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EFFLUENT COWROL IN FUEL REPROCESSING PLANTS - 

h 

0. 0. Yarbro 
F. E. Harrington 
1). S. Joy 

ABSTRACT 

This r epor t  summarizes a stu.dy of how ext rapola t ions  
of current  and developing technology might be appl ied t o  
the  t a s k  of reducing rad ioac t ive  eP:fluents from fu tu re  
f u e l  reprocessing p l a n t s  t o  “near zero.‘’ The study has 
ind ica ted  t h a t  very s i g n i f i c a n t  reductions of e f f luen t s  
can be achieved by i n t e g r a t i n g  advanced e f f luen t  control- 
systems wl t h  new concep-Ls of containment and v e n t i l a t i o n  
t h a t  w0ul .d  reduce ne t  inleakage of a i r  t o  the  process 
enclosures and provide f o r  extensive recycle  of gases a,nd 
l i q u i d s  . 

If ne t  p l an t  e f f l u e n t  flow r a t e s  can be t‘nus reduced 
and i f  the  highly e f f i c i e n t  f i s s i o n  product removal systems, 
under development, do i n  f a c t  become ava i lab le ,  i t  should 
be poss ib le  t o  reduce the  discharge of a c t i v i t y  t o  the  
environment i n  f u t u r e  p l a n t s  by four  t o  s i x  orders  of 
magnitude. Overall  plant; r e t en t ion  f a c t o r s  i n  the  order 
of leo f o r  iodine,  106 f o r  tritium and krypton, and le4 
t o  ld6 f o r  p a r t i c u l a t e s  appear possible .  

1. INTRODUCTION 

An increas ing  i n t e r e s t  i n  p ro tec t ing  the  environment i s  necessi-  

t a t i n g  the  reevaluat ion of systems f o r  e f f l u e n t  cont ro l  a t  f u t u r e  f u e l  

reprocessing fac i l i -Lies ,  par tFcular ly  those f o r  processing LMFBR fue l s .  

I n  t h e  pas t ,  rad ioac t ive  discharges have been l i m i t e d  t o  q u a n t i t i e s  t h a t  

would y i e l d  concentrat ions of rad ioac t ive  contaminants ai; sri.te boundaries 

we l l  below l e v e l s  s e t  by na t iona l  and i n t e r n a t i o n a l  agencies f o r  continuous 

in t ake  by the  publ ic .  The present  emphasis j.s t o  ensure t h a t  r e l eases  of 

r a d i o a c t i v i t y  a re ,  i n  addi t ion,  kept t o  as low a value as  prac t icable .  

Thus, e f f l u e n t  cont ro l  systems t h a t  a r e  capable of minimizing t h e  impact 

of a l l  e f f l u e n t s  on the  environment a r e  of i n t e r e s t .  



A s  LME'BRs, wi th  higher Su-rnup l e v e l s ,  higner  s p e c i f i c  power, and an 

economic incent ive  t o  reduce preprocessine decay time, assui:Le t h e i r  pro- 

j ec t ed  r o l e  i n  the power economy of t h e  fii'Gui'e, t'ne input  l e v e l  of 

f i s s i o n  products t o  reprocessing p l a n t s  w i l l .  i i icrease s ign i f i can t ly .  

This higher i npu t  l e v e l  o f  a c t i v i t y ,  coupl.ed with poss ib le  rediictions 

i n  t he  permissible  r e l ease  of activi'6)- t o  the  environment, w i l l  p lace 

very s t r i n g e n t  demands on t h e  e f f l u e n t  con t ro l  s y s t e m  and requi re  

advanced processes  f o r  the  co~it1-01 and i-emoval of i h e  vol.ati le r'i-ssion 

producbs from e f f h l e n i  streams. 

The objec t ive  of t h i s  s tudy w a s  Lo i n c o r p o r a k  advanced systems 

i n t o  a containment and opera t ing  philosophy d~ i rec t ed  a t  reducing the  

t o t a l  efl ' luent volume, and a c t i v i t y ,  from a r eac to r  Pael repi-ocessing 

p l a n t  'to as 7.ow a value a s  poss ib le .  

may have appli.ca-Li.on i n  reducing e f f l u e n t  a c t i v i t y  from preseni  genera- 

t i o n  reprocessing p l an t s ,  thei.r f u l l  p o t e n t i a l  can only  be real.ized when 
Lhey a r e  appl ied  t o  new p l a n t s  employin2 r a d i c a l l y  dif fcren'c containmen'c 

and v e n t i l a t i o n  philosophizs. 'This s tudy dea ls  s p e c i f i c a l l y  wiJLPi t he  

advanced p l a n t  designed -to mini-mize o v e r a l l  e f f l u e n t  volimes and activi 'cy.  

Although some of t hese  sys'ierns 

I Oilier s tud ie s  have addressed ihe problem of' applying some of thcse  same 

advailced ef 'f luent con t ro l  sys tems to present-generat i  on p lan t s .  

The prjrzary objec i ives  of t he  "Fuel Reproczssing Plan t  E:ffluent Con- 

t r o l  Study" can b e  summarized a,c fol lows:  

I. To def ine,  i n  semiquant i ta t ive t e m s ,  t h e  s i g n i f i c a n t  sources 

and bile d i s t r i b u t i o n  of f i s s i o n  product a c t i v i  Ly throughout 

the reprocessing p l a n t  system f o r  a range of e f f l u e n t  cont ro l  

systems. 

2. 'io determi ne the  opt imm l o c a t i o n  and reqwi r ed  decontamination 

f a c t o r s  for f i s s i o n  product removal systems on both gaseous 

and l i q u i d  process streams as they r e l a t e  t o  requi red  o v e r a l l  

plam t re t  en t i on fa c t, o r s . 
3. To i n d i c a t e  a reas  where insuf f i -c ien t  data are ava i l ab le  for 

accura te ly  predictjns t h e  behavior of important f i s s i o n  prod- 

u c t s  i n  a process  or e f f l u e n t  con t ro l  system, and t o  indica-te 
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requirements f o r  f u r t h e r  research and. development t o  

e l imina te  such data  gaps. 

A s  a basis f o r  the study, it was assumed t h a t  highly efl ' icient 

removal system for al.1 of t he  s i g n i f i c a n t  f i s s i o n  products do become 

ava i l a b l e  arid t h a t  improved contairment a t  g r e a t l y  reduced off-gas 

rstes i s  a t t a i n a b l e .  

w a s  done in connection with this study, and no d e t a i l e d  cos t  es-timates 

were made. We bel ieve,  however, t h a t  reduct ions i n  efflu-ent a c t i v i t i e s  

_- 

Very l i t t l e  a c t u a l  equipment conceptual design 

and volwnes t o  l e v e l s  approaching "near zero' '  could %e achieved j.11 f u t u r e  

p l a n t s  . 
The "near-zero" con.finernent ob jeckive can be r e a l i z e d  by a reason- 

ab le  p ro jec t ion  o f  t he  technologJ p re sen t ly  i n  developnient. The added 

cos t  assoc ia ted  w i t h  "near zero" confinement may increase  cur ren t  process- 

i n g  cos t s  between 50 and 100%. 2 
XIP,___ ~ ._.._ 

Because the  related.  process development work i s  not  complete, it i s  
riot poss ib l e  t o  accura te ly  d-etemine the  p r a c t i c a l  l i m i t  for f i s s i o n  

prod.uct re ten t ion .  

i.t appears t h a t  Yne followin& r e t e n t i o n  f a c t o r s  can be a t t a i n e d :  

iod ine  - Id', noble gases and tri.tium - 105. 
values will depend on the  success of the  development progrnms now under- 

way, and on .the amount of e f f o r t  t h a t  i s  deemed p r a c t i c a l  t o  expend. i n  
re ta in i i ig  rad ioac t ive  substances. 

However, based on t h e  assumptions used i n  t h i s  study 

Variat ions from these 

Key f a c t o r s  i n  reducing the q i smt i ty  of rad ioac t i .v i ty  released. t o  

t h e  environment a r e  discussed below: 

2.1 Kediuc'iion i n  Vohmie of E f  f luer i ts  

The p r a c t i c a l  ex ten t  of t reatment  of an e f f l u e n t  i s  dete-mined i n  
l a r g e  measure by the  voli.me of t he  e f f l u e n t  t o  be t rea ted ,  A l s o ,  reduc- 

t i o n  of t h e  content  o f  a substance below a c e r t a i n  minimum concentrat ion 

i s  a-pparently very d i f f i c u l t  through use  of the  means now ava i l ab le  or 

mder development. The recyc le  of the c e l l  atmosphere, non-reac-Lant gas 
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used f o r  process  funct ions,  water, acids ,  and o the r  process  f l u i d s  i.s 

e s s e n t i a l  i f  a s u b s t a n t i a l  reduct ion i s  t o  be r e a l i z e d  i n  the t o t a l  

r e l ease  of r a d t o a c t i v i t y  from a reprocessing f a c i l i t y .  This degree of  

recyc le  has never been attempted i n  an  aqueous reprocessing system. 

Because i t  has never been attempted on all. streams and. over a proLracted 

per iod,  we can only spncula.i;e about t h e  probleins t o  be encountered, l%e 

po- ten t ia l  problem of grea- tes t  concern i n  recyc le  of  l i q u i d s  (pr imar i ly  

water and n i t r i c  a c i d )  i s  a reduct ion i n  decontamination o r  separa t ion  

e f f ec t iveness  owing t o  a decrease i n  p u r i t y  of the  f l u i d  being used t o  

e x t r a c t  ( o r  sc rub)  a given m a t e r i a l  from another  f l u i d .  

t h a t  p o t e n t i a l  problem i s  Lhe in t roduct ion  of  an i n t e r f e r i n g  substance 

v i a  a recyc le  f l u i d ,  Development work t o  da te  i n d i c a t e s  t h a t  offending 

ma te r i a l s  can be removed from recycle  streams t o  exceed-ingly l o w  l e v e l s .  

A vari .ation of 

The p r h c i p a l  problem concerning recyc le  of process  gases and c e l l  

atmosphere i s  r e l a t e d  t o  the  lower practri-cal l i m i t  on inleakage t o  tine 

c e l l s ,  and from t h e  c e l l s  i n t o  -the process  equipment. Aqueous reprocess-  

i n g  f a c i l i t i e s  have t r a d i t i o n a l l y  operated with l a r g e  ne t  flows of a i r  

i.nto c e l l s  and c e r t a i n  process  vesse ls .  A large shi.el_ded f u e l  examina- 

t i o n  f a c i l i t y  ( t h e  High-Level Fuel Examination Paci lLty a t  the National 

Reactor Test ing S ta t ion ,  Areo, Idaho) i-s opera t ing  with an a i r  inleakage 

r a t e  of 0.004 cfm; t h i s  f a c i l i t y  was constructed a t  a cos t  of about 

$10 mi l l ion .  We be l i eve  t h a t  a prac t ica l .  in leakage r a t e  f o r  a reprocess-  

i n g  f a c i l i t y  b u i l t  wi th  t'ne i n t e n t  of obtaining a low air  inleakage r a t e  

i s  100 cfm o r  l e s s .  We be l ieve  t h a t  i t  i s  p r a c t i c a l  t o  design, construct ,  

and operate  process  equipment, inc luding  the  shear and d isso lver ,  such t h a t  

t he  t o t a l  inleakage t o  t h e  head-end process equipmenl; w i l l  ilot exceed 100 

C f m .  

2.2 Avoidance of Bypassing of Contaminant Trapping Systems 

A t rapping  system obviously cannot decrease the a c t i v i t y  of a 

stream it d-oes no t  t r e a t ;  however, prax'ci-cal considerat ions may r e s u l t  
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i n  a stream having e i t h e r  very low contarninant content;, o r  e l s e  very 

low p r o b a b i l i t y  of contamination, being ronted  t o  the  envirorunent without 

full trea.trn.ent. Careful planning of t h e  e f€ luen t  trea-Lment train i s  

requi red  t o  avoid, o r  reduce t h e  e f f e c t s  of ,  t h i s  limits-tion on t rapping  

ef fec t iveness .  

The processes  t h a t  appear t o  haw the g r e a t e s t  p o t e n t i a l  for p r a c t i -  

cal. appli c a t i o n  i n  reducing rad ioac t ive  emissions Prom a reprocessing 

f a c i l i t y  a re  y e t  being developed. 

iodine,  noble gas, and tritium r e t e n t i o n  a r e  d e s c r i k d  below. 

The processes  under developmcat f o r  

2.3 T r i t i u m  Contairment 

The containment of tritium i n  a f u e l  reprocessing p l a n t  can be 

achieved by head-end evolu t ion  and t rapping  (voloxida t ion) ,  total water 

containment, or a combination of both methods. The o v e r a l l  p l a n t  con- 

tainment f a c t o r  for t r i t i u m  t h a t  can be achieved by head.-end evolut ion 

and tr-a'pping i s  l i m i t e d  by t h e  i n a b i l i t y  t o  t o t a l l y  evolve tritium from 

the  f u e l  as we l l  as by t'ne escape of sriiall q u a n t i t i e s  of  tritium Prom 

€ a i l e d  fu -e l  dur ing s torage and handling. A p r a c t i c a l  upper l i m i t  on 
t r i t i u m  contatnment f ac to r s ,  based on head-end evolu t ion  and trapping, 

i s  of the order  of 100. If water containment i s  used Lo control- tritium 

re l ease ,  an o v e r a l l  p l a n t  containment f a c t o r  i n  excess OS i o4  appears t o  

be achievable  i f  t h e  total p l a n t  off-gas  r a t e s  a r e  of Lhe order  o f  100 cf!m 

and t h e  tot;& wa-Ler inpu t  t o  the  p l a n t  i s  kept  su f f i c i en - t ly  low f o r  long- 

term accumula,tion or permanent disposal .  Spec i f i c  case s tud ie s  reporteri  

i n  Sect. 5.1 i n d i c a t e  overall tritium containment factors i n  t h e  range of 

l o8  f o r  combined. voloxidati .on and water r e t en t ion ,  assuming a f i n a l  o f f -  

gas  dewpoint OS -140°F and. tritium remo-Val by a f a c t o r  of 200 across a 
final krypton removal sys-La.  With a more p r a c t i c a l  dewpoi-nt of -100°F 

and no c r e d i t  f o r  t h e  final krypton system, o v e r d l  tritium retent i .on i n  

Lhe range of 10' t o  l o 5  appears possible. 

f a c t o r s  f o r  the tinree systems of tritium con t ro l  as a func t ion  of total 

plant. e f f l u e n t  gas a r e  sunmarized i n  Table 2.1, 

Typical. p l a n t  r e t e n t i o n  



Table 2.1. Summary  of Tritium Retention Factors 

~~ 

Probable 
Plant Attainable 

(scfm) Retention Factor 
System for Tritium Control Off-Gas Rate Tritium 

tiead -end t r i  t i urn evo I ut i an 
and trapping 

100 

1000 

Plant water retention and recycle 100 

1000 
(-  100°F dewpoint on plant off-gas) 

Combined trapping and water retention 100 

100 

108 

1 o4 

10'1 

1 o6 
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2.4 Krypton Containment 

I(ryl?ton i s  t o t a l l y  evolved during t h e  d i s so lu t ion  s t ep ;  howe-v-er, 

some escape and evolu t ion  occur during preceding step:;. As i n  the  case 

of tritium, any escape and bypass of krypton around t h e  primary removal 

system w i l l  s e t  an upper l i m i t  of the e f f ec t iveness  of primary control. 

