s  of t h e  en t i re  
experimental se tup .  A s  indicated,  I w a s  generated 
and evolved by melt ing a 0.5-in.-deep layer  of 
potassium dichromate covering a dried residue 
from a solut ion of Na1311 (0.25 m c )  plus  K i 2 ' I  
(1 mg). During the a c t u a l  transfer of I which 2 '  
required roughly 1 hr ,  t h e  a i r  enter ing the May 
pack contained about  15 m g  of I per m 3  of air. 
T h e  more pertinent a i r  flow r a t e s  and ve loc i t ies  
which were involved a r e  i l lustrated i n  F ig .  1.41. 
T h e s e  flow condi t ions were  maintained for 2 hr 
after t h e  I transfer w a s  essent ia l ly  complete. 
Subsequently, the  s e t u p  w a s  d isassembled ,  t h e  
necessary  samples  were prepared, and the  amounts 
of ' 'I radioactivity were determined. 

8 

2 

2 

Results 

T h e  d a t a  obtained with t h e  f ive diffusion tubes  
a r e  shown i n  Fig. 1.42, except  that  points cor- 
responding t o  less than IO2 d i s  min-' cm-' (be- 
fore applying the graphing factor  used  in  the  
figure) have  been  omitted. Deposition prof i les  
in  th i s  figure have  not  been normalized for t h e  
varying diffusion tube flow ra tes ,  a s  h a s  been 
done for some of t h e  r e s u l t s  t o  be given. T h e  
diffusion coef f ic ien ts  were ca lcu la ted ,  where 
s t ra ight  l i n e s  a r e  shown,  from the  equation 

D = 0.2004Q(A l o g l  Y) /M , (1) 
where 

D = t h e  diffusion coeff ic ient ,  cm*/sec, 
Q = t h e  volumetric flow r a t e  i n  t h e  diffusion tube,  

y = deposi ted radioactivity per unit length, d i s  

2 = d i s t a n c e  from diffusion tube entrance,  cm. 

cm3/sec ,  

min-' cm-', 
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Fig. 1.42. Penetration of May Pack Components by Airborne Iodine as Indicated by Dif fusion Tubes. 



56 

T h e  b a s i s  for Eq. (1) is t h e  Gormley and Kennedy 
equat ion for diffusion t o  the  wal l  of a cylinder 
through which laminar flow is occurring.16 For  
present  purposes, i t s  minor exponent ia ls  were 
dropped, and i t  w a s  then differentiated. Con- 
s ider ing  t h e  depos i t s  on t h e  s i lver  s e c t i o n s ,  which 
are  intended for the  deposi t ion of e lemental  iodine, 
d a t a  points  at some d i s t a n c e  from the entrance 
and above  t h e  s t ra ight  l i n e s  shown reflect the  
presence  of nonelemental iodine. T h i s  material, 
which is measured by the  ver t ical  d i s tance  above  
the  s t ra ight  l ines ,  wil l  b e  referred t o  as  non-12. 
Somewhat similarly, t h e  depos i t s  on rubber will 
be referred t o  as “rubber, D 0.025 cm2/sec” and 
“rubber, res idual”;  and t h e  depos i t s  on act ivated 
carbon wil l  b e  referred t o  as “act ivated carbon, 
D = 0.1 cm2/sec” and “act ivated carbon, re- 
s idual .”  T h e  value D s 0.025 cm2/sec is rep- 
resentat ive of part of the  d a t a  on rubber herein, 
and the  value D = 0.1 cm2/sec is approximately 
representat ive of t h e  d a t a  on act ivated carbon 
and, a l s o ,  of other d a t a  obtained previously.15 
Where the  d a t a  points  for t h e  three diffusion tube 
sur faces  were a t  t o o  low a leve l  of radioactivity 

16P. G. Gormley and M. Kennedy, Proc. Roy .  Irish 
Acad., Sect. A 52, 163-69 (1949). 

and were too sca t te red  for determining s t ra ight  
l ines ,  upper l imits  for mater ia ls  corresponding t o  
I on s i lver ,  D 1 0.025 cm2/sec on rubber, and 
D = 0.1 cm2/sec  on act ivated carbon were eva l -  
uated. T h i s  w a s  done  i n  e a c h  case by f i rs t  se lec t -  
ing, a t  the  beginning of a s e c t i o n  having a partic- 
ular surface,  a maximum value  for the intercept 
for material possibly present  and having the  dif- 
fusion coefficient 0.085 cm2/sec ,  0.025 c m  2 / s e c ,  
or 0.1 cm2/sec respect ively.  For example, con- 
s ider ing the  depos i t  on s i lver  represented by so l id  
t r iangles  i n  Fig.  1.42, the intercept  se lec ted  w a s  
1 x IO4 after multiplying by t h e  graphing factor. 
Us ing  t h e  intercept  so  obtained,  the  appropriate 
value of D, and t h e  theore t ica l  re la t ionship for 
the d e c r e a s e  i n  deposi t ion with d is tance ,  the upper 
limit for t h e  amount of e a c h  iodine s p e c i e s  which 
could have  been present  w a s  determined by inte- 
gration. 

T h e  amounts of radioactivity observed on the  
May pack components and on the  diffusion tube 
sur faces  in  terms of var ious iodine s p e c i e s  a r e  
given in  Table  1.24; also included are the resu l t s  
of the above descr ibed ca lcu la t ions  of upper 
limits of s p e c i e s .  T h e  d a t a  were normalized, 
for purposes  of comparison, t o  t h e  flow rate  through 
the  copper  gauze (667 ml/min) by multiplying them 

2 

Table 1.24. Distribution of Radioiodine Species Among May Pack Components and Diffusion Tubes 

Radioactivity Relative to  Inlet Gas  (%) 
Component or Diffusion 

On Rubber, On Activated Carbon 
I 2  D 10.025 cm2/sec  D = 0.1 cm2/sec  

Tube Total  

Diffusion tube No. 1 100.OOOa 99.724 0.068 0.095 

Copper gauze (4 layers) 106’ 

, Diffusion tube No. 2 1.048 0.854 0.035 0.096 

Membrane filter (PH) 0.127 

Diffusion tube No. 3 0.641 0.483 5 0.013 0.080 

Carbon-loaded filter papers 0.594 
(2) (Pirie, No. 2/21)  

< 
Diffusion tube No. 4 0.045 5 0.002 5 0.009 - 0.016 

Activated carbon bed 0.01 1 
(4 in. of PCB, 12/30 mesh) 

Diffusion tube No. 5 0.056 5 0.009 L 0.004 

aTotals include contributions of less important spec ie s  not l isted.  
bThis number exceeds  100% due to experimental variation. 
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by 667 /F ,  where F (ml/min) is t h e  flow ra te  
throiugh t h e  part for which the  d a t a  were being 
normalized. T h i s  treatment is based  on the  prem- 
ise that  the amount of radioactivity enter ing t h e  
May pack was  given by the  normalized total  found 
i n  t h e  f i r s t  d i f fusion tube assembly,  that i s ,  the  
numbers are  on the  b a s i s  that  4.60 x 10' dis/min 
is equivalent  t o  100%. Figure 1.43 i l lus t ra tes  
the behavior of cer ta in  of t h e  iodine s p e c i e s  in t h e  
May pack. T h e  iodine deposi t ion on the different 
layers  of cupper gauze  is shown in F ig .  1.44. 

Discussion 

T h e  diffusion tube plots, Fig.  1.42, a r e  s imilar  
to  those observed previously for volat i le  iodine 

. 

OEPOSITION I S  FROM AIR AT 2 5 ° C  
AND 4 a i m  [ R  H OF AIR IS ABOUT 27,) 
AIR FACE VELOCITY IS 1 I f p m  INLET 
IODINE CONCENTRATION, A 5  1 2 ,  IS - 
ABOUT 13mg/rn3 -A ~ 

~- 

- -  - I  --I --. 
~ 

I ~- 

- 

2 3 1 
LAYFR N U V H t H  

R 

Deposition of Airborne lodine on Suc- 

s of Copper Gauze, 

produced by t h e  dichromate method when carrier 
iodine and fairly dry a i r  were employed. l5  Some 
points of difference are  that  t h e  diffusion coef-  
f ic ien ts  corresponding to deposi t ion on rubber a r e  
somewhat lower, and on activated-carbon-lined tubes  
they are  lower i n  two ins tances .  T h e  diffusion 
coef f ic ien ts ,  given a s  0.064 cm2/sec and 0.1 
cm2/sec i n  t h e  figure, are based  on d a t a  which 
cover  s u c h  a narrow ordinate range that  t h e s e  
va lues  a re  of dubious accuracy.  T h e  degree of 
at tenuat ion of the  var ious iodine s p e c i e s  is given 
by t h i s  figure, but a more direct  quant i ta t ive 
evaluat ion is provided by consider ing t h e  s u m -  
mations of t h e  groups of d a t a  points  i n  Table  1.24. 

From a periisal of Table  1.24, it appears that  
the  only proriounced discrepancy occurs  in t h e  
amount of radioactivity found on the  membrane 
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filter. T h i s  amount i s  low by a factor of 3 a s  
compared t o  t h e  difference between the amounts 
found in diffusion tubes  2 and 3. N o  sat isfactory 
explanation appears  t o  b e  avai lable;  however, t h i s  
d o e s  not appear  t o  be  a matter for great concern 
s i n c e ,  i n  general, the  d a t a  a r e  internal ly  cons is -  
tent. 

Figure 1.43 provides a summary of the  behavior 
of t h e  var ious iodine s p e c i e s  in the  May pack as  
indicated by diffusion tubes.  T h e  concentration 
of elemental  iodine w a s  diminished by a factor 
of about  100 by the copper  gauze;  that remaining 
w a s  diminished by a factor  of about 2 by the  
membrane f i l ter  and then by a factor  of > lo0  by t h e  
carbon-loaded filter paper. T h e  “non-I on Ag” 
fraction did not appear  t o  be  appreciably retained 
except  by the  carbon-loaded paper. Radioactivity 
leve ls  downstream of t h e  carbon-loaded paper, 
including t h e  diffusion tube sur faces ,  were in  
m o s t  ins tances  c l o s e  enough t o  background that  
t h e  assoc ia ted  resu l t s  cannot  be  regarded as  hav- 
ing more than a tenuous s ignif icance.  T h e  s p e c i e s  
“D = 0.02-0.03 cm2/sec on rubber” appeared t o  
be retained by the  membrane filter, but the  reason 
for t h i s  is not obvious s i n c e  the,  membrane filter 
i s  composed of ce l lu lose  e s t e r s ,  a material d i s -  
s imilar  t o  rubber. T h i s  s p e c i e s  is apparently not 
par t iculate  in  nature  as evidenced by the increase  
in  deposi t ion on going from s i lver  to rubber. The  
s p e c i e s  character ized hy D - 0.1 cm2/sec on 
activated-carbon-lined tubing penetrated the copper 
gauze and the  membrane f i l ter  but w a s  a t  l e a s t  
80% removed by the carbon-loaded paper; the re- 
mainder w a s  essent ia l ly  completely removed by 
granular act ivated carbon. Generally, t h e  rubber 
and ac t iva ted  carbon res idua ls  were present  a t  
s u c h  low leve ls  that  d i s c u s s i n g  them in much 
de ta i l  is not warranted. 

Various mechanisms have been s tudied briefly 
in a n  effort t o  explain t h e  observed deposi t ion on 
the  layers  of copper  gauze,  but the  resu l t s  were 
inconclusive.  It d o e s  appear ,  however, that  ele- 
menial iodine i s  incompletely removed by four 
layers  of copper  gauze under t h e  experimental 
condi t ions employed. 

In summary, t h e  behavior of volat i le  iodine in  the  
May pack,  as indicated by diffusion tubes ,  w a s  
observed,  in th i s  one t e s t  with fai r ly  dry a i r ,  t o  
be generally cons is ten t  with the  desiyged function 
of t h e  May pack components. On t h e  other hand, 
about  1% of t h e  e lementa l  iodine apparently w a s  
not retained by the copper gauze; if th i s  is a 

2 

usua l  occurrence, then May pack measurements 
could incorrectly l a b e l  part of the  elemental  iodine 
as nonelemental. T h i s  extent  of mislabel ing could 
be of considerable  s ign i f icance  in  connection with 
the des ign  of iodine-removal s y s t e m s  of high ef- 
ficiency. 

INVESTIGATION OF IODINE BEHAVIOR IN 
COMPOSITE DIFFUSION TUBES BY VA 
THEIR INTERNAL ARRANGEMENT OR THEIR 

TEMPERATURE 

W. E. Browning R. D. Ackley 

Composite diffusion tubes  developed to d is -  
tinguish and measure var ious airborne forms of 
iodine have  been descr ibed  previously. An 
experiment h a s  been  performed to invest igate  
cer ta in  anomalies which have  been observed in 
the u s e  of t h e s e  d e v i c e s  and to prepare for an 
invest igat ion of the  possibi l i ty  of reducing inter- 
ference by moisture by hea t ing  the diffusion tubes;  
the  resu l t s  a re  reported i n  th i s  sect ion.  

‘The diffusion t u b e s ,  which a re  simply con-  
secut ive  segments  of tubing of various mater ia ls ,  
dis t inguish between t h e  various vapor s p e c i e s  
according t o  their tendencies  t o  react  with or 
sorb on t h e  different s u r f a c e s  and measure the  
ra tes  of deposi t ion for e a c h  s p e c i e s  under laminar- 
flow conditions. Where gas-phase diffusion is t h e  
rate-limiting s t e p  in deposi t ion,  interpretation of 
the  distribution of iodine in t h e  diffusion tube i s  
fairly straightforward. T h e  d a t a  fa l l  on an ap- 
proximately s t ra ight  l ine  i n  a semilog plot of 
radioactivity v s  position in  the  tube, and t h e  dif- 
fusion coeff ic ient  may be  obtained from the  slope 
of the  line. A depos i t  resul t ing frorn aerosol  
par t ic les  c a n  be  recognized by i t s  s lope ,  which 
i s  smaller  than tha t  of m o s t  molecular s p e c i e s ,  
and by i t s  continuity through a boundary between 
different wall materials. T h e  forces  of adherence 
of a smal l  par t ic le  to  a sur face  would exceed t h e  
forces  tending to dis lodge it by so  large a margin 
t h a t  there  should be  n o  variation in  the  amount 
depos i ted  on var ious mater ia ls  under laminar- 
flow, diffusion-controlled condi t ions,  whereas  t h e  
deposi t  from a vola t i le  molecular vapor should 
exhibit a discont inui ty  at t h e  boundary between 
mater ia ls  having different aff ini t ies  for the  vapor. 
Composite diffusion tubes  have  in general  yielded 
the expected distribution pat terns ,  and they have  
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been qui te  useful  in  d is t inguish ing  and measuring 
t h e  various forms of radioiodine in  gases .  

Similar deposi t ion dis t r ibut ions c a n  resul t  from 
rate-limiting p r o c e s s e s  other than diffusion, and 
there is reason t o  s u s p e c t  that  s u c h  may be the 
case under cer ta in  condi t ions.  In some ins tances ,  
apparent diffusion coef f ic ien ts  of approximately 
0.025 cm2/sec have  been obtained for deposi t ion 
of volat i le  iodine on a rubber surface,  following 
removal of t h e  elemental  iodine by a s i lver  surface.  
T h i s  diffusion coeff ic ient  would correspond to a 
molecular weight  of t h e  order of 1000; t h e  presence 
of s u c h  iodine compounds seems rather unlikely. 
Furthermore, par t ic les  a re  contraindicated because  
of the  discont inui ty  i n  the  amount deposi ted a t  
the  boundary between the  s i lver  and the  rubber 
surface.  Certain rearrangements in  the  order of 
wall mater ia ls  in  diffusion t u b e s  were made in the  
present  experiment t o  provide information on t h i s  
problem. 

T h e  depos i t  of radioiodine on an act ivated-  
carbon-lined tube could b e  explained in  terms of 
e lemental  iodine vapor formed by s low dissociat ion 
of an iodine compound. A si lver- l ined tube w a s  
provided, preceding t h e  carbon-lined tube,  t o  t e s t  
th i s  possibi l i ty .  

Air carrying elemental  iodine and iodine com- 
pounds, which are t o  be  character ized by diffusion 
tubes,  may have  been mixed with s team and con- 
ta in  Considerable amounts of moisture. At a tem- 
perature of 25"C, for example,  the  moisture would 
adsorb  or condense  on diffusion tube sur faces  and 
probably interfere  with proper deposi t ion of t h e  
volat i le  iodine. At higher temperatures, the rela- 
t ive humidity and ex ten t  of adsorption of moisture 
would be  reduced, thereby reducing the interfer- 
ence .  Accordingly, t h e  experiment w a s  designed 
t o  determine whether t h e  deposi t ion behavior of 
iodine in  dry air  w a s  ser ious ly  al tered by heat ing 
one of t h e  diffusion tubes.  

