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CHARACTERIZATION OF EFIXUENTS FROM A HIGH-TEMPERATURE 
GAS-COOLED REACTOR FUEL REFABRICATION PLANT 

M. S.  Judd, R.  A. Bradley, and A. R. Olsen 

ABSTRACT 

The types  and q u a n t i t i e s  of chemical and r a d i o a c t i v e  
e f f l u e n t s  t h a t  would b e  r e l e a s e d  from a r e f e r e n c e  f u e l  re fab-  
r i c a t i o n  f a c i l i t y  f o r  t h e  High-Temperature Gas-Cooled Reactor 
(HTGR) have been determined. This  in format ion  w i l l  b e  used 
t o  p r e d i c t  t h e  impact of such a f a c i l i t y  on t h e  environment, 
t o  i d e n t i f y  areas where a d d i t i o n a l  development work needs t o  
be  done t o  f u r t h e r  i d e n t i f y  and q u a n t i f y  e f f l u e n t  streams, 
and t o  l i m i t  e f f l u e n t  release t o  t h e  environment. 

INTRODUCTION 

A s  p a r t  of  t h e  Thorium U t i l i z a t i o n  Program w e  have been s tudying  
t h e  o v e r a l l  f u e l  c y c l e  f o r  High-Temperature Gas-Cooled Reactors .  This  
r e p o r t  covers  one phase of  t h i s  s tudy.  

This  phase w a s  d i r e c t e d  a t  reviewing t h e  e n t i r e  o p e r a t i o n s  of a 
commercial-scale r e c y c l e  f u e l  r e f a b r i c a t i o n  p l a n t .  The o b j e c t i v e s  were 
p r i m a r i l y  t o  e s t a b l i s h  t h e  types  and amounts of e f f l u e n t s  t h a t  would 
d e r i v e  from such a p l a n t  and s e c o n d a r i l y ,  t o  d e f i n e  t h o s e  process  areas 
where confirmatory r e s e a r c h  and development are needed. The assumed 
processes  have a l l  been shown t o  b e  t e c h n i c a l l y  f e a s i b l e  and i n  most 
cases have been developed t o  t h e  s t a g e  where scale-up t o  f u l l - s i z e  
equipment is  t h e  next  l o g i c a l  s t a g e  of development. 

The assumptions of re ject  rates and e f f l u e n t  compositions are a l l  
based on c u r r e n t l y  a v a i l a b l e  d a t a  and c o n s e r v a t i v e  engineer ing  extrap-  
o l a t i o n s  o r  estimates. The r e s u l t s  are presented  i n  such a f a s h i o n  t h a t  
they  can e a s i l y  b e  s c a l e d  t o  a d i f f e r e n t  throughput o r  product ion ra te .  
Proper ly  s c a l e d ,  t h e  e f f l u e n t  information could b e  coupled w i t h  similar 
information from t h e  requi red  a d j a c e n t  HTGR f u e l  reprocess ing  p l a n t  t o  
provide source  terms f o r  an assessment of t h e  e f f e c t s  of such a p1an.t 
on t h e  environment. 

1 
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BASIC ASSUMPTIONS 

Recyc le  f u e l  f a b r i c a t i o n  i s  t h a t  p o r t i o n  of t h e  HTGR f u e l  c y c l e  i n  
which uranium recovered from spen t  f u e l  elements a t  a r ep rocess ing  p l a n t  
i s  f a b r i c a t e d  i n t o  f u e l  and inco rpora t ed  i n t o  r e c y c l e  f u e l  elements.  
Two types  of uranium w i l l  be f a b r i c a t e d  a t  t h e  r e c y c l e  f a b r i c a t i o n  p l a n t :  
t h a t  con ta in ing  t h e  r e s i d u a l  5U recovered from t h e  f i s s i l e  p a r t i c l e s  
i n  f r e s h  f u e l  elements and t h a t  con ta in ing  t h e  233U bred  from 232Th i n  
t h e  f e r t i l e  p a r t i c l e s .  These two types  of uranium w i l l  be  s e p a r a t e d  a t  
t h e  r ep rocess ing  p l a n t  by mechanical s e p a r a t i o n  of t h e  f i s s i l e  and f e r t i l e  
p a r t i c l e s ,  and w i l l  be  supp l i ed  as separate f eed  streams t o  t h e  r e c y c l e  
f u e l  f a b r i c a t i o n  p l a n t .  It i s  expected t h a t  t h e  235U-type f u e l  w i l l  be  
s t o r e d  as w a s t e  a f t e r  i t s  second burn i n  t h e  r e a c t o r .  The re fo re ,  on ly  
once-burned 235U f u e l  w i l l  be  f a b r i c a t e d  i n  t h e  f u e l  r e f a b r i c a t i o n  p l a n t .  
A r e f a b r i c a t e d  f u e l  element w i l l  c o n t a i n  only  one type  of uranium: 
r e s i d u a l  
235U i n  t h e  r ep rocess ing  p l a n t .  
r e c y c l e  f u e l  elements i s  as fo l lows:  
as t h e  f i s s i l e  component; 
t h e  f i s s i l e  component. 

i n t o  a f u e l  element s u i t a b l e  f o r  u se  i n  an ope ra t ing  HTGR are i l l u s t r a t e d  
i n  F ig .  1. 

e i t h e r  
5U o r  bred  3U, t o  f a c i l i t a t e  s e p a r a t i o n  of t h e  twice-burned 

233U 
25R elements - elements u s ing  r e c y c l e  255U as 

The p rocess ing  s t e p s  necessary  t o  i n c o r p o r a t e  t h e  recovered  uranium 

The f i s s i l e  233U and 235U are rece ived  from t h e  r ep rocess ing  

The nomenclature used t o  d e s c r i b e  t h e  
23R elements - elements u s i n  

ORNL-0% 754929R 
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Fig. 1. Process  f o r  HTGR Recycle F a b r i c a t i o n .  



3 

p l a n t  as uranyl  n i t r a t e  s o l u t i o n s .  The uranyl  n i t r a t e  s o l u t i o n  i s  
converted t o  an a c i d - d e f i c i e n t  uranyl  n i t r a t e  s o l u t i o n  and loaded onto  
r e s i n  microspheres  by i o n  exchange. The loaded r e s i n  microspheres are 
carbonized and converted t o  uranium oxide-carbide k e r n e l s  and t h e n  coa ted  
wi th  m u l t i p l e  l a y e r s  of p y r o l y t i c  carbon and S i c .  I n  f u e l  rod f a b r i c a t i o n ,  
pyrolytic-carbon-coated Tho2 p a r t i c l e s  ob ta ined  from a f r e s h - f u e l  f a b r i -  
c a t i o n  p l a n t  are blended w i t h  t h e  coated r e c y c l e  uranium p a r t i c l e s  and 
combined w i t h  a carbonaceous matrix. 

The f u e l  rods ,  5/8 i n .  diam and 2 1 / 2  i n .  long (16 by 64 mm), are 
loaded i n t o  hexagonal g r a p h i t e  f u e l  e lements ,  which are approximately 
31 i n .  h igh  and 14 i n .  a c r o s s  t h e  f l a t s  (0 .79  by 0.36 m). The f u e l  
elements are hea ted  t o  carbonize  and anneal  t h e  f u e l  rods  and then  loaded 
w i t h  poison rods ,  end p lugs ,  and dowels. A f t e r  t h e  f i n i s h e d  elements  are 
inspec ted  and packaged, they  are s t o r e d  u n t i l  t h e y  are shipped t o  a n  
o p e r a t i n g  HTGR. Process  rejects are processed i n  t h e  s c r a p  recovery 
system t o  reclaim t h e  uranium. The recovered uranium i s  s e n t  t o  t h e  f u e l  
reprocess ing  p l a n t  f o r  a d d i t i o n a l  processing.  

wi th  a c a p a c i t y  of about 0.9 metric t o n  heavy metal p e r  day h a s  been 
assumed. 
w i t h  about 64.95 kg e n t e r i n g  
e n t e r i n g  5U r e c y c l e  f u e l  elements. The average i s o t o p i c  compositions 
of t h e  two types  of uranium e n t e r i n g  t h e  r e c y c l e  f u e l  f a b r i c a t i o n  p l a n t  
are given i n  Table 1. The p l a n t  w i l l  a l s o  handle  0.815 metric  t o n s  p e r  
day of n a t u r a l  thorium. A p l a n t  wi th  t h i s  c a p a c i t y  w i l l  supply t h e  r e c y c l e  
f u e l  requirements  f o r  f o r t y - f i v e  1160-MW(e) r e a c t o r s .  

For t h e  purpose of t h i s  s t u d y ,  an HTGR r e c y c l e  f u e l  f a b r i c a t i o n  p l a n t  

Such a p l a n t  would Produce f u e l  elements c o n t a i n i n g  84.4 kg U/day, 
3 3 U  r e c y c l e  f u e l  elements and 19.5 kg 

’ A t  t h i s  t i m e ,  t h e  most l o g i c a l  method of f u e l  r e c y c l e  i s  t o  have t h e  
reprocess ing  and r e f a b r i c a t i o n  p l a n t s  b u i l t  on t h e  same s i t e .  
g r e a t l y  f a c i l i t a t e  t r a n s p o r t a t i o n  of recovered uranium, and i t  w i l l  enable  
both  p l a n t  t o  p a r t i a l l y  s h a r e  e f f l u e n t  t rea tment  systems,  a n a l y t i c a l  
l a b o r a t o r i e s ,  maintenance shops,  and a d m i n i s t r a t i v e  f u n c t i o n s .  

This  w i l l  

Table  1. I s o t o p i c  Compositions of Uranium Streams 

Content ,  w t  % 

23R 2 5R 
I s o t o p e  

- ~- 

0.04 

61.76 

23.70 1.40 

9.00 39.70 

2 3 6 u  5.50 44.70 

14.20 

2 3 2 u  

2 3 3 u  

2 3’tu 

2 3  5u 

2 3 E u  



4 

The f u e l  l oad ings  used i n  t h i s  s tudy  are based on informat ion  s u p p l i e d  
by General Atomic Company.2 
8.83 kg of uranium and chorium, r e s p e c t i v e l y ,  pe r  23R f u e l  element and 
3.25 and 7.00 kg, r e s p e c t i v e l y ,  pe r  25R f u e l  element. Each f u e l  element 

The average f u e l  l oad ings  are 0.742 and 

c o n t a i n s  1566 f u e l  rods .  These f u e l  l oad ings  imply t h a t  
p l a n t  desc r ibed  i n  t h i s  s tudy  w i l l  produce an  average  of  
elements and s i x  25R f u e l  elements d a i l y .  Operating 80% 
292 days p e r  y e a r ,  such a p l a n t  would produce 25,550 23R 
1752 25R f u e l  elements annual ly .  

Although one day ' s  product ion  of f u e l  elements w i l l  
of uranium, t h e  i n d i v i d u a l  p rocess ing  s t e p s  w i l l  p rocess  
a l low f o r  process  r e j e c t i o n s .  The assumed f r a c t i o n  l o s t  

t h e  r e f a b r i c a t i o n  
87.5 23R f u e l  
of t h e  t i m e ,  
f u e l  elements and 

c o n t a i n  84.4 kg 
more uranium t o  
and t h e  q u a n t i t i e s  

of uranium- t h a t  must-be processed  i n  each s t e p  t o  produce elements 
con ta in ing  84.4 kg of uranium are g iven  i n  Table 2. 

The r e f a b r i c a t i o n  of HTGR f u e l  elements w i l l  r e  u i r e  a s h i e l d e d  
f a c i l i t y  because  of t h e  r a d i o a c t i v i t y  of t h e  b red  239U f i s s i l e  material. 
Most of t h e  r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  2 3 3 U  f u e l  i s  due t o  t h e  i n c l u s i o n  
of t r a c e  amounts of 2 3 2 ~  . The 232U i s o t o p e  i s  produced i n  t h e  r e a c t o r  
environment by neu t ron  r e a c t i o n s  wi th  232Th,  230Th,  and 2 3 3 U  . 
shows t h e  primary product ion  modes f o r  232U and t h e  2 3 2 U  decay scheme. 

F igu re  2 
3 

2General Atomic Company, Conceptual Design Smmary and Design 

3J. E. Rushton, J. D. J e n k i n s ,  and S. R. McNeany, "Nondes t ruc t ive  

Qwrli f ieat ions for  HTGR Target Recycle PZant, GA-A13365 ( i n  p r e p a r a t i o n )  . 
Assay Techniques f o r  Recycled 
Reac tors , "  Nucz. Mater. Manage. 4(1)  : 18-34 (Spring 1975).  

3U Fuel  f o r  High-Temperature Gas-Cooled 

Table  2.  Process  Requirements 

Gross Product ion  
F r a c t i o n  Requirements, kg Pe rcen t  

Lost T - . - - - > . . - L  

Process  of  F i n a l  
r ruuuc  L 2 3R 25R T o t a l  

Res in  f u e l  k e r n e l  0.071 92.82 27.82 120.64 142.9 
p r e p a r a t i o n  

Resin f u e l  k e r n e l  0,060 86.23 25.85 112.08 132.8 
c a r b o n i z a t i o n  

Fue l  k e r n e l  convers ion  0.174 81.05 24.30 105.35 124.8 
and c o a t i n g  

Fue l  rod . f a b r i c a t i o n  0.020 66.94 20.07 87.01 103 .1  

Fue l  element 0.010 65.61 19.67 85.28 101.0 
c a r b o n i z a t i o n  

Fue l  element s t o r a g e  64.95 19.47 84.42 100.0 
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ORNL-DWC 75-3795 

242pb 208Tl 

Fig.  2. Product ion and Decay Chains f o r  232U. 

The range o f  232U concent ra t ions  i n  t h e  r e c y c l e d  uranium varies from 
100 t o  1200 ppm U, depending on t h e  neut ron  f l u x ,  t h e  neut ron  f l u e n c e ,  
t h e  neut ron  energy spectrum, and t h e  232Th,  230Th ,  and 233U c o n c e n t r a t i o n s  
i n  t h e  source  f u e l  elements.  
because t h e  product ion of 232U from 230Th r e q u i r e s  only  two s u c c e s s i v e  
neut ron  c a p t u r e s ,  whereas 2U product ion from 3U o r  32Th r e q u i r e s  an 
(72,272) r e a c t i o n .  The (n,2n) r e a c t i o n  i s  a t h r e s h o l d  r e a c t i o n ,  so t h a t  
on ly  neut rons  above 6.37 MeV f o r  232Th and above 6.00 MeV f o r  2 3 3 U  can 
c o n t r i b u t e  t o  t h e  product ion of 2 3 2 U  from t h e s e  two n u c l i d e s .  
t h e  c a p t u r e  r e a c t i o n s  have no t h r e s h o l d s .  
thorium depends on t h e  thorium o r e  source ,  s p e c i f i c a l l y  t h e  r a t i o  of 
uranium t o  thorium i n  t h e  o r e  bed (230Th i s  i n  t h e  2 3 8 U  decay c h a i n ) .  
Typical  230Th concent ra t ions  are less than  100 ppm of  t o t a l  thorium. 
Under equi l ibr ium r e c y c l e  c o n d i t i o n s ,  230Th c o n c e n t r a t i o n s  of  0 and 100 ppm 
r e s u l t  i n  232U c o n c e n t r a t i o n s  i n  recyc led  23R uranium of 309 and 940 ppm, 
r e s p e c t i v e l y .  

The conten t  of 230Th is  a n  important v a r i a b l e  

Conversely,  
The 230Th content  of  n a t u r a l  

4W. Davis, Jr . ,  R. E .  Blanco, B.  C.  Finney,  G .  S. H i l l ,  R. E.  Moore, 
and 3 .  P. Witherspoon, CorreZation of Radioactive Waste Treatment Costs and 
The EnvironmentaZ Impact of Waste Ef f luents  in the  NucZear FueZ Cycle - 

and Thorium, r e p o r t  i n  p r e p a r a t i o n .  