Locating t h e  primary krypton removal sys-tern on t h e  combined d i s so lve r  and 

head-end off-gas,  inc luding  the tot‘al off-gas  from the storage and mechani- 

c a l  head-end c e l l ,  should minimize t h e  bypass of krypton, and o v e r a l l  

r e t e n t i o n  f a c t o r s  for krypton i n  t h e  range of lo3 should be ai;t:iinai-ile 

based on primary evolu t ion  and t rapping.  

of l o 3  a r e  desired,  

primary system becomes a ser ious  l imi t a t ion .  If‘ t h e  c e l l  off-gas  flow 

i s  l . imi t e r l  t o  a few ’nuridred cubic f e e t  pe r  minute, it i s  pract,j.cal t o  

i n s t a l l  krypton removal equipment on the  t o t a l  c e l l  off-gas st~.r.arn, 

e i ther  i n s t e a d  of  or i n  add i t ion  t o  primary t reatment .  If primary 

removal i s  omit ted and krypton i s  removed only from totz-1 p l a n t  e f f lue i l t  

gas, o v e r a l l  r e t e n t i o n  f a c t o r s  i n  t h e  range of  1.0” t o  lo4 should. be 

a t t a i n a b l e ;  however, t h e  c e l l  atmosphere would cori-Lain a large krypton 

inventory from recyc le  process  gas. 

much i n  excess of lo3  are desired,  

r e t e n t i o n  combined wi-th krypton removal from t o t a l  p lan t  off-gas  should 

be capable of y i e l d i n g  o v e r a l l  r e t e n t i o n  f a c t o r s  i n  tilie range 0-r l o 6  t o  

IO6. 

s i m a r i z e d  i n  Sect. 5.2. 

If r e t e n t i o n  f a c t o r s  in excess 

the  bypass of t r a c e  q u a n t i t i e s  of kry1it;on arou-nd t h e  

If o v e r a l l  krypton r e t e n t i o n  f a c t o r s  

a combination of primary krypton 

Deta i led  r e s u l t s  f o r  a number of case studies f o r  krypton -are 

2.5 Iodine Containment 

The behavior of iod ine  i n  t h e  process  and off-gas systcrfls i s  v~.y’y 

complex, wi th  int’eract ion occurr ing between the  numerims s y ~ i t r i i ~  assoc i -  

a t e d  with iod ine  cont ro l .  The process  systems d i r c c t l y  associ a ted  with 

iod ine  c o n t r o l  inc lude  t h e  Yellowing : 

(1) Iodine evolutrion ( d i s s o l v e r  solu.tion). 

(2) Primary iod ine  removal (d i s so lve r  off-gas) .  

(3)  Secondary iod ine  r.emoval. ( v e s s e l  o f f -gas) .  
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(11) Iodine removal from recyc le  water and acid.  

( 3 )  F ina l  off-gas t reatment  (p l an t  e f f l u e n t ) .  

Other systems having a s i g n i f i c a n t  e f f e c t  on iodine behavior j-nclude the  

high-1-eve1 waste handling system, which nay r e v o l a t i l i z e  iod ine  i n t o  the  

off-6a.s system, and the  f i n a l  krypicui remova.1 systems, which e f f e c t i v e l y  

removes i~odine from t h e  off-gas.  

Wi-til a l l  iod ine  control systems operat ing a i  typj.ca1. e f f i  c iencies ,  

and a to ta l .  p l a n t  oPf-gas ic t h e  range of 130 cr'm, 0veral.l. p l an t  iodine 

retent i -on f a c t o r s  i ~ n  excess of l o l o  zppear t o  be a t t a inab le .  

t h a t  t he  var ious iodine removal systems can be operated i n  s e r i e s  without 

l o s s  of e f f ic iency .  Experiments have shown 'chis t o  'oe t r u e  f o r  DFs of 

t he  order  of 10 ; however, it wi~1.1. requi re  p i l o t  operat ion with shor t -  

decayed file1 t o  demonstrate o v e r a l l  DFs of > lo1'. 
v idua l  case s tud ie s  for iodine a r e  presented~ i.ii Sect. 5.3. 

Thfs assumes 

6 

The r e s u l t s  of i nd i -  

Tne r e l a t i v e  e f fec t iveness  of t h e  var ious iodLne removal. systems i s  

d e t a i l e d  i n  Sect. 5 and t abu la t ed  i n  Table 5.8. I n  general., t he  effect i -ve 

DF of the  primary iodine renoval system is I.i.mited t o  - 100 by iodine 

bypass sroimd the  system; thus  t h e r e  i s  l i t t l e  incent ive  i n  providing an 

a c t u a l  primary system LIF much i n  excess of l o 3  f o r  iodine cont ro l  purposes. 

I n  the case s tud ie s  s m a r i z e d  i n  Table 5.8, primary system DFs i n  the 

order  of l o 7  a r e  l i s t e d .  This w a s  d.one t o  minimize the  iiiass of iodine 

i n  the feed  to krypton removal, and probably i s  not  required.  

Secondary iodine reanoval w a s  assumed t o  y i e l d  a TIF i n  t h e  range of  

lo4,  which w a s  e€fecti?-e i n  reducing downstream iodine  concentrations.  

. L t  should be poss ib le  t o  increase  t h i s  DF a t  l e a s t  an order  of magnitude 

i f  desired.  

- 

The e f f e c t i v e  iodine DF across  t h e  ves se l  off-gas  and f i n a , l  off-gas  

treabment systems w a s  l i m i t e d  i n  most of the  case s tud ie s  l i s t e d  i n  

Sect. 5.3 by t h e  iod ine  content  of  recyc le  aci.d and water used i n  the  

f i n a l  off-gas tmatrneiit s teps .  I n  general ,  the  o v e r a l l  p l a n t  iod ine  

r e t e n t i o n  f a c t o r  w a s  l i m i t e d  t o  -loL1, regurrlless of t he  ind iv idua l  e f f i -  

c i enc ie s  of the  f i n d  iodine removal systems. Additional. improvement i n  

iod ine  r e t e n t i o n  must come from f u r t h e r  p u r i f i c a t i o n  of  recyc le  water. 
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Tne e f f e c t  of omit t ing var ious sec t ions  of the  ove ra l l  iod ine  con- 

t r o l  system w a s  s tud ied  i n  order  t o  obta in  a rou-gh est imate  o? the  r e l a -  

t i v e  va1u.e of ind iv idua l  systems as wel l  as an ind ica t ion  of th.e e f f ec t  

of short-term f a i l u r e  of one of the  systems. Eliminating the  prirnary 

iodine r m o v a l  system caused a decrease of one t o  two orders  of  magnitirde 

(runs Zj-1 through 27) i n  o v e r a l l  p l a n t  r e t e n t i o n  of  iodine.  

ab le  e f f e c  k,; of not operat ing the iod ine  evolut ion and primary removal 

systems j.r!c~, .;de a much higher  inventory of iodine througklout a l l  process  

s t eps  and, i n  p a r t i c u l a r ,  i n  t h e  waste handling systems. It i s  not 

recommended t h a t  t he  iod ine  evolut ion and primary iodine removal s y s t e m  

be omitted i f  o v e r a l l  p l a n t  r e t e n t i o n  f a c t o r s  i n  excess of LO3 a r e  

de s i red .  

Otlier u-ndeair- 

11’ the secondary iodine removal system i s  not  operated, a loss  i n  
DF by f a c t o r s  ranging from 4 x lo3  t o  3 x lo4 (Y’UIIS 28  through 31) i s  

ind ica ted ,  I n  addi t ion  t o  a l a r g e  l o s s  of overall iod ine  re ten t ion ,  the  

iodine content of cas recycled f o r  c e l l  and process use increased by 

th ree  t o  four  orders  of magnitude. 

If the  iodine removal eff i .c iency of the  recyc le  water and ac id  

purj .Mcation systems i s  reduced frorn 99% t o  9O%, a. l o s s  of overall 

iodine r e t e n t i o n  by one t o  two orders  of magnitude results. 

e f f e c t  here  i s  t h e  recontamination of off-gas streams by iodine-contai.ni.ng 

water used i n  scrubbers and other gas treatment equipment. 

The primary 

The iodine ranoval system associated with the  f i n a l  off-gas t r e a t -  

ment does not have any e f f e c t  on previous steps,  arid the  l o s s  of  o v e r a l l  

DE i s  equal_ t o  the  a c t u a l  DF of the  f i n a l  system, which was assurncd t o  

be lo3 i n  t h i s  s t u d y .  Additional decontamination w a s  obtained jn cases 

where a secondary krypton system was assumed t o  t r e a t  t h e  f i n a l  off-gas 

stream prior t o  i t s  disr3PiaTge t o  t h e  stack. 

2.6 P a r t i c d a t e s  

Removal of  p a r t i c u l a t e  a c t i v i t y  from e f f luen t s  t o  l e v e l s  four  to 

f i v e  orders  of magnitude below cur ren t  p rac t i ce  should be poss ib le  by 

an ex t rapola t ion  of cur ren t  technology. The off-gas frorn the v e s s e l  
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off  -gas t reatment  system f o r  t he  "nem zero" r e l ease  concept should be 

s i m i l a r  i n  p a r t i c u l a t e  content t o  the  off-gas  from e x i s t i n g  p lan ts .  Due 

t o  t h e  -much I.ower volume, extensive t reatment  f o r  par - t icu la te  removal i n  

the  f i n a l  off-gas treatment system should. yiel-d the  des i r ed  r e s u l t s .  

This, however, i s  an area where fu r the r  research and developmen-t 2s 

requi red  t o  demonstrate t h e  e f f ic ienc j -es  of' ul-trahigh e f f i c i ency  f i l t e r s  

a t  Low flow r a t e s .  

2. '/ Recommendations 

We recommend t h a t  t h e  development program t o  reduce radioac Live 

emissions t o  t h e  environment be continued and t h a t  it include t h e  follow- 

ing  i tems:  

(1) Con'Linuance of e x i s t i n g  labora iory  pyograms aimed a t  

separa t ing  f i s s i o n  products from e f f l u e n t  and process  

streams I 

(2) mepara t ion  of a coiicep'iual des ign  of  a2 advanced n o d e l  

pLant f o r  reprocessing o f  LblFRR f u e l s  o(! a p i l o t  p l a n t  

s ca1.e. 

( 3 )  Design and cold  development of process  equipment compo- 

nents and u n i t  process  equipmelit assemblies. 

(4) l n t e g r a t i o n  of tile var ious process  systems i n t o  an oper- 

ating cold p i l o t  plan%. This f a c i l  i t) should be cornpl-e~e 

w i t h  contdinment 'oarri e rs  and a n c i l l a r y  equipment t o  

reso lve  pi-oblems of i n t e r f ac ing ,  recyc le  streams, 3rd 

process  control .  

( 5 )  Operation of  t he  above systems i n  a, sh ie lded  facility f o r  

a n  extended per iod  of time using i r r a d i a t e d  f u e l  as feed 

material to t h e  p l an t .  i n  time, the  r ad ioEc t iv i ty  ol" t he  

feed  r n a i e r i a l  should reach o r  exceed t h e  peak l e v e l  ex- 

pected i n  a conrmercial f a c i l i t y .  

(6)  Communication with commercial reprocessors,  e spec ia l ly  

i n  the  e a r l y  s tages  of development, t o  assure  t h a t  tli_eir 

experience i s  used in determining 'die d i r e c t i o n  of t h e  
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or"f-p;as system. In order  to f u r t h e r  rdnirnise e f f l u e n t  vol~xfies, process 

liqiuid and. air requirements are suppl ied by recycle systems. Only Lhe 

smal-l volixw of gas repre sexhirig t h e  net  in.l.e&xi,ge t o  the  cell. enclosure 

i s  g i v e n  finai -treaimenC arid released to f2n.e ahosyhere .  Tjle sma,ll. n e t  

liquid input to t h e  plant i s  (~ f~ (con t~? i ina t i : . d  from dl. a c t i v i t y  other  than 

t?-j-i;iixri, aiid then  permanently s to red  o r  sal"ely disposed of to prevent 
con taminat i (In of  the enviromen i; . 