Experimental 

Six diffusion t u b e s  having various arrangements 
of wal l  material were suppl ied with air, bearing 
iodine,  through a Teflon header. One of the  tubes  
w a s  heated t o  100°C throughout i t s  length by a 
hea t ing  jacket .  Iodine w a s  generated by t h e  
dichromate method and introduced into the  air 
s t r e a m  as  i n  the experiment descr ibed  in  t h e  

preceding sec t ion ,  except  that  the  flow rate  of the 
air enter ing the  header  was approximately 600 
ml/min .  T h i s  resul ted in a n  iodine concentration 
of about  20 mg per in3 of air .  T h e  amount of l 3 I I  

a t  t h e  t ime of radioactivity determinations w a s  
about  1 mc.  T h e  Teflon header  and diffusion tube 
arrangements that  were employed a r e  shown in 
Fig.  1.45, which a l s o  g ives  the  various flow rates .  
Composite diffusion tube sec t ions ,  except  for 
var ia t ions in  order and overal l  lengths ,  were the  
same 3s i n  the  recent  experiments. 'The diffusion 
tube e x i t  t raps ,  however, were redesigned so as  
to  contain more act ivated carbon. 

esults 

Deposition d a t a  for the s i x  diffusion tubes  a re  
shown in F i g s .  1.46-1.50. T h e  d a t a  for tubes  1 
and 6 (DTI and DT6) are both given in  Fig. 1.46 
s i n c e  they were essent ia l ly  dupl icates .  

To a id  in interpretation of the  da ta ,  the apparent 
amount of act ivi ty  a s s o c i a t e d  with each  deposi t ion 
pattern extrapolated t o  infinity w a s  calculated by 
evaluat ing the  integral  of the radioactivity for the 
indicated s p e c i e s ,  e v e n  i n  i n s t a n c e s  where it 
w a s  not t o o  wel l  def ined,  over two s e t s  of limits, 
from the  beginning of t h e  diffusion tube segment 
t o  infinity and from t h e  end of t h e  segment t o  
infinity. T h i s  was done analyt ical ly ,  except  for 
the  activated-carbon segment  of DTS, making u s e  
of t h e  fact  tha t  the deposi t ions a r e  of the form 
y = .ewbx and us ing  the  s l o p e s  and appropriate 
intercepts  of the  s t ra ight  l i n e s  representat ive of 
the various iodine s p e c i e s .  The  s t ra ight  l i n e s  
in the  figures a re  labeled with the corresponding 
ca lcu la ted  diffusion coeff ic ients .  To simplify 
t h e  ca lcu la t ions ,  t h e  lines were fitted generally 
in regions where t h e  d a t a  points for one s p e c i e s  
were negligibly influenced by t h e  contribution to  
them due  t o  a different s p e c i e s .  For the act ivated-  
carbon part of D'1'5, s imple summation was  em- 
ployed for t h e  f i r s t  10 cm, and the  remainder was 
evaluated analyt ical ly;  t h e  two resu l t s  were then 
added together to  give the  integral. The resu l t s  
of t h e s e  evaluat ions a r e  given i n  T a b l e  1.25, 
together with t h e  percentages of the  radioactivity 
due  t o  I as indicated by t h e  individual diffusion 
tubes.  T h e s e  percentages were evaluated in  a 
s l ight ly  different  manner, as a resul t  of a different 
treatment of non-I act ivi ty  on s i lver ,  than was 
used  i n  t h e  previous s e c t i o n  s i n c e  here  the  integral 

2 

2 
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Fig. 1.45. Wall Material Sequences for Investigating Iodine Detiavior in 

Composite Diffusion Tubes. Each diffusion tube (DT) was connected to a trap 

( a s  shown for DT5), then to a flowmeter, a f low control valve, and a hood ex- 

haust. DT flow rutes were 100, 102, 100, 103, 125 (at  100°C), and 100 ml/min 

respectively. 

over t h e  sec t ion  w a s  employed t o  obtain the  amount 
of th i s  subs tance .  

T h e  p ieces  of rubber tubing connect ing the dif- 
fusion tubes  to  the  charcoal  t raps ,  the rubber 
s toppers  from the  la t ter ,  and the two 1-in. lengths  
of charcoal  in  the t raps  were separa te ly  radio- 
a s s a y e d  for l 3 I I .  Each of the  24 samples  gave 
5100 dis/rnin, a negligible fraction of the radio- 
iodine. 

Discussion 

Diffusion tubes  (DT’s) 1 and 6 of th is  experi- 
ment would b e  expected t o  yield resu l t s  similar 
to  t h o s e  observed for t h e  upstream diffusion tube, 
preceding t h e  copper gauze,  of t h e  previous ex- 
periment. However, re la t ive t o  t h e  other sur faces ,  

the  deposi t ion on rubber in DTl and DT6 was 
higher by a factor of roughly 10 than w a s  previ- 
ously observed for t h i s  particular diffusion tube, 
af ter  a l lowance w a s  made for t h e  higher leve l  of 
radioactivity involved i n  t h e  present  s tudy.  It is 
thus  suggested that  some minor variation i n  ex- 
perimental technique produces a large variation in 
the  proportion of t h e  iodine s p e c i e s  which depos i t s  
in a charac te r i s t ic  fashion on a rubber surface.  
Other than t h i s  feature ,  cornparable d a t a  from t h e  
two experiments a r e  notably similar. Observat ions 
and conclusions which may be  obtained from F i g s .  
1.46-1.50 with t h e  aid of d a t a  in  T a b l e  1.23 will 
be  d i s c u s s e d  i n  the  paragraphs tha t  follow. 

Figure 1.46 shows that  t h e  deposi t ions on rubber 
in D’l’l and D’1’6 differ in magnitude by a factor 
of about  2 whereas t h o s e  on s i lver ,  as  well as 
those  on act ivated carbon, agree  excel lent ly .  No 
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in Composite Diffusion Tubes of the Usual Sequence. 

explanat ion for t h e  difference appears  to  be  avai l -  
a b l e  although i t  may be d u e  t o  a l o s s  or change 
of one  s p e c i e s  on p a s s i n g  through the header  
e i ther  a t  room tempetature or while  p a s s i n g  through 
t h e  warm region of t h e  header  i n  the  vicini ty  of 
the  hea ted  diffusion tube. T h e  depos i t  on rubber 
appears  t o o  la rge  to be  an ex tens ion  of that  ob- 
se rved  on the  part of the  s i l v e r  sur face  where I 2 

deposi t ion is low. T h i s  would s u g g e s t  that  the 
la t te r  depos i t  represents  a s p e c i e s  d is t inc t  from 
that  which produces t h e  depos i t  on rubber. How- 
ever ,  the potent ia l  magnitude of the  depos i t  on 
s i lver  may b e  grossly understated by the extrap- 
olation employed for i t s  estimation in which event  
i t  may be ieflectirig one  or more of the  compounds 
deposi ted more efficiently dowristream. Also,  i t  
appears  t h a t  the depos i t  on act ivated carbon is 
too large to be  a n  extension of that  on s i lver  or 
rubber. T h i s  s u g g e s t s  that  the  depos i t  on carbon 
i s  a s p e c i e s  d is t inc t  a t  l e a s t  i,n part from that  
which d e p o s i t s  on rubber. Thus,  a t  l e a s t  two vapor 
f o r m s  of iodine, in addition t o  e lemental  iodine, 
are indicated.  

In F ig .  1.47 we see that  the  deposi t ion on the  
f i r s t  segment  of act ivated carbon sur face  is at a 
high leve l  and ini t ia l ly  h a s  a s t e e p  s lope .  A s  
shown i n  Table  1.23, t h e  integral  of the  s t e e p l y  
s loped  portion e x c e e d s  the integral  of the  depos i t  
on carbon i n  Fig. 1.46 by a factor  of more than 10. 
T h i s  ind ica tes  that  t h e  compound(s) deposi t ing 
on t h e  rubber of Fig.  1.46 i s  partially being de-  
posi ted on t h e  carbon of Fig. 1.47 a t  a more rapid 
rate  than  in  Fig.  1.46. However, not all. is rapidly 
deposi ted as  is evidenced by the  indicated dif- 
fusion coeff ic ient  of 0.044 crn 2 / s e ~ .  l'he average 
of the to ta l s  of t h e  deposi ted radioactivity down- 
s t ream of s i lver  i n  Fig.  1 .46 i s  compatible with 
that  to ta l  of Fig.  1.47. T h e  depos i t  on rubber in 
Fig.  1.47 s t i l l  behaves  as in Fig.  1.46, but i t s  
ex ten t  h a s  been reduced by a factor of -1000 by 
t ravers ing t h e  activated-carbon-lined segment ,  
T h e  f a c t  that  there  i s  a very s l igh t  but not iceable  
depos i t  on t h e  second activated-carbon-lined s e g -  
ment, even  though the depos i t  on rubber dwindled 
to negl igible  amounts, is cons is ten t  with t h e  be- 
havior of t h e s e  iodine compounds as  observed at 
higher concentrat ions.  T h e s e  observat ions imply 
tha t  the  depos i t  on rubber i n  Fig. 1.46 may be  
ref lect ing the  presence of a t  l e a s t  two compounds, 
one of which c a n  be induced t o  depos i t  more 
rapidly on carbon. 

Figure 1.48 shows tha t  t h e  deposi t ion on s i lver ,  
f i r s t  s e c t i o n ,  and on rubber are i n  good agreement 
with the  analogous deposi t ions of F ig .  1.46. 'I'he 
deposi t ion on t h e  second s e c t i o n  of s i lver  indi- 
c a t e s  the  generation during p a s s a g e  through the  
rubber tubing of a s m a l l  amount of s o m e  subs tance  
which rapidly r e a c t s  with s i lver  s u c h  as  I 2  or HI. 
T h e  amount of th i s  subs tance ,  character ized by 

0.134 c m 2 / s e c ,  i s  roughly 50% of the  value 
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Table  1.25. Rodiooctivity Integrals for Volat i le  Iodine Species Deposited on  Diffusion Tube Surfacesa 

Calcnla te  d 
I Purity 

2 

Calculated Djffusion 
Tube Coefficient (cm /sec ) 

Surface Diffusion 

(ref b )  ( 7 0 )  

1 
1 
1 
1 

6 
6 

6 
6 

2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 

4 

4 

Silver 
Silver 
Ruhtzr 
Activated carbon 

Silver‘ 
Silver‘ 
Rubber 
Activated carbon‘ 

Silver 
Silver 
Activated carbon 
Activated carbon 
Rubber 
Activated carbon 

Silver 
Silver 
Rubber 
Silver 
Silver 
Activated carbon 

Activated carbon 

Activated carhon 

Silver 
Silver 

Rubber 
Kubher 
Activated carhon 

n 

0.089 
0.023 
0.029 
0.093 

0.089 
0.023 
0.029 
0.093 

0.097 

0.01 6 
0.081 
0.044 
0.029 

” 0.05 

0.085 
0.01 6 
0.027 
0.134 
O.OG4 
0.085 

0.090 

0.078 Id 
0.129 
0.017 
0.0.57 
0.018 
0.128 

9.0 x 10-1 
1.1 x10-2  

7.6 x 

9.0 r: lo-’ 

8.2 x 1 0 - ~  
7.6 x 1 0 - ~  

8.4 x 1 0 - ~  
1.1 x 10-2 
4.9 x 
1.2 x 1 0 - ~  

1.5 X lo-” 

1.1 x 10- 

1 .o 

1.3 X 

8.1 X IO-’ 
5.5 x 1 0 - ~  

3.9 x 
4.9 x 
4.9 x 1 0 - ~  

1.7 X 

8.8 X lo-’ 

9.0 X lo-’ 
3.9 x 
1.3 x 
3.9 x 
7.8 x 

(4 x 97.0 
9.6 x 1 0 - ~  
3.7 x 
<4 x 1 0 - 7  

<4 x lo-’ 97.8 
9.6 x 
1.9 x 
<4 x 1 0 - ~  

3.3 x 
( 4  x 
1.2 x 
<1 x 10.--6 

x 1 0 - ~  97.7 

( 6  X 

(4 x i o - - ’  97.2 
2.2 x lo-4 

(4 x 
2.2 x 1 0 - ~  
< 4  x 

6.5 X 

( 4  x IO-’ e 

<4 x 1 0 - ~  99.3 
2.5 x 1 0 - ~  

2.2 x 
<4 x 

( 8  X 

aData expressed a s  a fraction of 4.9 X 10’ dis/min, the activity of the largest  integral. 
general, where a “ less  than” sign (<) is employed, the magnitude of the integral is much  l e s s  than indicated 

by the number given. 
‘Diffusion coefficient and integrals taken to be the same a s  for diffusion tube No. 1. 
dRadioartivit ies corresponding to  the two diffusion coefficients not evaluated separately. 
eNot evaluated s ince  separating I deposition from that of other spec ie s  is not feasible for this particular diffu- s ion  tube. 2 
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Fig.  1.48. Deposit ion of V o l a t i l e  Radioiodine Species 

in o Composite Diffusion Tube Designed to Detect 

Compound Decomposition. 

F ig .  1.47. Deposit ion of Volat i le  Radioiodine Species 

in a Composite Diffusion Tube Designed to Investigate 

the Cow Diffusion Coefficient Observed wi th  a Rubber 

Surface. 

obtained by extrapolation of t h e  depos i t  on rubber 
to infinity (i.e-, from t h e  end of t h e  rubber sec t ion  
to infinity). T h e  diffusion coeff ic ient  of 0.134 
c m 2 / s e c  i s  based  on too few d a t a  t o  make a dis-  
t inct ion between I and HI, but i t  is sugges ted  
that  t h e  depos i t  is due  t o  t h e  la t te r  s i n c e  t h e  ac- 
cepted va lue  for I under t h e s e  condi t ions is 
0.085 cm2/sec and t h e  est imated value for HI 
i s  0.117 cm2/sec .  If t h e  poorly defined depos i t s  
on t h e  separa ted  s i lver  s e c t i o n s  represent  the  same 
s u b s t a n c e  and if  their ex ten t  of deposi t ion var ies  
as concentration t o  t h e  f i r s t  power a s  a linear 
projection would imply, th i s  s u b s t a n c e  would ap- 
pear t o  h e  different from t h e  depos i t  on rubber 

2 

2 

s i n c e  t h e  ra t io  of t h e  la t ter  depos i t  to that  of t h c  
ad jacent  depos i t  on s i lver  c h a n g e s  by a factor of 
10 (from l o2  t o  10') from t h e  en t rance  of t h e  
rubber sec t ion  to its exi t .  Or s imilar ly ,  it  may he  
reasoned tha t  if t h e  pooily def ined depos i t  on t h e  
f i rs t  s i lver  sec t ion  and the  depos i t  on rubber a r e  
t h e  same subs tance ,  then the poorly def ined de-  
posi t  on t h e  second s i lver  s e c t i o n  is a different 
subs tance .  On the  other hand,  t h e  depos i t ions  
under considerat ion,  on rubber and s i lver ,  may he 
manifestat ions of t h e  s a m e  material i f  the extent  
of t h e  deposi t ion on s i lver  v a r i e s  as concentration 
t o  an appropriate power or powers less than 1. 
'The s l o p e  of t h e  poorly defined depos i t  on the  
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Fig.  1.49. Deposition of Volat i le  Radioiodine Species 
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second s i lver  sec t ion  is so low and indefini te  
t h a t  it is conceivable ,  but d o e s  not appear  prob- 
a b l e ,  as shown i n  Table  1.23, t h a t  i t s  extrapola- 
tion to infinity could be equivalent  to the  sub- 
sequent  deposi t  on t h e  activated-carbon surface. 
T h e  la t te r  depos i t ,  which occurs  immediately 
downstream of 2.5 c m  of silver-lined tubing with 
a s p a r s e  deposi t ion of radioactivity, i s  evidently 

UNCLASSIFIFD 
CRNL DWG 64 -7127 
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Fig.  1.50. Deposition of V o l a t i l e  Radioiodine Species 

in o Heated Composite Oiffusion Tube. 

neither I 2  nor HI s i n c e  I reac ts  quantitatively 
with s i lver ,  as s e e n  in t h e s e  and other experi- 
ments ,  and Perk ins  h a s  reported tha t  HI readily 
reac ts  with s i lver . '  T h e s e  observat ions ind ica te  
that  a small amount of III or I 2  is generated during 

2 

I7R. W. Perk ins ,  H e a f t h  Phys. 9 ,  1113-22 (1963). 
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p a s s a g e  through rubber tubing but tha t  t h e  sub-  
sequent  deposi t  on charcoal  i s  d i s t inc t  from 111 
or 12. 