Reprocessing o f  High-Temperature Gas-CooZed Reactor FueZ Containing 2 3 3 1 1  
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A 232U content  of 400 ppm has  been assumed f o r  t h i s  s tudy .  S ince  t h e  
r a d i o a c t i v i t y  of t h e  r e c y c l e  
232U c o n t e n t ,  t h e  a c t i v i t y  a s s o c i a t e d  wi th  r e c y c l e  
than 400 ppm 232U can e a s i l y  be  es t imated  by t h e  r eade r .  

3U i s  approximately g r o p o r t i o n a l  t o  i t s  

For t h e  purpose of t h i s  s tudy ,  w e  assumed t h a t  220Rn w a s  t h e  only  

3 3 U  con ta in ing  o t h e r  

32U decay product  r e l e a s e d  from t h e  f u e l  dur ing  r e f a b r i c a t i o n .  However, 
r e c e n t  work has  i n d i c a t e d  t h a t  212Pb, 2 1 2 B i ,  and 2 2 4 R a  may a l s o  b e  
r e l eased  from t h e  f u e l  p a r t i c l e s  during microsphere conversion and coa t ing .  
Jackson e t  a l .  ,5 found t h a t  100% of t h e  220Rn w a s  r e l e a s e d  a t  tempera tures  
above 400°C, t h a t  s i g n i f i c a n t  amounts of 212Pb and 2 1 2 B i  were r e l e a s e d  a t  
tempera tures  above 800°C, and t h a t  a s m a l l  amount of 2 2 4 R a  w a s  r e l e a s e d  
a t  1 7 O O O C .  

condense i n  t h e  sc rubbe r s  and can b e  t r e a t e d  a t  p a r t i c u l a t e s .  
and 2 1 2 B i  are decay products  of 220Rn, t h e  amounts of t h e s e  p a r t i c u l a t e s  
pass ing  through t h e  scrubbers  w i l l  n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h a t  
r e s u l t i n g  from t h e  decay of 220Rn . The release of 2 2 4 R a ,  a p recu r so r  of 
220Rn, would reduce t h e  220Rn releases i n  subsequent process ing  s t e p s .  
Thus, t h e  assumption t h a t  on ly  220Rn is r e l e a s e d  from t h e  233U f u e l  i s  
r e a l i s t i c  w i th  r e s p e c t  t o  o v e r a l l  releases. 

The r e c y c l e  f u e l  f a b r i c a t i o n  p l a n t  is expected t o  c o n t a i n  both  l o c a l  
and c e n t r a l  e f f l u e n t  t rea tment  systems. These t r ea tmen t  systems w i l l  
con ta in  chemical s c rubbe r s  and h igh -e f f i c i ency  p a r t i c u l a t e  a i r  (HEPA) 
f i l t e r s .  W e  assumed t h a t  a l l  HEPA f i l t e r s  have a removal e f f i c i e n c y  of 
99.9% f o r  p a r t i c u l a t e  matter. Add i t iona l ly ,  we  assumed t h a t  condensers 
and scrubbers  remove 90% of t h e  p a r t i c u l a t e s  t h a t  are e n t r a i n e d  i n  t h e  
of f -gas  streams. 

W e  assume t h a t  a l l  t h e  vaporized 232U decay products  except  220Rn w i l l  
S ince  212Pb 

PROCESS DE SCRIPTION 

The fo l lowing  d e c t i o n s  d e s c r i b e  a f u t u r e  High-Temperature Gas-Cooled 
Reactor  f u e l  r e f a b r i c a t i o n  p l a n t .  The e f f l u e n t  t rea tment  systems men- 
t i oned  i n  t h e  process  d e s c r i p t i o n s  are  descr ibed  la ter  under "Cent ra l  
E f f l u e n t  Treatment System." 

Resin Fuel  Kernel  P r e p a r a t i o n  

Resin f u e l  k e r n e l  p r e p a r a t i o n ,  i l l u s t r a t e d  i n  F ig .  3 ,  c o n s i s t s  of 
a c i d - d e f i c i e n t  u rany l  n i t r a t e  (ADUN) s o l u t i o n  p r e p a r a t i o n ,  r e s i n  load ing ,  
and r e s i n  dry ing .  The f i r s t  s t e p  i n  ADUN p repa ra t ion  c o n s i s t s  of e x t r a c t i n g  

5P. B. Jackson,  H. H. F icke ,  S. A. Reber, and C .  I. Tech, Determination 
o f  232U Daughter Product Release Rates from HTGR Fuel During Refabrication, 
ORNL-MIT-206 (Dec. 17 ,  1974) ,  r e p o r t  a v a i l a b l e  from M I T  P r a c t i c e  School ,  
Oak Ridge Na t iona l  Laboratory.  
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ADUN ADUN PROCESS RESIN URANYL IDUN RESIN 
NITRATE -C SURGE LOAD1 NG DRYING PREPARATION SOLUTION 

ORNL-DWG 75-9756 

TO 
RES1 N - CARBONIZATION 

# - A  b 
W z 

n 3 

EFFLUENT STREAMS 

I DIETHYLBENZENE (C,oH+,) 5 H 2 0 ,  ENTRAINED PARTICULATES 
2 ENTRAINED URANIUM 6 Z'oRn, U- BEARING PARTICULATES 
3 H 2 0 .  ENTRAINED URANIUM 7 HEAT 
4 H20, ENTRAINED URANIUM, 

NaN03,  NoHC03, Na2C03, C,oH,4+ AMINE 

OGCS' 
CONDENSER NaOH. 

Na2C03 COOLING 

Fig. 3 .  Resin Fuel  Kernel Prepara t ion .  OGCS d e s i g n a t e s  off-gas  
cleanup system. ADUN i s  a c i d - d e f i c i e n t  uranyl  n i t r a t e .  

- OGCS6 

n i t r a t e  i o n s  from t h e  u r a n y l  n i t r a t e  f e e d  s o l u t i o n  i n  a s ingle-s tage  
concurrent  e x t r a c t i o n  w i t h  0 .27  M Amberli te LA-2 ( a  secondary amine) i n  
diethylbenzene.  The newly formed ADUN i s  s e p a r a t e d  from t h e  organic  
s o l v e n t  and s e n t  t o  a process  surge  t ank .  The organic  s o l v e n t  used i n  
ADUN p r e p a r a t i o n  i s  s e n t  t o  s o l v e n t  regenera t ion .  The equipment used i n  
ADUN p r e p a r a t i o n  i s  vented t o  t h e  off-gas cleanup system. 

remove t h e  s m a l l  amount of  d i sso lved  o r  e n t r a i n e d  uranium, (2)  a c a u s t i c  
carbonate  wash t o  remove n i t r a t e  and r e g e n e r a t e  t h e  amine, and (3 )  a water 
wash t o  remove any e n t r a i n e d  c a u s t i c  from s t e p  ( 2 ) .  The l i q u i d  wastes 
from s o l v e n t  regenera t ion  are s e n t  t o  t h e  l i q u i d  waste t rea tment  system. 

a ba tch  process .  ADUN s o l u t i o n  flows through t h e  bed of  r e s i n  p a r t i c l e s  
f o r  approximately 4 h r  t o  ensure  t h a t  a l l  p a r t i c l e s  are f u l l y  loaded. The 
excess ADUN s o l u t i o n  i s  r e t u r n e d  t o  t h e  ADUN p r e p a r a t i o n  c i r c u i t .  The 
excess  water, which e n t e r s  t h e  system wi th  feed s o l u t i o n  and t h e  r e s i n  
p a r t i c l e s ,  i s  removed by evaporat ion.  A p o r t i o n  of t h e  evapora tor  conden- 
sate i s  used i n  s o l v e n t  r e g e n e r a t i o n ,  and t h e  remainder i s  s e n t  t o  t h e  
l i q u i d  waste t rea tment  system. 

c o n t r o l l e d  s o  t h a t  t h e  d r i e d  r e s i n  c o n t a i n s  a s m a l l  amount (X12%) of  
mois ture ,  which a i d s  i n  e l i m i n a t i n g  s t a t i c  e l ec t r i ca l  charges  on t h e  
p a r t i c l e s .  The d r y e r  off-gas  i s  condensed, and t h e  condensate  i s  s e n t  t o  
t h e  l i q u i d  waste treatment system. The noncondensable vapor is  s e n t  t o  
t h e  off-gas  cleanup system. The loaded and d r i e d  r e s i n  p a r t i c l e s  are  
pneumatical ly  t r a n s f e r r e d  t o  t h e  r e s i n  c a r b o n i z a t i o n  system. 

Solvent  r e g e n e r a t i o n  c o n s i s t s  of t h r e e  s t e p s :  (1) a water wash t o  

Uranyl i o n s  ( U 0 2 2 f )  are loaded onto t h e  weak-acid r e s i n  p a r t i c l e s  i n  

The loaded r e s i n  i s  d r i e d  i n  a microwave d r y e r .  The dry ing  c y c l e  i s  
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E f f l u e n t s  from Resin Fuel  Kernel P repa ra t ion  

Figure 3 a l s o  shows t h e  sources  of t h e  e f f l u e n t s  from r e s i n  f u e l  
k e r n e l  p repa ra t ion .  T h e  q u a n t i t i e s  of t h e s e  e f f l u e n t s  p e r  kilogram of  
uranium processed are g iven  i n  Table  3 .  
die thylbenzene ,  w e  estimate t h a t  a p o r t i o n  of i t  w i l l  be  l o s t  as a gas  
i n  stream 1. S t r e a m  3 ,  which con ta ins  t h e  w a t e r  evaporated from t h e  ADUN, 
w i l l  be s e n t  t o  t h e  l i q u i d  waste t rea tment  system. This  water w i l l  
mechanical ly  e n t r a i n  about 

method desc r ibed  i n  t h e  Appendix. The assumptions used t o  estimate t h e  
220Rn releases i n  streams 2 and 6 are as fo l lows:  

t h e  ba tch  s i z e .  

ADUN p r e p a r a t i o n  and r e s i n  loading .  

r e l eased .  
The uranium-bearing p a r t i c u l a t e s  i n  streams 2 and 6 r e s u l t  from mechanical  
entrainment  i n  t h e  gaseous e f f l u e n t .  The q u a n t i t i e s  of uranium-bearing 
p a r t i c u l a t e s  i n  streams 2 and 6 w e r e  c a l c u l a t e d  by assuming t h a t  t h e  
condensers remove 90% of t h e  e n t r a i n e d  p a r t i c u l a t e s  t h a t  are p r e s e n t  i n  
t h e  of f -gas  e n t e r i n g  t h e  condensers .  

t h e  l i q u i d  waste t rea tment  system. W e  assumed t h a t  t h e  water wash removed 
90% of  t h e  uranium t h a t  w a s  p re sen t  i n  t h e  used s o l v e n t .  Stream 5 c o n t a i n s  
t h e  water removed from t h e  k e r n e l s  dur ing  d y i n g  and is  s e n t  t o  t h e  l i q u i d  
w a s t e  t r ea tmen t  system. W e  assumed t h a t  10- of t h e  ba t ch  w i l l  b e  e n t r a i n e d  
i n  t h i s  w a t e r  as p a r t i c u l a t e s .  These p a r t i c u l a t e s  are assumed t o  be  
approximately 50% U and 50% r e s i n  by weight .  

systems. These releases were es t imated  t o  be  200% of t h e  h e a t  r e q u i r e d  
t o  evapora te  t h e  w a t e r  i n  t h e  i n d i v i d u a l  process  s t e p s .  

From t h e  vapor p r e s s u r e  of 

of t h e  uranium processed.  
The q u a n t i t i e s  of  220Rn i n  streams 2 and 6 w e r e  c a l c u l a t e d  by t h e  

1. The holdup i n  ADUN p r e p a r a t i o n  and r e s i n  loading  i s  2.5 times 

2. 

3 .  

A l l  t h e  220Rn produced i s  r e l e a s e d  cont inuous ly  f o r  4 h r  du r ing  

During t h e  4 h r  of r e s i n  d ry ing ,  a l l  t h e  220Rn produced i s  

S t r e a m  4 c o n t a i n s  t h e  waste from s o l v e n t  r egene ra t ion  and i s  s e n t  t o  

S t r e a m  7 con ta ins  t h e  w a s t e  h e a t ,  which w i l l  be  s e n t  t o  t h e  c o o l i n g  

Resin Fuel  Kernel Carbonizat ion 

Resin f u e l  k e r n e l  ca rbon iza t ion ,  i l l u s t r a t e d  i n  Fig.  4 ,  c o n s i s t s  of  
upgrading ( s i z e  and shape c l a s s i f i c a t i o n ) ,  c h a r a c t e r i z a t i o n ,  and carbon- 
i z a t i o n  of t h e  r e s i n  f u e l  k e r n e l s .  The f i r s t  s t e p  i n  t h i s  process  is  t o  
c h a r a c t e r i z e  and upgrade t h e  loaded r e s i n .  I f  t h e  loaded f u e l  k e r n e l s  do 
not  m e e t  p roduct  s p e c i f i c a t i o n s ,  they  are processed t o  reclaim t h e  uranium. 

atmosphere. A s  t h e  p a r t i c l e s  are hea ted ,  v o l a t i l e  hydrocarbons and decom- 
p o s i t i o n  products  are r e l eased .  The f u e l  k e r n e l  l o s e s  approximately 
one- th i rd  of i t s  weight as i t  i s  converted t o  carbon and uranium d iox ide .  
The ca rbon iza t ion  fu rnace  of f -gas  is  vented  t o  a l o c a l  of f -gas  t r ea tmen t  
system c o n s i s t i n g  of a pe rch lo roe thy lene  (C2C14) sc rubbe r ,  a h e a t  exchanger ,  
and a h igh -e f f i c i ency  p a r t i c u l a t e  a i r  (HEPA) f i l t e r .  The C 2 C l b  s c rubbe r  

The r e s i n  p a r t i c l e s  are carbonized by hea t ing  t o  800°C i n  an argon 
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Table 3 .  E f f l u e n t s  from Resin Fuel  Kernel 
P r e p a r a t i o n  p e r  Kilogram of Uranium Processed 

2 3 j U  235,, E f f l u e n t  E f f l u e n t  
S t  ream T r e a t m e n t  

S y s t e m  
R e c y c l e a  R e c y c l e  

D e s c r i p t i o n  

1 D i e t h y l b e n z e n e  O f f - g a s  c l e a n u p  
( c l  O H 1 4 1  s c f  5 . 0  x 5.0 x 1 0 - ~  s y s t e m  
S t d  l i t e rs  0 . 1 4 1  0 . 1 4 1  

2 2 2 0 ~ ,  c i  3 .1  x l o 2  0 O f f - g a s  c l e a n u p  
E n t r a i n e d  U ,  kg 1 x lo-' 1 x l o - ?  s y s t e m  

b 

3 H20, l i t e r s  15 1 5  L i q u i d  waste 
E n t r a i n e d  U ,  kg 1 x 1 x t r e a t m e n t  

4 H 2 Q ,  l i t e r s  10 .0  1 0 . 0  L i q u i d  waste 
N a N O  3, kg 1 . 0  1 .0  t r e a t m e n t  
NaHCO 3 ,  kg 0 .3  0 .3  
N a 2 C O 3 ,  kg 0 . 6  0 .6  
O r g a n i c ,  kg  5 x 5 x 1 0 - ~  
E n t r a i n e d  U, kg 5 x 5 x 1 0 - ~  

5 H 2 0 ,  l i t e r s  1 . 0  1 . 0  L i q u i d  waste 
E n t r a i n e d  t r e a t m e n t  

p a r t i c u l a t e s ,  kg 
Uranium 1 x 1 0 - ~  1 x io - '+  
R e s i n  1 x 1 x io-'+ 

6 " 'Rn, C i  1 2 6  0 Of f - g a s  c l e a n u p  
b 

E n t r a i n e d  s y s t e m  
p a r t i c u l a t e s ,  kg 

Uran ium 1 x 1 x 
R e s i n  1 x 10-~ 1 x 

7 Waste h e a t ,  B t u  C o o l i n g  s y s t e m s  
ADUN p r e p a r a t i o n  2 . 8  x i o 5  2 . 8  x i o 5  
D r y i n g  2 . 0  x i o 4  2 . 0  x i o 4  

8 Waste h e a t ,  J C o o l i n g  s y s t e m s  
ADUN p r e p a r a t i o n  3.0 x 10' 3.0 x 10' 
D r y i n g  2 . 1  x i o 7  2 . 1  x i o 7  

a232U c o n t e n t  = 400 ppm; 90 d a y s  a f t e r  i o n  e x c h a n g e  c l e a n u p .  

b A v e r a g e  r e l e a s e .  