1.4 

off-gas ra ies  durint:  riaintenance appears appropriate .  

r e t e n t i  on TectorF %. containment concept S u e d  on low cell ofi?-r;es w i t h  

extensive t r e a h e n t  during normal operat ions and a once-through v e n t i l a -  

t i o n  for maintenance, coupled with i n t z m i v e  decontami na t ion  ana i odine 

removal, may be p rae i i  ca l .  

f o r  intermediate  

One a-,proach t o  a sea l ed -ce l l  rnaintensncc concept i s  ill.ustra’ced 

i i i  Fig. 3 . 2 .  Under normal opera t ing  condiLions the cell i s  seal-ed and 

sh ie lded  frorn the crane bay and t he  naintenance area, and t 3 e  total .  air 

inleakage t o  boYn Ereas i s  removed as ccl.1 off-gas.  Da-in,; maLntenance 

opera+ions the sh ie ld  blocks over the c e l l  a r e  rerioved, as required,  and 

a r e c i r c u l a t i n g  a i r  clean-ine system provides a re1ativel.y clear_ ail- supply 

t o  t he  crane bzy arez and fi irnishes an a. ir  sweep into t h s  c e l l  ayes. I-i; 

should. be possib1.e f o r  personnel wearing a i r  s u i t s  t o  el=ter the  crane bay 

with the  ce1.l. se.led off Lf t h i s  becomes necessary i n  order Lo a c c o q l i s h  

crane maintenance o r  similar operat ions.  

3 .3  Decommissioning 

A detai l -ed ana lys j s  ol” a l l  t he  ascects  of t h e  decomni-ssioning of a 

fuel. reprocessing p l an t  i.s bcyond the  scope OF t h i s  repor t  and represents  

a needed s‘ixly in i t s  own righl;. Presented here i s  an ou i l ine  of some 

of t h e  opt ions r e l a t e d  t o  the decommissigni-ng of a p len t ,  designed End 

opereted d.uriilg i- is  useful l i f e  t o  minimize t h e  o v e r a l l  e f f e c t s  of e f f l i r -  

e n t s  on the  envirormzct. A. nimber of poss ib l e  obje-kives can ‘ue consi-dered 

as Lhe terrrlination point of  a decommjssioninc: program and include Lhe 
T‘ 

following : ’ 

[l) Thorou-h deeontrminat ion of t h e  facility, with subsequent 

reuse for other  nuclear ( o r  poss ib ly  nonnuclear) functiorrs. 

( 2 )  Thorough deconiaiinat’on, a € t c r  -v;hich t h e  c e l l  arid builciing 

a r e  sealed Lo prevent z c c e s s  by the publ ic .  

( 3 )  ‘Thoroqh decon;aminatlon, fol-lowed by rernoval. of equiprrlenl; 

and s t ruc tu res ,  -G.ji;h rectoi-aii-on of t h e  ].and t o  some foflil 

of cocxro l led  usage. 
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1.6 

To be consisteri t  with the "near zero" re leaze  philosophy, the discharge 

of a c t i v i t y  t o  'che environrrlent during aiid following tne decommissioni ng 

phase should not  exceed those l e v e l s  experienced durine the  use fu l  l i f e  

of t h e  p l en i .  

The process  of decormissioning progresses  t n r o  izh EL series of evenis,  

incl-uding tile following major a reas  of endeavor: 

(1) Decontw-iLnation of eqiiipment, piping, arid ce1.1. i .nterj  o r .  

(2) Conversion o f  a1.l. l i q u i d  wastes t o  s o l i d s  f o r  d.isposa,l., 

with recovery and puri~fi-cati .on of  water and ac id  inventor ies .  

( 3 )  Disposal. of water and ac id  inventor ies .  

(11) Disposi t ion o€ bui ld ing  s t r d c t u r e  by one o f  the  methods 

outlined above. 

The f i r s t  two tasks ,  which include decontamination of  equignent 

and s o l i d i f i c a t i o n  and d isposa l  o f  waste, would be acconp1.j shed through 

procedures n o m a l l y  used f o r  such operat ions durtny the  u s e f d  l i f e  of 

t he  p lan t .  

lems, par t ic i iLarly i f  l a rge  mounts  o f  t r i t i u m  have been r e t a ined  during 

the l i f e  o f  the  pl-ant in the waier and acid.  

t r i t i u m  might range from 10 t o  1000 days' t o t a l  input ,  depending on the 

type and degree of t r i t im control appl ied d i i r i n &  operat ion of the plant,. 

For the  case where a triiium r e t e n t i o n  f a c t o r  of l o3  o r  greater w a s  

r e a l i z e d  ( e i t h e r  wholly o r  p a r t i a l l y  by minimizing water r e l e a s e ) ,  t h P  

inventory would 'oe of t he  order  of a few hundred days' input,  making 

cont ro l led  discharge an imprac t ica l  method of waier disposal .  

Disposal of t h e  watcc and ac id  invcntor ies  poses upiqiie prob- 

The p l a n t  invrn tory  of 

Possible mcthods f o r  disposing of t he  ac id  inveritorsy include the 

following: 

(1) Transfer f o r  use t o  another processing f a c i l i t y  i n  the  eai-1.y 

s tages  of ho t  s t a r tup .  

(2) Long-term l i q u i d  s torage f o r  tritium decay. 

(3) Conversion t o  a solid. form f o r  permanent d i sposa l  w i t h  

recovery of  the  water. 



Similar ly ,  t he  water inventory i n  t h e  p l an t  may be disposed by one of 

t h e  f i r s t  two methods l i s t e d  above, as we l l  a s  by the  foll.owing poss ib le  

a l t e r n a t i v e s :  

(4) Conversion t o  concrete o r  s imi l a r  hydrated s o l i d  f o r  perma- 

nent d.i sposal. 

( 5 )  Disposal. t o  some geological  formation o r  avea. with r e t en t ion  

time measured i n  hundreds of years.  

( 6 )  I so top ic  separa t ion  and concentrat ion of the  -Lritiim, with 

subsequent r e l ease  of the  decontaminated water. 

Once t h e  decomniissioning program i s  complete, t he  long-term e f f e c t  

of the  s i t e  on the l o c a l  environment should be minimal. 

14.. PROCESS DESCRIIPTION 

4.1 Flowsheet f o r  "Near Zero" Release 

I n  order to meet the  objec t ives  of t he  "near zero" r e l ease  concept, 

a bas i c  und.erstanding of the in t e rac t ions  between the  vari.ous process 

s t eps  t h a t  take place i n  a reprocessing p l an t  i s  required. 

importance i s  a knowledge of t h e  beh.avior of a11 s i g n i f i c a n t  f i s s i o n  prod- 

u c t s  throughout t h e  process system. For modeling purposes, a p lan t  flow- 

sheet  (Fig. A - l  i n  t h e  Appendix) depict ing 24 func t iona l  process s t eps  

located.  i n  e igh t  contaimnent c e l l s  was developed, and the  in t e rmt i -ons  

between process and e f f luen t  treatment funct ions were defined. A simpli  - 
f i e d  floTwsheet r e t a in ing  s u f f i c i e n t  d e t a i l  t o  i l l u s t r a t e  important e f f luen t  

control f ea tu res  i s  shown i n  Fig. 3.1. 

O f  pa r t i c i i l a r  

Fuel elements a r e  introduced i n t o  a receiving and s torage c e l l  t'nrough 

a s e a l  arrangement which prevents  inleakage of air i n t o  the  c e l l .  A small 

€ rac t ion  of t h e  vola t j - le  f i s s i o n  products w i l l  escape t o  the  c e l l  environ- 

ment f r o m  darnaged f u e l  elements during s torage and open handling of the  

elements i n  the  c e l l .  Idea l ly ,  a l l  off-gas from the  receiving and mechani- 

c a l  handling c e l l s  $io-iild be routed through "ne primary tritium, iodine,  



and krypton removal syskems. 

t o t a l  gas inleakage t o  t he  c e l l  i s  s u f f i c i e n t l y  s m a 1 . l  t o  be accommo- 

dated i n  t h e  primary off-gas t reatment  systems. A major po r t ion  of the  

tritium and s i g n i f i c a n t  q u a n t i t i e s  of iocliiie and krypton are  evolved i n  

t h e  shear  and vol-oxidation s teps ,  and the  r e s u l t i n g  off-gas  i s  routed 

through the  primary tritium removal equipment. 

Such an approach i s  p rac t i ca l .  only i f  the  

The remainder of t h e  krypton and most of the  iodine are evolved 

during d i s so lu t ion  and feed  adjustment, and t h e  off-gas  fl-om these f’unc- 

t i o n s  i s  combined with the  e f f l u e n t  from the  Lritiwn reraoval system and 

passed success ive ly  through the prj-mary iodine removal and tile primary 

krypton removal s y s t e m .  A frac-Lion of a percent  of  t h e  t o t a l  tritium 

and a s  much R S  .l% of the  iodine may follow the  feed  i n t o  solvent  ex t rac-  

t i o n  and subsequently be released. to t h e  off-gas  system i n  the process  

s t eps  downstream. This materi.al_, counled with any add i t iona l  bypass 

around the  p rh ia ry  systems from the  head-end cel.ls, l i m i t s  t h e  maxirnum 

containment f a c t o r  t h a t  can be achi-eved by primary treatmen-L. 

F iss ion  prorhc t  behavior in t he  main-line prockss equipment i s  

important became these  nysterns represent  sources of vola.tri.1.e o r  p a r t i c u -  

l a t e  a c t i v i t y  i n t o  t h e  off-gas  system. Off-gas from a l l  equipment down- 

stream of the feed  adjusbment s t e p  i s  combined w i t h  the  off-gads from 

primary- treatm-ent and passes  through secondary treatment.  The secondary 

of f  -gas treatment system contains  LYlters f o r  p a r t i c u l a t e  removal and 

scrubbers f o r  nib-ous oxides, iodine,  and ruthenium rernova.1.. A major 

p a r t  of the  gaseous efflueiii; from secondary treatment i s  recycled f o r  

process  use; a r e l a t i v e l y  small f r a c t i o n  i s  t r e a t e d  f u r t h e r  and then 

d.ischarged -Lo t he  atmosphere. 

s ions  f o r  t he  removal o f  p a r t i c u l a t e s ,  iodine,  and, i f  required,  tritium 

a n d  krypton. 

The f i n a l  o f f  -gas treatment incliides provi -  

One of t h e  main f ea tu res  of t h e  “near zero“ r e l ease  concept i s  the 

use of recyc le  t o  reduce e f f l u e n t  volumes ol” both gases  and l i q u i d s .  

The recovery and p u r i f i c a t i o n  of ac id  and water Yor- recyc le  a re  indicated.  

Idea l ly ,  t he re  would be no ne t  discharge of l j qu ids ,  and any excess water 

would be converted t o  a s o l i d  form or  permanently s tored.  

discharge i s  required,  t he  r e l a t i v e l y  s m a l l  volwne would be exiciisively 

pu r i f i ed  and subsequently re leased  as  a vapor t o  a stack. 

If’ a water 



This sec t ion  i s  intended t o  give an o v e r a l l  flowsheet descr ipt ion;  

more d e t a i l e d  infomiation on t h e  important aspects  of  e f f luen t  con t ro l  

a re  covered i n  subsequent sect ions.  

1-1.2 T r i t i u m  Control 

The cont ro l  of tritiixn i n  a f u e l  reprocessing p l an t  based on head- 

end evolut ion and t rapping i s  i l l u s t r a t e d  schematically i n  f ig .  4.1. 
Some tritium i s  re leased  as the -fuel elements a r e  sheared, and most of 

the  remainder i s  evolved during t h e  voloxidat ion s tep,  i n  which t'ne 

sheared f u e l  i s  heated Lo 450°C i n  a i r  f o r  2 t o  4 hr. T'ne combined. 

off-gas from the  shear and voloxidizer  is passed over an oxidat ion 

c a t a l y s t  t o  convert a l l  t he  tritium t o  water; then t h e  t r i t i a t e d  water 

i s  trapped from the  gas stream with a desiccant  such as molecular sieves.  

This type of approach t o  tritium cont ro l  should be capable of  providing 

o v e r a l l  p l a n t  r e t en t ion  f a c t o r s  f o r  tritium i n  the order of 100, l imi t ed  

by the  r e s i d u a l  tritium i n  t h e  f u e l  a f t e r  voloxidat ion a i d  any bypass of 

tritium around t h e  tritium removal system. The volime of  water t ha t  

must be s tored  a s  tritium waste i s  dependent on the  extent  t o  which water 

can be exclud-ed from the  voloxidat ion and shearing equLpent.  The m i n i -  

Iriuni volume of accumulated water i s  s e t  by the  volume o f  off-gas t h a t  i s  

t r e a t e d  and t h e  water removal c a p a b i l i t i e s  of t he  desiccant  used. The 

major unresolved. questions r e l a t i v e  to t h i s  approach t o  tritium cont ro l  

include t h e  mechanica.1 aspects  of operat ing a voloxidizer  while maintain- 

ing  temperature cont ro l  and good contairment with low off-gas volume. 

I n  cont ras t  t o  o ther  equipment for reducing rad ioac t ive  emissions, 

voloxidat ion eqixipment may occupy a l a r g e  amount of c e l l  space a i d  be 

unusually expeqsive. 

A process flowsheet €or a t y p i c a l  tritium removal systpm using 

molecular s ieves  i s  summarized i n  the  Appendix (Fig.  A-2) .  

A n  a l t e r n a t i v e  approach t o  tritium cont ro l  i n  a "near zero' '  r e l ease  

p l an t  containment concept cons i s t s  of t he  near ly  t o t a l  r e t en t ion  (c3 x 
of t o t a l  water inventory re leased  per  day f o r  an ove ra l l  tritium 

r e t e n t i o n  f a c t o r  of lo") of water wi th in  the  p lan t .  

t o  be a p r a c t i c a l  approach, the  t o t a l  p l a n t  off-gas  flow r a t e  m u s t  be 
I n  order for t h i s  
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i n  t h e  range of 1000 cfh or l e s s  and all n e t  water addi t ions  over t h e  

l i f e  of the p l a n t  m u s t  be  r e t a ined .  

system i s  t e c h n i c a l l y  simple,  tritium i n  t h e  p l a n t  water inventory 

w i l l  cause minor problems i n  personnel  p ro tec t ion  and a t  the  terminat ion 

of p l a n t  opera t ion  w i l l  pose a d i sposa l  problem (see Sect. 3.3). 