In Fig.  1.49 we see tha t  a l l  of the  various iodine 
s p e c i e s  are apparently depos i ted  a t  a rate  cor- 
responding to a relat ively high diffusion coeffi- 
cient. The  value 0.090 c m  '/set corresponds,  
within the  l imits  of experimental error, t o  that  for 
12, and the depos i t  masks  the  d e p o s i t s  of other 
s p e c i e s ,  T h e  region where the dashed  l ine ap- 
pears  i s  probably showing ev idence  of the  same 
sor t  of behavior exhibited in  the  lower portion 
of t h e  f i rs t  activated-carbon s e c t i o n  of Fig. 1.47'. 
The fact  that  iodine carried by par t ic les  w a s  not 
a factor  i n  th i s  experiment is conclusively sliovrn 
s i n c e  their diffusion coeff ic ients  a re  re la t ively 
low and,  i f  their concentrat ion were appreciable ,  
they would have produced a measurable  deposi t  
beyond 26 cm in t h i s  diffusion tube. T h e  apparent 
diffusion coef f ic ien ts  of 0.027-0.029 c m 2 / s e c  
observed with rubber a r e  evident ly  a n  ar t i fact ;  
otherwise t h e  corresponding s p e c i e s  would have  
manifested itself at t h e  diffusion tube  d i s t a n c e  of 
30 c m  to  t h e  extent  of about j x l o 3  d i s  min-' 
cm--l a s  judged by the nature  of the deposi t ion 
on rubber in  Figs. 1.16 and 1.48. That  i s ,  the  
d a t a  i n  Fig.  1.49 ind ica te  that  iodine compounds 
with molecular weights  grossly in  e x c e s s  of that  
for I are not present  i n  appreciable  quant i t ies .  
T h u s ,  a more complex mechanism is required t o  
explain the deposi t ions on rubber. 

2 

Figure 1.50 shows that  a t  lQO°C the  I ,  deposi-  
tion on s i lver  is qui te  s imilar  t o  that  already ob- 
served  after making al lowance for the  increase  
i n  diffusion coeff ic ient  with a n  increase  i n  tem- 
perature. 'The increase  observed is in good accord 
with theory. .The s a m e  s ta tement  regarding dif- 
fusion coeff ic ients  is true for deposi t ion on ac t i -  
va ted  carbon i n  t h e  region where the  ac t iva ted  
carbon appeared to behave  as a perfect s ink.  
T h e  apparerit diffusion coeff ic ient ,  0.0 57 c m  2 /sec ,  
observed on rubber, increased  considerably more 
with increased temperature than theory predicts ,  
again indicat ing that  the  process  is more complex 
than the  normal diffusion to a perfect s ink  of a 
high-molecular-weight iodine compound. T h e  
fac t  that  t h e  lower par t  of t h e  plot of I 3 l I  deposi-  
t ion on rubber s u g g e s t s  a lower diffusion coef- 
f ic ient  is probably a superf ic ia l i ty .  T h e  ex ten t  
of deposi t ion on rubber in  t h e  hea ted  diffusion tube 

is lower by a rather large factor  than those  i n  the  
s imilar ly  arranged unheated tubes.  A more or 
less obvious interpretation is t h a t  the higher 
temperature h a s  resul ted i n  e x t e n s i v e  decomposi- 
tion of the  corresponding s u b s t a n c e  or s u b s t a n c e s  
t o  I 2  or 111. T h e  bulk of the  postulated decomposi- 
tion may have  occurred in  the f i r s t  part of the 
s i lver  s e c t i o n  where I ini t ia l ly  present  would 
have  effectively masked  i t s  presence.  T h e  ca- 
pacity of t h e  ac t iva ted  carbon is severa ly  limited 
by the  increase  in  temperature. While R lower- 
ing  of capaci ty  is of course  t o  be  ant ic ipated,  the  
e f fec t  is rather pronounced consider ing t h e  low 
range of concentrat ions involved. However, the  
to ta l  amount deposi ted on ac t iva ted  carbon w a s  
e s s e n t i a l l y  unaffected by the  i n c r e a s e  in  tem- 
perature. 'This fact  supports  t h e  previously noted 
indicat ion that t h e  subs tance  depos i t ing  on ac t i -  
vated carbon i s  d i s t inc t  from that  deposi t ing on 
rubber. T h e s e  observat ions ind ica te  that  hea t ing  
a diffusion tube a l te rs  the  deposi t ion distribution 
of radioiodine compounds, but meaningful resu l t s  
a r e  s t i l l  obtained. 

T h e  foregoing observat ions point  t o  the  presence 
of a t  l e a s t  two d is t inc t  iodine s p e c i e s  other than 
I , and one of the  s p e c i e s  is indicated to be re- 
la t ively unstable .  The resu l t s  conceivably could 
b e  interpreted in  terms of j u s t  one iodine c o m -  
pound, i n  addition t o  the  I, ,  but a rather complex 
mechanism seems t o  be  required. T h e  deposi t ion 
rate  on rubber tubes  is primarily not diffusion 
limited but probably involves  d issoc ia t ion  of an 
iodine compound t o  yield €11 or I,. Iodine carr ied 
by par t iculates  is not a factor with the  dichromate 
method. T h e  depos i t  on charcoal  following a rubber 
tube is assoc ia ted  with a s p e c i e s  d is t inc t  from HI 
and I,. A heated composi te  diffusion tube y ie lds  
a n  al tered but interpretable distribution and may 
be  useful  with moist  a tmospheres .  While con- 
s iderable  addi t ional  information about  t h e  behavior 
of iodine s u b s t a n c e s  i n  diffusion tubes  was pro- 
vided by t h i s  experiment, the  interpretation of 
many a s p e c t s  is s t i l l  unclear, and addi t ional  work 
is planned t o  further e luc ida te  the chemistry of 
volat i le  radioiodine a 

2 
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INVESTIGATION OF OCCURRENCE AND 
BEHAVIOR OF VOLATILE COMPOUNDS 

OF IODINE 

W. E. Browning, Jr. K. E. Adams 
Juergen Wilhelm * 

Efforts a r e  be ing  directed toward the determina- 
t ion of t h e  origin, ident i ty ,  and behavior of the  
volat i le  compounds of iodine s i n c e  the  behavior 
of t h e s e  compounds c a n  great ly  affect the  fa te  of 
iodine i n  reactor  acc idents  and the operat ing ef- 
f ic iency of iodine-removal sys tems.  It h a s  been 
reported previously that  iodine sources produced 
by ei ther  t h e  palladium iodide or the dichromate 
method contain small amounts of a t  l e a s t  two 
volat i le  compounds of iodine,  in  addition to  ele- 
mental iodine. 

1 8 K a r l s r u h e  Center for Nuclear Research and Develop- 
ment ,  Karlsruhe, West Germany. 

19W. E. Browning, Jr., R. D. Ackley, and R. E. Adams, 
Nucl. Safe ty  Program Semianti. Progr. Rept. Dec. 31, 
1963, ORNL-3547, PP. 60-64. 

I”-- lr +- 

When g a s  is passed  over an iodine source  held 
a t  a temperature of -.70°C:, there  is a rapid ini t ia l  
transport of I 3 ’ I  act ivi ty  from the source followed 
by a s lower,  reasonably cons tan t  ra te  of transport. 
T h e  in i t ia l ,  rapid r e l e a s e  of I 3 l I  act ivi ty  indi- 
c a t e s  t h e  presence of an iodine compound(s) more 
volat i le  than elemental  iodine, and the  gradual 
r e l e a s e  of 1 3 1 1  act ivi ty  following the ini t ia l  re- 
lease is charac te r i s t ic  of e i ther  e lemental  iodine 
or a compound of s imilar  volatility. T h e s e  frac- 
t ions have  been arbitrarily labeled A and B respec- 
t ive ly . 

To a id  in  t h e  s tudy of the behavior of t h e s e  
iodine compounds under var ious condi t ions,  t h e  
sys tem i l lustrated i n  Fig.  1.51 is being utilized. 
Provis ions wele  madc t o  divide the main g a s  
s t ream and t o  introduce one half upstream and the  
other half downstrcam of t h e  f i r s t  diffusion tube. 
A s e c o n d  diffusion tube w a s  included far ther  
downstream. T h i s  arrangement a l lows the  f i rs t  
diffusion tube t o  character ize  the  iodine source  

UNCI.ASSIFIED 
O W L - -  DWG 64-7128 
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Fig .  1.51. Schematic of Laboratory Apparatus to Study Behavior of Iodine 
and ladine Compounds by Diffusion Tube Analysis. 
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before any condi t ions a r e  changed in  the experi- 
ment. T h i s  i s  necessa1y due  t o  s l igh t  var ia t ions 
in  t h e  iodine sources .  T h e  dis t r ibut ion of 1 3 ' 1  

in the  second diffusion tube ind ica tes  the extent  
of influence of any interfering g a s  or material 
introduced in the  second half of t h e  air sweep.  
Ini t ia l  s t u d i e s  have  included an a s s e s s m e n t  of 
the  inf luences of moisture and  of source  tempera- 
ture on t h e  distribution pattern of iodine and iodine 
compounds in  t h e  diffusion tube. T h e  experimental 
techniques devised  for t h i s  s tudy  will be applied 
to observat ions of the  influence of other added 
impurities, such  as  organic vapors  and o i l  vapor, 
in  the  air s t ream. 

T h e  charcoal-lined portion of a diffusion tube 
assembly may be regarded as  a macroscopic rep- 
resentat ion of the  microscopic behavior of iodine 
compounds in  a channel  between granules  in a 
charcoa l  adsorber. One would expec t ,  on t h i s  
b a s i s ,  the  response of t h e  A f ract ion of an iodine 
source t o  moisture in a charcoal  adsorber  to  be  
the  same as  it w a s  in  the  diffusion tube. T h i s  
similarity of response h a s  been observed,  and the  
resu l t s  of experiiiients of t h i s  type a re  presented 
e l sewhere  i n  th i s  sect ion.  

In Dry Air 

Experiments with dry air s w e e p  (relat ive humidity 
<3%) a t  room temperature (22 to  24'G) carrying 
the A fraction separa ted  from radioiodine produced 
by t h e  palladium iodide method have  yielded 
deposi t ion profiles in  the upstream and downstream 
diffusion tubes  which are typified by the  d a t a  in 
FIg. 1.52. T h e s c  deposi t ion pat terns  indicate  
that  most of t h e  radioiodine w a s  in  a form which 
deposi ted on ac t iva ted  carbon with a diffusion 
coeff ic ient  of 0.099 cm2/sec and tha t  the conpos i -  
tion did not change appreciably between the two 
points  sampled.  T h e s e  and other s i m i l a r  resu l t s  
ind ica te  that  (1) there  w a s  no reaction or de-  
composition of the iodine compounds (fraction A )  
upon leaving a source  at ternpwatures of -70, 
0 ,  or 22OC, (2) there  w a s  no react ion or decomposi- 
tion (aging) of the  iodine compounds during a sys -  
tem t ransi t  time ranging from 4 t o  16 s e c ,  (3) there  
w a s  no s e l e c t i v e  loss of any of the iodine com- 
pounds to  t h e  wal l s  of the  sys tem,  and (4) there  
was a good reproducibility of mcasurements. 
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Fig .  1.52. Diffusional  Depos i t ion  of a Volat i le  ladine 
Compound Under Dry Conditions.  

In Moist Air 

T h e  addition of moisture to t h e  second half of 
t h e  a i r  sweep ,  which entered downstream of the 
f i rs t  diffusion tube,  produced a very not iceable  
effect  on t h e  deposi t ion profile of t h e  '4 fraction 
in the  charcoal-lined tube of t h e  second diffusion 
tube assembly.  T h e  upstream diffusion tube 
indicated a normal behavior under dry condi t ions 
while t h e  downstream diffusion tube exhibited a 
different behavior. T h e  magnitude of t h i s  in- 
f luence varied, depending upon whether or not a l l  
of t h e  charcoa l  sur face  of the  tube w a s  saturated 
with t h e  moisture i n  the  system. Figure 1.53 
i l lus t ra tes  t h e  deposi t ion profile obtained from a n  
experiment when all of t h e  diffusion tube w a s  
sa tura ted  with an a i r  s t ream of approximately 30% 
re lat ive humidity. Under par t ia l  saturat ion con- 
di t ions a straight-line relat ionship w a s  not ob- 
ta ined;  a chromatographic type of wave pattern 
w a s  produced. From the  information obtained,  it 
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Fig.  1.53. Comparison of Dif fusional  Deposition of a 
Volat i le  Iodine Compound Under Both Wet and Dry 

Conditions. 

appears  tha t  moisture interferes  with the adsorp- 
tion of the iodine compounds a t  the  charcoal  su r -  
f a c e  rather than being instrumental in forming a 
new, l e s s  react ive compound of iodine. Moisture 
d o e s  not strongly a f fec t  the behavior of e lemental  
iodine vapor, the principal const i tuent  of the R 
fraction of an iodine source.  T h e  effect of moisture 
on the  diffusion tube pattern of elemental  iodine 
is i l lustrated i n  Fig. 1.54 where t h e  elemental  
iodine resided on the s i lver  portion of the diffusion 
tube;  n o  inf luence due to moisture w a s  noted. 
T h e  d a t a  in  Fig.  1.54 were obtained using iodine 
prepared by the  dichromate method, and the deposi-  
tion on rubber w a s  s imilar  t o  that  descr ibed e l s e -  
where in  t h i s  report in the sec t ion  ent i t led “De- 
velopment of Methods for Measuring Forms of 
Gas-Borne Radioiodine.” T h e  introduction of 
moisture reduced t h i s  depos i t  fifty-fold, possibly 
as a resul t  of interference by moisture adsorbed on 
the rubber surface.  

ORNL UNCI DWG ASSIFIED 61-733.1 
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Solubility Behavior of Volatile Iodine Compounds 

It h a s  been demonstrated by diffusion tube 
ana lys i s  tha t  iodine s o u r c e s  nominally i n  t h e  
elemental  form c a n  have a small fraction of the  
iodine ex is t ing  in  compound forms which a re  rather 
difficult to remove from a i r  under cer ta in  condi- 
t ions.  At l e a s t  three vapor s p e c i e s  have beeti 
dis t inguished,  and workers in Engla1idz0 have  

‘‘A. C. Chatrlberlain et al., J .  N u c l .  Energy:  Pt.  A 
& I3 17, 519-50 (1963). 
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identified one  of the  f o r m s  of gas-borne radio- 
iodine as methyl iodide. Figure 1.55 i l lus t ra tes  
the  apparatus  used  to perform a n  experiment to  
determine whether methyl iodide i s  contained in  
the  -4 fraction of iodine s o u r c e s  prepared by t h e  
palladium iodide method and also to invest igate  
the appl icabi l i ty  of differential solubi l i ty  as a tool  
t o  charac te r ize  t h e  volat i le  iodine compounds. 
Three  experiments were performed. In the f i r s t  
two experiments the  A f ract ions were separa ted  
from iodine sources by u s e  of different techniques,  
were placed in  independent containers ,  and were 
introduced in to  t h e  experiments. In t h e  third, 
pure methyl iodide vapor, tagged with radioactive 
methyl iodide (tagged methyl iodide obtained from 
Volk Radiochemical Co., Skokie, Ill.; produced 
by the  sxchange  of CH3Br and N a '  'I in acteone) ,  
w a s  introduced into t h e  experiment. A g a s  sweep,  
containing t h e  volat i le  iodine compound, was 
p a s s e d  through a silver-lined tube  and a rubber 
tube prior t o  enter ing t h e  separatory funnel con- 
ta in ing  nonradioactive methyl iodide and water. 
In the  f i rs t  two experiments, the  distribution coef- 
f ic ient  between the  two p h a s e s  was about  55 in 
favor of methyl iodide. T h i s  corresponds ap- 
proximately t o  the  expected distribution consider-  
i n g  t h e  solubi l i ty  of methyl iodide in water. The 
distribution coef f ic ien t  in  t h e  third experiment 
u s i n g  tagged methyl iodide w a s  comparable. T h e  
resu l t s  presented in T a b l e  1.26 indica te  that  the  
mixture of iodine vapor s p e c i e s  emanat ing from 
t h e  iodine vapor source  inc ludes  tilethy1 iodide or 
a n  iodine compound of s imilar  solubi l i ty .  