'Amine + C 1 0 H 1 4 .  
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BATCH UPGRADING c SCRAP RECOVERY' 
AND 

CHARACTER CATION c OGCS' 
1 

ORNL-DWG 75-9757 

t 
SCRAP RESIN RECOVERY3 - 

COOLING FURNACE 
SYSTEMS~ 

- I.. CARBON1 ZATION 

, - '2"4 
C2CI4 SCRUBBER, RECLAMATION' 

HEAT EXCHANGER, 
AND HEPA FILTER 

COOLING - SYSTEMS6 

Fig.  4 .  Resin Fuel  Kernel Carboniza t ion .  

1 

removes e s s e n t i a l l y  a l l  t h e  condensable hydrocarbons and 90% of t h e  
p a r t i c u l a t e s .  The condensed hydrocarbons and t h e  e n t r a i n e d  p a r t i c u l a t e s  
are removed from t h e  C z C l 4  i n  t h e  C 2 C l 4  rec lamat ion  system. A f t e r  t h e  
furnace  of f -gas  is  t r e a t e d  l o c a l l y ,  i t  i s  s e n t  t o  t h e  p l a n t  of f -gas  cleanup 
system (OGCS). 

The carbonized r e s i n  f u e l  k e r n e l s  are then  sampled f o r  q u a l i t y  
assurance  in spec t ion .  A f t e r  t h e  p a r t i c l e s  are carbonized ,  they  are pyro- 
phor i c  and must be  handled i n  a p r o t e c t i v e  atmosphere. Acceptable  k e r n e l s  
are s e n t  t o  t h e  convers ion  and coa t ing  system under an argon b l a n k e t .  
Rejected f u e l  k e r n e l s  are s e n t  t o  t h e  s c r a p  recovery system where t h e  
pyrophoric  p a r t i c l e s  undergo c o n t r o l l e d  o x i d a t i o n ,  p r i o r  t o  f u r t h e r  
process ing  t o  reclaim t h e  uranium. 

TO CONVERSION 
AND 

COATING SYSTEM 

E f f l u e n t s  from Resin Fuel  Kernel Carboniza t ion  

EFFLUENT STREAMS 

1. REJECTED FUEL KERNELS 

The e f f l u e n t  streams from r e s i n  ca rbon iza t ion  are shown i n  Fig.  4 .  
The q u a n t i t i e s  of e f f l u e n t s  p e r  kilogram of  uranium processed are g iven  i n  
Table 4 .  Stream 1 c o n t a i n s  t h e  f u e l  k e r n e l s  r e j e c t e d  dur ing  s i z e  and shape 



Table 4 .  Effluents from Resin Fuel Kernel Carbonization 
per Kilogram of Uranium Processed 

E f f l u e n t  
S t r e a m  

D e s c r i p t i o n  
2 3 3 u  

Rec y c l ea  
E f f l u e n t  T r e a t m e n t  23?jU 

R e c y c l e  System 

1 R e j e c t e d  f u e l  k e r n e l s ,  kg 
Uranium 
R e s  i n  

0.07 
0.07 

S c r a p  r e c o v e r y  
0.07 
0.07 

2 Uranium-bearing p a r t i c u l a t e s ,  kg Of f -gas  c l e a n u p  
Uranium 1 x 1 x 1 0 - 6  s y s t e m  
R e s i n  1 x 1 x 

3 R e j e c t e d  f u e l  k e r n e l s ,  kg 
Uranium 
R e s i n  

S c r a p  r e c o v e r y  
5 x 10-2 5 x 
2.2  x 2.2 x 

4 Uranium-bearing p a r t i c u l a t e s ,  kg 
Uranium 1 x 1 x 
R e s i n  4 . 3  x io-’ 4 . 3  x io-’ 

250 0 b 
2 2 0 R n ,  C i  

Noncondensab le  C H , s c f C  
X Y  S t d .  l i t e r s  

C 2 C l 4 ,  s c f  
S t d .  l i t e r s  

8.8 
250 

8 .8  
250 

1.84 x lo-’ 1 .84  x lo-‘ 
0 . 5 2  0 . 5 2  

O f f - g a s  c l e a n u p  
s y s  t e m  

F Off -gas  c l e a n u p  
s y s t e m  

5 Condensed C H kg 0.333 0 . 3 3 3  C 2 C 1 4  r e c l a m a t i o n  

Uranium-bearing p a r t i c u l a t e s ,  kg C z C l 4  r e c l a m a t i o n  
x Y’ 

Uranium 0.01 0 .01  
R e s  i n  4 . 4  x 10-~ 4 .4  x 

6 Heat, Btu 8 .2  x i o 4  8 . 2  x i o 4  C o o l i n g  s y s t e m s  
H e a t ,  J 8.6 x l o 7  8.6 x lo7 

a 2 3 2 U  c o n t e n t  = 400 ppm; 90 d a y s  a f t e r  ion e x c h a n g e  c l e a n u p .  

bAverage release. 

CAssumed t o  b e  C2H6.  
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c l a s s i f i c a t i o n  b e f o r e  ca rbon iza t ion .  Normally, 2% of t h e  material  i s  
r e j e c t e d .  
t h a t  on t h e  average ,  an e n t i r e  ba tch  w i l l  be  r e j e c t e d  5% of t h e  t i m e .  
Therefore ,  an average of 7% of  t h e  material processed e n t e r s  stream 1. 

The only  e f f l u e n t s  e n t e r i n g  stream 2 are p a r t i c u l a t e s  t h a t  become 
a i r b o r n e  dur ing  p a r t i c l e  s i z e  and shape c l a s s i f i c a t i o n .  W e  expect  t h a t  
t h e  c l a s s i f i c a t i o n  equipment and v e n t i l a t i o n  system w i l l  be designed s o  
t h a t  no more than  0.1% of  t h e  material w i l l  r each  a l o c a l  HEPA f i l t e r .  

i z a t i o n .  An e s t ima ted  average of 5% of t h e  k e r n e l s  w i l l  be  r e j e c t e d  a t  
t h i s  s t e p .  These k e r n e l s  w i l l  b e  s e n t  t o  t h e  s c r a p  recovery  system. 

ope ra t ion  of t h e  ca rbon iza t ion  furnace .  The thermal  e f f l u e n t ,  stream 6 ,  
i s  d i s s i p a t e d  i n  coo l ing  towers .  The maximum amount of  h e a t  t h a t  could 
be  r e l e a s e d  from t h e  cool ing  towers i s  t h e  thermal  equ iva len t  of t h e  
consumed e lectr ical  energy.  
processed (86  MJ/kg). 

The u n t r e a t e d  furnace  of f -gas  con ta ins  2 2 0 R n ,  1% of t h e  ba t ch  as 
p a r t i c u l a t e s ,  and one- th i rd  of t h e  weight of t h e  loaded k e r n e l s  as hydro- 
carbons.  
t h e  Appendix. W e  assumed t h a t  a l l  2 2 0 R n  releases could b e  e s t ima ted  by 
assuming t h a t  t h e  release of radon i n  stream 4 equaled 100% of t h e  radon 
product ion  rate, and t h a t  t h i s  release ra te  would occur  f o r  8 h r  du r ing  
r e s i n  ca rbon iza t ion .  The C p C l 4  sc rubber  condenses approximately one-half 
of  t h e  v o l a t i l e  hydrocarbons and removes 90% of  t h e  p a r t i c u l a t e s  i n  t h e  
of f -gas  stream. A f t e r  l eav ing  t h e  sc rubbe r ,  stream 4 con ta ins  100% of t h e  
220Rn,  0.1% of t h e  ba t ch  as p a r t i c u l a t e s ,  one-sixth of t h e  k e r n e l s '  weight 
as noncondensable hydrocarbons,  and an  es t imated  0.1% of t h e  C 2 C l 4  t h a t  i s  
used i n  t h e  scrubber .  Before stream 4 is  s e n t  t o  t h e  p l a n t  of f -gas  treat-  
ment system, i t  passes  through a l o c a l  HEPA f i l t e r .  

t h e  condensed hydrocarbons and t h e  en t r a ined  p a r t i c u l a t e s .  

But occas iona l ly  an e n t i r e  ba t ch  must b e  r e j e c t e d .  We estimate 

S t r eam 3 con ta ins  t h e  r e s i n  k e r n e l s  t h a t  were r e j e c t e d  a f t e r  carbon- 

Streams 4 ,  5 ,  and 6 con ta in  t h e  e f f l u e n t s  produced dur ing  normal 

This  corresponds t o  24 kWhr/kg of uranium 

The 2 2 0 R n  release ra te  w a s  c a l c u l a t e d  by t h e  method desc r ibed  i n  

Stream 5 is  s e n t  t o  t h e  C 2 C l 4  s o l v e n t  rec lamat ion  system t o  remove 

Resin Conversion and Microsphere Coat ing Process  

The r e s i n  conversion and microsphere coa t ing  process  i s  i l l u s t r a t e d  
i n  Fig.  5. During r e s i n  conversion,  t h e  f u e l  k e r n e l s  are converted from 
UO2 i n t e r s p e r s e d  i n  a carbon m a t r i x  t o  a mul t iphase  mater ia l  con ta in ing  
U C 2 ,  U 0 2 ,  U(C,O), and r e s i d u a l  carbon. The exact composi t ion of t h e  k e r n e l  
t o  be used i n  r e c y c l e  f u e l  has  not  been determined.  But f o r  e s t i m a t i n g  t h e  
e f f l u e n t s ,  w e  assumed t h a t  i t  w i l l  c o n t a i n  t h e  fo l lowing  molar p ropor t ions :  
t h r e e  moles of uranium d i c a r b i d e  ( l J C 2 ) ,  one mole of uranium d iox ide ,  and 
s i x  moles of r e s i d u a l  carbon. Resin i s  converted a t  1500 t o  1700°C under 
an argon atmosphere. Af t e r  convers ion ,  t h e  p a r t i c l e s  a re  sampled t o  ensu re  
product q u a l i t y .  Acceptable  par t ic les  are re tu rned  t o  t h e  fu rnace  f o r  
microsphere coa t ing .  Unacceptable pa r t i c l e s  are s e n t  t o  t h e  s c r a p  
recovery system. 
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RESIN CONVERSION - TO FUEL ROD 
AND COATING FABRIC AT I ON 
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HEAT EXCHANGERS, - LIQUID WASTE TREATMENT3 

COOLING SYSTEMS5 
I 
1 

OGCS' 

E F F L U E N T  STREAMS 

1. 220Rn, PARTICULATES, H,, CO, CO,, C,CI, 

2. U-BEARING PARTICULATES, SOOT 

3. NaCI, NaOH, H20 

4. REJECT PARTICLES, CARBON SOOT 

5. HEAT 

Fig.  5. Resin Conversion and Coating System 

Microsphere c o a t i n g  c o n s i s t s  of apply ing  t h r e e  carbon c o a t i n g s  and 
one S i c  c o a t i n g  t o  provide f i s s i o n  product r e t e n t i o n .  The f i r s t  c o a t i n g  
i s  a low-density p y r o l y t i c  carbon c o a t i n g ,  c a l l e d  t h e  b u f f e r  c o a t ,  which 
i s  a p p l i e d  by decomposing a c e t y l e n e  (C2H2) i n  an argon atmosphere a t  
1400°C. 
i n n e r  i s o t r o p i c ,  which i s  depos i ted  by decomposing propylene ( C 3 H s )  i n  
an argon atmosphere a t  1400°C. The t h i r d  l a y e r  is  S i c ,  which i s  d e p o s i t e d  
by decomposing m e t h y l t r i c h l o r o s i l a n e  (CH3SiC13) t o  H C 1  and S i c  i n  a 
hydrogen atmosphere a t  1400°C. The f o u r t h  l a y e r  i s  a high-densi ty  carbon 
coa t ing  c a l l e d  t h e  o u t e r  i s o t r o p i c ,  which i s  depos i ted  i n  t h e  same manner 
as t h e  i n n e r  i s o t r o p i c .  

Waste h e a t  i s  removed by a h e a t  exchanger, whi le  a perchloroe thylene  
(C2C14) scrubber  removes carbon s o o t ,  condensable hydrocarbons,  S i c ,  and 
p a r t i c u l a t e s .  
reclamation system t o  remove t h e  e n t r a i n e d  material .  During S i c  c o a t i n g ,  
a c a u s t i c  sc rubber ,  NaOH i n  water ,  conver t s  t h e  H C 1  i n  t h e  off-gas  t o  
NaC1. The used c a u s t i c  i s  s e n t  t o  t h e  l i q u i d  waste t rea tment  system. The 
scrubbed gaseous e f f l u e n t  from a l l  c o a t i n g  o p e r a t i o n s  i s  f i l t e r e d  by a high- 
e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) f i l t e r  b e f o r e  be ing  exhausted t o  t h e  
p l a n t  of€-gas cleanup system (OGCS). 

The second l a y e r  i s  a high-densi ty  carbon c o a t i n g  c a l l e d  t h e  

A l o c a l  off-gas  t rea tment  system i s  r e q u i r e d  f o r  t h e  c o a t i n g  f u r n a c e .  

The s o l v e n t  from t h i s  sc rubber  i s  s e n t  t o  t h e  C 2 C l 4  
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Afte r  a l l  f o u r  coa t ings  have been app l i ed  and t h e  microspheres  have 
have been c e r t i f i e d  as accep tab le ,  they  are  s e n t  t o  t h e  f u e l  rod f a b r i -  
c a t i o n  system. S ince  t h e  coa ted  microspheres  are n o t  pyrophor ic ,  they  do 
not  need a p r o t e c t i v e  atmosphere. 

E f f l u e n t s  from Resin Conversion and Microsphere Coating 

The e f f l u e n t  streams from t h e  r e s i n  conversion and microsphere 
coa t ing  p rocess  are shown i n  Fig.  5. The q u a n t i t i e s  of e f f l u e n t s  p e r  
kilogram of uranium processed a r e  g iven  i n  Table 5 .  

ope ra t ion  of t h e  conversion and coa t ing  furnace .  The thermal  e f f l u e n t s ,  
stream 5, are d i s s i p a t e d  i n  coo l ing  towers .  The maximum amount of  h e a t  
r e s u l t i n g  from t h i s  process  t h a t  could be  r e l e a s e d  from t h e  coo l ing  towers 
is approximately equal  t o  t h e  thermal  equ iva len t  of t h e  consumed e l e c t r i c a l  
energy. This  corresponds t o  750 kWhr (2 .7  GJ) p e r  ki logram of uranium 
converted and coated.  