Although such a tritium r e t e n t i o n  

4.3 Krypton-Xenon Control 

The r e t e n t i o n  of krypton w i l l  be l i m i t e d  by the a b i l i t y  to route  

a l l  krypton-containing streams to t h e  primary krypton removal system. 

Trie major sources of krypton inc lude  the d i s so lve r  off-gas  and t h e  e x i t  

gas strearns from the  tritium removal system. As a t r a c e  of kryptoii w i l l  

be present  i n  the  off-gas  from the  s torage  and handling c e l l ,  the off-gas. 

from t h i s  cell should be included i n  t h e  f eed  t o  the  primary krypton 

removal system. The combined krypton-containing o f f  -gasps a re  passed 

successively t'nrough the primary iod ine  removal and the  primary krypton- 

xenon removal systems (Fig.  4 .2) .  Overal l  p l a n t  r e t e n t i o n  f a c t o r s  for 

krypton of the order  of lo3 should be obtainable ,  based on primary krypton 

r e t en t ion ,  i f  a l l  head-end c e l l  arid equipment off-gases  are routed  t o  

primary treatment.  

Krmton3 can be e f f e c t i v e l y  removed Prom an off-gas  stream by 

absorpt jon i n  l i q u i d  n i t rogen  o r  by scrubbing wi th  a l i q u i d  fluorocarbon 

such as  re f r igerant -12 .  The l i q u i d  n i t rogen  scrubbing system has been 

success f i l l y  demonstrated f o r  a n m b e r  of years  a t  t'ne 1 / 
Processing Plant,  and s i m i l a r  systems a r e  marketed commercially for t he  

removal of  krypton-xenon from r e a c t o r  off-gas .  The feed  gas f o r  the 

cryogenic system must be f r e e  of a11 coniarflinants such as  CO, ,  NOx, 

organics,  and poss ib ly  oxygen; and extensive gas pretreatrhcnt i s  reqiuired 

f o r  a chemical p l a n t  appl ica t ion .  

2 

The fluorocarbon absorp t ion  system e f f e c t i v e l y  removes kryp-ton and 

xenon i n  the  concenLration ranges t y p i c a l  of those c h a r a c t e r i s t i c  of 

d i s so lve r  or v e s s e l  off-gas  streams; t h e  system can t o l e r a t e  COX and 

n i t r o u s  oxlides i n  the  f eed  gas a t  concentrat ions approaching 1% volume. 

The krmton-xenon product i s  concentrated and p u r i f i e d  i n  a f r a c t i o n a t i o n  

and s t r i p p i n g  column, a n d  siibsequently b o t t l e d  f o r  permanent s torage o r  

d i  spo sa l .  



ORNL DWG 71-6217 

TO 
VESSEL 
OFF GAS SHEARED 

FUEL 
1 
i 
I 

OFF GAS FROM 

SYSTEM 
T R i TI U M RE MOVAL 

D ! S SO LV E R PRETREATMEN 

DISSOLVER SOLUTION PUR I f ICATi ON 
TO F E E D  ADJLISTMEkT 

Fig. 4.2. Flowsheet ?or Kryp-con and Prinary Io(Sr,e Removal. 

io 
io 



Treatment of t h e  t o t a l  p l a n t  off-gas  f o r  krypton removal i s  p r a c t i -  

c a l  i f  the  to ta l .  off-gas  flow r a t e  .i.s kept  loif (100 cfrft); and  such an 
approach can be used. eit,lier instead. of o r  i n  addi t ion  t o  primary- control .  

However, i f  krypton i s  removed on ly  i n  the  secondary off-gas treatment 

system, excessively high krypton concentrat ions i n  the  recycle  c e l l  and 

process gases may r e s u l t .  For o v e r a l l  krypton r e t en t ion  f a c t o r s  of Id 

or l e s s ,  primary r e t en t ion  i s  recommended; f o r  s i g n i f i c a n t l y  higher 

re ten t ion ,  combined. primary and secondary treatment i s  required when 

using the  propdsed flow arrangement. 

4.4 Iodine Control 

E f fec t ive  con t ro l  of iod ine  i n  a f u e l  reprocessing p l a n t  dep3Id-S on 

an understani:ling of iod.j.ne behavior i n  each of t h e  process s teps ,  as wel l  

as a demonstrated c a p a b i l i t y  f o r  e f f e c t i v e  removal of iodine from 1.iqu.i.d 

arid gaseous process  streams. The iod ine  control. sys.ten pyoposed- f o r  "near 

zero" r e l e a s e  fuel. reprocessing p l a n t s  inclu-des f i v e  major a reas  of  t r ea - t -  

ment, includ.ing t h e  following : 

(1) Evolution of iodine from t h e  d i s so lve r  so lu t ion .  

(2) Primary iodine rernova.1 from head-end off-gas. 

( 3 )  Secondary iodi.ne reirioval from t o t a l  c e l l  and equipment off-gas. 

(4) Fina.1 iod ine  rerno-va.1 from p l a n t  gaseous eff l .uents ,  

( 5 )  Iodine removal from recyc le  process water and acid.  

The app l i ca t ion  of t hese  systems t o  the o v e r a l l  r c t en t ion  of iod ine  

i s  ind ica t ed  i n  Fit. 3.1 and i n  much more d e t a i l  i n  the Appendix :Plies. 

A-4 through A-3. 

Evolution of iodine f r o m  the d i s so lve r  solution to a l eve l  df < 1% 
of tha t  i n i t i a l l y  present  i n  the f u e l  i s  desirable tc prevent the bulk 

(-2.5 kg of iod ine  pe r  day f o r  a 5- ton/day_plant)  oi' t he  jodine 'from 
- I  1 -  

- - 
en te r ing  t h e  solvent  ex t r ac t ion  complex. This not only reduces' the load 

on secondary iod-ine removal equ.ipment bu.t. a3.r;o miriimizes t h e  formation 

bf d i f f i c u l t l y  trapped organic iodides.  Evolution of 95 t o  9876 of t h e  

iodine can be accomplished r e l a t i v e l y  e a s i l y  by steam-stripping of t he  



d i s so lve r  sol.ution i n  t h e  presence of excess NO E’urtherc removal 

r equ i r e s  t he  addi.t?.on of s t a b l e  iodine c a r r i e r  followed by t reatment  t o  

0btai.n i s o t o p i c  exchange between the residua.1 a c t i v i t y  and added c a r r i e r .  

E’urther evolut ion of iodine i s  then obtained by additional-  steam-stripping. 

X’ 

A l l  ofP-gas streams from the head-end operat ions are combined and f e d  

t o  -Lhe primary iodine removal system, which should ’be designed t o  give an 

iodi-ne decontamination f a c t o r  i n  t h e  range of 104. 
removal. system should have t h e  capabi l . i ty  f o r  haiidling a few kilograms of 

iodiine per  day and should recover thz  iod ine  i n  a form menable  t o  perma- 

nent disposal .  O f  two aqireous scrubbing systems under development, t he  

IODEX system, us ing  20 molar n t t r i . c  acid,  appears t o  be the b e s t  choice. 

The a l t e r n a t e  system, which employs 8-10 molar n i t r i c  a c i d  and 0.2-0.4 

molar merc1.iri.c n i t r a t e ,  i s  s e n s i t i v e  t o  con-taninaiits i n  t he  feed  gas 

stream. Both sys-terns oxidize iod.ine f o m s  t o  higher nonvol-atile species  .:.’ 

and. d e l i v e r  a s o l i d  waste composed of iodates .  

The primary iodine 

Iodine thaL bypasses the primary i-odine removal sys-Lem d i s t r i b u t e s  

throiighout t h e  downstream process  s t eps  and eventua.l.1.y appears i n  t h e  

process  off-gas and recyc le  ac id  and water streams. The t o t a l  c e l l  arid 

equipment of f  -gas i s  passed through a secondary iodine rernoval system, 

where an i-odine DF i n  excess of le i s  desired.  The secondary off-gas  

treatmen-t a lso includes s t eps  f o r  removing par‘Liculates, ruthenium, and 

chemical cons t i t uen t s  such as ni-Lrous oxides. Most of t h e  gaseous e f f l u -  

e n t s  from secondary t reatment  a r e  recycled f o r  process  use. 

i s  routed t o  the f i n a l  treatment system p r i o r  t o  discharge to t he  environ- 

ment. The aqueous scrubber systems previous ly  described, as we1.l. as s o l i d  

Sorbents su.ch as s i l v e r  zeo l i t e ,  a r e  appl icable  for use i n  secondary iod ine  
removal. 

Any excess 

F ina l  off-gas  t reatment  includes an j-odine removal- system having a 

decontamination c a p a b i l i t y  i n  excess of 104, giving a n  o v e r a l l  p l a n t  

r e t e n t i o n  f a c t o r  of >Ido f o r  iodine.  A s o l i d  sorbent such as  s i l v e r  

z e o l i t e  appears t o  be t h e  lo ,pical  choice f o r  t h e  f i n a l  iod ine  removal 

sys  tern. O f f  -gas flowing through t h e  final.  t reatment  system w i l l  include 

t h e  t o t a l  a i r  inleakage t o  t h e  c e l l  bank p lus  any ne t  process a<.r o r  gas 

added from outs ide.  Idea l ly ,  t h i s  t o t a l  flow r a t e  i s  l e s s  than  100 C?:-~I. 



A s igni f icant  f r ac t ion  of the iodine reaching the  process equipment 

downstream of -the dissolver w i l l  follow the aqueous stream and. terminate 

i n  the recovered water and acid. Iodine can be evolved from water and 

d i l u t e  acid (< 4 M) by steam-stripping and other techniques Ynat are  

discussed. under item (1) given on page 2.3. Trace concentrations o f  

iodine can be removed f r o m  water and d i l u t e  (< 4 M) ac id  by adsorption 
on activated. charcoal or  organic res ins .  E:ssentia.lly complete removal 

of iodine from recycle water and acid streams tha t  a re  t o  be uxed i.n t h e  

f inal .  stage of off-gas treabment i s  necessary t o  prevent recontamination 

of  r e l a t ive ly  iod-ine-free gas streanis. 

4.5 Recovery and Recycle of Acid and 'Water 

The idea l  of  "near zero" release i n  fue l  reprocessing can be more 

closely approached when the release of water, i n  any form, t o  the environ- 

ment is essent ia l ly  zero. This requires t h a t  there not be any discliarge 

of waber and t h a t  a l l  p lan t  off-gas be dr5.ed t o  a very low dewpoint. 

This approach i s  mandatory i f  the overa l l  p lan t  re tent ion Tactor f o r  

t - r i t i u r n  i s  t o  be derived t o t a l l y  o r  p a r t i a l l y  by retent ion of plant  water. 

If tritiixn retent ion i s  not required o r  i s  obtained by o'l;her means, the 

discharge of sml l  quant i t ies  of water vapor, a f t e r  coinple-te decontamina- 

t i o n  from all a c t i v i t i e s  except tritium, i s  an acceptahle a l ternat ive.  

Rm problem tha t  r u s t  be suecessfiilly resolved 5.n order t o  a t t a i n  

(I) minimization o-f the  net input of t o t a l  water a id  acid recycle a re :  

wat,er and aci.d, and ( 2 )  pur i f ica t ion  of recycle acid and w a t e r  t o  a 
degree tha t  w i l l  prevent process interference.  

88 such, can be held t o  very minimal quant i t ies  by recycle;  however, a 

nwiiber of other sources of water mu.st  be considered. These sources of 

water a re  summarized Tn 'Table 4.1. 
of inleaking a i r  except t o  minimize inleakage. 

be avoided by in -ce l l  e lec t ro lys i s  of water. If' organic materials a r e  

t o  be di-sposed of i n -ce l l  by incineration, a net  water in:p-u.t w i l l  be 

realized. 

inventory of l 7 5 , O O O  gal over the 30-year plank l i f e .  Process use of NO 

could be equivalent t o  the addition of LOO t o  300 kg of HxT0 

Input of water and acid, 

L i t t l e  can be done about the humidity 

Addition of hydrogen can 

A typ ica l  water input of 60 kdday  corresponds t o  an accumu.lated 

X 

per day. 3 

............. ....... __.___l..._ 



T h i s  n e t  add i t ion  can be avoided by recovering and recycli-ng NO 

i n  t h e  d e n i t r a t i o n  of UO,(NO ) 
produced 

X 
o r  i n  the  was-Le s o l i d i f i c a t i o n  process.  

3 2  

Table )+.I. Sources of water Input t o  Reprocessing Plan t  

(Basis :  5 tons/day U + Pu charged) 

.~ ~ 

Humidity of a i r  inleakage t o  cel.3. 3 - 300 3 ga 

Xydrogen ad-ded t o  reduce UO t o  UGz 0- 300 Ob 
3 

Proce s s c hemi c a l  addi ti on 5-50 10 

Inc iner  a t i  on of organic mat e r i  a1.s 0-50 15 

T o t a l  8-700 60 

a Assumes ai? a i r  inleakage of 3-00 cf'm a t  2 0 ° C  and >O$ r e l a t i v e  
humidity. 

b I n - c e l l  production of  hydrogen by eJ.ecirolysis of recyc1.e water. 

The second problem assoc ia ted  with recyc le  i s  t h e  p u r i f i c a t i o n  of 

the recyc le  water and ac id  from both r ad j  oact ive and chemical cons t i t uen t s  

(such as d isso lved  organics )  t h a t  m i @  i n t e r f e r e  with process  operat ions.  

P a r t i c u l a r l y  d i f f i c u l t  ac t ive  spec ies  iiiclude i odine a n d  _,- ruthenium. 

secoiid s tage  of p u r i f i c a t i o n  may be requi red  f o r  recyc le  streams t h a t  a r e  

used f o r  product s t r ipp ing  and handJ-inz o r  f o r  f inal .  off-gas treatment 

A 

steps.  