Table  1.26. Sorption and Solubil i ty  Behavior of 
Volat i le  Iodine Cornpounds 

~~ 

Relative Amount of Activitya 
Sample Identity .___ ..____ 

(see Fig. 1 .SS) ~ x p .  1 ~ x p .  2 ~ x p .  3' 

A - ruhter tube 0.39 0.019 

B - s i lver  tube 0.92 0.023 

0.69 0.32 

D - methyl iodide 1.00 1.00 

C - rubber tiihe 

E - w a t e r  0.02 0.01 5 

F - riihber tube 0.001 0.014 

0.008 0.053 G - charcoal 

H - charcoal 0.007 0.003 

Distribution coefficient (CH I/H 0) 
3 2  

49.6 61.9 

0.008 

0.001 

0.92 

1.00 

0.01 7 

0.011 

0.073 

o.mo 

46.2 

*Data in each column normalized to methyl iodide sam- 

bExperitnerits using A fraction cons is t ing  of iodine 

'Experiment using 'I-labeled CH I. 

ple - 1.00. 

compounds volati l ized at .- 70°C. 

INNOCUOUS SIMULATION OF AEROSOLS 
QDUGED BY REACTOR ACCl 

W. E. Hrowning, Jc. R. E. Adams 

A study i s  under way to develop w a y s  of simulat- 
ing  the  radioact ive materials which would b e  re- 
l e a s e d  during a reactor  acc ident ,  making use of 
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t e s t  mater ia ls  which a re  less hazardous.  Such 
inriocuous “simulants”  wil l  be  of value for in- 
vest igat ing the  behavior of re leased  f i ss ion  prod- 
u c t s  in  the various s t a g e s  of reactor  containment 
and in gas-cleaning sys tems.  Information obtained 
in  th is program and in  re la ted iodine programs 
h a s  been appl ied in developing an iodine-efficiency 
t e s t  procedure for ful l -scale  operating charcoal  
adsorbei  systems.  Either natural iodine i n  the  
elemental  form or natural iodine tagged with I 3 l I  

h a s  been applied previously i n  tes t ing  the 1500- 
c f m  off-gas system of the Nuclear Ship 66Saavannah.’7 
Mare recently t h e  applicability of t h e s e  tes t ing  
techniques h a s  been explored by applying them 
to t h e  9000-cfm building ventilation sys tem of the 
ORH. T h i s  sys tem contains  both par t iculate  f i l t e rs  
and act ivated-charcoal  uni ts  for t h e  decontamina- 
tion of off-gases containing accident-released 
f iss ion products. 

Radioact ive iodine vapor (100 rng of ‘*’I con- 
ta ining 15 mc of 1 3 ’ 1 )  was introduced into the 
ventilation duct  in t h e  basement of the ORR, and 
a continuous sample of the  off-ga.s w a s  processed  
through small  act ivated charcoal  samplers .  T h e s e  
samples  were taken upstream and downstream of 
the f i l ter  pi ts  which a re  approximately 100 f t  from 
the  point of iodine vapor injection. Four t e s t s  
were run, and eff ic iencies  of 99.93, 99.83, 99.86, 
and 99.78% were observed. 

Consideration i s  now being given t o  possible  
a s s i s t a n c e  i n  the ini t ia t ion of routine in-place 
t e s t s  of iodine adsorbers  on the  off-gas sys tems 
of s e v e r a l  reactors  under construct ion i n  the 
ORNL area.  

REMOVAL OF IODINE AND VOLATILE lODlNf 
COMPOUNDS FROM AIR SYSTEMS BY 

ACTIVATED CHARCOAL 

W. E. €3rowning, Jr. R. E. Adams 

T h e  effect iveness  of ac t iva ted  charcoa l  ad- 
sorbers  for t h e  various forms of iodine must b e  
known in order that  t h e  reliability of s u c h  engi- 
neered safeguards c a n  be eva lua ted  far contain-  
ment of reactor accidents .  

In experiments descr ibed ear l ier  i n  th i s  report, 
it was noted that  when the  iodine vapor source 
w a s  divided into two fract ions,  the  first ( A )  being 
tha t  part which is vaporized i n  less than 10 inin 

at -70°C and the  second ( B )  being that which is 
vaporized af ter  10 min, the  behavior of the  A 
f ract ion i n  a charcoal  adsorber was affected by 
moisture t o  a much larger extent  than the B frac- 
tion was.  T h i s  observation prompted the initiation 
of a more systematic  study. The  behavior of the 
A and B fractions of an iodine source (prepared 
by the  palladiutn iodide method) toward three types  
of act ivated charcoal  under varyiag degrees  of 
temperature and humidity i s  being invest igated by 
u s e  of t h e  t e s t  apparatus  i l lustrated schematical ly  
in  F ig .  4.4 of the previous report of t h i s  series,Ig 
T h e  condi t ions of t h e  t e s t s  were as follows: 
bed depth,  1.5 in.; g a s  velocity, 25  fpm; dura- 
tion, 5 hr. T h e  concentration of the A fraction 
evaluated over t h e  10-min inject ion period w a s  
0.05 mg/m3, while  that. of the B fraction over i t s  
5-hr inject ion period w a s  0.01 mg/m3. T h e  three 
act ivated charcoa ls  used  in th i s  study were 
s e l e c t e d  mainly because  of their  avai labi l i ty  in 
this laboratory and to  typify three types of char- 
coa ls :  bituminous coke  (Pittsburgh B P L ) ,  coconut 
s h e l l s  (Pittsburgh PCB) ,  and a charcoal  contain- 
ing metal l ic  impregnants (Whetlerite, BPL char-  
coa l  impregnated with s i lver ,  copper, and chro- 
mium). Equivalent  act ivated charcoa ls  produced 
by other manufacturers wil l  probably produce com- 
parable resul ts .  

R e s u l t s  obtained in  th i s  cont inuing s tudy are  
presented in  Table  1.27. The  volat i le  fraction 
( A )  is the  one most difficult to  remove from g a s e s  
under humid condi t ions as i s  evidenced by experi- 
ments 1, 2, 4, and 6. Of the three charcoa ls ,  
P C B  (coconut) i s  tile most effect ive for removing 
th i s  fraction. Under dry condi t ions,  approximately 
3% relat ive humidity, all three charcoals  are ef- 
fect ive as shown by experiments 3, 5, and 7. 
T h e  l e s s  volat i le  fraction (n) ,  which is primarily 
e lemental  iodine but may contain other iodine 
forms, i s  removed efficiently by a l l  three char- 
c o a l s ,  but the coconut-base charcoal  (PCB) ap-  
pears  to b e  somewhat more effect ive than the  
other two. In s imilar  experiments (Nos. 8-14) 
a t  100°C, both iodine source  fract ions were re- 
moved effectively by all three charcoa ls  under 
varying condi t ions of humidity. Coconut charcoal ,  
which w a s  t h e  b e s t  adsorber under the  worst 
condi t ions (high humidity a t  room’ temperature), 
gave a minimum efficiency of 97% for the volat i le  
fraction. T h i s  efficiency may be adequate  s i n c e  
experience ind ica tes  t h a t  the  nonelemental forms 
comprise only a smal l  fraction of the iodine inven- 
tory. 
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Table  1.27. Removal of Iodine and I ts  Volat i le  Compounds from Air by Activated Charcoala 

Experiment Charcoal Type 

1 

2 

4 

6 

3 

5 

7 

8 

3 

11 

13 

1 0  

12 

14 

Bituminous coke 

Bituminous coke 

COC onut 

Whetlerite 

Bituminous coke 

Coconut 

Whe tleri te 

Bituniiiious coke 

Bituminous coke 

Coconut 

Wietlerite 

Rituminous coke 

Coconut 

Whe tleri te 

Charcoal Iodine Relative E f f ic ie nc y 

Temp ( O C )  Fraction Humidity (%)' (%) 

23 

2 0  

2 0  

20  

24 

23 

23 

100 

100  

100 

I 0 0  

100 

100  

100 

A 

B 

A 

R 

A 

B 

A 

B 

A 

H 

A 

R 

A 

B 

A 

A B 

B 

A 

fi 

A 

B 

A 

R 

A 

B 

A 

B 

65 
77 

7 7 
77 

77 
77 

77 
77 

< 3  
< 3  

4 
< 3  

( 3  
(Not run) 

< 3  
(Not run) 

( 3  

< 3  

< 3  
< 3  

( 3  
< 3  

-100 
-100 

-100 
-100 

-100 
-100 

50.25 
97.87 

73.42 
99.03 

97.34 
99.65 

61.87 
96.11 

99.97 
98.19 

99.89 
99.31 

99.91 

99.89 

99.87 
99.96 

99.994 
99.66 

99.98 
99.89 

99.94 
99.87 

99.91 
99.76 

93.94 
99.98 

aRed depth, 1.5 in.; gas  velocity, 25 fpm; duration of t es t s ,  5 hr. 
bA is the volati le fraction (lGw-molecular-weight iodine compounds), and 13 is the less volati le fraction (primarily 

elemental iodine), when the iodine source is a t  -7OOC. A is injected during init ial  10 niin of t e s t  a t  0.05 mg/1n3, I3 
over 5-hr t e s t  duration a t  0.01 mg/rn3. 

'IIumidiLy of entering air evaluated at room temperature. 
dBituminous coke charcoal impregnated with s a l t s  of si lver,  copper, and chromium. 
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T h i s  s e r i e s  of experiments h a s  demonstrated, 
under the condi t ions t e s t e d ,  t h a t  the  anomalous 
behavior of iodine vapor in  ac t iva ted  charcoal  
adsorhers  under cer ta in  condi t ions c a n  b e  ex- 
plained by the  occurrence of nonelemental f o r m s  
of iodine and that  se lec t ion  of t h e  proper charcoal  
type makes it  poss ib le  t o  t rap t h e  more difficult- 
to-remove iodine fraction from a i r  with a su i tab le  
efficiency . 

CHARACTERIZATION OF RADIOACTIVE 
AEROSOLS BY USE OF FIBROUS FILTERS 

W. E. Browning, Jr. M.  D. Silverman 
L. F. Franzen ' l  

Pred ic t ing  the  e f fec t iveness  with which f i ss ion  
products re leased  in  a reactor acc ident  may b e  
removed from g a s  s t reams requires  a knowledge of 
t h e  amounts assoc ia ted  with t h e  different sizes 
of par t ic les  re leased.  A method for character iz ing 
radioact ive aerosols  h a s  been developed which 
interprets  t h e  distribution of radioact ive par t ic les  
in  a s e r i e s  of uniform fiber f i l t e rs  in  terms of the  
three main mechanisms of filtration - diffusion, 
interception, and inertial impaction - and h a s  been 
reported previously. 2 2  T h e  d a t a  for th i s  a n a l y s i s  
are obtained by pass ing  the  radioact ive aerosol  
through a s e r i e s  of uniform Dacron f i l ters ;  t h e  
par t ic le  distribution v s  depth in  the  f i l ter  bed, 
composed of d iscre te  layers  of f ibers ,  is deter-  
mined by radioassay.  T h i s  method y ie lds  infor- 
mation about t h e  behavior of aerosol  par t ic les  
within t h e  fibrous bed i n  more minute de ta i l  than 
d o  other methods. It is thus  poss ib le  t o  d is -  
tinguish groups of par t ic les  according to size and 
in  addition t o  d e v i s e  new, more  critical tests of 
filtration theory. Data  from t h e  ini t ia l  s e r i e s  of 
experiments, which used  a radioact ive t e s t  aerosol  
containing 65Zn par t ic les  i n  the  diameter range 
20 to 300 A and were conducted a t  linear ve loc i t ies  
from 0.4 to  88 fpm, were analyzed in  terms of the  
three mechanisms of filtration; ar ia lysis  of t h e  d a t a  
in  the  diffusion region h a s  been reported. *2 

"On loan from Technischer Uberwachungs-Verein, 
E s s e n  e. V., Germany. 
22W. E. Browning, Jr,, and M. D. Silverman, N u c l .  

Safety Program Serniann. Pro@. R e p t .  Dec. 31 ,  1962, 

231\l. D. Silverman and Vi. E. Browning, Jr., Trans. 

24M. D. Silverman and W. E. Browning, Jr., Science 

OHNL-3401, PP. 50-55. 

Am. NucI .  Soc. 5(2), 401 (1963). 

143, 572 (1964). 
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Fig. 1.55. Fi l t rat ion Eff iciency a t  Various Depths 
Through Fi l ter .  

Several  s e r i e s  of experiments have  been per- 
formed in  which t h e  porosity o f  t h e  f i l ter  m a t s  
w a s  raised from i t s  original va lue  (0.72) to  0.94. 
T h e  d a t a  from a typica l  experiment are shown in 
Fig.  1.56 in which log  N / N o  for e a c h  layer  is 
plotted as t h e  ordinate aga ins t  depth in the  filter. 
Each  layer contained approximately l o4  czii of 
fiber per square  centimeter of f i l ter  a rea ,  evaluated 
from d i s k  weights  and t h e  densi ty  of t h e  fiber. 
It may b e  noted tha t  t h e  filtration curve h a s  been 
resolved into three s t ra ight  l i n e s ,  evidencing 
three different par t ic le-s ize  groups. 'The eEfect 
of varying the  f i l ter  porosity is shown in Figs. 
1.57 and 1.58. T h e  two sets of experiments plotted 
in  Fig.  1.57 show that  increas ing  the  fraction of 
s o l i d s  (or inversely,  lowering the  porosity) irn- 
proves filtration, as  expected.  In t h i s  low-velocity 
range (2.5 and 10 fpm) the  eff ic iency of filtration 
d e c r e a s e s  with increas ing  velocity, indicat ing the  
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Fig. 1.57. E f fec t  of Porosity on Fi l t ra t ion Ef f ic iency 

a t  Low Yelocity.  

diffusion regime. In Fig.  1.58, where the  l inear  
velocity is increased  from 10 to 80 fpm, t h e  effect  
of lowering t h e  porosity i s  aga in  shown by the 
improved filtration in  e a c h  pair of experiments. 
Fi l t ra t ion eff ic iency apparent ly  i n c r e a s e s  with 
increas ing  veloci ty  over t h i s  range of flow, al- 
though t h e  e f fec t  i s  g rea tes t  i n  going from 10 
to 40 fpm and l e a s t  from 40 to 80 fpm. 

In summary, for e a c h  pair of experiments  in- 
c reas ing  a (the fraction of so l ids )  or, inversely,  
lowering t h e  porosity reduces the amount of t h e  
penetrat ing fraction. For t h e  lower part of the  
curve,  however, there  is n o  change  i n  s lope ,  indi- 
c a t i n g  tha t  t h e  same s ize-par t ic le  group cont inues 
to  penetrate. Furthermore, f i l ter  eff ic iency s e e m s  
to  be improved by increas ing  a mainly at inter- 
mediate flow r a t e s  (40 fpm), l e s s  at lower and 
higher ve loc i t ies  (10 and 80 fpm), and insignifi- 
can t ly  at very low flow r a t e s  (2.5 fpm). 

Fig. 1.58. Effect  of Porosity on F i l t ra t ion Eff iciency 

a t  High Velocity.  

Data previously obtained in the  low-velocity 
range were treated by t h e  simplified StairmandZ5 
equat ion for pa i t ic le  diffusion. T h i s  equation, 
a long  with t h a s e  of Langrnuir ,26 D a v i e s , 2 7  and 
Chen,28  is based  on a model of Lamb's original 
equat ions  of flow around an i so la ted  cylinder. 
F u k s 3  h a s  shown tha t  filter eff ic iency ca lcu la ted  

"C. J. Stairmand, Trans. Ins t .  Chem. Engrs. {Idondon) 

"j~. Langmuir, OSKD Report NO. 865, Office of 

" C .  N. Davies,  €'roc. Inst. Mech.  Engrs .  (London) 

28C. Y. C h e n ,  Chem. Rev. 5 5 ,  595 (1955). 
29H. Lamb, Nydrdynamrcs,  6th ed., p. 77, Cambridge, 

30N. A. Fuks  and I. B. Stechkina, Proc. Acad. Sci. 

28, 1 3 0  (1950). 

Technica l  Services, Washington, D.C., 1942. 

B1, 185 (1952). 

London, 1932. 