The u n t r e a t e d  off-gas  from t h e  conversion and coa t ing  furnace  c o n t a i n s  
220Rn, 0.1% of  t h e  ba t ch  as p a r t i c u l a t e s ,  carbon,  and s i l i c o n  c a r b i d e  s o o t ,  
hydrocarbons,  CO, C 0 2 ,  H 2 ,  and HC1.  A C 2 C l 4  sc rubber  removes t h e  conden- 
s a b l e  hydrocarbons,  carbon,  S i c  s o o t ,  and 90% of t h e  e n t r a i n e d  p a r t i c u l a t e s .  
The C 2 C l b  s o l v e n t ,  stream 2 ,  i s  s e n t  t o  t h e  C p C l 4  rec lamat ion  system t o  
remove t h e  s o o t ,  condensable hydrocarbons,  and t h e  p a r t i c u l a t e s .  A 
c a u s t i c  s c rubbe r ,  NaOH i n  water, removes t h e  H C 1  from t h e  off-gas  stream 
by conver t ing  i t  t o  N a C 1 .  The r e s u l t i n g  c a u s t i c - s a l t - s o l u t i o n ,  stream 3 ,  
i s  s e n t  t o  t h e  l i q u i d  waste t rea tment  system. Before e n t e r i n g  t h e  p l a n t  
of f -gas  c leanup system, (OGCS), t h e  of f -gas  stream passes  through a 
HEPA f i l t e r ,  which removes 99.9% of t h e  en t r a ined  p a r t i c u l a t e s .  

p a r t i c u l a t e s ,  CO, C 0 2 ,  H 2 ,  and C 2 C 1 4 .  
by t h e  method desc r ibed  i n  t h e  Appendix. 
releases could be  e s t ima ted  by assuming t h a t  t h e  release of radon i n  
stream 4 equa l s  100% of t h e  product ion  r a t e ,  and t h a t  t h i s  release ra te  
would occur  f o r  5 h r  dur ing  microsphere conversion and coa t ing .  The CO and 
C 0 2  are r e l e a s e d  dur ing  convers ion ,  wh i l e  t h e  H2 i s  r e l e a s e d  du r ing  coa t ing .  
The l o c a l  s c rubbe r s  do not  remove any of t h e  CO,  C O 2 ,  and H 2 .  W e  e s t ima ted  
t h a t  0.1% of t h e  C 2 C l 4  so lven t  would evapora te  i n t o  t h e  of f -gas  stream. 

r e j e c t i o n  rates f o r  conversion and c o a t i n g  were . e s t ima ted  as fo l lows:  
conversion,  0.1%; b u f f e r ,  2.1%; i n n e r  i s o t r o p i c ,  2.1%; S i c ,  2 . 1 % ;  o u t e r  
i s o t r o p i c ,  2 .1%; and an  average  of 10% from upgrading t h e  l o t  a f t e r  a l l  
t h e  coa t ings  have been app l i ed .  

S t r e a m s  1, 2,  3 ,  and 5 con ta in  t h e  e f f l u e n t s  produced dur ing  normal 

The t r e a t e d  o f f -gas ,  stream 1, c o n t a i n s  220Rn,  of t h e  b a t c h  as 
The 220Rn release w a s  c a l c u l a t e d  

We assumed t h a t  a l l  220Rn 

S t r e a m  4 c o n t a i n s  r e j e c t e d  f u e l  p a r t i c l e s  and carbon s o o t .  The 

Fuel  Rod F a b r i c a t i o n  

Fue l  rod f a b r i c a t i o n ,  i l l u s t r a t e d  i n  F ig .  6 ,  c o n s i s t s  of p a r t i c l e  
d i spens ing  and b lending ,  f u e l  rod molding, and f u e l  rod i n s p e c t i o n .  The 
coated f i s s i l e  p a r t i c l e s ,  which are rece ived  from microsphere convers ion  
and coa t ing ,  are blended wi th  pyrolyt ic-carbon-coated f e r t i l e  (ThO2) 
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Table 5. Effluents from Microsphere Conversion and 
Coating per Kilogram of Uranium Processed 

Stream and Component Quan t i t y a  Ef f luen t  Treatment System 

b 1 “‘Rn, C i  
Conversion 
Buffer  
Inner  i s o t r o p i c  
To ta l  

Uranium-bearing p a r t i c u l a t e s  
U, kg 

Conversion 
Buffer  
Inne r  i s o t r o p i c  
sic 
Outer i s o t r o p i c  

T o t a l  

C.  kg 
Ccnversion 
Buffer  
Inner  i s o t r o p i c  
sic 
Outer i s o t r o p i c  

T o t a l  

Gases, scf  ( s t d  l i t e r s )  
CO, C O z  from conversion 
CzClr 
n2 

Conversion 
Buffer  
Inner  i s o t r o p i c  
sic 
Outer i s o t r o p i c  

T o t a l  

2 Uranium-bearing p a r t i c u l a t e s  
U ,  kg 

Conversion 
Buffer  
Inner  i s o t r o p i c  
sic 
Outer i s o t r o p i c  
Total 

C ,  kg 
Conversion 
Buffer  
Inner  i s o t r o p i c  
S i c  
Outer i s o t r o p i c  

To ta l  

Soot ,  C ,  kg 
Conversion 
Buffer  
Inner  i s o t r o p i c  
S i c  
Outer i s o t r o p i c  

T o t a l  

S i c ,  kg 

79 
39 
39 

157 

1 x 
1 x 1 0 - ~  
1 x 1 0 - ~  
1 x 1 0 - ~  
1 x io-’ 
5 x 10-7 

4.3 x 10-8 
2.2 x 10-8 

1.44 x 1 0 - ~  
2.8 x 

5.6 x 

6.7 X 10-8 

Off-gas c leanup system 

Off-gas c leanup system 

Off-gas cleanup system 

Off-gas c leanup system 
3.0 (84) 
0.29 (8.2) 

0 
100 (2800) 
270 (7600) 

2000 (5.7 x 10‘) 
360 (1.02 x i o 4 )  

2700 (7.7 X l o 4 )  

c z c l s  reclamation system 

0.001 
0.001 
0.001 
0.001 
0.001 
0.005 

4.3 x 10-~ 
2.2 x 10-~  
6.7 x 10-~  

1.44 x 1 0 - ~  
2.8 x 1 0 - ~  
5.6 x 10-3 

C 2 C l 4  reclamation system 
0 
1.22 
1.64 
0 
2.2 
5 .O 

0.21 
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Table  5. (continued) 

Quanti tya Ef f luen t  Treatment System Stream and Component 

3 Caust ic  scrubber  so lven t  
Amount of l i q u i d ,  l i t e r s  
Dissolved solids 

N a C 1 ,  kg 
NaOH, kg 

4 Rejected p a r t i c l e s  

Conversion 
Buffer  
Inner  i s o t r o p i c  
sic 
Outer i s o t r o p i c  
Lot upgrading 

us kg 

To ta l  

C ,  kg 
Conversion 
Buffer  
Inner  i s o t r o p i c  
sic 
Outer i s o t r o p i c  
Lot upgrading 

Carbon soot, kg 

To ta l  

Conversion 
Buffer  
Inner  i s o t r o p i c  
sic 
Outer i s o t r o p i c  

To ta l  

5 Heat,  Btu (J) 
Conversion 
Buffer 
Inner  i s o t r o p i c  
sic 
Outer i s o t r o p i c  

To ta l  

0.001 
0.021 
0.021 
0.021 
0.021 

Liquid Waste Treatment 
32 

6 .20  
1.80 

Scrap recovery 

0.1 
0.185 

Scrap recovery 
2 . 2  x 1 0 - ~  
0.0140 
0.030 
0.060 
0 .084 
0.40 
0.59 

Scrap recovery 
0 
0 .23  
0.31 
0 
0.41 
0.95 
- 

3.4 x i o 5  ( 3 . 6  x 10') 
1.12 x i o 5  (1.19 x i o 8 )  
1 . 4 3  x l o 5  (1.51 X lo*)  
1.79 x l o 6  (1.89 x lo9) 
1.71 x io5 (1.80 x i o 6 )  

Cooling systems 

a A l l  

bAverage r e l e a s e  per  24 h r .  

'Assumed t o  be CO. 

u a n t i t i e s  l i s t e d  a r e  f o r  both 2 3 3 U  and 235u r ecyc le  except t h a t  t h e  "ORn e f f l u e n t  i s  zero 
f o r  t h e  232U r ecyc le .  I n  t h e  233U r ecyc le  232U content  is  400 ppm; 90 days a f t e r  ion exchange cleanup. 
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Fig. 6 .  Fuel  Rod F a b r i c a t i o n  

p a r t i c l e s  and g r a p h i t e  shim p a r t i c l e s  b e f o r e  f u e l  rod molding. 
p a r t i c l e s  are rece ived  from a f r e s h  f u e l  p l a n t ,  and t h e  g r a p h i t e  shim 
p a r t i c l e s  are procured commercially. 

I n  f u e l  rod f a b r i c a t i o n ,  measured q u a n t i t i e s  of f i s s i l e ,  f e r t i l e ,  
and shim p a r t i c l e s  are d ispensed ,  blended,  and loaded i n t o  a mold. 
rods  are molded by i n j e c t i n g  a s o f t e n e d  matrix, c o n s i s t i n g  of  g r a p h i t e  
powder i n  p i t c h ,  i n t o  t h e  bed of  p a r t i c l e s  i n  t h e  mold. The matrix i s  
i n j e c t e d  a t  a temperature  of 160 t o  180°C w i t h  a p r e s s u r e  of about 1000 p s i  
( 7  m a ) .  A f t e r  t h e  mold i s  cooled t o  s o l i d i f y  t h e  matrix, t h e  green f u e l  
rods  are e j e c t e d  from t h e  mold. Excess matrix mater ia l  extruded from t h e  
mold a f t e r  t h e  p a r t i c l e  bed i s  f i l l e d  w i t h  matrix w i l l  b e  s e n t  t o  t h e  
burnable  contaminated waste t rea tment  system. 
f a b r i c a t i o n  is removed by a l o c a l  h e a t  exchanger. 

Fue l  rod i n s p e c t i o n  c o n s i s t s  of determining t h e  fo l lowing:  
dimensions, homogeneity, s u r f a c e  i n t e g r i t y ,  and heavy m e t a l  c o n t e n t .  
Acceptable f u e l  rods  are s e n t  t o  f u e l  element assembly, w h i l e  r e j e c t e d  
f u e l  rods  are processed t o  recover  t h e  uranium. 

The f e r t i l e  

Fuel  

Waste h e a t  from f u e l  rod  

f u e l  rod 
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E f f l u e n t s  from Fue l  Rod F a b r i c a t i o n  

F igure  6 shows t h e  sources  of t h e  e f f l u e n t s  from f u e l  rod f a b r i c a t i o n ,  
wh i l e  Table  6 g ives  t h e  q u a n t i t i e s  of t h e  e f f l u e n t s  p e r  ki logram of 
uranium processed.  
molds du r ing  f u e l  rod f a b r i c a t i o n .  The maximum amount of h e a t  t h a t  could 
be  r e l e a s e d  from t h e  cool ing  towers is  approximately equa l  to t h e  thermal  
equiva len t  of  t h e  consumed e l e c t r i c a l  energy. This  corresponds t o  
0.02 kWhr ( 7 2  Kj) p e r  f u e l  rod. 

Stream 2 c o n t a i n s  t h e  excess  m a t r i x  material extruded from t h e  mold 
a f t e r  i n j e c t i o n  of t h e  p a r t i c l e  bed is  complete.  We estimate t h a t  1 .0  g 
of ma t r ix  pe r  f u e l  rod f a b r i c a t e d  w i l l  be  s e n t  t o  t h e  burnable  contaminated 
waste treatment system. Stream 3 c o n t a i n s  t h e  f u e l  rods  r e j e c t e d  dur ing  
f u e l  rod in spec t ion .  An es t imated  2% of t h e  f u e l  rods f a b r i c a t e d  w i l l  
e n t e r  stream 3 .  The r e j e c t e d  f u e l  rods w i l l  be  processed t o  recover  
t h e  uranium. 

S t r e a m  1 con ta ins  t h e  w a s t e  h e a t  from h e a t i n g  t h e  

Table 6. E f f l u e n t s  from Fuel  Rod F a b r i c a t i o n  
pe r  Kilogram of Uranium Processed 

S t  ream Description Sources from: Eff luent  Treatment 
233U Recycle 235U Recycle System 

~~ 

1 Waste hea t ,  Btu  1 .38  x l o 5  3 .1  X l o 4  Cooling systems 
J 1 . 4 5  x l o 8  3.3 x 10’ 

2 Excess matrix,  kg 2 . 1 1  0.48 Burnable contaminated 
waste treatment system 

3 Reject f u e l  Scrap recovery 
r o d s ,  kg 

U 0.02 0.02 

Th 0.024 0 .043 

C 0 .74  0.155 

S i  0 .020  0.020 

0 0.034 0.0066 

Fuel Element Assembly 

Fuel  element assembly, i l l u s t r a t e d  i n  Fig.  7 ,  c o n s i s t s  of l oad ing  
green  f u e l  rods  i n t o  t h e  f u e l  e lements;  carboniz ing  and annea l ing  t h e  f u e l  
rods;  f u e l  element c l ean ing ;  loading  poison rods ,  end p lugs ,  and dowels; 
and f u e l  element i n s p e c t i o n ,  packaging, and s t o r a g e .  
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Fig. 7 .  Fuel  Element Assembly. 

Green f u e l  rods are rece ived  from f u e l  rod f a b r i c a t i o n  and loaded 
i n t o  hexagonal p r i s m a t i c  g r a p h i t e  f u e l  e lements ,  approximately 31 i n .  
t a l l  and 1 4  i n .  a c r o s s  t h e  f l a t s  (0.79 x 0.36 m). 

The c u r r e n t  r e f e r e n c e  process  involves  in-block c a r b o n i z a t i o n  of 
t h e  f u e l  rods.  This  i s  accomplished by h e a t i n g  t h e  loaded f u e l  e lements  
t o  800°C i n  an argon atmosphere t o  carbonize  t h e  p i t c h  b i n d e r .  During 
c a r b o n i z a t i o n ,  about 35% of  t h e  b i n d e r  (3.25 kg p e r  f u e l  element) w i l l  
be  r e l e a s e d  as v o l a t i l e  hydrocarbons and decomposition products .  A 
l o c a l  off-gas t rea tment  system, a perchloroe thylene  (C2C14) scrubber  
and h e a t  exchanger,  w i l l  remove t h e  v o l a t i l e  hydrocarbons,  decomposition 
products ,  and h e a t  from t h e  furnace  gaseous e f f l u e n t .  The t r e a t e d  o f f -  
gas  i s  then  s e n t  t o  t h e  p l a n t  off-gas  cleanup system. 

A f t e r  c a r b o n i z a t i o n ,  t h e  f u e l  element remains i n  t h e  furnace  and 
i s  annealed by h e a t i n g  t o  1800°C i n  an argon atmosphere t o  remove r e s i d u a l  
v o l a t i l e s  and s t a b i l i z e  t h e  dimensions of t h e  f u e l  rods .  The gaseous 
e f f l u e n t  is  t r e a t e d  i n  t h e  off-gas  t rea tment  system descr ibed  above. 
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The f u e l  elements are cleaned a f t e r  annea l ing  t o  remove t h e  
carbonized p i t c h  material from t h e  s u r f a c e s  and coo lan t  h o l e s .  This  
s u r f a c e  f o u l i n g  must be removed t o  p reven t  excess ive  p r e s s u r e  drop 
through t h e  coo lan t  h o l e s .  The carbonized material i s  q u i t e  f r i a b l e  and 
can be r e a d i l y  removed wi th  a r e l a t i v e l y  s o f t  b r i s t l e  brush .  A vacuum 
system w i l l  c o l l e c t  t h e  carbonized material removed from t h e  f u e l  element.  
The e f f l u e n t  from t h e  vacuum system p a s s e s  through a roughing f i l t e r  
be fo re  be ing  r e l e a s e d  t o  t h e  p l a n t  off-gas cleanup system. The s o l i d  
material c o l l e c t e d  by t h e  vacuum system roughing f i l t e r  w i l l  be  s e n t  t o  
t h e  burnable  contaminated waste t r ea tmen t  system. 

F i n a l  element assembly c o n s i s t s  of loading  poison rods ,  end p l u g s ,  
and dowels. Graph i t e  cement i s  f i r s t  a p p l i e d  t o  t h e  end p lugs  and dowels. 
A f t e r  i n s e r t i o n  of t h e  end p lugs  and dowels, t h e  g r a p h i t e  cement is  cured  
by h e a t i n g  t o  150°C f o r  1 h r .  The waste h e a t  w i l l  be  r e l e a s e d  t o  a l o c a l  
hea t  exchanger. 

Fue l  element i n s p e c t i o n  c o n s i s t s  of v e r i f y i n g  t h e  p h y s i c a l  i n t e g r i t y  
of t h e  f u e l  element and checking f o r  s u r f a c e  contamination. Fuel element 
i n t e g r i t y  i s  v e r i f i e d  by v i s u a l  i n s p e c t i o n .  Sur face  contaminat ion  i s  
determined by wiping t h e  s u r f a c e  wi th  an  a p p r o p r i a t e  smearing medium and 
and i n s e r t i n g  t h e  smear sample i n t o  a s h i e l d e d  ins t rument  f o r  count ing .  
Rejec ted  f u e l  elements w i l l  be s e n t  t o  t h e  r ep rocess ing  p l a n t  t o  r ec l a im 
t h e  uranium. 