5. MODELING Am COMPUTEH ANALYSIS 

The behavior of important chemical and f i s s i o n  product components 

i n  each of  24  process  s t e p s  (Fi2. 4 - 1  i n  t'ne Appendix) was modeled, and 

a computer program was w r i t t e n  t o  c a l c u l a t e  the  d i s t r i b u t i o n s  of each 



corriponent throughouf; the  process. In te rna l  modeling o f  individual  systems 

was kept simple, with the  prirriary emphasis being placed on the e f f e c t  of 

in te rac t ion  between systems and the e f f e c t  of recycle on overal l  contain- 

ment. Variables t h a t  -were s t i tdied r e l a t i v e  t o  t h e i r  e f f e c t  on overa l l  

p lan t  containment include the  following : 

(1) Air inleakage r a t e  t o  c e l l s .  

(2) Recycle air rates +io c e l l s .  

( 3 )  Off-gas routing anti treatment, opt;i_ons. 

(4)  Degree of water renioval from off-gas streams. 

(3)  Fraction of f i s s i o n  products escaping t o  the akmosphere of 
head-crrd ce l l s .  

(6) Fraction of  iodine evolved i n  feed preparation s'tepz. 

( ' 7 )  Effectiveness of s p e c i f i c  e f f luent  treatment sys-Lems. 

Tile main emphasis of t h i s  study was centered on e f f luent  treatment; 

none of the operating chavacteristics of the main-line process mas varied 

unless it WRS suspected t o  I~ave  8 rdirect e f f e c t  on e f f luent  control. The 

e f f e c t s  of the above var iables  on the  rclcase r a t e s  and d i s t r i b u t i o n  of 

i inportant fission proilucts arc: di scussed i n  the following section. 

Table 5 . 1  sumrnazj-zes the  seven bas ic  a i r  flow pa-LLerns t h a t  were 

used i n  al l  rum. Outside a i r  i s  assurned t o  leak i n t o  each of e ight  

process c e l l s  a t  r a t e s  varying from 0.5 t o  100 sc-fm, as i.nilica,ted i n  the 

table .  Additional gas i s  added f o r  process use a t  the ra-Le of 0.9 cfm 

O f f  -gas from the head-end ce l l s ,  including receiving and storage, mechani- 

c a l  handling, and dissolut ion and feed preparation, may be routed e i t h e r  

t o  the dissolver  off-gas or t o  the vessel  off-gas, and inay thus bypass 

the primary systems. The f r a c t i o n  of off-gas routed t o  the vessel  off-  

g a s  i n  each flow option i s  indicated. Approximate flow r a t e s  through 

important i n t e r n a l  treatment systems are  l i s t e d ;  and the d i s t r i b u t i o n  

of t r e a t e d  vessel off-gas as recycle a i r  t o  c e l l s ,  recycle process air, 
or nei; off-gas t o  f i na l  treatment i s  tabulated. 

Other process options used i n  individual  runs w i l l  be described in  

d e t a i l  i n  l a t e r  sections.  



Table 5.1. Basic A i r  Flow P a t t e m s  f o r  Case S tud ie s  

A i r  Flow P a t t e r n  

1 2 3 u 5 6 7 
- 

Input Stream, scfm 
Oiltside a i r  inleakage t o  c e l l s ,  scfm 

Analyt ical  and f i n a l  off-gas  c e l l s  ( 2 )  
Kr-Xe rernova1 equipment c e l l  ( I )  
Other process  c e l l s  (5) 

Tota l  a i r  inleakage 

2 2 2 20 23 0.5 20 0.5 20 0.5 
0.5 50 509 0.5 0.5 0.5 
5 5 5 5c. 50 

7.5 7.5 7.5 70.5 70.5 70.5 520.5 

Outside add i t ion  of  process  gas,  scfrn 0.9 0.9 0 .v 0.9 0 .v 0 .v 0.9 

I n t e r n a l  Routing 
Fract ion of c e l l  off gas  to secondary treatrnent 

Receiving and s torage c e l l  
Mechanical handling c e l l  
Dissolver and feed p repa ra t ion  c e l l  

I n t e r n a l  Flow Rates,  scfm 
Primary tritium system e f f l u e n t  
Primary iodiae system e f f luen5  
Primary Kr-Xe system e f f l u e n t  

Secondary iodine system e f f l u e n t  
Vessel off-gas  treatment system e f f l u e n t  

Recycle process  a i r  
2ecycle c e l l  a i r  
To f i n a l  off-gas  treatment 

Output Streams, scfn 
F ina l  off-gas  treatment e f f l u e n t  to  s tack 

Kr-Xe waste gas  

0 0 0 0 
0 0.9 0 0.9 
0 0 .v 0 0.9 

1 .o 1 .I 11 .o 1 .o 
2 . 6  3.0 22.8 11.8 
3.3 3.5 23.3 12.3 
lk.3 71 .2 64.2 77.3 
1L.8 7L.7 69.7 77.8 
6.9 6.9 6.9 6.9 
0 60 60 0 
7 .v 7.8 2.3 70.9 

0 0.99 e 0.90 

o.vv 0.90 

1 .I 11.0 

1 2  .G 31 .8 
1 2 . 5  32.2 
677 657 
677.7 672.7 
6.9 6 .V 

70.8 65.8 
630 600 

1. Ci 
0.99 
0 .v9 

1 .o 
1 .8 

2.3 
528 
528.3 
6.9 

521 .4 
0 

8.b 8.4 8.3 71 .2 71 .2 71 .2 521 .4 
0.02 0.02 0.06 0.16 3.16 0.2 0 .0’l 



5.1 Distr ibut ion and RemovaL of T r i t i u n i  

The behavior of tritium i n  the process system was invest igated i n  

a se r i e s  of 1 2  computer runs. 

i n  Table 5.2, and the r e s u l t s  are  summarized i n  Table 5.3. 

i l l u s t r a t e  the e f f ec t s  of varying off-gas r a t e s  and routing on tritium 
distr ibut ion.  Runs 8 and 10 i l l u s t r a t e  the  e€fect  of higher t r i t ium 

release t o  the storage pool and head-end c e l l  atmonphere, rwhile rims 13 

and 1 4  i l l u s t r a t e  tne e f f ec t  o€ omitting the voloxidation and primary 

tritim removal system. I n  a11 runs except run 4A, a secondary K r - X c  

removal system was assumed t o  operate on the  plant  off-r{as p r io r  t o  d i s -  

charge t o  the atmosphere and a t r i t i u m  DF OS 200 was assigned to t h i s  

system. 

p lan t  DF f o r  tritium would be decreased by a fac tor  of 200 f o r  all cases 

except 4A. 

'The conditions €or these runs are l i s t e d  

Runs l-'( 

If t h i s  f i n a l  Kr-Xe removal system was omitted, the overa l l  

The amount of tritium i n  the  net  off-gas stream i s  controlled by 

the water content of the  off-gas and the tritiun inventory i n  the  plant. 

I n  runs 1-6 the net plant  off-gas was dried by means of a zeol i te  bed t o  

a -140°F dewpoint, yielding overa l l  plant  re tent ion fac tors  ranging from 

5.6 x 10" t o  5.4 x lolo.  
t o  off-gas r a t e s  and was a f fec ted  s igni f icant ly  by the bypass of tritium 

around the  head-end treatment system (compare runs 2 and 3).  Recycle of 
c e l l  air  had l i t t l e  e f f ec t  on overa l l  tri-tium removal. 

compared t o  I t ) ,  the  f i n a l  Kr-Xe removal system was not operated and the 

e f f ec t  was a reduction i.n t he  overa l l  t r i t i u m  D F  by a : fac tor  of 200. 

I n  run '7 the  off-gas r a t e  was increased t o  520 cfni and a f i n a l  off-gas 

dewpoint of 32'F was assumed, resu l t ing  i n  an overa l l  tritium DF of 

I n  general, the DF was inversely proportional 

I n  run !+A (as 

on ly  260. 

The e f f ec t  of a higher head-end release on the  d is t r ibu t ion  of 

tritium for two a i r  f l o w  pa t te rns  i s  shown i n  runs 8 and 10. 

t i o n  of tritium. released t o  the receiving and storage pool and t o  the 

mechanical handling off-gas was doubled as compared with Ynat i n  runs 5 
and '7. The mount of  tritium i n  the  recycle acid and water systems in- 
creased by a fac tor  o f  1.6 i n  each case. 

increase i n  the t r i t i u m  released t o  the  two off-gas streams. 

The f rac-  

This  resu l ted  i n  a proportional 



Table 5.2, Bm Conditions f o r  T r i t i m  Beha-Tior Stu6-y 

~~ 

Bead-End T r i t i u m  Release 
(F rac t ion  o f  Input )  

Secondary Vo loxidi zer  
RUn A i r  Flow Storage Mechanical Krypton and Primmy 
No. Pa t te rna  d - Pool  Ce l l  ~jrs.temb~C T r i t i u m  Removal 

1 

2 

3 

Li 
4k 
5 
6 

7 
8 
10 

13 
14 

1 

2 

3 
Ir 
b 
5 
6 
7 

5 
7 
5 
7 

0.305 

0 .so5 
0.005 

0.005 

0 .@OS 

0.005 

0.005 

.005 

.01 

.01 

,005 

.005 

0.005 

0.005 

0.005 

0.005 

0 .03s 

9.005 

0.005 

.005 

.@I 

.01 

,005 

,005 

Yes 
Yes 
Yes 
Yes 

NO 

Yes 
Yes 
Yes 
Yes 
Ye s 
Yes 
Yes 

Yes 

Yes 
Ye S 

Yes 
Yes 
Yes 
Yes 

Ye s 
Yes 
Yes 
NO 

No 

w 
0 

See Table 4.1. a 

b T r i t i u m  DF of -200 assumed ac ross  Xr-Xe ,Tstem. 

C This  system is  op t iona l .  

d98$ evolu t ion  o f  tritiurn from fiJel i n  voloxid izer  wish -140°F dewpoint i n  e x i t  
from primary tritium system. 
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I n  runs 13  and 14, t he  s tandard  r e l e a s e  r a t e s  were u-sed whi~1.e %'ne 

voloxida t ion  and primary t r i - t i u m  removal. systems were deact ivated.  The 

amounts of tritium i n  t'ne r ecyc le  a c i d  and water systems increased  by a 

f a c t o r  of 59. I n  run 13, where the  ne-t off -gas  i s  d r i e d  in a z e o l i t e  

bed, good r e t e n t i o n s  of tritium were s t i l l  ob ta ined  (DF, 9 . 5  x l o 6 ) .  
However, i n  t h e  case where t h e  off-gas i s  not  passed through a z e o l i t e  

bed ( run  14), tiie DF f e l l  t o  4.4. I n  both of these  runs, t h e  excess 

liqii'liri stream conta ins  a l a r g e  f r a c t i o n  of t h e  t r i t i u m  i n p u t :  

run 5, and 54% i n  run 14. 
38% i n  

I n  concliisj.on, opera t ion  of the fri-nal.. o f f -gas  t reatment  has t h e  

contyol l ing  inf luence  on the anoui t  of trri.tium being r e l eased  i n  the  

s t ack  gas, The d-egree of drying i s  the major f a c t o r  s ince  t h e  tritium 

i.s i n  Yle form o f  t r i t i e t e d  water.  Tine secondary krypton removal system 

also removes water  from t h e  d r i e d  gas stream and hence wil1 a l s o  remove 

a p ropor t iona l  amomt of the remaining t r i t i u l u .  Vol-oxidation and tri-tium 
removal can be used t o  ob ta in  an o v e r a l l  DF of  approximately 100 without  

water r e t en t ion .  With low off -gas  r a t e s ,  z e o l i t e  beds can be used -to 

dry  t h e  t o t a l  of€-g:ss; and, umder t hese  condi t ions ,  the voloxida t ion  

a,nd t r i t i u m  removal. s t e p s  a r e  not  as cri.tiLca? s ince  DFs of the  order  of 

l o 6  can be obta ined  by d.rying alone. 

t o l e r a t e  the l a r g e  tritium inventory  in r ecyc le  water.  

tritium removal, and ex tens ive  drying of t h e  of f -gas  a r e  requi red  in 

order  to obtai~n Lifi's i-n the  108-101" range. 

ment could be Zpplied, such ex tens ive  measures g r e a t l y  exceed the 

p r a c-i i c a1 . 

I n  this case the pl.a.nt system must 

Voloxidation, 

Although this d.egree of t rea t -  

F;. ' 2  D i s t r i b u t i o n  and Removal. of Krypton 

Some krATton i s  assumed t o  escape frorrl t h e  f'uel. elements during 

ha,ndling i n  t h e  s torage  cell (0.1%) and. tiie mechanical handl ing c e l l  

(0.5%)). The rexminder i s  evolved i n  t h e  shear,  the  voloxidizer ,  and. t h e  

d i s so lve r .  

provided f o r  t he  d i s so lve r  off-g;es stream and. i s  I-ocated. downstrean of 

t h e  primary iod ine  removal equipment. 

i s  included as p a r t  of t h e  final off-gas t rea tment  (system 0 )   and^ i s  

A primary ki-ypton removal sys t en  with a system DF of -..lo00 i s  

AL secondary krypton removal system 
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. 

assimed t o  g ive  a system DF of 1000. 

p l a n t  off-gas  streams i s  summarized i n  Table !j.)c. 
t'ne primary removal system, which i s  determined by the f r a c t i o n  of krypton 

t h a t  bypasses t h e  system, i s  i n  t'ne range of 10" i n  cases  where there i s  

no i n t e n t i o n a l  bypass of head-end c e l l  off-gas ( runs  1- and 3).  
where t h e r e  i s  s i g n i f i c a n t  bypass of cell a i r  around the  primary removal 

bysten, t h e  e f f e c t i v e  D F  across  t h e  primnry system i s  oi? the order  of 

100 t o  200. 

The d i s t r i b u t i o n  of krypton i n  

The e f f ec t iveness  of 

For cases  

(bqo addi- t ional  ca l cu la t ions  were made to demonstrate t h e  e f f e c t  of 

havi.ng no primary krypton removal system while r e t s i n i n g  the  secondary 

system. 

the same a i r  flow p a t t e r n  as run 7. 
of -1000, t h e  D%' of the  secondaxy kryp-bon removal system. 

krypton i n  the  p l an t  feed  reports t o  t h e  secondary kry-pton removal system. 