USSR, Chem. Technol .  Sect. (English Transl.) 147, 2 3 0  
(1962); Ann. Occupational N y g .  6 ,  2 7  (1963). 
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on the  b a s i s  of a niodel of a sys tem of paral le l  width. T h e  detai led d a t a  now made avai lable  
cyl inders  appears  to conform better with experi- on behavior of aerosol  par t ic les  i n  a fibrous bed 
mental d a t a  than d o e s  t h e  i so la ted  cylinder model. are being used  to test t h e s e  var ious theor ies  of 
F u k s  a rgues  that  for the  development of a more filtration. The  resu l t s ,  when completed, should  
prec ise  theory for flbrous filtration of aerosols  a make it possible  to interpret t h e  high-velocity 
m o r e  rea l i s t ic  model should be  employed, for f i l t e r  deposi t ion dis t r ibut ions i n  terms of the  
example, a sys tem of paral le l  cyl inders  of equal  character  of aerosols .  
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2.1 Nuclear Safety Pilot 
C. J. t.3arton 
L. F. Franzeri 

P. P. Holz 
L. F. P a r s l y  

T. r-1. 

T h e  purpose and des ign  of the  Nuclear Safety 
P i lo t  P l a n t  (NSPPj were descr ibed i n  previous 
reports.”* Briefly, i t s  purpose is to evalua te  the  
transpo.rt behavior of f iss ion products i n  a simu- 
la ted containment sys tem of suff ic ient  size to 
permit the  extrapolation of the transport behavior 
of fissison products as observed in laboratory-scale 
tesls u p  t o  a c t u a l  containment sys tems.  It is not 
the intent  of th i s  faci l i ty  t o  s imulate  the fission- 
product r e l e a s e  spectrum of any one postulated 
accident ,  but rather to produce a known, and 
var iable ,  spectrum whose behavior i n  the model 
containment v e s s e l  may be  observed as a function 
of time in response  to var ious s t imuli ,  for example,  
deposi t ion (on different mater ia ls)  and condensat ion 
(from s t e a m  i n  the  vesse l ) .  

T h e  faci l i ty  h a s  been designed and constructed 
with a plasma torch for melting fuel  mater ia ls ,  a 
s t a i n l e s s  steel containment v e s s e l  into which 
f i ss ion  products are released,  var ious sampling 
d e v i c e s  for determining the time and s p a t i a l  dis t r i -  
bution of  t h e  var ious chemical  and physical  forms 
of the  re leased  f iss ion products, and provision h a s  
been made t o  t e s t  the e f fec t iveness  of various 
fission-product removal devices  (e.g., s p r a y s  and 
filters). Inasmuch as  the  faci l i ty  is to  be operated 
with up to 1000 cur ies  of act ivi ty  i n  the fuel  t o  be 
melted, a s ignif icant  feature  i s  t h e  capabi l i ty  for 
remote operation, semiremote removal o f  samples ,  
d i sassembly  of t h e  major i t e m s  of hardware, arid 
decontamination of the  equipment. 

‘111, H. Fontana and C .  G. L,awson, Nucl .  S a f e t y  
Program Seiniann. Pro&. Repf .  June 30, 1962, OKNL- 

‘1,. F. Parsly, Jr., Nuclear  Safety Pi lo t  P lant  Nazards  

3319, pp. 51-62. 

Summary Report ,  OWL-TM-683 (Oct. 4, 1963). 

Construction of the facility as initially designed 
was completed during the report period, and a l l  
equipment w a s  placed i n t o  operat ion. However, 
instal la t ion of some of the  more recent ly  developed 
sampling devices ,  s u c h  as  May packs  and diffusion 
tubes ,  and extension of the expeiimental capabi l i ty  
of the  faci l i ty  (by generating a s team environment 
within the  v e s s e l ,  by mixing the  a i r  i n  the  v e s s e l ,  
and  by decreas ing  the  in le t  flow veloci ty  to the 
v e s s e l )  were considered desirable ,  and these  
c h a n g e s  a r e  being made. 

There  were, however, many developmental tesi s 
conducted upon t h e  furnace uncoupled from the  
containment v e s s e l  and two t e s t s  of the en t i re  
faci l i ty  employing unirradiated UO, in which t h e  
UO, particular behavior i n  the v e s s e l  w a s  ob- 
served.  

BEHAVIOR OF PARTICLES FROM MOLTEN 
UO2 

Two r u n s  were made in which unirradiated UOz 
was melted. T h e  behavior of the  aerosol  generated 
w a s  observed by: 

1. measuring the  condensat ion nuclei  concentratio11 
by a condensat ion iiuclei counter ,  

2. sampling the v e s s e l  atmosphere with paper tape  
air  samplers  us ing  various filter media, 

3 .  u s i n g  deposi t ion coupons in  t h e  model contain- 
ment v e s s e l ,  

4. using a paper tape fallout sampler ,  and 

5. us ing  fal lout  cups.  

In the f i rs t  run, n o  s w e e p  gas w a s  used ,  and the 
fan iri t h e  model containment v e s s e l  w a s  not 
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Table  2.1. Experiment Conditions and Distribution o f  

Ura ni urn 

Run 1 Run 2 

Experimental Conditions 

Torch gas  

Torch gas flow 

Sweep gas  

Sweep gas  flow 

Vesse l  fan 

Helium 

1.7 cfm 

None 

Helium 

1.7 cfm 

Helium 

3.0 cfm 

Not operated Operated 

Uranium Distribution (W) 

Boat 

Furnace 

Transfer l ine 

Model containment ves se l  

Removed in purging 

Unaccounted for 

81.9 

7.8 

4.8 

0.4 

5.1 

90.8 

{ ::: 
1.9 

0.2 

2.2 

operated. In t h e  second,  s w e e p  g a s  w a s  used  and 
the fan i n  the model containment v e s s e l  w a s  
operated. Tab le  2.1 summarizes  the  experimental  
conditions and the uranium distribution. It is 
notable that  approximately twice a s  much UO, 
was volati l ized in  run 1 as i n  run 2; th i s  is partially 
accounted for because  the  first  pel le t  (of four) in  
run 2 sha t te red  in  the plasma flame and did not 
melt. Figure 2.1 shows  the furnace a t  the end  of 
run 2. Fragments  from the  f i rs t  pel le t  are v is ib le  
near the left-hand end  of the boat.  At the right, 
t he  g lassy  res idue  left from complete melting of 
the  UO, is visible.  All furnace su r faces  a re  
covered with a f i lm of U 0 2 ;  this  is normally 
observed. 

The condensat ion nuc le i  d a t a  are shown in  
Fig.  2.2. In run 1, the  particle count  increased  by 
a factor of 2 and decayed gradually. In run 2, 
the  par t ic le  count  exceeded  the instrument maxi- 
mum of lo7 particles/cm3 1 min after the torch 
was  ignited. Readings decreased  rapidly after the  
torch w a s  turned off, dropping to l o5  particles/cm3 
in  about 1 hr and thereafter decreas ing  more 
gradually. The behavior observed is a resul t  of 

P 

Fig.  2.1. Nuclear Safety P i lo t  Plant  Furnace After Run 2. 
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the  mixing ef fec t  of t h e  fan. T h e  par t ic les  d o  not 
or iginate  from t h e  fan; no s ignif icant  i n c r e a s e  i n  
par t ic le  count  i s  observed when the  fan is operated 
i n  the  model containment v e s s e l  without t h e  torch 
being operated simultaneously. 

T h e  paper t a p e  a i r  sampler  r e s u l t s  a re  somewhat 
errat ic ,  ref lect ing experimentation which w a s  done  
with sampling r a t e s  and filter papers  i n  t h e s e  
runs. Figures  2.3 and 2.4 present  resu l t s  obtained 
us ing  3.0-p membrane filter a t  f lows of 380 and 
490 cm3/min. T h e s e  both show t h e  rather s t a b l e  
behavior of t h e  UO, aerosol  af ter  t h e  concen- 
tration drops t o  approximately 10 mg/m3. 

Electron micrographs of a sample from run 1 a r e  
shown in Figs. 2.5 and 2.6. T h e  sample  w a s  taken 
approximately 6'4 hr af ter  meltdown. Figure 2.5 a t  
29,700X s h o w s  the  agglomeration of the  par t ic les ,  
and Fig.  2.6 a t  165,OOOX s h o w s  t h e  s h a p e  of the  
ultimate par t ic les .  Both spher ica l  and cubic  
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F ig .  2.2. Par t ic le  Count vs Time. 

par t ic les  a r e  present ,  of sizes from about  30 t o  
1500 A. 

Figure 2.7 s h o w s  a sample from run 2 taken 3 min 
af ter  t h e  a r c  w a s  ext inguished.  I t  i l lus t ra tes  t h e  
high degree  of agglomeration present  even  in t h e  
ear ly  s t a g e  of a run. 

Deposi t ion coupons were u s e d  t o  inves t iga te  the  
s p a t i a l  dis t r ibut ion of deposi t ion i n  the  v e s s e l  a s  
well as the  e f fec t  of material. The  resu l t s  of both 
runs show a def ini te  s p a t i a l  dependence;  in  run 2 ,  
the  inf luence of t h e  fan is clear ly  vis ible ,  with 
maximum deposi t ion be ing  found a t  t h e  outer wal l  
a t  t h e  top leve l  where t h e  fan blowing a c r o s s  the  
end of the t ransfer  l ine p icks  up  the  aerosol  
par t ic les  i n  a swir l ing flow pattern. In run 2,  a 
b a s i c  a d h e s i v e  s u r f a c e  (Scotch t a p e  wrapped with 
the  adhes ive  s i d e  out) w a s  u s e d  to obtain d a t a  on 
t h e  inf luence of position, and coupons of 14 other  
mater ia ls  were placed i n  8 of the 3 6  ava i lab le  

TIME (hr)  

Fig.  2.3. Air Sampler Data,  Top  Level ,  Southwest 

Side of Vessel,  Run 1. 

F ig .  2.4. Air Sampler Data,  Bottom Level ,  Northeast 

Side of Vessel,  Run 2. 
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Fig .  2.5. Part ic les from Run 1. 29,700x. 

UNCLASSIFIED 
PEM - 200-4024 (4) 

s -  

Fig. 2.6. Part ic les from Run 1. 165,000~. 
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Fig .  2.7. Particles from Run 2. 29,700x. 

loca t ions  to  inves t iga te  the influence of material. 
T h e  r e su l t s  ind ica te  that greater deposit ion 
occurred on  metals than  on painted sur faces .  Of 
the  metals,  copper and b ras s  had the g rea t e s t  
accommodation coefficient,  s t a i n l e s s  steel the 
least. Deposit ion w a s  very sma l l  in  all in s t ances ,  
of the  order of 0.001 to 0.01 pg/cm2.  

Fa l lou t  observations were disappointing in  both 
runs. T h e  amount of sample  co l lec ted  in  the 
fallout cups  w a s  much lower than an t ic ipa ted  from 
v e s s e l  decontamination data .  T h e  paper t ape  
fallout sampler showed s igni f icant ly  more fa l lout  
than the  fallout c u p s  in  both runs,  so that l o s s  of 
material by reentrainment during purging of the  
v e s s e l  may b e  s igni f icant  even  though adhes ive  
“fallout” paper is used  in  the  cups.  

iod ine  a s soc ia t ed  with the  samples .  T h i s  device  
is shown in  Fig. 2.8. T h e  c lus t e r  conta ins  1 2  
May-pack samplers,  and vacuum c a n  be applied to  
e a c h  in turn by means of a sequen t i a l  valve. T h e  
va lve  used  in  the  prototype l imits i t s  maximum 
operating temperature to  loo0 F; ult imately,  va lves  
su i t ab le  for 300’F will  be  instal led.  T h e  May 
packs  contain the  following fi l ter  elements:  

1. silver-plated copper sc reen  to reac t  with 
molecular iodine,  

2. membrane f i l ters  t o  co l l ec t  par t ic les ,  

3. charcoal-impregnated g l a s s  fiber f i l ters  to  
collect readily adsorbed iodine compounds, 

4. activated-charcoal beds  t o  co l lec t  less readily 
adsorbed iodine compounds. 

Space  for additional f i l ter  e lements  is available.  
The second device  (Fig. 2.9) is a combined 

DEVELOPMENT OF SAMPLING DEVICES May-pack-diffusion-tube sampler. I t s  function is 
to look for poss ib le  unique cons t i tuents  i n  the  
NSPP aerosol.  It c o n s i s t s  of f ive pa i r s  of May- 
pack  hous ings  with 40-in. diffusion tubes  inser ted  
between the two hous ings  in e a c h  pair. In each  of 
the channels ,  part of the  May pack would be  loaded  
i n  the  upstream housing and part  i n  the  downstream 

Prototypes of three sampling dev ices  have been 
des igned  and built  during t h e  report period. The 
f i rs t  of t h e s e  is the  “May-pack c lus t e r , ”  a dev ice  
designed t o  take  a s e r i e s  of s amples  a t  a given 
location and to differentiate the chemical  form of 
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Fig. 2.10. Fa l lout  Sampler. 
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hous ing  so  that  the diffusion tube is a t  a different been so lved  by u s i n g  a circulating-hot-water 
locat ion in  e a c h  channel. A typical  loading might sys tem for furnace and boat cooling; th i s  permits 
be: cool ing water  temperatures u p  t o  90°C to be  used.  

1. diffusion tube upstream of entire M~~ pack, An attempt w a s  made t o  u s e  steam as the  coolant ;  
t h i s  apparent ly  did not  provide suff ic ient  cool ing  
at the opening where the torch is mounted, since 
t h e  furnace l id  cracked i n  that  area.  

3 .  diffusion tube between membrane filter and T h e  s e c o n d  problem is t o  avoid chemical  a t tack  
charcoa l  paper, by s t e a m  on t h e  electrodes.  Significant erosion 

from the  ca thode  of t h e  plasma torch h a s  been 
observed in  t h e  steam runs. In the runs made t o  
d a t e ,  the s t e a m  w a s  introduced tangent ia l ly  j u s t  

It is expected that  flow i n  t h e  paral le l  channels  that  s o m e  steam flowed or diffused along the anode  
will d i s t r ibu te  evenly  enough so  that  s e p a r a t e  flow wal l  countercurrent t o  the  plasma and t h u s  entered 
metering wil l  not  be  required. E a c h  device  of t h i s  t h e  a r c  chamber and reacted with t h e  cathode.  
type wil l  t ake  o n e  sample. It is planned t o  try us ing  a n  iner t  g a s  at the 

tangent ia l  in le t  and t o  put s team into the  furnace 
sampler. T h i s  device  e n a b l e s  11 time-dependent body t o  see i f  acceptab le  steam operation c a n  be  
fallout samples  to  be  taken and t o  be  protected achieved. 

2. diffusion tube between s i lver  bed and membrane 
filter, 

4. diffusion tube between charcoa l  paper and 
charcoal  bed, 

5. diffusion tube downstream Of entire May pack- downstream of the torch nozzle. It is suspected 

The  third d e v i c e  (Fig. 2.10) is the N S P P  fal lout  

during purging and unloading operations. I t  u s e s  a 
vibratory motor which a l lows  prec ise  indexing. 
T h e  principle a p p e a r s  appl icable  not only t o  fall- 
out  sampling but also to co l lec t ing  time-dependent 
deposi t ion samples .  

PLASMATORCHAND FURNACEDEVELOPMENT 

Development work h a s  been  concentrated on  
making the  torch operable a t  e leva ted  pressure and 
i n  t h e  presence  of s team. Ini t ia l  a t tempts  to 
opera te  a t  pressure resul ted i n  burnout of the  
a n o d e s  i n  a matter of seconds .  It h a s  been 
es tab l i shed  that  burnout occurs  when t h e  a r c  
a t t a c h e s  t o  s o m e  point on t h e  anode rather  than 
moving continuously. Increas ing  t h e  pressure  
c o n s t r i c t s  the  plasma and increases  the  tendency 
for attachment. After severa l  changes  were made 
in  t h e  torch, sa t i s fac tory  operation a t  35 p s i g  w a s  
achieved. T h e  most s ignif icant  change  w a s  t h a t  of 
reducing t h e  a r c  chamber volume, thus  increas ing  
the  intensi ty  of t h e  vortex induced i n  t h e  a r c  
chamber and i t s  tendency to k e e p  t h e  a r c  moving. 
Pol i sh ing  the  anode and accura te  center ing of the  
ca thode  were found t o  be  important i n  reducing t h e  
tendency for a r c  attachment. Improved anode  
cool ing  w a s  achieved and may also have  had some 
effect  i n  improving operation a t  pressure.  