The f u e l  elements are packaged b e f o r e  be ing  s t o r e d .  Packaging 
c o n s i s t s  of i n s e r t i n g  t h e  f u e l  elements i n t o  a sh ipp ing  c o n t a i n e r  and 
i n s t a l l i n g  t h e  r equ i r ed  cushioning  material. Each c o n t a i n e r  w i l l  ho ld  
two f u e l  elements.  The packaged f u e l  elements are then  s t o r e d  u n t i l  
shipment t o  an  o p e r a t i n g  HTGR. The decay h e a t  from t h e  s t o r a g e  area is  
r e l e a s e d  t o  a l o c a l  h e a t  exchanger. 

E f f l u e n t s  from Fuel  Element Assembly 

F igure  7 shows t h e  sou rces  of t h e  e f f l u e n t s  from f u e l  element assembly, 
wh i l e  Table  7 g ives  t h e  q u a n t i t i e s  of e f f l u e n t s  p e r  k i logram of  uranium 
processed .  Streams 3 ,  6 ,  and 8 c o n t a i n  waste h e a t ,  which w i l l  b e  d i s s i -  
pa ted  i n  t h e  coo l ing  towers.  S t r e a m  3 c o n t a i n s  t h e  h e a t  from c a r b o n i z a t i o n  
and annea l ing ;  stream 6 c o n t a i n s  t h e  h e a t  from cu r ing  t h e  g r a p h i t e  cement; 
and stream 8 c o n t a i n s  t h e  decay h e a t  from t h e  packaged f u e l  e lements .  
The releases i n  streams 3 and 6 w e r e  c a l c u l a t e d  by assuming t h a t  t h e  
maximum amount of h e a t  t h a t  could b e  r e l e a s e d  w a s  equa l  t o  t h e  thermal  
equ iva len t  of t h e  consumed e l e c t r i c a l  energy. This  corresponds t o  150 kWhr 
(540 M J )  p e r  f u e l  element i n  stream 3 and 2 kWhr (7.2 MJ) p e r  f u e l  element 
i n  stream 6. The releases i n  stream 8 were c a l c u l a t e d  by de termining  
t h e  h e a t  release due t o  a lpha  and b e t a  decay of t h e  uranium i s o t o p e s  and 
t h e i r  daughters .  A conse rva t ive  estimate of 0 . 1  kWhr (0.36 MJ) p e r  element- 
day w a s  used. 

S t r e a m s  1 and 2 c o n t a i n  t h e  e f f l u e n t s  from normal o p e r a t i o n  of t h e  
c a r b o n i z a t i o n  and annea l ing  fu rnace .  During c a r b o n i z a t i o n  of t h e  p i t c h  
b inde r  i n  t h e  f u e l  r o d s ,  an e s t ima ted  3.25 kg of v o l a t i l e  hydrocarbons 
and decomposition p roduc t s  w i l l  be  r e l e a s e d  p e r  f u e l  element carbonized .  
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Table 7. Effluents from Fuel Element Assembly 
per Kilogram of Uranium Processed 

Sources from Effluent Description Stream Treatment System 
2 3 3 U  Recycle 2 3 5 U  Recycle 

1 

2 

3 

7 

8 

~- ~~~~ ~ 

Gases, scf (std liters) 
CXH 
C2CL 

Condensable CxHy, kg 

Waste heat, Btu 
J 

Carbon soot, kg 

Carbon soot, kg 

Waste heat, Btu 
J 

Reject fuel elements, kg 
U 
Th 
C 
Si 
0 

Waste heat, Btu 
J 

1 1 . 6  ( 3 3 0 )  
0 . 2 2  ( 6 . 2 )  

3 . 9  

6 . 9  x i o 5  
7 . 3  x l o 8  

0 . 0 8 5  

9 . 4  x 

9 . 2  x 103 
9 .7  x l o 6  

0.01 
0.119 
1 . 4 7  

0 . 0 1 6 8  
9 . 8  x 

4 6 0  
4 . 8  x i o 5  

2 . 6  ( 7 5 )  
0 . 0 4 9  ( 1 . 4 )  

0 . 9 0  

1 . 5 7  x i o 5  
1 . 6 6  X 10' 

0 . 0 1 9 4  

2 . 1 6  x 

2 . 1  x i o 3  
2 . 2  x l o 6  

0.01 
0 . 2 2  
0 . 3 3  
9 . 8  x 10-~ 
3 . 3  x 

105 
1.11 x i o 5  

Off-gas cleanup system 

CzC14 reclamation system 

Cooling systems 

Burnable contaminated 

Off-gas cleanup system 

Cooling systems 

waste treatment 

Reprocessing plant 

Cooling systems 
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Approximately 90% of t h i s  i s  condensable and i s  removed i n  t h e  C 2 C 1 4  
scrubber .  S t r e a m  2 c o n t a i n s  t h e  condensed hydrocarbons,  which w i l l  b e  
removed from t h e  C z C l 4  i n  t h e  C 2 C 1 4  rec lamat ion  system. The t r e a t e d  
off-gas  stream, stream 1, which c o n t a i n s  noncondensable C,H and C 2 C l 4 ,  

t h e  C 2 C 1 4  i n  t h e  scrubber  w i l l  b e  p r e s e n t  i n  stream 1 by evapora t ion .  

t h e  f u e l  e lements  dur ing  element c l e a n i n g .  W e  estimate t h a t  70  g of  
carbon w i l l  b e  removed from each f u e l  element and t h a t  10% w i l l  e n t e r  t h e  
OGCS as carbon s o o t .  The remainder w i l l  b e  s e n t  t o  t h e  burnable  contam- 
i n a t e d  waste t rea tment  system f o r  burning.  S t r eam 7 c o n t a i n s  r e j e c t e d  
f u e l  e lements ,  which w i l l  b e  s e n t  t o  t h e  reprocess ing  p l a n t  t o  recover  
t h e  uranium. An es t imated  1% of t h e  f u e l  e lements  w i l l  e n t e r  stream 7 .  

i s  s e n t  t o  t h e  p l a n t  off-gas  cleanup system. W e  estimate t Yl a t  0.1% of  

S t r e a m s  4 and 5 c o n t a i n  t h e  carbonized p i t c h  t h a t  w a s  removed from 

Scrap Recovery 

The s c r a p  recovery system, i l l u s t r a t e d  i n  F ig .  8 ,  reclaims t h e  
uranium t h a t  i s  contained i n  process  re jects .  Four t y p e s  of re ject  
material  w i l l  b e  handled i n  t h i s  system: (1) f u e l  p a r t i c l e s  r e j e c t e d  
b e f o r e  t h e  S i c  c o a t i n g  w a s  a p p l i e d ,  ( 2 )  f u e l  p a r t i c l e s  r e j e c t e d  a f t e r  
t h e  S i c  c o a t i n g  w a s  a p p l i e d ,  ( 3 )  green f u e l  r o d s ,  and ( 4 )  assembled 
and annealed f u e l  e lements .  

r e s i n ,  buf fer -coa ted  f u e l  p a r t i c l e s ,  and inner - i so t ropic-coa ted  f u e l  
p a r t i c l e s .  S ince  some of t h i s  mater ia l  w i l l  b e  pyrophoric ,  i t  must b e  
s t o r e d  under a n  argon atmosphere. Table  8 l i s t s  t h e  amount of t h i s  type  
of  re ject  material  t h a t  must b e  processed i n  t h i s  subsystem. The f i r s t  
s t e p  i n  p r o c e s s i n g  t h e  f i r s t  t y p e  of re ject  material i s  t o  o x i d i z e  i t  
a t  800°C, removing t h e  carbon as C 0 2 ,  removing t h e  hydrocarbons as C 0 2  
and H 2 0 ,  and conver t ing  t h e  uranium t o  U3Oe. Local off-gas  t rea tment  
c o n s i s t s  of a h e a t  exchanger,  a roughing f i l t e r ,  and an HEPA f i l t e r .  

The second t y p e  of reject  material w i l l  c o n t a i n  Sic-coated and 
outer - i so t ropic-coa ted  f u e l .  Table  8 l i s t s  t h e  amounts of material 
e n t e r i n g  t h i s  subsystem. The f i r s t  s t e p  i n  process ing  t h i s  material  i s  
t o  burn t h e  o u t e r  i s o t r o p i c  c o a t i n g  away t o  expose t h e  S i c  c o a t i n g s .  
Local of f -gas  t rea tment  c o n s i s t s  of a h e a t  exchanger,  a roughing f i l t e r ,  
and an HEPA f i l t e r .  The f u e l  p a r t i c l e s  are t h e n  crushed t o  break  t h e  
s i l i c o n  c a r b i d e  c o a t i n g  b e f o r e  be ing  processed i n  a manner s imi l a r  t o  
t h e  f i r s t  type  of reject  material. The crushed p a r t i c l e s  are pyrophoric  
and must b e  t r a n s f e r r e d  under an argon atmosphere. 

A f t e r  o x i d a t i o n ,  t h e  a s h  from both  t y p e s  of  re ject  material i s  
leached w i t h  n i t r i c  a c i d  t o  remove t h e  uranium. The undisso lved  s o l i d s  
( r e s i d u a l  unburned S i c )  are s e p a r a t e d  from t h e  l e a c h a t e  i n  a c e n t r i f u g e ,  
washed, and s e n t  t o  t h e  nonburnable contaminated waste t r e a t m e n t  system. 
The wash s o l u t i o n  i s  combined w i t h  t h e  l e a c h a t e ,  which i s  assayed t o  
determine t h e  uranium c o n t e n t .  Following a s s a y ,  t h e  uranium s o l u t i o n  i s  
s e n t  t o  t h e  s o l v e n t  e x t r a c t i o n  system a t  t h e  r e p r o c e s s i n g  p l a n t .  

The f i r s t  t y p e  of re jects  w i l l  c o n t a i n  uncarbonized r e s i n ,  carbonized 
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Fig. 8. Scrap Recovery. 

The t h i r d  type  of  re ject  material, green f u e l  r o d s ,  must b e  
carbonized b e f o r e  i t  can b e  s e n t  t o  t h e  head end of  t h e  r e p r o c e s s i n g  
p l a n t .  
this subsystem. The c a r b o n i z a t i o n  f u r n a c e  c o n t a i n s  a l o c a l  off-gas  
t rea tment  system c o n s i s t i n g  of  a h e a t  exchanger and a perchloroe thylene  
scrubber. 

no f u r t h e r  t rea tment  and can b e  s e n t  d i r e c t l y  t o  t h e  head end of t h e  
reprocess ing  p l a n t .  
i n  t h e  r e j e c t e d  f u e l  elements.  

Table  8 l i s t s  the'amount of material t h a t  must b e  processed i n  

The f o u r t h  type  of reject  m a t e r i a l ,  assembled f u e l  e lements ,  r e q u i r e s  

Table  8 l i s t s  t h e  material  t h a t  w i l l  be  contained 

E f f l u e n t s  from Scrap Recovery 

Figure 8 shows t h e  sources  of e f f l u e n t s  from t h e  s c r a p  recovery 
system. 
(1) t h e  s i z e  of  t h e  r e f a b r i c a t i o n  p l a n t ,  and ( 2 )  t h e  i n d i v i d u a l  process  
r e j e c t i o n  rates,  which determine t h e  g r o s s  product ion  requirements  of 

The amount of material  processed i n  t h i s  system depends on 



Table 8. Material Entering Scrap Recovery System 

Amount p e r  kg U Product ,a  kg S q a l i n g  

U C 0 S i  U C 0 S i  Th Th Fac torb  

Amount p e r  kg U Processed ,a  kg Type and D e s c r i p t i o n  
of R e j e c t  

Loaded, d r i e d  r e s i n  
Carbonized r e s i n  
Converted r e s i n  
B u f f e r  c o a t i n g  
I n n e r  i s o t r o p i c  
Carbon s o o t  

S i c  c o a t i n g  
Outer i s o t r o p i c  
Lot upgrading  
Carbon s o o t  

Green f u e l  r o d s  
2 3R 
25R 

Fuel  Elements 
23R 
25R 

0.070 
0.050 

0 . 0 2 1  
0.021 

1.0 x 

0.021 
0 .021  
0.10 

0.020 
0.020 

0.0100 
0.0100 

0.078' 
0.0132 6 .8  x 

1.85  x io-' 3.4 x  IO-^ 
0.0131 7.3 x io-* 
0.030 7.2 x io-'+ 

0.039 7.3 x 1 0 - 4  

0.065 7.5 x io-' 
0 .31  3.6 x 10-3 

0.60 

0.41 

0.021 
0.021 
0.098 

1.429 
1 .328  
1.248 
1.247 
1.220 
1.247 

1.195 
1.170 
1.145 
1.170 

0. 74d 0.034 
0 .  155d 6 .6  x 

1.47 0.0168 
0.33 3 . 3  x 10-3 

0.020 0.24 1 .031  
0.020 0 .043  1 .031  

9.8 x 0.119 1.010 
9.8 x 0.022 1.010 

0.100 
0.066 
1.25 x 
0.026 
0.026 

0.025 
0.025 
0.114 

0 .021  
0.021 

0.0101 
0.0101 

0.11ZC 

2 . 3  x 1 0 - 4  
0.0175 

0.0164 
0.036 
0.74 

0.046 
0.076 
0 .35  
0.48 

0.76 
0.160 

1 . 4 8  
0 .33  

9 . 1  x io-' 
4 . 3  x 1 0 - ~  
9 . 1  x io-' 
8 . 8  x io-' 

8 . 7  x lo-'  0.025 
8 . 8  x I O - '  0.024 
4 .1  x 0.113 

0.35 0.020 0.25 
6 . 8  x 0.020 0.044 

0.0169 9.9 x 0 . 1 2 0  
3.4 x 10-~  9.9  x 10-~  0.022 

aSame f o r  23R and 25R u n l e s s  o t h e r w i s e  i n d i c a t e d .  

bBased on p r o c e s s  loss f r a c t i o n s .  

'Mass of r e s i n  having  composi t ion  C602H6. 

dAssumes m a t r i x  i s  100% r. 
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t h e  i n d i v i d u a l  system. S ince  i t  i s  not  convenient t o  d e s c r i b e  t h e  
e f f l u e n t s  from s c r a p  recovery on a p e r  kilogram of uranium processed 
b a s i s  as w a s  done f o r  t h e  main process  s t e p s  i n  t h e  prev ious  s e c t i o n s ,  
Table 9 l i s t s  t h e  q u a n t i t i e s  of e f f l u e n t s  from s c r a p  recovery on a p e r  
ki logram of  uranium product b a s i s .  

S t r e a m  1 c o n t a i n s  t h e  thermal e f f l u e n t s  r e l e a s e d  from t h e  o x i d a t i o n  
furnaces .  These releases were c a l c u l a t e d  by assuming release of  (1) t h e  
thermal equiva len t  of t h e  consumed e l ec t r i ca l  energy,  and ( 2 )  t h e  h e a t  
from exothermic chemical r e a c t i o n s .  

S t r e a m  2 c o n t a i n s  t h e  gaseous e f f l u e n t  from t h e  o x i d a t i o n  furnace  
used t o  remove t h e  o u t e r  i s o t r o p i c  coa t ing  from coated  f u e l  p a r t i c l e s .  
Excess oxygen i s  assumed p r e s e n t ,  s o  t h a t  a l l  exposed carbon i s  oxid ized  
t o  carbon d ioxide .  W e  a l s o  assumed t h a t  t h e  furnace  and roughing f i l t e r  
are designed s o  t h a t  an es t imated  0.1% of t h e  uranium p r e s e n t  i n  t h e  
burner  ash would reach  a l o c a l  HEPA f i l t e r ,  and t h a t  t h e  HEPA f i l t e r  
provides  a n  a d d i t i o n a l  decontamination f a c t o r  of 10 3 .  

S i c  c o a t i n g s  on t h e  type  2 re ject  material .  W e  assumed t h a t  t h e  c rush ing  
equipment i s  designed s o  than  an es t imated  0.1% of t h e  uranium p r e s e n t  
would reach  a l o c a l  HEPA f i l t e r ,  and t h a t  t h e  HEPA f i l t e r  provided a n  
a d d i t i o n a l  decontamination f a c t o r  of l o 3 .  