In rim gP, where a Large amount of recyc le  c e l l  air i s  used, high concen- 

t r a t i o n s  of krypton a re  present  i n  Line off-gas system. If ne i the r  of t h e  

k.rygton remova.1 sys  Lerns were opera.ted, t h e  d i s t r i b u t i o n  o f  krypton in. the  

off-gas streams would he sirrtiiI.ar t o  Ynat  shown ii1 runs 5P and 7P, with 

t h e  exception tlnat all t he  krypton f e d  t o  t h e  p l a n t  would. FE: r e l eased  

through the s tack.  

Run 5P used the  same si.r flow p a t t e r n  as  run 5, 2nd Tun r7P used 

Both of t'nese runs had. i d e n t i c < d  DFs 

All of t he  

An add i t iona l  ser ies  of runs was ma,de t o  i n v e s t i g a t e  t h e  e f f e c t s  of  
inerreased head-en.d r e l e a s e  and t h e  omissio:n of voloxidat ion on krypton 

d- i s t r ibu t ion .  

rece iv ing  and s torage  cell atmosphere was increased  by a f a c t o r  of 10, 

while t h e  mount  of krypton r e l eased  -to t h e  mechanical handling c e l l  vas 

h e r e a s e d  by a factor of 2. 

by f a c t o r s  of 1.7 (comparing run 8 wi . th  Tu.rt 5)  and 3.1 (comparing run 9 
w i t h  run 5AL 

I n  runs 8 and. 9, the  am.ount of krypton r e l eased  to the 

The overall krypton re-Lerttion f a c t o r  decrezsed 

I n  run 9 the off-gas  from t h e  rece iv ing  and s torage  c e l l  was routed  

LO t h e  ves se l  off-%as, causing a s i g n i € i c a n t  increase  i n  the amount of 

krypton t h a t  bypassed t h e  primary krypton system; t h e  secondary krypton 

removal sys  Len1 was not operated. 



Table 5.h.  D i s t r i b u t i o n  o f  Krypton i n  Process O f f - G a s  

F r a c t i o n  o f  Input 
He ad- End 

I n l e t  t o  O f f  -Gas O u t l e t  
A i r  Vesse l  Bypassing from Feed t o  Discharge P lan t  

Re t e n  t i o n  RUn Flow Off-Gas Primary Kr P r i m r y  Kr Recycle F i n a l  Kr t o  
No. P a t t e r n  Treatment T rea tnen t  Treatmerit A i r  Remvai  Stack Fac tor  

1 

2 2 

3 3 

4 ir 

w 4 
5 5 

5.4 5 

5? 5 

6 5 

7 7 

7P 7 

8 5 

9 5 

13 5 

2 . 2  x 10-3 

5.0 x I O q 2  

2 . 5  10-3 

7.5 10-3 

7.5 10-3 

6.8 x 

6.8 x lo-" 

9 s o  
5.3 x la-"  

8 .5 10-3 

1 .O1 

1 1 x 10-2 

2.1 x 10-1 

5.9 10-2 

0 .0 

0.01 8 

0 .0 

0.3057 

3.0057 

0 .a26 

0.026 

2 .73 

0.01 9 

0 .0073 

il.007k 

0 .OL2b 

0.081' 

Ci .a26 

I .OI 10-3 

I .oi) 10-3 

1 .OI 10-3 

1 .oo x -0-3 

I .oo 10-3 

1 .oo x 10-3 

I .a0 10-3 

1.02 

I .oc x 
1 .oe x 13-3 

3.993 

'; .0'3 x 10-3 

9.90 x 

: .oo x IO-" 

i) .001 

0 .Oh5 

0 .a025 

6.6 x 

6.6 x 

0.06i 

0.061 

9.51 

0.045 

I , I  IO-* 

0.013 

0 .: 01 

0 .: 8h 

0.061 

I .2  x 1 0 - ~  I .2 :0-6 

5.6 x 5.6 x 70-" 

3.0 x 3.0 10-7 

6.0 x 13-3 6.9 x 

6.8 x 6.8 x ;0-3 

7 . 2  x  IO-^ 7.3 IO-"  

7.1 x 7.2 x 

1 .00 I .o 
5.; :0-3 5.4 10-6 

8.3 x : e - 3  8.3 

1 .oo '1 .e x  IO-^ 

i .2 x 10-2 1 . 2  x 10-6 

2 .1  x 10-2 2 . 2  x 10-2 

7.1 x 7.2 x  IO-^ 

1300 

1 .9 x ? 0 5  

120 

1000 

8.3 x I O 4  

(a )  Krypton r e l e a s e s  of  0.1% t o  t h e  s to rage  c e l l  and 0.5% to mechmicnl  handling c e l l  a r e  a s w e d .  

(b Krypton r e l e a s e s  of 7 %  t o  bo%h s to rage  and mechanical handl ing  c e l l $  a r e  a~swned  f9r- rune 8 and 9. 

, 
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Several g e n e r d  conclusions can 'oe drawn from the  krypton da ta  for 

t he  runs j u s t  discussed. I n  order  t o  maximize t h e  amourit of krypton 

retained,  t he  amount of krypbon bypassing t h e  primary system should be 

mini.mized. Tnis can be accomplished i n  e i t h e r  of two ways. Ir' a l l  the 

cell. e f f l u e n t  a i r  i.s taken i n t o  t'ne head-end equipmen.t;, t he  amount of 

krypton released. i n  these  c e l l s  i s  i i lvnakri .a .1  s ince a l l  of it would be 

sen t  t o  t h e  primary krypton rernoval. system i n  the  various equipment o f f -  

gas streams. I-Iowever, i f  a po r t ion  of the  c e l l  atmosphere bypasses 

primary treatment,  then  t h e  head -end r e l eases  should be r r t i n h i z e d  i n  order  

t o  m.i.nimizc the  e f f e c t  of bypassing the  prjrnary system. The use of recycle  

a i r  .to sweep the  c e l l s  i s  bene f i c i a l ,  e spec ia l ly  i f  a s ignif ' icant  propor- 

t i on  of  t h e  c e l l  e f f l u e n t  gas i s  taken i n t o  the  equipment off-g,.a:;. The 

recycle  air ,  i n  e f f ec t ,  r e tu rns  any krypton which e i t h e r  bypa,sses o r  

e x i t s  from t'ne primary system f o r  f u r t h e r  processing. 

Primary krypton removal w i l l  provide a DF of 1000 i f  a l l  t he  head-end 

gas is passed through the  system. Wi-Wi  most of tile runs, a c e r t a i n  amount 

of t he  head-end off-gas bypasses the primazy krypton system a n d  TjFs i n  

tize range of 50-1.50 were typical.. Operatiijn of  t he  secondary system alone 

w i l l  also produce a DF of approximately 1000. Ilotjever, the p l a n t  must be 

ab le  t o  t o l e r a t e  t h e  high krypton content of t ne  c e l l  gas t h a t  occurs with 

l a r g e  recyc le  a i r  r a t e s .  To ob ta in  DFs i n  excess of l$-l@, both t h e  

primary and secondary systems were required.  The i n s t a l l a t i o n  of both 

systems has t he  advantage t h a t  p1an.t operat ion could probably be continued 

i n  the  event of a shuWio>i~i of e i t h e r  of -the systeiiis. If only one krypton 

removal system were i n s t a l l e d ,  a f a i l u r e  i n  t h a t  system would .  r equi re  t h e  

e n t i r e  pl.ant t o  'be shut down o r  would r e s u l t  i n  a l l  t he  krypton being 

re leased  t o  -Lhe atmosphere. 

5.3 D i s t r ibu t ion  and Reteat ion of Iodine 

The complexity of iod ine  behavior and the many poss ib l e  i n t e r a c t i o n s  

between process  systems m a k e  a simple ana lys i s  of iodine i l i s t r ib i i t ion  

impract ical .  Two rad ioac t ive  i so topes  of iodine,  namely 1311 (ha l f - l i f e ,  

8 days) and l2"I ( h a l f - l i f e ,  1 .6  x I O 7  years) may be p resen t  i n  the  

f u e l  a t  t h e  time of processing. The r e t e n t i o n  o€ "'-1 w i l l ,  i n  general ,  



be equal. t o  o r  g r e a t e r  than  t h a t  of 12’1 due t o  some ga in  from decay of 

l3lI i n  t he  process  inventory.  

i so iope  t o  fol low and no c r e d i t  was t aken  Tor. r ad ioac t ive  decay. 

For t%lis study, 12’1 was t aken  as t h e  

A s e r i e s  of computer runs (descr ibed  i.n Table 5 .5)  was made t o  

i l - l u s t r a t e  t h e  dis-Lribut ion of i.odi-ne throughout t h e  process systerr f o r  

a s e t  of b a s i c  a i r  flow p a t t e r n s  and  typical .  opera t ing  condi t ions.  The 

dis-Lribut ion of i-odine i n  p l a n t  gas stream i s  surrmarized~ i n  Table 5.6; 
t h e  d i s t r i b u t i o n  il? s o l i d  and l i q u i d  streams i s  sumnarized i n  Table 5.7. 

Tne a c t u a l  system DF (Table 5.8) i s  def ined  as the ratio of t h e  iod ine  

content  of t h e  i n l e t  stream t o  t h a t  of t h e  o u t l e t  stre\m and the e f f e c t i v e  

DF i s  defined. as t h e  r a t i o  of t h e  iod ine  content  i n  the  j n l e t  t o  a system 

t o  t h a t  at  t h e  next  downstream I.odine sys ten  i . n l e t ,  (See Fig. A-1 i n  

t he  Appendix f o r  a.0 o v e r a l l  p l a n t  f lowsheet w i t h  i d e n t i r y i n g  streaxn codes. ) 

Huns l-‘7 i . l . lustrate t h e  iod ine  d i s t r i b u t i o n  f o r  t h e  basi-c flow p a t -  

t e r n s  given i n  Table 5.1. 
of 10l1 Lo 1G2 were typical . ,  wi~th  no g r e a t  d i f f e rence  bei.ng produced by 

i n t e r n a l  a i r  flow p a t t e r n s  or gas flow r a t e s .  The l i m i t i n g  o v e r a l l  DF 

w a s ,  i n  most cases,  s e t  by recontaminat ion o f  t he  of f -gas  i n  t h e  f i n a l  

s t age  of treatment, with recyc le  water or t h e  bypass of srnall q u a n t i t i e s  

of iod ine  around the f i n a l  t rea tment  system. A s  i nd ica t ed  i n  Table 5.8, 
t h e  e f f e c t i v e  DF of the  f i n a l  off-gas  t rea tment  systerr was considerably 

l e s s  thaii t h e  ac t i ia l  DF i n  some of t h e  runs. 

rims i n  which the  inpu t  t o  f i n a l  o f f -gas  Lrea’cmeLit was hj.gher by two t o  

t h r e e  o rde r s  of magnitude than  previous runs, y e t  t h e  f i n a l  removal system 

was e f f e c t i v e  i n  g iv ing  f u r t h e r  decontamination. 

Overal l  p l a n t  ye t en t ion  fa .c tors  in t h e  ra,nge 

Runs 6,  6A, and 7 r ep rescn t  

The e f f e c t i v e n e s s  of  t h e  v e s s e l  o f f -gas  t rea tment  system v a r i e s  widely 

amd depends on such f a c t o r s  as system e f f i c i ency ,  degree of recontamination, 

and the  r a t i o  of t r e a t e d  off-gas  recyc led  t o  t h e  c e l l  to t h a t  going t o  

final.  off-gas  t reatment .  For example, i n  run 5 (Table ?.’(), t h e  actua.1- 

vessel- off-gas iod ine  DF w a s  only 1 .0 ,  while the  e f f e c t i v e  DE’ was -1.0 . 
This e f f e c t  was t h e  r e s u l t  of pl-ocessing t h e  a i r  going t o  the f i n a l  o f f -gas  

stream through e f f i c i e n t  iodjine remova.1 equipment while bypassing the  gas 

being recyc led  t o  t‘ne cel l .  around t h e  iod ine  removal system. 

opt ions may in f luence  the  genera l  l e v e l  o f  i.odine contami.nation i n  t h e  

c e l l s ,  t hey  have l i t t l e  e f f e c t  on o v e r a l l  i od ine  r e t e n t i o n .  

4 

While such 



b . 

Table 5; .5. R u n  Conditions f o r  Basic Iodine Behavior Study 

~ ~~ 

Fract ion of  Head-End F rac t iona l  Release 
A i r  Receiving and Storage I, Evolved from 

Run Flow Water A i r  Nechanical Handling Dissolver Solution 

1 1 0 .005 0.001 0.005 0.999 

2 2 0.005 0.001 0.005 0.999 

3 3 0 .005 0.oor 0.005 0.999 

4 

5 

6 
6A" 

Ma 

SA" 

7a 
1 oa 

1 La 
15 
1 Sa 
19 
22a  

23a 

11 

Ir 

h 
5 
5 
6 
6 
7b  
7 
3 

7 

0.905 

0 .OG5 

0.005 

0.005 

0 .go5 

0.005 

0.005 

0.01 

0.01 

3.005 

0.005 

0.005 

0.005 

0.005 

0.91 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

c.0c1 

c.01 

0.01 

0.001 

0.001 

0.03? 