T e s t s  with s team i n  t h e  furnace have not been 
sat isfactory t o  date. To permit steam operation, 
two problems must b e  overcome. T h e  f i rs t  is t o  
r a i s e  the furnace and boat  temperatures  so  tha t  
condensat ion wi l l  not occur. T h i s  apparent ly  h a s  

Several runs were  made t o  inves t iga te  aerosol  
generation by t h e  plasma torch. In the  f i rs t  of 
t h e s e ,  the  torch w a s  mounted on a f lange on the  
model containment v e s s e l  and operated for 5 min. 
One paper tape  a i r  sampler  w a s  u s e d ,  and par t ic le  
counts  were taken  us ing  a Gardner A s s o c i a t e s  
condensat ion nuclei  counter. T h e  a i r  samples  
indicated tha t  approximately 200 mg of copper  w a s  
re leased  in to  the model containment v e s s e l ;  ap- 
proximately twice  as  many par t ic les  were present  
as in  the  second U 0 2  run. A sample  w a s  submit ted 
for particle-size ana lys i s ;  the resu l t s  a re  not 
complete. 

Additional runs have  been made with the  torch i n  
the  furnace. On taking the  par t ic le  count  sample  
from the  bottom of the  model containment v e s s e l ,  
which h a s  been  the  normal sample  point, one f inds  
tha t  n o  s ignif icant  i n c r e a s e  in t h e  par t ic le  count  
is produced by operat ing the  torch u n l e s s  the  fan 
is simultaneously operated or by operat ing the  
fan u n l e s s  the  torch is simultaneously operated. 
When both the  torch and t h e  fan a re  operated, the  
par t ic le  count  g o e s  off scale immediately. R e s u l t s  
of chemical  a n a l y s e s  taken  during t h e s e  runs a r e  
not yet  avai lable .  

One run w a s  made with t h e  par t ic le  count  sample  
point moved to the  top of t h e  model containment 
vesse l .  In th i s  c a s e ,  a s ignif icant  i n c r e a s e  in 
par t ic le  count  w a s  observed when the  torch w a s  
operated,  even  though t h e  fan w a s  not  operated. 
Operating t h e  fan only had n o  s ignif icant  effect  on 
t h e  par t ic le  count. In conjunct ion with t h e  r e s u l t s  
of the  other runs,  th i s  ind ica tes  that  t h e  fan is 
necessary  t o  d i s p e r s e  t h e  aerosol  i n  the  vesse l .  



2.2 Reactor Containment Handbook 
H. H. P i p e r  

Since t h e  l a s t  reporting per iod,3 final d raf t s  of 
all chapters  have  been completed and dis t r ibuted 
to carefully se lec ted  exper t s ,  both within ORNL 
and AEC, and throughout t h e  nuc lear  community, 
for review. All c h a p t e r s  were cr i t ical ly  reviewed. 

Each  chapter ,  a long with its related comments, 
w a s  placed i n  t h e  hands  of a n  individual or group 
of individuals  who were respons ib le  for final 
revision of that  chapter  i n  t h e  l igh t  of comments 
received and current progress  in tha t  par t icular  
area of work. Revis ion of 9 of  the 12 chapters  

3H. €3. Piper,  Nucl. S a f e t y  Serniann. Pro&. R e p t .  
ne(:. 31,  1963, 0 ~ ~ ~ 3 5 4 7 ,  p. 78. 

h a s  been completed, and completion of t h e  remain- 
ing three chapters  is expec ted  i n  July or August, 
as  may b e  s e e n  i n  Table  2.2. Major revision w a s  
required in Chapters  2, 4, and 5. 

In addition to t h e  technica l  revision of t h e  
material, the  revised draf ts  a re  be ing  edi ted and 
the  index is being prepared. 

In view of the  ex tens ive  revision, t h e  draft will 
first b e  published in  a completed form, with index, 
as a Technica l  Memorandum for further review 
before being re leased  for general  distribution as  
a n  ORNL-NSIC report. T h e  Technica l  Memorandum 
will b e  i s s u e d  in  October 1964. 

Table 2.2. Status of Reactor Containment Handbook 

Fina l  Editing Chapter F ina l  Draft Comments Re vis ion Index 
Completed Received Complete Complete Complete T i t l e  No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

1 1  

12 

Introduction 

Codes,  Criteria, and 
Regulations 

Radioactivity Generation, 
Release ,  and Transport 

Energy Sources 

Analytical Techniques 

Credible Accidents 

Containment Proof 
Tes t ing  

Specific Containment 
Systems 

Design Details 

containment Accessor ies  

Economics 

Research 

Mar. 16, 1964 Apr. 20, 1964 June 4, 1964 June 8, 1964 June 8, 1964 

Apr. 26, 1963 October 1963 Apr. 6, 1964 Apr. 14, 1964 Apr. 2, 1964 

Jan. 23, 1964 Mar. 15, 1964 Apr. 17, 1964 Apr. 24, 1964 May 8, 1964 

Mar. 19, 1963 October 1963 

Mar. 6, 1964 Apr. 10, 1964 

Feb. 28, 1964 Apr. 22, 1964 June 30, 1964 July 2, 1964 

February 1964 Mar. 1.5, 1964 

Feb. 7, 1964 Mar. 25, 1964 July 2, 1964 July 3 ,  1964 

February 1964 Mar. 15, 1964 June 9, 1964 June 25, 1964 

March 1964 Apr. 22, 1964 June 17, 1964 June 29, 1964 

February 1964 Apr. 15, 1964 May 29, 1964 June 2, 1964 June 8, 1964 

Feb. 26, 1964 Apr. 1, 1964 May 14, lQ64 May 15, 1964 May 19, 1964 
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3.1 Reactivity Effects of Small h e  
Displacements for Plate-Type Reactors 

E. G. Silver 

A s  reported in previous i s s u e s  of th i s  report, a n  
experimental-calculational program is under way 
t o  s tudy  t h e  reactivity e f f e c t s  of small fuel  dis-  
placements in water-moder<jted plate-type reactors  
fucled with highly enriched In 
par t i rulai ,  in te res t  is focused on t h e  adequacy of 
ava i lab le  reactor c o d e s  for calculat ing t h e  effects 
of s u c h  perturbations. 

T h e  resu l t s  presented in  t h i s  report a r e  pre- 
liminary s i n c e  the project is not ye t  completed. 

EXPERIMENT 

T h e  gross features  of t h e  s l a b  reactor used for 
t h e  experiments were descr ibed  previously. 4 *  

Briefly, the  core cons is ted  of unclad uranium- 
aluminum at loy p la tes  60.96 c m  long, 7.49 c m  
wide, and 0.147 cm thick. Eight  of t h e s e  p la tes  
placed r.dge to e d g e  const i tuted a fuel  clement 
60.96 by 5'3.94 cm and 0.147 cm thick. T h e s e  
elements  were s p a c e d  with centcrs  0.51 crn apar t  
by support grooves c u t  in to  t h e  s i d e  wal l s  of  a n  
aluminurn tank, and the  s p a c i n g  w a s  maintained 
across tht. width of t h e  core by four s e t s  of p las t ic  

'E. G. Silver et ill., NLrCr. S a f e t y  Program ~ e n i i a r i r i .  
Pro@. R e p t ,  June 30, 1962, ORNL-3319, pp. 5-10. 

2E, 6. Silver  et af., Neutron Phys .  Div.  Ami.  Progr. 
Hept .  Sept .  1, 1962, OKNL-3360, pp. 12-16. 

E. G. Silver, N u c l .  S a f e t y  Program Semia rm.  Progr .  3 

H w t .  Dec. 31, 1962, OKNL-3401, pp. 5-4. 
4 ~ .  G. Si lver ,  ~ u c r .  Safety Program Senzionn. Progr. 

Rept. June 30, 1963,  OKNL-3482, pp. 3--6. 

E. G. Si lver  and E. €3. Johnson, Neutron Phys.  13iv. 
Ann. Progr. Kept .  At@. I ,  1963, ORNL-3499, vol. I, 

5 

pp* 59-76. 

E. B. Johnson 

(P lex ig las )  s t r ips  of the  proper thickness .  Pres -  
s u r e  w a s  appl ied t o  t h e  core  by P lex ig las  s t ruc-  
tural  members bear ing a g a i n s t  a 1.3-cm-thick 
P lex ig las  s l a b  placed a g a i n s t  e a c h  outs ide  ele- 
ment t o  keep  the desired spac ing .  T h e  arrange- 
ment is shown in Figs. 3.1 and 3.2. T h e  core i s  
water  moderated and h a s  a n  effect ively infinite 
water  reflector on two s i d e s .  T h e  four sur faces  
formed of the element  edges  were unref lected,  and  
the  tank bottom and s i d e  wal l s  were cadmium 
lined to minimize t h e  return of neutrons from t h e  
room. Rigid fuel  support w a s  mandatory b e c a u s e  
of the  extreme sens i t iv i ty  of !.he core  to element  
spac ing .  

A cr i t i ca l  experiment with a n  unperturbed core 
w a s  performed t o  find a s u i t a b l e  reference con- 
figuration. A core with 26 ful l  e lements  and a 
half  element (four fuel  p l a t e s  and four aluminum 
pla tes )  at e a c h  outs ide posilion w a s  found to have  
multiplication, k, of 0.9965 and w a s  chosen a s  
the  reference core. All  perturbed configurations 
were then made cr i t i ca l  by modiEying the part ia l  
e lements  a t  the outs ide posi t ions and by adding 
smal l  increments of water  above  the core,  thereby 
providing some reflection to the upper edge.  The 
th ickness  of the  top reflector w a s  never  a l lowed 
to exceed  1.5 cm, and i n  t h i s  range t h e  reactivity 
w a s  found t o  be  essent ia l ly  l inear  with thick- 
n e s s .  Figure 3.3 s h o w s  the  change  of react ivi ty  
with water  height for two core  configurations. No 
water  heights  lower than t h e  top  of the fuel  p la tes  
were used ,  since meniscus and irregular-wetting 
e f fec ts  introduced irreproducible c h a n g e s  in  re- 
ac t iv i  ly. 

To d a t e  s i x  perturbed configurations have  been 
assembled,  and a t  least preliminary va lues  of the  
reactivity change have been  deduced f rom t h e  

89 
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Fig. 3.1. View of TDCA Experiment. 
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Fig. 3.2. V iew of lDCA 
Experiment . 

0 18 

0 ( 6  

0 14 

0 12 

2 010 
E 

0 06 

0 04 

0 02 

0 

I, 
I 

i 

l l  

/ 
i / 

/ 
/ 

I 

4 perf = 0 7802 
' S L O P E = 0 2 0 3 %  GX/k /cm 

I' 
I 

0 2  0 4  06 0 8  1 0  
WATER HEIGHT ABOVE TOP OF CORE ( c m l  

1 2  

Fig .  3.3. React ivi ty  of l D C A  os Function of Water 

Height Above Core Top. 



9 2  

0 . 3 6 0 6 ~ c ~ i   STANDARD GAP 

data .  Figure 3.4 s h o w s  the  configurations for 
which react ivi ty  e f fec ts  have  been  measured. A 
s e r i e s  of measurements is planned t o  measure 
reactivity e f fec ts  due t o  perturbing a core  con- 
ta ining a cent ra l  water  gap 1 in. wide. T h i s  
mocks u p  control-rod wel l s  or s imilar  water  s p a c e s .  
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DI FFUSION-TH EORY CALCULATIONS 

After ex tens ive  in i t ia l  ca lcu la t ions  t o  determine 
the  b e s t  parameters for t h e  d e s i g n  of t h e  experi- 
ment, the  f inal  ca lcu la t ions  were  undertaken on 
the  model ac tua l ly  used  in  t h e  experiments. In 
order to avoid the  possibi l i ty  tha t  a grossly dif- 
ferent group s t ructure  would make comparison of 
diffusion and transport ca lcu la t ions  difficult, t h e  
GAM-MOD code6 w a s  u s e d  to obtain flux-weighted 
16-group c r o s s  s e c t i o n s  from a 99-group elementary 

J. L. Lucius. G A M - M O D - 2 ,  an  I B M  7090 Neutron 6 

Cross  Section Program, KDP-168 (1963). 

cross-sect ion library, which is incorporated i n  
GAM-II code,'  in  P-2 approximation. T h e  GAM- 
MOD calculat ion provided c r o s s  s e c t i o n s  for 
groups 1 to 1 4  (down t o  energy E = 0.4 ev). Group 
15 c r o s s  s e c t i o n s  were ca lcu la ted  by hand from 
t h e  ear l ier  34-group MODRIC c r o s s  sec t ions ,  flux 
weighting by u s e  of t h e  relation: 

3 2  

,C 
i = 2 0  

ai * 4.9 ( A u ) ~  I 

c r =  , 
3 2  

i = 2 0  

1 5  

,z @ i * ( A ~ ) i #  

where i' represents  t h e  group numbers from t h e  34- 
group c r o s s  s e c t i o n s ,  and ai, w a s  obtained from 
a MODRIC calculat ion.  T h e  thermal-group (group 
16) c r o s s  s e c t i o n s  were t h e  s a m e  as those used  in  
t h e  thermal group of t h e  34-group model. In th i s  
group t h e  hydrogen t ransport  c r o s s  s e c t i o n  w a s  
modified t o  take  c a r e  of binding ef fec ts  by us ing  
the  resu l t s  obtained by Bracc i  a n d  Coceva,'  
D ~ O , ~  and Kuchle" with a pulsed-neutron method 
for measuring t h e  diffusion coeff ic ient ,  D, in  
water. Thei r  average  value of D w a s  35,400 
cm2/sec, which corresponds t o  X t r  = 0.4811 c m  
or ctr = 2.0786 cm- ' .  Then, us ing  the  relation 

and  subst i tut ing t h e  known atomic dens i t ies  of the  
two const i tuents  and t h e  value of crtr for oxygen 
used  in the  cross-sect ion library, there  resul ts  
t h e  va lue  ct,(H) = 29.076 barns ,  which w a s  used  in  
all t h e  ca lcu la t ions .  A l s o  used  in  the  f inal  calcula-  
t ions w a s  a recent  vers ion of MODRIC which 
employs transfer coeff ic ients  from any group to 
t h e  ten  groups next  below i t ,  rather than t h e  
continuous s lowing down from group t o  group used 
by ear l ier  vers ions  of the code. 

There  a r e  two inadequac ies  inherent in t h e  cal- 
culat ional  model. One a r i s e s  from t h e  choice of 
t h e  t ransverse  leakage  and t h e  other from t h e  
limitation of the  present  MODRIC code  t o  no more 
than 25 regions, which requires that  a t  l e a s t  some 

7G. D. Joanou and J. S.  Dudek, GAM-11, a B, Code 
for the Calculation of Fast-Neutron Spectra and  As- 
soc ia ted  Multigroup Constants, GA4265 (1963). 

'A. Bracci and C. Coceva, Nuovo Cimento 4, 59 
(1 956). 
'W. H. Dio, Nukfeonik 1, 13 (1958). 

'OM. K k h l e ,  Nukleonik 2, 131 (1960). 
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of the  c o r e  be homogenized. Any one of three 
poss ib le  parameters spec i fy ing  t h e  t ransverse  
leakage  c a n  be  var ied t o  minimize the  former 
inadequacy, and the uranium dens i ty  in t h e  ho- 
mogenized region c a n  b e  modified to counter  t h e  
latter. 

’The t ransverse leakage,  which is determined by 
t h e  t ransverse  buckling, c a n  be  modified in three  
ways. T h e  code  c a n  c a l c u l a t e  a t ransverse  buck- 
l ing for e a c h  group, i, a n d  region, j ,  by u s e  of 
the  equat ion 

by ad jus t ing  t h e  extrapolat ion parameter 1’ i n  one  
case or, in another, one of t h e  t ransverse  dimen- 
s ions ,  s u c h  as  Y .  In t h e  third case, a va lue  c a n  
be c h o s e n  direct ly  for t h e  t ransverse  buckling, 
equal  for a l l  groups and regions. 

Attempts to minimize both inadequac ies  i n  t h e  
code,  based on t h e  experimentally determined 
reference core,  were carr ied out in t h e  following 
manner (one-half of t h e  reference c o r e  c o n s i s t e d  
of 13 ful l  fuel  e lements  plus  a one-half e lement  
at the  extremity). First, a s e r i e s  of cr i t ical i ty  
s e a r c h  ca lcu la t ions  was made with e i ther  0, 3 ,  7, 
or 10 full fuel  e lements ,  t h c  maximum poss ib le  with 
lhe  MODRIC code,  expl ic i t ly  spec i f ied  out of the  
13 actual ly  required for cr i t ical i ty .  T h e  outer  
half-elerneni was expl ic i t ly  included in e a c h  con- 
figuration. In e a c h  case the  th ickness  of t h e  
homogenized region t h a t  would make t h e  reactor 
c r i t i ca l  w a s  found. T h e  resu l t s  were  then extrapo- 
la ted  to zero th ickness  of the homogenized region 
to find t h e  c r i t i ca l  th ickness  of a core  with all 
clerwrits expl ic i t ly  included.  T h i s  w a s  done  for 
s e v e r a l  va lues  of e a c h  of t h e  three possible 
t ransverse  leakage  parameters to find that  va lue  of 
1 h e  parameter which would g ive  the  c r i t i ca l  thick- 
n e s s  of t h e  reference core. F igure  3.5 s h o w s  thta 
extrapolat ions to zero th ickness  of the  homogmized  
region a n d  t h e  value of t h e  parameter T‘ of 8.15 
obtained by interpolat ing between t h e  extrapolated 
e n d  points  to find t h e  correct  th ickness .  A similar  
extrapolat ion and  interpolation with t h e  t ransverse  
dimpnsion Y as  the  var iable  parameter resul ted in 
a va lue  of Y of 76.1 cm, as  shown in Fig. 3.6. 