S t r eam 4 c o n t a i n s  t h e  gaseous e f f l u e n t  from t h e  main o x i d a t i o n  
furnace .  Excess oxygen i s  assumed p r e s e n t ,  so  t h a t  a l l  combust ible  m a t e -  
r ia ls  are converted t o  C 0 2  and H 2 0 ,  w i t h  t h e  r e s u l t a n t  burner  a s h  c o n t a i n i n g  
u308 and S i c .  The 2 2 0 R n  release ra te  w a s  c a l c u l a t e d  by t h e  method d e s c r i b e d  
i n  t h e  Appendix. We assumed t h a t  t h e  radon release ra te  e q u a l s  100% of 
i t s  product ion rate f o r  1 h r  dur ing  oxida t ion .  The amount of p a r t i c u l a t e s  
e n t e r i n g  stream 4 w a s  c a l c u l a t e d  by assuming t h a t  t h e  furnace  and roughing 
f i l t e r  are designed so t h a t  an es t imated  0.1% of  t h e  uranium p r e s e n t  i n  
t h e  burner  ash would reach a l o c a l  HEPA f i l t e r ,  and t h a t  t h e  HEPA f i l t e r  
provides  an a d d i t i o n a l  decontamination f a c t o r  of  lo3. 

S t r e a m  5 c o n t a i n s  t h e  gaseous e f f l u e n t  from t h e  l e a c h i n g  o p e r a t i o n s .  
The 220Rn release ra te  w a s  c a l c u l a t e d  by t h e  method d e s c r i b e d  i n  t h e  
Appendix. W e  assumed t h a t  t h e  radon r e l e a s e  rate e q u a l s  100% of i t s  pro- 
d u c t i o n  ra te  f o r  1 h r  during l e a c h i n g  o p e r a t i o n s .  The NO, releases w e r e  
c a l c u l a t e d  by (1) assuming 1.0% o f  t h e  consumed n i t r a t e  w a s  l o s t  as NO, 
and ( 2 )  assuming t h e  NO, t o  b e  NO3.  S t r e a m  6 c o n t a i n s  t h e  undissolved 
solids ( S i c  h u l l s )  from t h e  leaching  o p e r a t i o n s .  W e  assumed t h a t  0.01% 
of t h e  t o t a l  uranium p r e s e n t  i n  t h e  d i s s o l v e r  would remain w i t h  t h e  S i c  
h u l l s .  W e  a l s o  assumed t h a t  t h e  water remaining w i t h  t h e  Sic w a s  10% by 
weight of t o t a l  s o l i d s  p r e s e n t .  

f u e l  rods .  The thermal  e f f l u e n t s ,  stream 7 ,  w e r e  c a l c u l a t e d  by assuming 
t h a t  t h e  m a x i m u m  amount of  h e a t  t h a t  could b e  r e l e a s e d  w a s  equa l  t o  t h e  
thermal equiva len t  of  t h e  consumed e l ec t r i ca l  energy. This  corresponds 
t o  0.096 kWhr (0.35 M J )  per  f u e l  rod carbonized.  During c a r b o n i z a t i o n  of  
t h e  p i t c h  b inder  i n  t h e  f u e l  r o d s ,  w e  estimate t h a t  2.075 g of v o l a t i l e  
hydrocarbons and decomposition products  w i l l  b e  r e l e a s e d  per  f u e l  rod 
carbonized. Approximately 90% of t h i s  i s  condensable and i s  removed by a 
C 2 C l 4  sc rubber .  S t r e a m  9 c o n t a i n s  t h e  noncondensable hydrocarbons and 
C 2 C l 4 .  We assumed t h a t  0.1% of  t h e  C 2 C l 4  used i n  t h e  scrubber  w i l l  b e  
present  i n  stream 8 because of evaporat ion.  

S t r e a m  3 c o n t a i n s  t h e  e f f l u e n t s  produced dur ing  t h e  c rush ing  of t h e  

S t r e a m s  7 ,  8, and 9 c o n t a i n  t h e  e f f l u e n t s  from carboniz ing  t h e  green 
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Table 9. E f f l u e n t s  from Scrap Recovery 
p e r  Kilogram of Uranium Product  

Stream 
Sources from 

2 3 3 U  Kecycle 2 3 5 U  Recycle 
Descr ipt ion 

Eff luent  
Treatment System 

1.004 X l o 5  1 .004  X l o 5  Cooling systems 1 Waste h e a t ,  Btu 
3 1.058 X 10' 1.058 X 10' 

2 '  C O z ,  sc f  ( s t d  l i t e r s )  43.03 (1226)  43.03 (1226)  Off-gas cleanup system 

P a r t i c u l a t e s ,  kg 

U 1.64 x 10-~  1 . 6 4  x 

Sol ids  4.7 x 4 .7  x 1 0 - ~  

P a r t i c u l a t e s ,  kg Off-gas cleanup system 

U 1.64 x io- '  1 .64  x io- '  
Sol ids  4.7 x 4.7 x io-'  

"'Rn, C i a  12 .0  0 Off-gas cleanup system 

C O 2 ,  scf ( s t d  l i ters)  74  (2100) 7 4  (2100)  

HzO, sc f  ( s td  l i t e r s )  2.4 ( 6 8 )  2.4 ( 6 8 )  

P a r t i c u l a t e s ,  kg 

U 3.8 x 3.8 x 

Sol ids  7 . 0  x lo- '  7 .0  x lo-' 

"'Rn, C i a  12 .0  0 Off-gas cleanup system 

NO,, s c f  ( s t d  l i t e r s )  0.026 ( 0 . 7 3 )  0.026 ( 0 . 7 3 )  

S i c ,  kg 0.23 0.23 Nonburnable contaminated 
waste t reatment  Entrapped U, kg 3.8 x 10-~ 3.8 x 1 0 - ~  

HzO, kg 0.023 0.023 

7 Waste h e a t ,  Btu Cooling systems 

8 CxHy. sc f  ( s t d  l i t e r s )  0.24 ( 6 . 7 )  0.054 (1 .54 )  Off-gas cleanup system 

C 2 C l 4 ,  s c f  ( s t d  l i t e r s )  0.0045 (0.13) 0.0010 (0 .028 )  

9 C,Hy, s c f  ( s t d  l i t e r s )  0.081 ( 2 . 3 )  0.0186 (0 .53 )  C2Clr Reclamation system 

Reprocessing U, kg 

Reprocessing U, kg 
p lan t  

p l an t  
Th, kg 

0.38 

0.031 

0.37 

0.38 Solvent e x t r a c t i o n  

0.031 Head-end 

0.066 

aAverage r e l ease .  
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BURNABLE NONBURNABLE - 
SYSTEM WASTE TREATMENT WASTE TREATMENT - CONTAMINATED - CONTAMINATED 

‘ZC14 
RECLAMATION - 

F i n a l l y  Table 9 lists t h e  amounts of recovered uranium and thorium, 
which w i l l  b e  s e n t  t o  t h e  s o l v e n t  e x t r a c t i o n  and head-end systems of t h e  
r ep rocess ing  p l a n t .  

LlOUlD 
WASTE TREATMENT 

CENTRAL EFFLUENT TREATMENT SYSTEM 

(8  

The r e f a b r i c a t i o n  p l a n t  c e n t r a l  e f f l u e n t  t r ea tmen t  system, i l l u s t r a t e d  
i n  F ig .  9 ,  t rea t s  t h e  e f f l u e n t  streams from t h e  r e f a b r i c a t i o n  p l a n t  b e f o r e  
t h e i r  release. The components of t h e  c e n t r a l  e f f l u e n t  t rea tment  system are  
as fo l lows:  

STORAGE 

11 
 PLANT^ 

1 
REPROCESSING REPROCESSING RETRIEVABLE 

PLANT’ 

1. perch lo roe thy lene  rec lamat ion ,  
2 .  burnable  contaminated waste t r ea tmen t ,  
3 .  nonburnable contaminated w a s t e  t r ea tmen t ,  
4 .  l i q u i d  waste t r ea tmen t ,  
5. cool ing  systems, 
6 .  off-gas cleanup. 

COOLING 
SYSTEMS 

The fo l lowing  s e c t i o n s  d e s c r i b e  t h e s e  compoents. 

C E L L  VENT I L AT ION 

‘ZC14 

Fig. 9 .  Re fab r i ca t ion  P l a n t  C e n t r a l  E f f l u e n t  Treatment System. 

OFF-GAS 
CLEANUP SYSTEM 

EFFLUENT STREAMS 
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c S T I L L  c DRYER SPENT C2CI4  
SURGE TANK 

- 

, Perch lo roe thy lene  Reclamation System 

, 

The pe rch lo roe thy lene  (C2C14) rec lamat ion  system, i l l u s t r a t e d  i n  
Fig. 1 0 ,  removes i m p u r i t i e s  i n  t h e  C 2 C 1 4  so  t h a t  i t  can b e  r eused .  
Table 10 lists t h e  material e n t e r i n g  t h i s  subsystem. The f i r s t  s t e p  i n  
rec la iming  t h e  C 2 C l 4  is  d i s t i l l a t i o n .  The d i s t i l l a t e  is  c o l l e c t e d  i n  a 
su rge  t ank ,  and t h e  vapors  from t h e  su rge  t ank  are condensed i n  a c h i l l e r  
and r e tu rned  t o  t h e  su rge  tank .  Before t h e  of f -gas  i s  vented  t o  t h e  o f f -  
gas  cleanup system, a d d i t i o n a l  C p C l 4  is  removed by t h e  u s e  of molecular  
sieve t r a p s  capab le  of be ing  r e a c t i v a t e d  by steam s t r i p p i n g .  The C 2 C 1 4  
removed from t h e  t r a p s  is  re tu rned  t o  t h e  s p e n t  C 2 C l 4  su rge  t ank .  

s o l i d .  The s o l i d s  are s e n t  t o  t h e  bu rnab le  contaminated w a s t e  t r ea tmen t  
system f o r  f u r t h e r  t r ea tmen t .  
scrubbed i n  a c a u s t i c  sc rubber  t o  remove any hydrogen c h l o r i d e  t h a t  may 
be p r e s e n t .  A f t e r  sc rubbing ,  t h e  d r i e d  of f -gas  e n t e r s  t h e  c h i l l e r  and 
is  mixed wi th  t h e  su rge  tank  of f -gas .  

The bottoms are removed from t h e  s t i l l  and are d r i e d  t o  a f r i a b l e  

The of f -gas  from t h e  bottoms d r y e r  i s  

ORNL-DWG 75-9763 

TO PROCESS 

SUPPLY TANK 
CI SCRUBBER 

CLEAN C2CI, NoOH 
SURGE TANK. - - 

TO BURNABLE 
CON TA M I N AT E D 

WASTE 
TREATMENT’ 

I t  
c--. 

L I Q U I D  
WASTE 

 TREATMENT^ 
COOLING 
SY STE MS4 

FREON C H I L L E R  - * 1 

Fig. 10 .  Pe rch lo roe thy lene  Reclamation. 

STEAM- 

EFFLUENT STREAMS 

I. C. C x H y ,  U - B E A R I N G  P A R T I C U L A T E S  

2 .  N a C I .  N o O H ,  H 2 0  
C2C14TRAPS 

A 

( + )  SEE TABLE 10 FOR 

4. HEAT 
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Table 10. Material Enter ing  C 2 C l 4  Reclamation' System 
per  Kilogram of  Uranium Producta 

P a r t i c u l a t e s ,  kg 

U S o l i d s  

c 2 c 1 4  CXH soo t  
(kgy (kg) 0%) Source 

Resin c a r b o n i z a t i o n  5.13 0.0133 5.8 x l o q 3  0.44 

R e s  i n  conversion 76 0.0061 6.7 x 6 . 3  

Fuel  element assembly 38 3 . 3  

Scrap recovery 0.77 0.067 

and c o a t i n g  

- 
TOTALS 119 0.0194 0.0124 3.8 6 . 3  

Assuming a r a t i o  of 23R t o  25R of 3.34. a 

Figure 10  i n d i c a t e s  t h e  sources  of  t h e  e f f l u e n t  streams from C 2 C 1 4  
rec lamat ion ,  and Table  11 provides  t h e  q u a n t i t i e s  of e f f l u e n t s  on a 
p e r  kilogram of uranium product b a s i s .  S t r e a m  1 c o n t a i n s  t h e  s o l i d s  
removed from t h e  C 2 C l 4 .  S t r e a m  2 conta ins  t h e  l i q u i d  waste from t h e  
c h l o r i n e  scrubber .  We es t imated  t h a t  0.01% of t h e  C 2 C l 4  would decompose 
and b e  removed i n  t h i s  sc rubber .  S t r e a m  3 c o n t a i n s  t h e  C 2 C 1 4  t h a t  w a s  
n o t  removed by t h e  molecular s i e v e  t r a p s .  
c h i l l e r ,  and t r a p s  provided a system decontaminat ion f a c t o r  of l o 6  f o r  
C 2 C l 4 .  F i n a l l y ,  stream 4 c o n t a i n s  t h e  es t imated  thermal  releases from 
t h i s  system. 
r e q u i r e d  t o  (1) v a p o r i z e  t h e  C 2 C l 4 ,  ( 2 )  h e a t  t h e  s o l i d s  t o  t h e  b o i l i n g  
p o i n t  of C 2 C l 4 ,  and (3) evapora te  any H 2 0  p r e s e n t  and by assuming t h a t  
t h e  equipment w a s  30% e f f i c i e n t .  

W e  assumed t h a t  t h e  s t i l l ,  

They w e r e  c a l c u l a t e d  by determining t h e  amount of h e a t  

Burnable Contaminated Waste Treatment 

The burnable  contaminated w a s t e  t rea tment  system, i l l u s t r a t e d  i n  
Fig.  11, w i l l  t reat  burnable  material  such as f u r n a c e  l i n e r s ,  gas  d i s -  
t r i b u t o r s ,  bottoms ( soo t )  from t h e  C 2 C 1 4  rec lamat ion  system, and matrix 
f l a s h i n g s  from f u e l  rod f a b r i c a t i o n .  Table  12 l i s t s  t h e  material 
e n t e r i n g  t h i s  system. 
f r i a b l e  material  t o  a s i z e  s u i t a b l e  f o r  burning.  
w i l l  n o t  b e  crushed. The material  i s  oxid ized  i n  t h e  burner  t o  conver t  
i t  t o  C 0 2 ,  H 2 0 ,  and U3O8. Local  off-gas  t rea tment  c o n s i s t s  of a h e a t  
exchanger,  a c a u s t i c  sc rubber ,  and a HEPA f i l t e r .  

The f i r s t  s t e p  i n  t h i s  process  i s  t o  c rush  t h e  
The n o n f r i a b l e  material  
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__c CRUSH - BURN 
LEACH AND - CENTRIFUGE 

(*I 

a 

Table 11. Effluents from C 2 C l 4  Reclamation System 
per Kilogram of Uranium Producta 

ASSAY - - 

Stream Description Amount Effluent Treatment 

b I I 
( Y )  COOLING 

SYSTEMS' 

1 CY kg 6.3 
C H kg 38 
Particulates, kg 
5 Y' 

Uranium 0.0194 
Solids 0.0124 

I 
NONBURNABLE 
CONTAMINATED 

2 H20, liters 
NaCl, kg 
NaOH , kg 

** WASTE T RE AT MEN T ' 

0.0125 
0.0168 
4 . 2  x 10-~ 

Burnable contaminated 
waste treatment 

Liquid waste 
treatment 

3 C2C14, scf (std liters) 5.7 X (2.0 x Off-gas cleanup 

4 Heat, Btu (J) 2.16 x l o 5  (2.23 x 10') Cooling systems 
system 

a Assuming a ratio of 23R to 25R of 3.34. 