0.001 

0.001 

3.0: 

0.005 

0.005 

0.005 

0.005 

0.005 

3.005 

0.005 

0.01 

0.01 

0.005 

0.035 

3.035 

0.005 

0.CCS 

0.C1 

0 ,999 
0.999 

0.999 

0.999 

0.999 

@ .999 

0.999 

0.999 

0.9?9 

0 .??? 
0.99 

0 .?9 
0.95 

c .95 
0 .95 

a Final  krypton systen was not operated.  This system was assuned t o  give a EF o f  - 2 3  fnr I,. 

bNo voloxidation , 



a T i t ~ l e  5.6. Dis t r ibu t im o f  Iqdine .in P1;lnt G;l,= S t r e s m  
(Fract ion o f  Input) 

Gaseous 
Bypass Feed O f f  -Gas O f f  -Gas Peed F ina l  
Primary Pri.wI-y Primary Secondary Iiecycle Off-Gas 

Off-Gas 
Final  0-6 

I, Reroval, T, Remval, I, Remmal ,  I, Remval, A i r  Treatment, Treatxent, I, Flemvai, 
R u n  A2 + B3 1 .  H- 7 2 ;  M6 III 1 N2 + N3 Kl 01 _ I  

~ . .- 

2 

3 
4 
bf. 
5 
9 
6 
6A 

7 
I 0  
1 1  

14 

15 
18 
19 

22 

23 

0 .0 

5.0; i13-3 

0 .0 

5.01 x 

5.01 x 10-3 

5.51 13-3 

5.51  IO-^ 
5.0.1 10-3 

5.0- x 
6.51 x 
2.03 x 

0 .O 

6.51 x 

3 .0 
6.51 x 

6.51 10-3  

o .0 

2.03 x  IO-^ 

c , - ,  
' , I  .,Y f 7 ~ 

0.97b2 
0.9792 
0.9742 
0.97& 
0.9737 
0.9737 
0.9742 
0.97b2 
0 .9727 
C .9.%2 

0.9742 
0 .a78 
3 .Y735 
D .967': 
0 3486  
0.3422 
0.92L3 

4.92 I;-" 

LL.92 x lo-" 

b.92 x 
h.92 x 'O-' 

4.92 x 10-" 
Lb.92 x IO-' 

L.92 x 10- 

L.92 x IO-' 

4.92 x 13-' 

b.92 x ?O-' 
4.91 x IO-" 

4.91 x 10-8 

b.99 x 10-8 

L.Yl x 10-8 

4.89 i o - 9  

L.89 x 10-8 

4.88 x lo-" 

4.91 x 

5.12 x 1 0 - ~  

5 .12  x 13-3 

.I .03 x I C I - ~  

1.03 x 10-2 

1 .08 x 10-2 

1 .oE x 10-2 

I .03 x IO-* 
1.03 x 10-2 

; . I 9  x 10-2 

3.02 x ?0-2 
y .cs 

1.02  x 10-2 

; .70 x I O - "  

3.96 x 70-2 
5' .7h x 10-2 

1 .03 x 

1 . I 9  x io-' 

3.28 x 10-" 

3.63 x lo-7  

7.32 10-7 

3.66 x 
7.32 x 1 

7.32 x 10-7 

6.37 x 1 0 - 7  

8.37 10-7 

7.99 13-7 

7 3 9  ;o-7 

8 .?8 x : c-7 
2.21 x 10-6 

8.78 x 10-7 

7 20 x  IO-^ 
1 .24  x 10-6 

2.63 s 

6.90 x 

2.30 x 

4.13 x 

2.27 x 10-10 

6.82 x 10-l' 

11.59 x 10-10 

6.7h x T3-l' 

6.73 x :0-l1 
8.07 x 
9.07 x 10-7 

7.68 x 
7.68 10-7 
: .I@ x 13-11 

8.87 x 10-10 

1.10 x l0-11 

3 .54 x 10-10 

': *b7 x 10-11 

9.b7 x l o -=  

3.13 x ~ 0 - l ~  

2.65 x 7 0-l1 

h.65 x 1o-l1 

2.53 x 
7.98 x 
1.95 x lo-" 

6.94 x IO-" 

6.9b x IO-" 
8.90 x 13-11 

s .43 x 10-8 
8.43 x 
9.35 x 10-7 

2.23 x  IO-^ 

9.35 x 
L.06 x 4 0 - l ~  

1.21; x 
1 .a8 x .I@-"  

2.59 x 

8.90 x 

3.76 x 10-l' 

3.86 x I O W 6  

7.67 x 
1 . 2 2  x 10-12 
7.67 x 
1 .30 x IO-" 
1 ,L5 x 10-12 

5.09 x 10-1" 

3.06 x 10-l' G3 

7.78 x :0-10 
1.85 x 10-9 

1.47 x 10-12 

.21 x 10-12 

3.23 x :0-12 
2.1b x l0-S 

3.18 x lo-' 

3.06 x 
w 

7.60 x ?0-l1 

7.76 x 10-l' 