The extrapolation to find the  best va lue  of the 
t ransverse  buckling w a s  s implcr  s i n c e  th i s  param- 
e t e r  could be determined direct ly  by a cr i t ical i ty  
s e a r c h  calculat ion.  In t h i s  case, four reactor  

configuratioizs of t h e  correct  experimental thick- 
n e s s  were ca lcu la ted  with 0, 3 ,  7, and  10 expl ic i t  
e lements  and  the t ransverse buckling for cr i t ical i ty  
w a s  fourid i n  e a c h  case. Figure 3.7 s h o w s  how 
t h e s e  da ta  were extrapolated t o  the reference core  
of 13 expl ic i t  f u l l  e lements  to produce a va lue  of 
B 2  of 3.391 x IOw3 

Calcula t ions  of fully homogenized c o r e s  were  then 
made u s i n g  e a c h  of t h e s e  t ransverse  leakage  pa- 
rameters, obtained as descr ibed,  to find in e a c h  
case thc  uratiium concentration that  would m a k e  the 
reactor  cr i t ical .  in the  f inal  MODRIC ca lcu la t ions  
t h i s  concentrat ion w a s  used  in t h e  homogenized 
region with the  corresponding value of the t rans-  
verse  leakage  parameter. Thus e a c h  perturbation 
w a s  ca lcu la ted  by three models using r - 8.15, 
Y - 76.1 cm, 01 B 2  - 3.391 x c m - ?  re- 
s pec t  i vel y . 

In a fourth method, the  perturbations were ii Is0 
calcu la ted  with t h e  “physical”  (i-e., unadjusted)  

0 3 7 10 15 

NUMBER O f  EXPLICIT PLATES 

Thickness of Homogenized Region o s  Func- 

tion of Number of E x p l i c i t  P lates  for Various Values 

of I’, the Buckling Correction Parameter; and Cr i t ica l  

Thickness as  Function of 1‘ Derived from Extrapolated 

Values of Cri t ical  Thickness with A l l  Plates Exp l ic i t .  

Fig. 3.5. 



94 

UNCLASSIFIED 
k O R N L - D W G  61-5910 
0 

9 

L L  
0 4  
rn ul w 
z 
r 3  
0 T 
t 

0 
0 3 7 10 13 

NUMBER OF EXPLICIT PLATES 

Fig.  3.6. Thickness of Homogenized Region as Func- 

tion of Number of Expl ic i t  Plates for Various Values 

of Transverse y Dimension; and Cri t ical  Thickness as  

Function of y from Extrapolated Volues of Cr i t ica l  

Thickness with A l l  Piates Exp l ic i t .  

x ;.. 

values  of  the t ransverse  dimensions and the  “cor- 
rect”  va lue  of 1’(3 Y 2 x 0.71 = 4.26). 

The  reason for us ing  four different methods of 
s e l e c t i n g  the  input parameters and for ca lcu la t ing  
e a c h  perturbation by e a c h  set of parameters w a s  t o  
ascer ta in  that  the  va lues  obtained for 6k/k do not 
depend substant ia l ly  on the  c h o i c e  of method. The  
preliminary determinations of the  core  dimensions 
had shown that in s o m e  c a s e s  the  resu l t s  might 
depend qui te  strongly on the  t ransverse  leakage 
model. T a b l e  3.1 gives  the ieact ivi ty  difference, 
in  uni ts  of 6 k / k ,  obtained for the  cases that  have  
been compared with t h e  experiment for e a c h  of 
the  four t ransverse  leakage models. It i s  c l e a r  
from the  tab le  that  the  ca lcu la ted  effect of t h e  
perturbation i s  not s e n s i t i v e  t o  the  choice  of t h e  
t ransverse  leakage  model. l‘he four models are: 

1. unmodified t ransverse  dimensions but r taken 
t o  be  8.15 ( the  best value found by extrapo- 
la t ive  procedure) and  B !  calculated for e a c h  
group and region, 

2. P‘ = 4.26, but t ransverse  dimensions modified 
to b e s t  value found by extrapolation (i.e., 
59.94 x 76.10 cm) and B i  ca lcu la ted  for e a c h  
group and region, 

3. t ransverse buckling us ing  b e s t  va lue  found by 
extrapolation (i.e., I?:= 3.391 x cm-’  for 
a l l  groups and  regions), 

4. unmodified (i.c., t ransverse  dimensions a r e  
59.91 x 60.96 cm), r = 4.26 and Bj-  ca lcu la ted  
for e a c h  group and region. 

The  resu l t s  of t h e  experiment were obtained in  
reactivity uni ts  (dollars), whereas  t h e  calculat ion 
resu l t s  a r e  expressed in percent  6 k / k .  In order to  
compare t h e s e ,  the  value of Peff must b e  known. 
T h i s  va lue  w a s  obtained by ca lcu la t ing  the  
multiplication for the  unpexturbed core with a 
modified f iss ion spectrum from which the  delayed-  
neutron contribution h a s  been subtracted.  T h e  
va lues  for t h e  f i ss ion  spectrum u s e d  a r e  shown 
in T a b l e  3.2. In. order to assess the effect  of the 
t ransverse leakage  on t h i s  parariieter, i t  w a s  cal- 
culated for e a c h  of the  four  models, a s  well  a s  

N for a core with a t ransverse buckling one-tenth as  
large a s  t h e  bes t  value. T h e  resul ts  a r e  shown 
in Table  3.3. It i s  s e e n  that  t h e  value of Poff 
d o e s  not depend on the  model to a s ignif icant  
extent .  Even  increasing t h e  t ransverse dimensions 

Number of Expl i c i t  Pla tes  Extrapolated to 13 Exp l ic i t  s o  a s  t o  multiply the  element  area tenfold made 
Plates. only a 4% change in  Peff. A mean value of 

13 
3 2  -L_LL>-- 

3 7 10 
NUMBER O F  EXPLICIT PLATES 

ai+ L 
0 

Fig.  3.7. Transverse Buckling, R:, as  Function of 
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Table  3.1. Calculated Mult ipl icat ion Differences in U n i t s  of Percent 8k/k  for Experimentally Measured 

Perturbations as Obtained by Four Different MODRIC Transverse Leakage Models 
.- 

Multiplication Difference (70 8 k / k )  for  Model - 
__..- Case 

4, Unmodified 1, r = 8.15 2, Y:- 76.1 cm 3, i+' = 3.39 x cm-2 

A-B - 0.278 - 0.274 

A-C - 0.634 - 0.616 

A-D - 0.056 - 0.05.5 

A-E - 0.231 - 0.235 

A-F - 0.569 - 0.579 

N-J +1.510 f1 .521  

H-I + 0.012 -t 0.030 

- 0.269 

- 0.581 

- 0.053 

- 0.234 

- 0.605 

+ 1.545 

f 0 . 1 3 2  

-0.267 

- 0.601 

- 0,053 

- 0,227 

- 0.566 

+ 1.506 

+ 0.059 

Table  3.2. F iss ion  Neutron Spectra Used to 

CaIcuIote Peff 
Fission Spectra 

Group No. IJethargy _l__.l..._ ........ 

Interval Total  Delayed Prompt 
.___...__I .- 

1 0-1.6 0.20672 0 0.20672 

2 1.6-2.4 0.36662 0 0.36662 

3 2.4-2.8 0,14984 0.000709 0,14913 

4 2.8-3.6 0.17624 0,002738 0.17350 

5 3.6-4.9 0.08522 0.002431 0.08279 

6 4.9-6.9 0.01537 0.000622 0.01475 
..___ ___ .... 

'rota1 1.00001 0.006500 0.99351 
.. -. _._ -.... .... ____ ............. 

Table  3.3. Values of /3,(+ Obtained by MODRIC 
Calculations with Various Transverse 

Leakage Assumptions 

t o t  
Model 

(%) 

A 0.7853 

B 0.7775 

C 0.7791 

D 0.7789 

(B;) = 0.1 x [B;I (model D)] 0.07491 

__II_____ 

Oeff 2 0.7802% (a relat ive e f fec t iveness  for de- 
layed neutrons equal  to  1.200) w a s  used  to  con- 
vert the  experimental data  to percent iik/k u n i t s  
for comparison with t h e  calculat ions.  

TRANSPORT-THEORY CALCULATIONS 

T h e  transport-theory ca lcu la t ions  were carried 
out with a code  ca l led  DTK, which is a n  updated 
vers ion of DSN. T h e s e  c o d e s  are one-dimension 
multigroup transport-theory codes which use the 
St, method of Carlson" for approximating the 
angular  fluxes. In t h e  present  ins tance  t~ = 4 
w a s  used ,  and a set of 18-group cross s e c t i o n s  
developed by Mills * w a s  employed. T h i s  c ross -  
s e c t i o n  group s t ructure  is l ike that of the 16- 
group set u s e d  i n  t h e  diffusion ca lcu la t ions ,  
e x c e p t  that  two groups a r e  e a c h  sp l i t .  S ince  t h e  
c o d e  h a s  no  s e t  limit on t h e  number of regions, 
i t  w a s  poss ib le  t o  perform the  transport calcu-  
la t ions  with a l l  e lements  expl ic i t ly  descr ibed.  
However, t h e  t ransport  ca lcu la t ions  were a l s o  
made ut i l iz ing t h e  same structure  u s e d  in the 
corresponding MODRIC cases to assess the 

"E%. Carlson, C. L e e ,  and J. Worlton, The DSN and 
TDC Neutron Transport Codes, LAMS-2346 (1 959). 

"C. B. Mills, Neutron Cross Sections for F a s t  and 
Interniedia l e  Nuclear Reactors,  LAMS-2255 (1 959). 
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effect  of a homogenized region far from t h e  per- 
turbation. T h e  ca lcu la t ions  including homogenized 
regions were performed us ing  a less-rigid con- 
vergence criterion than that  u s e d  in the  ca lcu la-  
tion with a l l  e lements  expl ic i t .  Hence the un- 
cer ta in t ies  a s s o c i a t e d  with the resul ts  a r e  
re la t ively large for th i s  s e r i e s .  

I3y the procedure descr ibcd in  the  previous 
sec t ion ,  the va lue  of Peff w a s  ca lcu la ted  by 
transport theory a l s o .  Within the limits of ac- 
curacy so  far  obtained,  thc resul t  a g r e e s  with 
that  obtained by diffusion theory. 

RESULTS AND COMPARISONS 
A set of 13 configurations, represent ing 10 

pairs  for determination of perturbations w a s  s e t  
up and ca lcu la ted  a s  descr ibed above. Figure 
3.8 shows t h e  configurations. In e a c h  case t h e  

homogenized region w a s  removed as  far a s  pos- 
s i b l e  from t h e  perturbed region i n  order t o  mini- 
mize t h i s  poss ib le  source  of error. Table  3.4 
lists the resul ts  of both methods of transport 
calculat ion a s  wel l  as  t h e  average  value of t h e  
three ad jus ted  MODRIC models and  the  experi- 
mental resu l t s ,  a l l  expressed  in uni ts  of percent  
& / k .  

All the  diffusion-theory resu l t s  have a n  as-  
soc ia ted  uncertainty of 0.007% 6 k / k  due s o l e l y  
t o  the convergence uncertainty. No al lowance h a s  
been made for cross-sect ion or dimension errors, 
s i n c e  t h e s e  should  introduce only negligible errors 
i n  t h e  c h a n g e  of multiplication between two cal- 
cu la t ions  us ing  the  same dimensions,  c ross  see 
tions, and  dens i t ies  exact ly .  For the transport 
ca lcu la t ions  the  errors, d u e  t o  the  s a m e  source ,  
a r e  given in  T a b l e  3.4 in  each  instance.  T h e  ex- 
perimental errors a r e  yet  t o  be es tab l i shed .  

UNCI.ASSIFIED 
ORNL-DWG 64-5951 

H20 a CASE 5 

H 2 0  4 C P S E  C 

H20 CASE D 

hzO + CASE E 

Fig.  3.8. Colculated Configurotions, Showing Homogenized Regions. 
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It is clear ly  observable  tha t  the  transport-code fuel pla tes .  F igure  3.9 shows the thermal flux, 
resu l t s  ate superior to t h o s e  obtained by diffusion a s  ca lcu la ted  by both methods in  one instance,  
theory. T h i s  is not surpr is ing,  s i n c e  diffusion and  th i s  effect  is clear ly  s e e n .  In th i s  figure t h e  
theory sys temat ica l ly  underest imates  t h e  flux flux is given in  absolu te  uni ts ,  as obtained from 
peaks and drops a s s o c i a t e d  with water  gaps and the  calculat ions.  

Fig. 3 ,9 .  

ration C of I D C A .  
Transport-Theory and Diffusian-Theory Thermal Flux in  Configu- 

Table  3.4. Calculated and Measured Values of the Multipl ication Change in Units of 76 8k/k  

Result ing from Seven Perturbations of the Reactor 

The  average value of the resu l t s  from the  three adjusted MODRIC r n o d e l s  is given, 
as  are the resu l t s  obtained by the DTK transport code  

Multiplication Change (yo f ik /k )  

Case  MODRIC, Average Transport Experi inen t 

Homogenized AI1 Explicit  

A-I3 

A-C 

A -D 

A-E 

A - F  

H -I 

H-J 

- 0.272 - 0.458 * 0.017 -0.414 k 0.004 - 0,496 

- 0,608 -0.831 kO.035 - 0.836 * 0.004 - 1,004 

-0,141 - 0.129 5 0.004 - 0.054 -0.123 t0.01 

-0.231 - 0.330 0.012 - 0,329 t 0.004 - 0.342 

- 0,580 - 0,680 0.01 - 0.672 * 0.004 - 0.663 

+ 0.058 - 0.250 * 0.010 - 0,230 k 0.004a -0.477 

i- 1.520 + 1.365 0.008 + 1.316 k 0.004b t 1.367 

=A-I; s ince  a l l  elements a re  explicitly included in this se r ies ,  only one unperturbed configuration w a s  necessary.  
bA-J; since a l l  elements are explicitly included in this series, only one unperturbed configuration was  necessary.  
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CONCLUSION s ingle  fuel  plates .  On t h e  other hand, transport- 
code  methods in the S4 approximation a r e  very 
much bet ter  and ,  within the limits of accuracy so 
far obtained, appear  t o  give subs tan t ia l ly  correct  

f rom t h e  incomplete resu l t s  so far ,  i s  that  the  resu l t s  in  most cases. T h e  a s s i s t a n c e  of G. E. 
diffusion theory i s  indeed,  a s  w a s  surmised as  a Whiteaides in  preparing t h e  calculat ions on the  
result of t h e  ear l ier  experimental work with the  IBM 7090 is gratcfully acknowledged, a s  is the  
BSR-I, unable  t o  ca lcu la te  correctly s u c h  local- help of R. K. Keedy and E. R. Rohrer in  per- 
ized perturbations a s  a r e  represented by moving forming the  experiments. 

T h e  conclusion which may be tentat ively drawn, 
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4.1 RadiochernicaI-P1ant Safety Stu 
C. E. Guthrie 

‘The hazards a s s o c i a t e d  with a large radiochemi- 
cal  plant  for eit.her fuel  process ing  or radioisotope 
source  production may exceed  those  of a reactor. 
There  are large amounts of f iss ion products and/or 
nuclear  mater ia ls  i n  s torage  in such  p lan ts  in read-- 
i ly  d ispers ib le  form. Uncontrolled chemical  reac-  
t ions,  f i res ,  and nuclear  acc idents  provide poss i -  
b le  means for dispersal .  It is imperative, therefore, 
that t h e  hazards  and means of combating them b e  
a s s e s s e d  and understood before such  a plant i s  
built.  In order to accomplish this ,  three general 
a r e a s  must be  covered: (1) a s s e s s i n g  the credible  
radiochemical-plant acc idents  and their conse-  
quences  arid determining which var iables  h a v e  a 
major effect  on the  hazards ;  (2j s tudying in  de ta i l  
the  signiEicant var iables  (e.g., the  properties of 
aerosols produced in a n  accident ,  t h e  mechanisms 
leading, to  a cr i t ical i ty  acc ident ,  and the  maxirnuni 
criticality acc ident  possible); and (3 )  developing 
means  for combat ing or ameliorat ing the  conse-  
quences  of radiochemicaLplant accidents .  