ORNL-DWG 75-9764 

EFFLUENT STREAMS 

(*) SEE TABLE i 2  FOR SYSTEM INPUT 

i. 2z0Rn. CO,. H20, U-BEARING PARTICULATES 

2. NaCI, NaOH, U-BEARING PARTICULATES, H20 
3. HEAT 

4. 220Rn, NO, 

5. UNDISSOLVED SOLIDS, H20, URANIUM 
6. URANYL NITRATE 

Fig. 11. Burnable Contaminated Waste Treatment. 
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Table  1 2 .  M a t e r i a l  Enter ing Burnable Contaminated Waste 
Treatment System p e r  Kilogram of Uranium Producta 

Quant i ty ,  kg 

U C CXHlJ S o l i d s  
Source 

Resin conversion and 7 .5  x l o v 4  1 . 9 1  
c o a t i n g  

Fuel  rod f a b r i c a t i o n  1.79 

Fuel  element assembly 0.070 

C e n t r a l  e f f l u e n t  1.94 X 6 . 3  3.8 0.0124 
t rea tment  

TOTALS 2.01 x 10.1  3.8 0.0124 

a Assuming a r a t i o  of 23R t o  25R of 3.34. 

The burner  a s h  i s  then  leached wi th  n i t r i c  a c i d  t o  remove any uranium 
t h a t  i s  present  as U3O8. The undissolved s o l i d s  are  s e p a r a t e d  from t h e  
l e a c h a t e  i n  a c e n t r i f u g e  and t h e n  screened t o  remove any i n t a c t  Sic-coated 
f u e l  p a r t i c l e s .  The S i c  p a r t i c l e s  are  crushed b e f o r e  be ing  burned. The 
remainder of  t h e  undissolved s o l i d s  i s  sampled and then  s e n t  t o  t h e  
nonburnable contaminated w a s t e  t reatment  system f o r  dry ing  and packaging. 
The l e a c h a t e  i s  assayed b e f o r e  being s e n t  t o  t h e  s o l v e n t  e x t r a c t i o n  
system of t h e  r e p r o c e s s i n g  p l a n t .  

burnable  contaminated waste t r e a t m e n t ,  and Table  13 provides  t h e  q u a n t i t i e s  
of e f f l u e n t s  on a p e r  kilogram of uranium product  b a s i s .  S t ream 1 c o n t a i n s  
t h e  gaseous e f f l u e n t  from t h e  c r u s h e r  and t h e  burner .  The amount of 
p a r t i c u l a t e s  e n t e r i n g  t h e  off-gas  w a s  es t imated  by assuming t h a t  t h e  
c rush ing  equipment and t h e  burner  are designed s o  t h a t  0.1% of t h e  
material i n  t h e  c r u s h e r  and 0.01% of t h e  burner  a s h  would reach  a l o c a l  
HEPA f i l t e r ,  which would provide  an a d d i t i o n a l  decontamination f a c t o r  of 
l o 3 .  
material  is converted t o  C 0 2  and H 2 0 ,  w i t h  t h e  r e s u l t a n t  burner  a s h  
conta in ing  U 3 O 8  and S i c .  
method descr ibed  i n  t h e  Appendix. 
t o  100% of  t h e  product ion rate f o r  1 h r  dur ing  burning.  

removes 90% of t h e  p a r t i c u l a t e s  e n t r a i n e d  i n  t h e  burner  off-gas  and a l s o  
removes any c h l o r i n e  t h a t  i s  p r e s e n t .  
would remain w i t h  t h e  s o l i d s  from t h e  C 2 C l 4  rec lamat ion .  

releases w e r e  c a l c u l a t e d  by assuming t h a t  (1) t h e  thermal  e q u i v a l e n t  of 
t h e  consumed e lec t r ica l  energy i s  r e l e a s e d  and (2) t h e  h e a t  from exothermic 
chemical react i o n s  i s  a l s o  r e l e a s e d .  

F i g u r e  11 i n d i c a t e s  t h e  sources  of t h e  e f f l u e n t  streams from 

W e  assumed t h a t  excess oxygen i s  p r e s e n t  so  t h a t  a l l  combust ible  

The 220Rn release ra te  w a s  c a l c u l a t e d  us ing  t h e  
The radon release ra te  w a s  assumed equal  

S t r e a m  2 c o n t a i n s  t h e  l i q u i d  wastes from t h e  c a u s t i c  sc rubber .  I t  

We assumed t h a t  0.01% of t h e  c2c14 

S t ream 3 c o n t a i n s  t h e  thermal e f f l u e n t s  from t h e  burner .  These 
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Table 13. Effluents from Burnable Contaminated Waste 
Treatment per Kilogram of Uranium Producta 

Stream D e s c r i p t i o n  Amount E f f l u e n t  Treatment  

1 2 2 0 ~ ,  c i  b 

con, s c f  ( s t d  l i t e r s )  

H 2 0 ,  s c f  ( s t d  l i t e r s )  

P a r t i c u l a t e s ,  kg 

Uranium 

S o l i d s  

2 P a r t i c u l a t e s ,  kg 

Uranium 

S o l i d s  

H 2 0 ,  l i t e r s  

N a C 1 ,  kg 

NaOH, kg 

3 Heat, Btu (J) 

4 2 2 0 R n ,  C i  
b 

NOx, s c f  ( s t d  l i t e r s )  

5 Und i s so lved  s o l i d s ,  kg 

H 2 0 9  kg 

Uranium, kg 

6 Uranium, kg 

0 . 6 1  Off-gas  c l e a n u p  sys t em 

890 ( 2 . 5  x lo9) 

4a (1370) 

2 .2  x 

2.9 x 

L i q u i d  waste t r e a t m e n t  
2 . 0  x 10-8 

3 . 7  x 

0.125 

0.0168 

4.2 x 

1.57 x lo6 (1 .65  x l o 9 )  Coo l ing  sys t ems  

0 . 6 1  Off-gas  c l e a n u p  sys t em 

1 . 3 5  x (0.038) 

3 . 3  

3 . 3  x io-'+ 
2.0 x 1 0 - 6  

Nonburnable  con tamina ted  
w a s t e  t r e a t m e n t  

2 .0  x 10-~  Reprocess ing  p l a n t  

aAssuming a r a t i o  of 23R t o  25R of 3.34. 

bAverage release. 
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I, 

DRY PACKAGE 
(+) 

- LEACH, ' 

CENTRIFUGE SHRED 

St ream 4 con ta ins  t h e  gaseous e f f l u e n t  from t h e  l each ing  ope ra t ions .  
The 220Rn release r a t e  w a s  c a l c u l a t e d  by t h e  method descr ibed  i n  t h e  
Appendix. The radon release ra te  w a s  assumed equal  t o  100% of i t s  pro- 
duc t ion  ra te  f o r  1 h r  during leaching  ope ra t ions .  
c a l c u l a t e d  by assuming (1) 1.0% of t h e  consumed n i t r a t e  i s  l o s t  as NO, 
and (2)  t h e  NO,: i s  N03. S t r e a m  5 con ta ins  t h e  undissolved s o l i d s  ( p r i -  
mar i ly  S i c  h u l l s )  from t h e  leaching  ope ra t ions .  We assumed t h a t  1% of 
t h e  t o t a l  uranium present  in t h e  d i s s o l v e r  would remain wi th  t h e  S i c  h u l l s .  
We a l s o  assumed t h a t  t h e  water remaining wi th  t h e  S i c  w a s  10% by weight 
of t o t a l  s o l i d s  p re sen t .  F i n a l l y ,  stream 6 con ta ins  t h e  u rany l  n i t r a t e  
s o l u t i o n ,  which i s  s e n t  t o  t h e  so lven t  e x t r a c t i o n  system of t h e  reproc-  
e s s i n g  p l a n t .  

The NO,: releases w e r e  

RETRIEVABLE 
 STORAGE^ 

Nonburnable Contaminated Waste Treatment 

The nonburnable contaminated w a s t e  t rea tment  subsystem, i l l u s t r a t e d  
i n  Fig.  1 2 ,  p rovides  t h e  f i n a l  t rea tment  f o r  contaminated s o l i d  wastes 
b e f o r e  they  leave t h e  r e f a b r i c a t i o n  p l a n t .  Table 1 4  l ists  t h e  material 
e n t e r i n g  t h i s  subsystem. 

recoverable  amounts of uranium, they  w i l l  b e  shredded and leached t o  
recover  t h e  uranium. The undisso lved  s o l i d s  are sepa ra t ed  from t h e  
l e a c h a t e  i n  a c e n t r i f u g e ,  d r i e d ,  sampled, packaged, and placed i n  
r e t r i e v a b l e  s t o r a g e .  The l e a c h a t e  i s  assayed b e f o r e  be ing  s e n t  t o  t h e  
so lven t  e x t r a c t i o n  system of t h e  r ep rocess ing  p l a n t .  

S ince  t h e  HEPA f i l t e r s  used i n  t h e  p l a n t  are  expected t o  con ta in  
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ASSAY 9 
REPROCESSING 

 PLANT^ 

CONDENSER 

OGCS4 LIQUID 
WASTE 

TREATMENT 

1. 
2. 
3. 
4. 

5. 
6. 

EFFLUENT STREAMS 

220~,, NO, 
URANYL NITRATE 
HEAT 

H 2 0  

H20 
SOLID WASTES, URANIUM 

(x) SEE TABLE 14 FOR 
SYSTEM INPUT 

Fig .  1 2 .  Nonburnable Contaminated Waste Treatment.  
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Table 1 4 .  Material Enter ing  Nonburnable Contaminated Waste 
Treatment p e r  Kilogram of Uranium Producta 

Source 
Quant i ty ,  kg 

U S o l i d s  H 2 0  

HEPA f i l t e r s  4.5  x 10-~ 0.076 

Scrap recovery  3.8 x 0.23 0.023 

Liquid waste t rea tment  2.2 x 12.3 6.2 

Burnable contaminated waste 2.0 X 3.3 x 3.3 x 1 0 - ~  

Miscel laneous s o l i d  wastes 1 .98  

TOTALS 4.8 X 14.6 6.2 

Assuming a r a t i o  of 23R t o  25R of 3.34. a 

Another t y p e  of w a s t e  handled by t h e  nonburnable contaminated w a s t e  
t rea tment  subsystem c o n s i s t s  of nonburnable s o l i d s  from s c r a p  recovery ,  
l i q u i d  w a s t e  t r ea tmen t ,  and burnable  contaminated w a s t e  treatment. These 
s o l i d s  are d r i e d ,  sampled, packaged, and p laced  i n  r e t r i e v a b l e  s t o r a g e .  
The off-gas  from t h e  d r y e r  i s  condensed, and t h e  l i q u i d  is  s e n t  t o  t h e  
l i q u i d  w a s t e  t r ea tmen t  system. The noncondensable off-gas i s  vented  
t o  t h e  of f -gas  c leanup system. 

The t h i r d  type  of  waste handled by t h i s  system c o n s i s t s  of mi sce l l a -  
neous s o l i d  wastes, such as manipula tor  boo t s .  These s o l i d s  are sampled, 
packaged, and placed i n  r e t r i e v a b l e  s t o r a g e .  

F igure  1 2  i n d i c a t e s  t h e  sou rces  of t h e  e f f l u e n t  streams from non- 
burnable  contaminated w a s t e  t rea tment ,  and Table  15 p rov ides  t h e  q u a n t i t i e s  
of e f f l u e n t s  on a pe r  kilogram of uranium product  b a s i s .  Stream 1 
con ta ins  t h e  gaseous e f f l u e n t  from t h e  l each ing  ope ra t ions .  The 220Rn 
release w a s  c a l c u l a t e d  by t h e  method descr ibed  i n  t h e  Appendix. The radon 
r e l e a s e  r a t e  w a s  assumed equa l  t o  100% of  i t s  product ion  rate f o r  1 h r  
du r ing  l each ing  o p e r a t i o n s .  
(1) 1.0% of  t h e  consumed n i t r a t e  i s  l o s t  as NOcc and (2) t h e  NOx is  Nos. 
Stream 2 c o n t a i n s  t h e  uranium recovered i n  t h e  l each ing  o p e r a t i o n s .  

were e s t ima ted  t o  be  200% of  t h e  h e a t  r equ i r ed  t o  evapora te  t h e  water 
from t h e  s o l i d s .  Stream 5 con ta ins  t h e  water t h a t  i s  condensed from t h e  
evapora tor  of f -gas .  
densed and would be  r e l e a s e d  i n  stream 4 .  

S t r e a m  6 c o n t a i n s  t h e  d r i e d  s o l i d s  and misce l laneous  s o l i d  wastes, 
which w i l l  b e  p laced  i n  r e t r i e v a b l e  s t o r a g e .  These wastes are sampled, 
and t h e  c o n t a i n e r s  are l a b e l e d  t o  assist  i n  t h e  u l t i m a t e  f i x a t i o n  of 
t h e s e  s o l i d  wastes. 

The NOx releases w e r e  c a l c u l a t e d  by assuming 

S t r e a m  3 c o n t a i n s  t h e  thermal  releases from t h e  d r y e r .  These releases 

We assumed t h a t  1% of t h e  water would no t  be  con- 
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Table 15. E f f l u e n t s  from Nonburnable Contaminated Waste 
Treatment pe r  Kilogram of Uranium Producta 

Stream Desc r ip t ion  Amount Ef f luen t  Treatment 

1 220Rn, C i b  0.141 Off-gas cleanup system 

NOX, SCf 3 . 1  x 10‘~ 
( s t d  l i t e r s )  8.7 x 10’~ 

2 Uranium , kg 4.5 x Reprocessing p l a n t  

3 Waste h e a t ,  Btu 3.24 x i o 4  Cooling systems 
J 3 .4  x i o 7  

4 H 2 0 ,  s c f  2.7 Off-gas cleanup system 
( s t d  l i t e r s )  77 

5 H20, l i ters  6.2 Liquid waste  t rea tment  

6 Sol id  wastes, kg 14.6 Ret r i evab le  s t o r a g e  
Uranium , kg 3.0 x io”+ 

Assuming a r a t i o  of 23R t o  25R of 3.34 .  a 

bAverage release. 

Liquid Waste Treatment 

The l i q u i d  w a s t e  t rea tment  subsystem, i l l u s t r a t e d  i n  F ig .  1 3 ,  conver t s  
a l l  l i q u i d  wastes t o  process  water, s o l i d s ,  and gas .  Table  16 l ists  t h e  
material  e n t e r i n g  t h i s  subsystem. Surge c a p a c i t y  has  been included because 
t h e  evapora tor  w i l l  o p e r a t e  semicont inuously.  
has  been evaporated from t h e  l i q u i d  waste, t h e  r e s u l t a n t  s ludge  w i l l  be  
s e n t  t o  t h e  nonburnable contaminated w a s t e  t rea tment  subsystem f o r  d ry ing  
and packaging. The evapora tor  of f -gas  w i l l  b e  condensed, sampled, and 
s e n t  t o  t h e  process  w a t e r  supply tank.  The noncondensable off-gas  i s  
vented t o  t h e  off-gas c leanup system. 

F igure  13 i n d i c a t e s  t h e  sources  of t h e  e f f l u e n t  streams, and Table 17 
provides  t h e  q u a n t i t i e s  of e f f l u e n t s  on a pe r  kilogram of uranium product  
b a s i s .  S t r e a m  1 con ta ins  t h e  thermal  releases from t h e  evapora tor .  These 
releases w e r e  es t imated  t o  b e  200% of t h e  h e a t  r equ i r ed  t o  evapora te  t h e  
water from t h e  s o l i d s .  

t h a t  t h e  water remaining wi th  t h e  s o l i d s  w a s  50% by weight of t h e  s o l i d s .  
S t r eam 4 con ta ins  t h e  evapora tor  condensate,  wh i l e  stream 3 con ta ins  t h e  
noncondensable off-gas .  

A f t e r  most of t h e  water 

S t r eam 2 c o n t a i n s  t h e  s o l i d s  removed from t h e  evapora tor .  W e  assumed 

We assumed t h a t  1% of t h e  w a t e r  w a s  no t  condensed. 
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SURGE 

COOLING SYSTEMS' 

WASTE  TREATMENT^ 

EVAPORATOR 

NON - B U R N A B L E  CONTAMINATED 

CONDENSER OGCS3 

r-l SAMPLE 

TO PROCESS 
WATER SUPPLY 

EFFLUENT STREAMS 
1 .  HEAT 

2. SOLID WASTES,H$ 

3. H 2 0  
4. ti20 

(*) SEE TABLE 46 FOR 
SYSTEM lNPUT 

Fig. 1 3 .  Liquid  Waste Treatment. 