1 .@3 x ;O-' 

~~~ 

aDesLgnation of  streams a s  shoiin i n  F i g ,  A-7 i n  the Appeodix. 
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Runs 10 and. I1 represent  dupl ica t ion  of runs 7 and 3, except t h a t  

tile iodine esczging t o  t'ne storage c e l l  and mechanical handling c e l l  was 
increased  by f a c t o r s  of 3.3 and. 2 respec t ive ly .  Overall  p l an t  r e t en t ion  

f a c t o r s  were reduced by f a c t o r s  of 2 . 4  amd l . 2  respec t ive ly .  The recluc- 

t i o n  was less f o r  the case of t h e  higher  i n i t i a l  DF (run 3),  again due t o  

the l imiti-ng e f f e c t  of recontamination. 

The main evolut ion of I, takes place  i n  t h e  feed  adjustment s tep .  

I n  ~ ' u n s  1-7, it wa,s assumed that 99.9% of the  iodine i n  so lu t ion  r epor t s  

t o  !;?le off-gas  stream, which Ynen feeds t h e  primary iodine runov-a.1 system. 

T.do s e r i e s  of runs were made t o  inves t iga t e  the  e f f e c t  of' I, evolut ion 

(519.0% and 95.O$) i n  t he  feed  adjustment s tep ,  

r a t e s  tha'i were used i n  runs I and 7 were a l s o  used i n  t 'n i s  s e r i e s  of 

runs. Any iodine  not evolved daring the  feed  adjustment s t ep  remained 

i n  the  feed stream to t he  solvent  ex t r ac t ion  system. Pie major po r t ion  

of the iodine i n  the  l i q u i d  system f i n &  i t s  way t o  the  f i r s t - c y c l e  axid- 

water recovery system, causing a s i g n i f i c a n t  increase  i n  the  iod-ine inven- 

t o r y  (%ble 5.'7). 
recovery systems i s  released during burning i n  t h e  waste handLi.ng sec t ions  

and. event imlly r e p o r t s  t o  t h e  off-gas  system feeding the  secondary iodine 

removal system. 'The overall .  r e t e n t i o n  fac- tors  f o r  iodine a r e  reduced by 

decreased iod ine  evolut ion i n  the feed  ad.justment, step.  When t'ne iodine 

evolut ion i s  reduced. from 99.9 t o  99.0$, the  o v e r a l l  UP w i l l  be decreased 

by a f a c t o r  of 1.3 t o  1. 5; f o r  a reduct ion from 99.0 t o  95.0'$, t h e  I l l?  

w i l l  be f u r t h e r  decreased by a f a c t o r  of 2 . 1  t o  2.5. 

The same bas i c  a i r  flow 

The iodine r e t a ined  by the  r e s i n s  i n  tne acid-water 

Reducing the iod ine  evolut ion during feed  adjustment increases  the  

amount of iodine t h a t  bypasses t h e  primary iod ine  removal system, causing 

an ri-ncrease i n  .the load placed on the  secondary iod ine  removal system and 

r e s u l t i n g  i n  a propor t iona l  increase  i n  the amount of iodine released. i n  

bile s tack  gas. 

O n e  ad-dit ional run (run 2 3 )  w a s  made i n  an e f f o r t  t o  combine t h e  

e f f e c t  of high head.-end r e l ease  with reduced evolut ion in t'ne feed ad jus t -  

ment s tep.  The ai.r flow r a t e s  for t h i s  run were the  same a s  those used 

i n  run 7, i n  which a s i g n i f i c a n t  amount of t h e  off-gas  from- t h e  head-end 

sec t ions  bypassed. t he  primary iod ine  removal- system. The r e s u l t s  show a 



s igni - f ican t  decrease i n  t h e  amount of iodine repor t ing  t o  t h e  primary 

iodinc removal systari and a corresponding incrzase  in t h e  feed  t o  t h e  

secondary iodine removal system. The anioun1,s of iodine observed in t he  

o ther  gas streams a r e  a s  one would expect;  t he  o v e r a l l  DF was reduced 

by a f a c t o r  o f  -)/. 

A series of runs was made i n  Tdnieh the  var ious iodi-n.e removal 

systems were e i t h e r  cldeted from the  system or t h e i r  removal e f f i c i ency  

was redaced. Four  ba,sic a i r  flow p a t t e r n s  were used i n  t h i s  payt  of  t h e  

stirciy. I n  each run, t h e  head-end r e l ease  r a t e  of iod5ne was he ld  constant  

a t  tlne s tandard value and. an iod ine  evolut ion r a t e  of' 99.0% w a s  assumed 

i.n t he  feed adjustment s tep.  The second.ary Kr-Xe removal equipment was 

not operated. 

Runs were made with each a i r  flow r a t e  pa t te rn ,  w i n g  t h e  following 

conditiolis : 

(1) No pyimary iod ine  removal system. 

(2) NO secondary iod ine  removal system. 

( 3 )  Iodine removal e f f ic iency  of r e s i n s  and charcoal  beds i n  
acid-water recovery systems reduced from 99.0 t o  90.0%. 

(4) Iodine removal e f f ic ie i icy  of s i l vey -zeo l i t e  beds i n  off-gas  

systems reduced from 99.3 t o  99.0%. 

Il'able 5.9 l i s t s  t he  coiiditions usecl for t h i s  s e r i e s  of runs. l'he 

d i s t r i b u t i o n  of leal, i n  the  var ious  off-gas  streams is shown i n  Table 

5.10; t he  DFs f o r  t he  individual. systems a r e  shown iii TabJ-e 5.11. 

When t h e  primary iod ine  system i s  not  operated, t h e  iodine t h a t  wou.l.d. 

normally be removed r epor t s  t o  t h e  secondary iodine removal system. For 

example i n  r i m  211, tine feed  s h e a m  f o r  t he  secondary iodine removal system 

conta,ins 96 times the  iodine present  i n  the  corresponding stream for rim 

1.5. m i l - e  the  secondary system can remove the  bulk of  -the iodine,  the 

amount of  io4 i .m in t ne  feed  t o  t h e  ves se l  off-gas  system for run 2 ) ~  i s  

96 times t h a t  i n  run 15. The increased  concentrat ions of iod ine  i n  the  

ves se l  oTf-gas and- f i n a l  off-gas  systems a r e  p a r t l y  negated by the  e f f e c t  
of recontaminati.on by c e l l  a i r  inleakage and :recycle water, and the  ove ra l l  
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Table 5.9. Run  Conditions Testing the Effect of Reduced 
12' I, Removal Capability" 

~ 

Basic A i r  Use of Use of Fraction I, 
Flow Pattern Primary Secondary Fraction I, Retained 

Used i n  I, Remov.1 I, Remval Retained by Gas- 
RUn System? System? by Aqueous Phase Beds RUn 

15 1 Yes Yes 0.99 0.999 
16 4A Yes Yes 0.99 0.999 
17 SA Yes Yes 0.99 Q. 999 
1% 7 Yes Yes Q* 99 0.999 
2& 1 No Yes 0.99 0.999 
25 4A No Yes 0.99 0.999 
26 SA No Yes 0.99 0.999 
27 7 No Yes 0.99 0.999 
28 1 Yes No 0.99 0 999 

29 4A Yes No 0.99 0.999 
30 5 A  Yes No 0.99 0.939 
31 7 Yes W.. 18 u 0.99 0. s g  
32 1 Yes Yes 0. go 0.999 

33 4A Yes Yes 0.90 0.999 
34 5A Yes Yes 0.90 0.999 

35 7 Yes Yes 0.90 Q. 999 
36 1 Yes Yes 0.99 0.990 
37 LA Yes Y e s  0.99 0.990 
38 5. Yes Yes 0.99 0.990 

39 7 Yes Yes 0.99 0.990 

'Standad head-end release r a t e s ,  9 6  I2 evolution i n  feed adjustment step 
and no secondary Kr-Xc removal applied t o  a l l  runs. 



Table 5 .I 0 .  D i s t r ibn t ioc  of "'I, f o r  Reduced Eff ic iency f o r  Varioils Lodine Rermval Systens' 
(Fract ion o f  Input)  

Secondary 
Feed Off-Gas Feed Off-Gas Feed F ina l  Off-Gas Recycle 

Acid- H,O 
I, Remo?ral, I, Removal, I, RenoVal, I, Re.mval Air Trea trnent , Tre a-liner, t , Inventory,  
Primary Primary Secondary Secondary Recycle Off-Gas Fina l  0-G 

xm F1 M6 M6 E l  x2 4 3  N1 01 s142 

15 
24 
28 
32 
36 
16 
25 
29 
33 
37 
17 
26 
30 
3b 
36 
18 
27 
37 
35 
39 

0 .9735 
0.9736 
0.9735 
0.9735 
0.9735 
0.9656 
0.9686 
0.9656 
3.9656 
0.9686 
0.9661 

0 .958 
0.9681 
0.9681 

0 .Y671 
0.9671 
0.9677 
G ,967: 
0.9671 

0.9661 

1 .02 x IO-' 7.20 x 10-7 3.54 x 
0.9838 6.89 x IO-' 2.L8 x 
1 .'I6 x lo-' 1 .I6 x 4.18 x l ob6  
? .01 x -O-' 8.86 x 9.96 x IC)-' 

1.54 x 10-2 -.OY x :0-6 9.27 x 
3 .Y641 6.89 x 10-' b.72 x IO-' 
1.75 x 13-2 7 .75 x 'e-" 1 .19 x IO-' 
I .5& x 1 .99 x 2.00 x IO- '  

.6O x IO-" 1 .20 x 1 .08 x : o - ~  

7 .02 x -o-"  7.20 x 3.54 1 P  

I .54 x IO-* 1 .09 x I Q - ~  9.27 x 

0 .Ye42 6.90 x 1c,-5 5.01; 'X I -5  

?.00 x 13-1 7.31 x :o-2 7.3; x 10-2 
: .sy :0-2 9.112 x 10-6 2.84 10-5 
1 .6@ x .20 x ' o - ~  1 .c: x 10-6 
1 .TO x lo -*  1.21. x 10-6 1.47 x 10-11 
3.9E4'! 6.89 x Io-' 6.95 x lo-' 
2.10 x 10-2 2.10 x 10-2 2.11 x 20-7 
? .69 x 6.L2 x 16-6 3 .(IO x 
: .70 x 70-2 '1.2b x 10-6 1 ,k?  x 13-11 

h.06 x 10-10 
2.55 x 2.60 x 
k.79 x !r6 b.36 1 0 - ~  
1 *1h x ?0-8  
4.36 x '0-9 

9.55 x ;0-10 3.79 x 
4.86 x :O-' b.17 x 
1 .23 x I .a  IO-^ 
2.06 x 10-9 I 5 3  10-10 
9.55 x 'io-9 9:1-~ 10-11 

: .19 x 1 0 - l ~  3.79 x 
5.59 x 1~ 3.98 x 

3.0? x lQ-3 1 .38 x 1 3 - i o  
I . r 9  :o-9 2.84 73-11 

1 .24 x ' io-6 

1.70 x 10-2 

1.2b x ;0-" 

I .23 x 1 ~ 1 2 ~  

1 .& x 10-11 
3 .j7 x 10-11 

8.'iI x 5.5; x la-' 

1 .03 x lo-' 
5.61 x 4.60 x IO-" 

2.9$ x 2.51 x 'io-" 
1.3y x 13-6  

1.03 x IO* 

1 .47 x 10-6 
1 .La x 10-6 
I .Y2 x 10-6 
5.Yl x 10-6 
1 .L7 x 70-6 
1.47 x '0-6 
? .4S x-:r)-6 
2.'5 x 10-6 
5.92 x 10-5 
'i .47 x 10-6 

1 .48 x 'io-" 
1 .L8 x i o - '  
5.35 x Io-6 
5.99 x i o - 5  

1 .k8 x ?o -6  
1 .48 x 10-6 
i .h8 x 
2.78 x 
5.98 x 

- 
-6 

-L 

,$8 x :ci-6 

Streams a re  designated a s  shown i n  Fig.  A - I  i n  t he  Appendix. a 

bCslculated values  assaming no secondary Kr-Xe removal system. 
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p l a n t  r e t e n t i o n  Tactor f o r  run 2lt i s  on ly  a f a c t o r  of 21 Ikss  than  that;  

f o r  run  15. Simi.1-a.r e f f e c t s  a r e  observed i n  t h e  fol lowing run p a i r s :  

16-25, 1.7-26, and 18-27. 

The d e l e t i o n  of  t h e  secondary iod ine  removal system lhas a very 

de t r imenta l  e f f e c t  on t h e  p l a n t  r e t e n t i o n  factor f o r  iodine.  The renoval  

of the secondary sys tun  cadses an increase  i n  t h e  f eed  t o  t h e  v e s s e l  o f f -  

gas systcm by a fa.ctor of 1-61 x 104 t o  8.33 x 104. Tnis i s  a much l a r g e r  

i nc rease  tha.3 t h a t  observed f o r  tile cases  i n  which t h e  prirnary iod ine  

sys-tali was rmoved (& i-ncreased by a f a c t o r  of  57 t o  96). Even wi th  

small gains  i n  the DFs of t h e  vessel. o f f -gas  sysLzm and the  f i n a l  o f f -gas  

systcfn, t h e  o v e r a l l  pla.nt  r e t e n t i o n  Yactors were reduced 3y f a c t o r s  of 

2.6 x 1@ to 1 . 4  x 1@ f o r  runs 28-31. 

I n  t h e  aciri.-:,mter recovery systems, the  aqueous s t r e a m  a r e  t r e a t e d  

f o r  iod ine  removal by r e s i n  and chercoal  'oeds. In runs 32-35, i - L  was 

assluiled -that t h e  f r ac t io r i  of & r e t a i n e d  by t h e  individual .  be6s was reduced 

from 0.99 t o  0.90. 

amount of i n  t h e  recyc le  acid and watei- streams, which, i n  t x n ,  i n -  

c reased  t h e  moun t  of recontami.na.tion t h a t  took pl.a.ce i n  t h e  secondary I2 

removal, v e s s e l  off-gas,  and f i n a l  off-ga.s t rea tmect  systems. Increased  

recontaminat ion resu.l-ted i n  a s igni f ica ,n t  decrease i n  t h e  reten-Lion f a c t o r s  

f o r  t'nese systems. The ovzral.l. p l a n t  r e t e n t i o n  f a c t o r s  were redxced by 

f a c t o r s  of 12 t o  40. 

~ g i s  caused an inc rease  (by a f a c t o r  of 40) i n  t h e  

Reducing tile f ' ract ion of iod ine  r e t a i n e d  by t h e  s i l v e r  zeo?.ite beds 

i n  :;he vessel. o f f -gas  system and t h e  f<.nal of f -gas  system from 0.999 t o  

0.jJg n a s  o n l y  a small e f f e c t  ojl the iodine re leased  i n  t he  stack gas. I n  

run 39, t h e  n e t  ?-rf-cra:s i s  not t r e a t e d  f o r  i od ine  removal i n  t h e  v e s s e l  

o f f -gas ;  hence t h c  nLa,nt r e t e n t i o n  f a c t o r  for iod ine  was decreased by only 

a f a c t o r  oi" 10 i.n t h i s  run. Tne r e t e n t i o n  f a c t o r s  of t h e  vesse l  o f f -gas  

a n d  t h e  F ina l  off-gas t reatment  systems were each -reduced by a fa.ctor of 

10 j.n runs 36-38. 
only a f a c t o r  of 7 t o  2'7. These smaller-than-expected reduct ions  i n  t h e  

DF a r e  caused by t h e  r e l a t i v e  irriportance of recontaminati-on by t h e  r ecyc le  

water stream. For exm?le ,  i n  run 36, where .the amoimt of iod ine  i n  t h e  

Fowever, t h e  overal.1 p l a n t  r e t e n t i o n  was reduced by 







7. AI’PENDZX 

The gene ra l  f lowsheet used i n  developing t h e  mathematics1 model i s  

i l l u s t r a t e d  i n  F ig .  A-1. 

cell- containment enc losures  was modeled with r e spec t  to inroming streams, 

i n t e r n a l  i n t e r a c t i o n s ,  and exit streams. Reference drawing numbers for  

each of t h e  39 systems modeled are listed i n  Table A-1,  and r ep resen ta t ive  

drawings are inc luded  f o r  t h e  tritium removal system ( F i g .  A-3), iodine 

evolu t ion  and feed  adjustment (F ig .  A - $ ) ,  and priiiiary iod ine  removal 

( F i g .  A - 7 ) .  Typical  process  flow diagrams were developed f o r  most o f  thP 

systems modeled, and examples a r e  included f o r  the  tritium remcval system 

(Fig .  A-P),  i od ine  evolu t ion  system ( F i g .  A - k ) ,  primary iod ine  rcmoval 

(Fig. A - 6 ) ,  secondary iod ine  removal ( F i g .  A-8 ) ,  and t h e  a c i d  and water 

recovery systems (F ig .  A - 9 ) .  

Each of 23 process  and e f f l u e n t  s t eps  and 6 
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T a b k  A-1.  Reference Drawings o f  Vathematical  Models 

of I n d i v i d u a l  Systems 
.I ..-..II- ..._ .ll__l 

M-12251-CD-022 

M-12251-CD-023 

Mathematical  Model S e c t .  A: R e c e i v i n s  and. 
S torage  

Mathematical  Model S e c t .  B :  Vathematical  
Handling Ce l l  

M- 1 2  2 51- CD- 0 3 8 Mathematical. Model S e c t .  C :  Shear V o l a x i d i z e r  

M- 1 2  2 5 1 - CD-- 0 1 9  Mathematical  Model S e c t .  U :  Dissolver 

M-12251-CD-043 Mathematical  Model S e c t .  D C :  Tlissol.vcr and 
I o d i n e  Eqiuipment Cell 

Mathematical  Nodel Sect. DE: I o d i n e  Evolu t ion  
and Feed Adjustment 

!VI- 1 2  2 5 1 - CD- 0 2 5 Mathematical  Model S e c t .  H: Primary T r i t i u m  
Hemoval 

M-1.2 2 51-CD -0 39 

Machemat i c a l  Model S e c t .  Y : Primary I o d i n e  
Removal 

Mathematical Model S e c t .  G :  Primary Kr-Ye 
Removal 

M-I x 2 5 1 - C U - O 2 ' (  Mathematical  Yodel Sect. GC : General  C e l l  

M-12251-CD-037 

Mathematical Model S e c t .  H :  i+'i rst Cycle 
Solvent  E x t r a c t i o n  

Mathematical  Model S e c t .  H C :  So lvent  
E x t r a c t i o n  C e l l  1st Cycle 

M- 12 2 5 I. - 0- 0 4 0 IdaLhematical Model. S e c t .  I :  U P u r i f i c a t i - o n  

M- 122 1- CD- 028 

S X  

Mathematical  Model Sect,. I : UO:, Product ion  
and Packaging 

M- 122 5 L-C~Y&-O 41 Mathematical  Model S e c t .  K :  Pu P u r i f i  c a t i o n  
sx 
Mathematical  Modes S e c t  - L: PuO2 Product ion  
and Packaging 

M- 11.2 2 5 1.- CD- 0 3 4 

M- 12 2 5 1- CD- 0 30 Mathematical Model S e c t .  M: Secondary I o d i n e  

M- 1% 2 5 i- CD- 0 46 Mathematical  Model S e c t .  N :  Vessel Off--Gas 

Removal Sys Lerii 

M-12251-CD-053 Mathematical  Model S e c t .  N C :  Final O f f - G a s  
'I' re at men t C e  11 

M-12251-CD-0)-18 Mathematical  Model S e c t .  @ :  Fi.nal O f f - G a s  
T r e  a t  men t 



Table A-1 -(Continued 

M-12251-CD-031 

M-12251-CD-029 

M-12251-CD-032 

M-12251-CD-036 

M-12251-CD-051 

M-12251-CD-045 

M-12251-CD-0 33 

M-12251-CD-0 L7 

M-12251-CD-05% 

Mathematical Model Sect. P: 
and Water Recovery 

Mathematical Model Sect. Q: 
Cleanup 

Mathematical Model Sect. R : 
Cycles Solvent Cleanup 

Mathematical Model Sect. S : 
Water Recovery 

Mathematical Model Sect. T : 
Production 

Mathematical Model Sect. U: 
Acid 

Mathematical Model Sect. V: 
cation 

Mathematical Model Sect. W: 
Handling 

Mathematical Model Sect. X: 

First Cycle Acid 

1st Cycle Solvent 

Pur if i cat ion  

General Acid- 

Hydrogen-Oxygen 

Makeup Water and 

Waste Solidifi- 

Solid Waste 

Analyt i c al 
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ORNL-"4- 3899 
UC-79c - Fuel Recycle 

INTERNAL IIISTRIBUTION 

J 

1. R. 13. Ackley 
2. R. E. Blanc0 
3. 5. 0. Blorneke 
4. W. D. Bond 
5.  R. E. Brooksbank 
6. K. B. Hrown 
7 .  F. R. Bruce 
8. G. I. Cathers 
9. S. D. Clinton 

10. C. F. Coleman 
11. L. T. Corbin 
12. D. J. Crouse 
13. F. L. Cul ler ,  Jr. 
14.. W. Davis, Jr. 
15. I). E. Ferguson 
16. L. M. F e r r i s  
17. C. L. F i t zge ra ld  
18. J. D. Flynn 
19. M. H. Fontana 
20. 3. W. Godbee 
21. J. H. Goode 
22. A. T. Gresky 
23. W. S. Groenier 
24. P. A. H a s  
25. E. A. Hannaford 
26. W. O. m m s  
2'7. F. E. Harrington 
28. K. B. Heirridaiil 
29. D. E. Horner 
30. A. K. I rv ine  

32. P. R. Kasteri 
33. L. J. King 
34. 13. B. mima 
35. K. E. Leuze 

31. D. S. JOY 

36. 
37. 
38. 
39. 
14.0. 
11-1. 
42. 
1-13. 
44. 
45. 
46. 
47. 
1-18. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
5'7. 
58. 

59-60. 
61. 
62. 
63. 
64. 
65. 
66. 

67-68. 
69. 

I(0 -'('3, 
80. 
8L 

H. Lieberman 
A. L. Lot ts  
R. S. Lowrie 
R. E. MacPherson, Jr. 
J. C. Mailen 
A. P. Malin.auskas 
W. T. McDuffee 
I,. E. McNeese 
J. P. Nichols 
E. L. Nicholson 
J. R. P a r r o t t  
A. M. Perry 
R. L. Pnili.ppone, RRD a t  OKNL 
€1. Postma 
R. II. Rainey 
A. D. Ryos 
FJ. F. Schaffer,  Jrr. 
c. n. Sco t t  
1,. E. Shappert 
W. E. Shockley 
J. W. Sntder 
M. J. Stephenson, ORGDP 
D. B. Trauger 
W. E. Unger 
C. D. Watson 
G. A. West 
R. G. Wlmer 
0. 0. Yarbro 
H. C. Young 
Laboratory Records, RC 
Cell-tral Research Library 
Document lieference Sec t ion  
Laboratory Iiecords 
OKML Pat e n t  O f f  i c e 
Nuclear Safety I n P o m a t i o n  Center 

82. Research and Technical Support JXvision, AEX-OK0 
33. XRD Senior S i t e  Represcntati-ve, D. F. Cope, a t  ORNL 

84-85. Director,  Div is ion  of Reactor Research a n d  Development, 
U. S. Atomic Energy Commission, Washi-ngton, D. C. 20545 

Fuel Recycle Category 
86-316. Given d . i s t r ihu t ion  as shown i n  TTD-11-500 imd-er UC-'79c, 