CREDIBILITY OF RADIOCHEMICAL- 
PLAN Y ACCl DEN TS 

Final edi t ing w a s  completed on t h e  report Theo- 
retical Possibilities and Consequt?nnces of Major 
Accidents in U””.3 and Puz.” Fuel Fabricxition 
n t i d  Radioisotope Processing Plants, and i t  w a s  
i s s u e d  a s  ORNL-3441’ with a foreword by Harold 
L. Pr ice ,  AEC Director of Regulation. T h i s  work 
has been reported previously in  ;I semiannual  

‘C. E. Guthrie  and J. P. Nichols, Theoretical Poss i -  

ili1ilie.s and ~onsaqizerices of nilnjot Accicfer i t s  iiz u~~~ 
and Pi1 2 3 9  Fcie1 Fabrication and Radioisotope Process- 

ing Plants,  ORNIL-3443 (April 1964). 

report. * One of the most s ignif icant  assumptions 
i n  t h e  above study w a s  the  fraction of radioactiv- 
il.y that  would be re leased  From radiochemical-plant. 
fires and explos ions  and the  properties of the aer -  
osols (e.g., t h e  fraction which would e s c a p e  through 
absolu te  f i l ters)  produced in such acc idents .  A 
laboratory st.udy has been ini t ia ted to inves t iga te  
t h e s e  ques t  ion s . 

Aermols  thaf could be lortned hy f i res  or explo-  
s i o n s  in plants  process ing  radioact ive m a t e r i a l  
have  received surprisingly l i t t l e  experimental work. 
Characterization of such  aerosols  is important to  a 
full understanding of t h e  performance of ava i lab le  
safety equipment. (such as  off-gas l ines ,  f i l ters ,  
and s t a c k s )  under all  condi t ions of use.  T h e  pur- 
pose  o f  th i s  program i s  to generate  and to charac-  
te r ize  aerosols  that  could b e  expected to be  pro- 
duced by radiochemical-plant acc idents .  T h e  re- 
s u l t s  of t h e s e  s t u d i e s  a r e  necessary  fur the  devel-  
opment of devices ,  such a s  f i l ters ,  to prevent t h e  
e s c a p e  of t h e s e  aerosols  to the  atmosphere. 

Fires involving organic  so lvents  tha t  contain ra- 
dioact ive e lements  such  as  uranium, sl.rontium, and 
plutonium a r e  generally considered the  most likely 
s o u r c e s  of s u c h  aerosols .  Thus ,  the  burning of 
organic s o l v e n t s  (with and wittiout incorporated 
radioactive elements)  is being s tudied f i rs t .  T h e  
zipparatus (Fig. 4.1) assembled  for these  s t u d i e s  
c o n s i s t s  bas ica l ly  of ail aerosol generation cham-- 
ber (made of Luci te )  equipped with a pump for muv- 
i n g  a i r  through the chamber and instruments for 

*C. E. Cuthrie and J. P. Nichols,  N i i c l s d r  Safety Pro- 
g r a m  Semiann. Progr. Rept. June 30, 196.3, ORNL-3483, 

I--_iil 

I>P. 57-61. 

10 1 
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YY ( 4 t l O T  PLATE 
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GENERATION) 

CHAMBER SAMPLE 

Fig.  4.1. Schernotic Diagram of Apparatus to Generate 

Aerosols  by Burning Flommable Liquids.  

measuring the  air  flow ra te ,  pressure,  and temper- 
ature. T h e  nominal volume of the  chamber is about 
28 l i te rs .  A g l a s s  fiber filter i n  the air-circulation 
l ine  (Fig. 4.1) w a s  used  to es t imate  the total m a s s  
concentration (mass of material per uni t  volume of 
air) or loading of the  s t a b l e  aerosol  formed. How- 
ever ,  in future experiments t h i s  f i l ter  is to b e  re- 
placed by su i tab le  instruments to determine not  
only loading but  a l s o  particle s i z e  and particle- 
s i z e  distribution of the  a 01. An aerosol  is gen- 
erated in  the chamber by hea t ing  the  sample with 
the hot  plate  to  such  a temperature tha t  i t  ign i tes  
when current is passed  through the ignition wire 
(Fig. 4.1). 

In an experiment without radioact ive mater ia ls  to  
check the  apparatus ,  1 m l  of a 70 vol % n-dode- 
cane-30 vol % tributyl phosphate mixture w a s  heat- 
ed  to  100°C. When current was  suppl ied to the  

ff 

Fig.  4.2. Soot Particles from Burning 70 VOI % n-Dodecane-30 vol % Tributyl Phosphate  in Limited Air. 122,oOh. 



103 
L 

r 

ignit ion wire, the  mixture burst  into flame and  con- 
tinued to burn for about 2 min. T h e  pump w a s  
turned on af ter  3 0  min s e t t l i n g  time, and a i r  was  
circulated through the chamber at 8 li ters/min for 
75 min. A typical  micrograph of the s o o t  tha t  col-  
l ec ted  on the  floor of the  chamber is shown in 
F ig .  4.2. T h e  median size of the par t ic les  making 

u p  t h e s e  agglomerates is about 0.02 p (Fig.  4.3). 
T h e  s t a b l e  aerosol loading as determined from the 
m a s s  of material  retained on the  glass fiber f i l ter  
was  0.11 mg/liter. 

T h e  next s t a g e  of th i s  invest igat ion is to  study 
the  above sys t em under the s a m e  conditions but 
with uranium incorporated in to  the  sample.  

99.99 

99.9 

Fig. 4.3. Size Distribution of  Soot Part ic les from 99 - 
Burning 70 vol % n-Dodecone-30 vo l  % Tributyl Phos- E 
phote in L imi ted Air. 0 98 
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wclear Safety Info 
J. R. Buchanan W. B. Cot t re l l  S. P. Hendrix 

T h e  Nuclear Safety Information Center  (NSIC) 
h a s  now been in operation for o n e  year .  During 
t h i s  time, i t  h a s  made genuine progress  in i t s  
prime task  of serv ing  the  nuc lear  colnmunity by 
col lect ing,  evaluat ing,  s tor ing,  and d isseminat ing  
nuclear  sa fe ty  information fiom every ava i lab le  
source. Over 2500 s o u r c e s  of information h a v e  
been co l lec ted ,  eva lua ted ,  and  s tored.  

Beginning in  fiscal year  1965 t h e  s c o p e  of the 
“Radioact ive Effluent Control, Monitoring, Move- 
ment, and Dosage” subjec t  a r e a  is being broadened 
to include a s p e c t s  of w a s t e  d i s p o s a l  concerned 
with the  terrestr ia l  and ocean  d isposa l  of so l id ,  
liquid, oi gaseous  effluents. Waste treatment, ex-  
c e p t  as it is a n  integral  part of a w a s t e  d isposa l  
scheme, would b e  excluded.  In order t o  handle  the  
addi t ional  work load,  the staff has  been augmented 
by a professional  member from the  ORNL Heal th  
P h y s i c s  Division who wil l  devote  one-half of h i s  
time to  NSIC. With t h i s  except ion,  the  organiza- 
t ion and s c o p e  of t h e  Center  is unchanged from 
tha t  reported i n  previous i s s u e s  of t h i s  progress  
report. 1 ’ 2  

In order to  expand t h e  s e r v i c e s  i t  c a n  offer, t h e  
NSIC h a s  been explor ing t h e  poss ib le  u s e  of com- 
putcrs  for t h e  preparation of routine bul le t ins  of 
the  Center’s a c c c s s i o n s  and  for making retrospec- 
t ive s e a r c h e s  of t h e  Center’s f i l es .  Information 
would cont inue to  be col lected,  cva lua ted ,  and  in- 
dexed into t h e  manual storage sys tem of 5- by &in. 

‘W.  B. Cott:ell and J. R. Duchanan, N u c l .  S a f e t y  Pro- 
gram Semiann. Progr. K e p t .  J u n e  30, 1963, OKNL-3483,  
pp. 5 3 - 5 5  

‘5 .  R.  Ruchanan and W. E. Cot t rc l l ,  Nucl .  S a f e t y  Pro- 
gram S e m i a n .  Pro&. R e p t .  December  31, 19G3, OKNL- 
3517, pp. 79-80. 

c a r d s  for u s e  by NSIC’s s taff  s p e c i a l i s t s  and  v is i -  
to1.S. 

Information to b e  s tored  on magnet ic  tape  would 
include bibliographic data ,  descr iptors  or s u b j e c t  
words, and a short  a b s t i a c t  of 50 to 1 0 0  words. 
Uti l iz ing the IBM 7090-14 01 computer fac i l i t i es  a t  
t h e  ORGDP, i t  is planned tha t  NSIC would initi- 
a l ly  i s s u e  a quarterly categorized bulletin of all its 
a c c e s s i o n s .  Computer programs would b e  devel-  
oped tha t  would enable  t h e  Center  to make ioutine 
retrospect ive s e a r c h e s  of its f i l e s  and  also give i t  
t b e  capabi l i ty  of se lec t ive ly  d isseminat ing  infor- 
mation to  match the requirements of a particular 
customer I 

Data w a s  obtained on severa l  in fomat ion  s y s -  
tems that usc“ computer s e r v i c e s  i n  a fashion sim- 
i l a r  to  that  envis ioned by NSIC. T h i s  d a t a  gath- 
ered by v is i t s ,  te lephone conversat ions,  and from 
t h e  l i terature  ind ica te  tha t  t h e  Center’s  p lans  a r e  
wel l  founded and economically feas ib le .  Informa- 
tion w a s  also obtained tha t  will a i d  the ORGDP 
group in developing de ta i led  programs for NSIC. 

GE EXHIBIT 

More than 1300 s o u r c e s  of information relat ing t o  
thc containment of nuclear  fac i l i t i es  have  been se- 
lec ted  by NSIC t o  form a miniature information cen-  
ter  that  wil l  he  a part of t h e  USAEC Division of 
Technica l  Information’s exhibi t  at the  Third Inter- 
nat ional  Conference on the  P e a c e f u l  IJses of Atomic 
Energy a t  Geneva,  Switzerland, August  31 through 
September 9, 1964. In addition t o  the u s u a l  5- by 
$-in. extract  c a r d s  u s e d  by NSIC, microfiche c o p i e s  
of t h e  original documents wil l  be on file. 

Microfiche readers  and reader-printers will be  
provided so  that  the  documents  may be  perused.  
In addi t ion,  microfiche dupl ica tes  may b e  made for 
vis i tors  to t h c  exhibi t  if they wish. 

107 
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INSTALLATIONS VI SIT ED 
AND MEETINGS ATTENDED 

Behavior of ladine in Reactor Containment Systems 

An in i t ia l  draft of a comprehensive survey of ra- 
NSIC s t a f f  representat ives  e i ther  a t tended meet- dioiodine re lease ,  transport, and removal within 

containment s t ruc tures  h a s  been completed. It is 
undergoing review and revision. T h e  f inal  report 
will b e  i s s u e d  i n  the  la t ter  half of 1964. 

i n g s  Or visi ted a t  the following instal la t ions s i n c e  
the l a s t  report period. 

American Publ ic  Health Association 91s t  annual meet- 
ing, Kansas  City, Missouri, November 11-15, 1963. 

Contamination Analysis and Control Seminar he ld  by 
Millipore F i l te r  Corporation, Atlanta, Georgia, Febru- 
ary 24, 1964. 

Secondary Shutdawn Systems 

Meeting on Indexing Words Used  by Pnys ic s  Infonilation Information on t h e  design,  cos t ,  and operat ing 
experience Of secondary,  or emergency, poison-in- 
jeCtiOn Systems for povJer reactors  i s  being C o l -  

Centers, National Academy of Sciences-National Re- 
search Council, Washington, D.C., March 20-21, 1964. 

lected. Quest ionnaires  were s e n t  to a l l  United 
S t a t e s  and s e l e c t e d  foreign reactors  having power 
rat ings in  e x c e s s  of 10 Mw. An in i t ia l  draft of t h i s  
report will be completed in  t h e  summer of 1961. 

Informal conference with personnel a t  Aerospace Re- 
search Applications Center, University of Indiana, 
April 9, 1964. 

Informal conference with personnel a t  General Electric 
Technical Information Center, Evendale, Ohio, April 

10, 1964. React ivi ty  Control.” 

This study OI,e planned on the “Effective- 
ness of safety injection systems for E~~~~~~~~ 

Symposium on Engineering with Nuclear Explosives (3d 
plowshare Symposium), University of California, Da- 
vis, California, April 21-23, 1964. Rel iabi l i ty  of Safety S y s t e m s  

Conference on AEC Meteorological Activities, Brook- 
haven National Laboratory, May 19-21, 1964. A report on th is  s tudy will b e  prepared l a t e  in  

1964. International Symposium on Surface Contamination, Gat- 
linburg, Tennessee ,  June  8-12, 1964. 

American Nuclear Society 10 th  annual meeting, Phila- 
delphia, Pennsylvania, June 14-18, 1964. 

Health Phys ics  Society 9th annual meeting, Cincinnati, Reactivity Effects of Fuel Eiement Bowing 

o‘nio, June  15-18, 1964. 
W. K. Ergen of t h e  NSIC staff presented a paper 

CENTER STUDIES 

ent i t led “Therrnal Bowing of F u e l  Rods During 
Transients”  a t  the  J u n e  1964 American Nuclear 
Society meeting in Phi ladelphia .  No further stud- 
ies a r e  planned in th i s  field a t  present. 

Several  s p e c i a l  s t u d i e s  have  been ass igned  to  the  
Center  for consideration. T h e  current s t a t u s  of 
t h e s e  assignments  is a s  follows: 

Kinetics of barge Reactor Cores 

Evaluation of lodine Effluent Monitoring 
and Area Monitoring Programs 

a t  Savannah River, Hanford, 
Idaho Fai ls ,  and Oak Ridge 

A report will be  prepared and issued i n  the  la t ter  
part of 1964. 

3K. E. Cowser,  Current P rac t i ces  in the Release  and 

The survey has been completed and a report Monitoring of a t  NRTS, Hanforcf, Savarlfzah River, 
i s sued .  a n d  ORNL, ORNL-NSIC-3 (July 1964). 
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Safety of F a s t  Gas-Cooled Reactors 

T h e  s tudy is under way arid wil l  b e  issued in 
1964. 

cerned with f i l ter  design and performance a s  well 
a s  preliminary and in-place tes t ing  of f i l ters .  T h e  
study wil l  b e  undertaken in the  la t ter  half of 1964. 

OTHER ACTIVITIES 
Review of  Safety Analysis Procedures and Methods 

No ini t ia t ing d a t e  for th i s  study h a s  heen set. 

Nuclear Safety Contract Fi le 

Work on the  second i s s u e  of a n  a c t i v e  f i le  of 
nuclear sa fe ty  contracts  wil l  b e  undertaken in the  
fal l  of 1964. 

Fundamentals o f  F i l t e r  Test ing 

A study on the  fundamentals of filter t es t ing  is 
It wi l l  h e  concerned with research con- planned. 

In th i s  report period the  Center  received and an- 
swered 31 spec i f ic  reques ts  for nuclear  sa fe ty  in- 
formation from private  companies ,  government 
groups, and private individuals. In addition, s taff  
s p e c i a l i s t s  consul ted with 16 vis i tors  to t h e  Cen- 
ter. During the period, 53 reques ts  to he  added to 
the diktribution of reports prepared by NSIC were 
received and filled. 

On March 18 ,  1964, NSIC moved into i t s  newly 
remodeled quarters  in the  southeas t  corner of 
f-hilding 9711-1. T h e  rooms, which occupy about  
1500 i t 2  of floor s p a c e ,  a r e  ad jacent  t o  the  Docu- 
ment Reference Section of t h e  Y-12 Technica l  
Library. 

5.2 Technical 
W. B. Cottrell J .  R. Buchanan 

Two i s s u e s  of Nuclear Safe ty ,  a quarterly techni- from the Superintendent of Documents, U.S. Gov- 
ernment Pr int ing Office, Washington 25, D.C., for 
$2.50 per year  for e a c h  subscr ipt ion or  for 70q 

ca l  progress  review prepared by Oak Ridge National 
Laboratory for t h e  USAEC, were i s s u e d  during t h e  
report period. Nuclear  Safe ty  may be  purchased per i s sue .  
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