Cooling Systems 

The p l a n t  coo l ing  systems, i l l u s t r a t e d  i n  F ig .  1 4 ,  d i s s i p a t e  w a s t e  
h e a t  t o  t h e  atmosphere. Table  18 l is ts  t h e  amounts of p rocess  h e a t  t h a t  
w i l l  be  d i s s i p a t e d  i n  t h e  cool ing  systems. I n  a d d i t i o n  t o  the p rocess  
h e a t  sou rces ,  h e a t  w i l l  b e  r e l e a s e d  from t h e  b u i l d i n g  h e a t i n g  and a i r  
cond i t ion ing  and p rocess  suppor t  systems. It is  es t ima ted  t h a t  a p l a n t  
producing f u e l  elements c o n t a i n i n g  84.42 kg of  uranium d a i l y  w i l l  
release a maximum of 7 . 3  x l o 7  Btu /hr  ( 2 1  Mw). 
approximate ly  2.3 X l o 7  Btu/hr (6.7 MW) from p rocess  h e a t  sou rces  and 
5.0 X l o 7  Btu /hr  (14.4 MW) from a l l  o t h e r  sou rces ,  p r i m a r i l y  h e a t i n g  and 
v e n t i l a t i o n .  

and water i s  used as t h e  secondary c o o l a n t .  The h e a t  con ta ined  i n  the 
primary c o o l a n t s  i s  t r a n s f e r r e d  t o  t h e  secondary coo lan t  i n  a closed-loop 
h e a t  exchanger.  The heat now conta ined  i n  t h e  secondary c o o l a n t  i s  t r a n s -  
f e r r e d  t o  t h e  coo l ing  towers i n  a second closed-loop h e a t  exchanger.  

Th i s  i s  composed of 

Pe rch lo roe thy lene  (C2C14) and water are used as t h e  primary c o o l a n t s ,  



Table 16 .  Material Enter ing  Liquid Waste Treatment System 
p e r  Kilogram of Uranium Producta  

P a r t i c u l a t e s ,  kg Aqueous S o l u t e s ,  kg b 
H 2 0  Organic 

(kg) S o u r c e  
S o l i d s  NaN03 N a H C O ,  Na2C03 N a C 1  NaOH ( l i t e r s )  Uranium 

Resin f u e l  ke rne l  37 2 .2  x i o +  1 . 4 3  x 1 0 - ~  1 .43  0 . 4 3  0.86 7 . 1  x 

p r e p a r a t i o n  

Fuel  ke rne l  convers ion  38 
and coa t ing  

7 . 4  2 . 2  

C 2 C 1 4  rec lamat ion  0 . 1 2 5  0.0168 4 . 2  x lo- ,  
system 

Burnable contaminated 0.125 2 .0  x 3.7 x 10-9 
w a s t e  t rea tment  

0.0168 4 . 2  x 

Nonburnable contaminated 6 2 
waste  t rea tment  

TOTALS 81 2.2 x 1 . 4 3  x 1 . 4 3  0 . 4 3  0.86 7 . 4  2.2 7 . 1  x 1 0 - ~  
___-______ 

aAssuming a r a t i o  o f  23R t o  25R of  3 . 3 4 .  

bDiethylbenzene and amine. 

w 
U 
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Table 17 .  E f f l u e n t s  from Liquid Waste Treatment 
p e r  Kilogram of Uranium Producta 

Stream D e s  c r  i p  t i o n  Amount E f f l u e n t  Treatment 

1 Waste h e a t ,  Btu 3.7 x i o 5  Cooling systems 

2 S o l i d  wastes, kg 12.3 Nonburnable contaminated 
H20, kg 6.2 waste t rea tment  

J 3 . 9  x l o 8  

Uranium, kg 2.2 x 

3 H 2 0 ,  s c f  33 
(Std l i t e r s )  94 

Off-gas c leanup system 

4 H20, l i t e rs  75 Process  water supply 
Organic ,  kg 7.1 x i o +  

Assuming a r a t i o  of 23R t o  25R of 3.34. a 
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I SECONDARY r-d COOLING 
COOL I NG TOWERS 

H H20 EAT, 
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AND 
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Fig.  14.  Cooling Systems. 
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Table  18. Process  Heat Di s s ipa t ed  i n  Cooling Systems 
pe r  Kilogram of Uranium Product 

Heat Di s s ipa t ed  Primary 
Coolant 

Source 
(Btu) (J) 

Resin f u e l  k e r n e l  p r e p a r a t i o n  

Resin f u e l  k e r n e l  ca rbon iza t ion  

Fuel k e r n e l  conversion and c o a t i n g  

Fuel rod f a b r i c a t i o n  

Fuel element assembly 

Re jec t  rec lamat ion  

C 2 C l 4  rec lamat ion  

Burnable contaminated waste 

Nonburnable contaminated waste 

Liquid w a s t e  t r ea tmen t  

4.3 x i o 5  
1.09 x i o 5  

1 . 1 7  x i o 5  
5 . 1  x i o 5  
LOO x i o 5  
2.2 x i o 5  

3.2 x i o 4  
3.7 x i o 5  

3 .1  X lo6 

1.57 X l o 6  

4 . 6  x l o 8  
1.15 x l o 8  

1 .23  x l o 8  

1.06 x l o 8  
2.3 x l o 8  

3.2 x i o 9  

5.5 x l o 8  

1.65 x i o 9  
3.4 x i o 7  
3.9 x l o 8  

TOTAL 6 .5  x lo6 6.9 x i o 9  

F i n a l l y ,  t h e  h e a t  t h a t  i s  conta ined  i n  t h e  coo l ing  tower w a t e r  i s  
d i s s i p a t e d  t o  t h e  atmosphere. W e  estimate t h a t  a coo l ing  system of t h i s  
c a p a c i t y  w i l l  release approximately 215,000 g a l  (814 m3) of water p e r  
day t o  t h e  atmosphere. 
25% as blowdown. 

Of t h i s ,  75% w i l l  be  r e l e a s e d  as vapor and 

Off-Gas Cleanup System 

The of f -gas  cleanup system, i l l u s t r a t e d  i n  F ig .  15,  provides  t h e  
f i n a l  t r ea tmen t  f o r  gaseous e f f l u e n t s .  Table 19 l i s t s  t h e  e f f l u e n t s  
e n t e r i n g  t h e  of f -gas  cleanup system, The minimum t r ea tmen t  r e q u i r e d  f o r  
t h e  p l a n t  of f -gas  c o n s i s t s  of a 220Rn de lay  t r a p ,  a roughing f i l t e r ,  and 
two HEPA f i l t e r s  i n  series. It i s  es t imated  t h a t  a minimum holdup time 
requ i r ed  f o r  220Rn decay i s  20 min, which p rov ides  a decontamination 
f a c t o r  of 2 . 8  x l o 6 .  The roughing f i l t e r  w i l l  p r o t e c t  t h e  HEPA f i l t e r s  
from bu i ldup  of p a r t i c u l a t e s  t h a t  might come from t h e  radon t r a p .  Two 
HEPA f i l t e r s  i n  series provide  a decontamination f a c t o r  of l o 6  f o r  
p a r t i c u l a t e s .  

by d i l u t i o n  only .  It is  expected t h a t  t h e  combustible of f -gases  w i l l  b e  
vented from a s e p a r a t e  s t a c k .  The c e l l  v e n t i l a t i o n ,  approximately 
207,000 scfm (98 s t d  m3/sec) w i l l  b e  f i l t e r e d  by a roughing f i l t e r  and two 
HEPA f i l t e r s  i n  series. Table  20 l i s t s  t h e  gaseous e f f l u e n t s  l e a v i n g  
t h e  p l a n t .  

Gaseous e f f l u e n t s  such as C 2 C 1 4 ,  CxHy, H 2 ,  and NOx w i l l  be t r e a t e d  



COMBUSTIBLE 
OFF-GAS - (*c) 
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ATMOSPHERE 

__c - - COMBUSTIBLE - 220Rn ROUGHING HEPA HEPA 
DELAY FILTER FILTER FILTER GAS STACK 

J 
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(XI 

- 
__c __c - __c NONCOMBUSTIBLE - 22%" ROUGHING HEPA HEPA 

DELAY FILTER FILTER FILTER GAS STACK 

CELL VENTILATION 

i 

W SEE TABLE (9 FOR SYSTEM INPUT. 

c A 1 

Fig .  15. O f f - G a s  Cleanup System. 
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Table 20. Gaseous E f f l u e n t s  Leaving Off-Gas Cleanup System 
per  Kilogram of Uranium Producta  

Ef f luen t  Desc r ip t ion  Amount 

220Rn, C i  
P a r t i c u l a t e s ,  kg 

Uranium 
S o l i d s  

czc14 
Gases, sc f  ( s t d  l i t e r s )  

CxHgb 
COX 
H z  
NOxd 
H 2 0  
I n e r t  gase 

4.2 x io+  
1.84 x lo-’’ 
7.9 x 10’~ 

0.57 (16.2) 
21 (610) 
101 (2.9 x 10‘) 
3.3 x i o 3  (9.2 x i o 4 )  

2.7 x i o 6  (7.7 x i o 7 )  

0.027 (0.78) 
87 (240) 

Assuming a r a t i o  of 23R t o  25R of 3.34. a 

bAssumed t o  be C 2 H 6 .  

dAssumed t o  b e  N 0 3 .  
e 

Assumed t o  b e  0.37% CO and 99.63% CO2. C 

A r ,  N 2 ,  H e ,  A i r ;  i nc ludes  c e l l  v e n t i l a t i o n .  

EFFLUENT SUMMARY 

The e f f l u e n t s  l e a v i n g  t h e  r e f a b r i c a t i o n  p l a n t  can b e  desc r ibed  as 
fo l lows:  (1) recovered s c r a p  material ,  (2) s o l i d  w a s t e  material, (3)  
gaseous e f f l u e n t s ,  and (4) thermal  e f f l u e n t s .  The fo l lowing  s e c t i o n s  
summarize each of t h e s e  types  of e f f l u e n t s .  

Recovered Scrap Material 

Recovered s c r a p  material, which is  s e n t  t o  t h e  r ep rocess ing  p o r t i o n  
of t h e  r e c y c l e  p l a n t ,  c o n s i s t s  of u rany l  n i t r a t e  s o l u t i o n s ,  carbonized 
r e j e c t e d  f u e l  rods ,  and r e j e c t e d  f u e l  e lements .  Table  21 l i s ts  t h e  sou rces  
of recovered s c r a p  material on a per  ki logram o f  uranium product  b a s i s .  
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Table 21. Recovered Scrap Material per  
Kilogram of Uranium Producta 

Source 
Amount, kg 

Uranium Thorium 

Scrap recovery 0.41 0.37 

Burnable contaminated 
waste t reatment  

2.0 x 

Nonburnable contaminated 4 .5  x i o +  
waste t rea tment  

TOTALS 0.42 0.37 

a Assuming a r a t i o  of  2 3 R  t o  25R of 3.34. 

Sol id  Waste Material 

The s o l i d  waste material leav ing  t h e  r e f a b r i c a t i o n  p l a n t  receives 
f i n a l  t rea tment  i n  t h e  nonburnable contaminated waste t rea tment  system. 
We estimate t h a t  14.61 kg of s o l i d  w a s t e  p e r  kilogram of uranium product  
w i l l  be  placed i n  r e t r i e v a b l e  s t o r a g e .  It i s  expected t h a t  t h e s e  s o l i d  
wastes w i l l  b e  processed a t  an ERDA w a s t e  p rocess ing  f a c i l i t y  b e f o r e  
u l t i m a t e  d i s p o s a l .  W e  estimate t h a t  3.0 x kg of uranium p e r  kilogram 
of uranium product w i l l  b e  a s s o c i a t e d  wi th  t h e s e  s o l i d  wastes. 

Gaseous E f f l u e n t s  

The gaseous e f f l u e n t s  l e a v i n g  t h e  off-gas  c leanup system may be  
considered as  comprising chemical e f f l u e n t s  and r a d i o a c t i v e  e f f l u e n t s .  
The l i s t  of chemical e f f l u e n t s  can be  obta ined  from Table  20 by d e l e t i n g  
t h e  entries f o r  220Rn and uranium. 
e f f l u e n t s  i n  terms of t h e  i n d i v i d u a l  n u c l i d e s .  

Table  22 l i s t s  t h e  r a d i o a c t i v e  

Thermal E f f l u e n t s  

The thermal  e f f l u e n t s  from a p l a n t  producin f u e l  elements conta in ing  
84.42 kg of uranium d a i l y  w i l l  be  about 7 .3  x 10’ Btu/hr  (21 MW) , with  
about 2.3 X l o 7  Btu/hr (6.7 MW) coming from process  h e a t  sources  and 
5.0 x l o 7  Btu/hr (14.4 MW) from a l l  o t h e r  s o u r c e s ,  p r i m a r i l y  h e a t i n g  and 
v e n t i l a t i o n .  A cool ing  system t h a t  w i l l  d i s s i p a t e  t h i s  amount of h e a t  
w i l l  r e l e a s e  an es t imated  215,000 g a l  (814 m 3 )  of water p e r  day t o  the 
atmosphere. Of t h i s ,  75% w i l l  b e  r e l e a s e d  as vapor  and 25% as blowdown. 
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Table 22. Radioactive Effluents Leaving Off-Gas Cleanup 
System per Kilogram of Uranium Producta 

Nuclide 
Amount 
(Ci) 

'08T1 

'Pb 

21 'Pb 
2Pb 

2 1 2Bi 

2Po 

6Po 
2 2 0 b  

'Fr 

2 1 3Bi 

223Ra 

224Ra 

Ra 
6Ra 

'Ra 

2 2  5 A ~  

7Ac 

227Th 

'Th 

'Th 

230Th 
231Th 

'Th 

4Th 

'pa 
2 3 4mpab 

2 3 4 ~ a  

225 

232" 

233,, 

2 3 4 u  

235u 

236,, 

23BU 

9.2 x 10-8 

1.19 10-15 

9.5 x 10-26 

3.3 10-7 

1.19 10-15 

2.1 10-7 

4.3 x 10-10 

4.2 10-4 

1.19 10-15 

3.0 10-23 

1.49 10-15 

4.2 10-23 

1.19 x 10-l~ 
7.7 10-23 

4.4 10-23 

1.94 10-15 

4.5 10-17 

1.45 10-24 

1.70 x 

9.8 x 

1.84 x 

1.04 x lo-" 

6.3 x 

1.86 x 

3 . 6  x 

1.86 x 

1.86 x lo-" 

1.21 x 10-10 

8.3 x 

2.1 x 10-11 

1.70 10-13 

2.0 x 10-16 

6 . 3  x 10-15 

TOTAL 4.2 10-4 

Assuming a ratio of 23R to 25R a 

of 3.34. 

bMetastable state. 



45 

CONCLUSIONS AND RECOMMENDATIONS 

This  s tudy  h a s  i d e n t i f i e d  s e v e r a l  areas where a d d i t i o n a l  developmental  
work i s  needed, e s p e c i a l l y  i n  s c r a p  recovery and waste t rea tment .  The 
fol lowing s e c t i o n s  d e s c r i b e  some of t h e  areas where a d d i t i o n a l  developmental  
work i s  needed. 

Process  Rejec t ion  Rates 

Most of t h e  r e j e c t i o n  rates are based on c u r r e n t  development work and 
t h e  b e s t  estimates of t h e  engineers  who are doing t h a t  work. A l l  t h e  
r e j e c t i o n  rates must be  v e r i f i e d  f o r  a commercial-size p l a n t .  k d d i t i o n a l l y ,  
development work i s  needed t o  lower t h e  process  r e j e c t i o n  rates whenever 
p o s s i b l e .  

Furnace Off-Gas C h a r a c t e r i z a t i o n  

The compositions of t h e  off-gas  streams presented  i n  t h i s  s tudy  must 
be  v e r i f i e d .  The uranium l o s s e s  and t h e  hydrocarbon compositions need t h e  
most a t t e n t i o n .  Recent ly ,  a mass spectrometer  h a s  been i n s t a l l e d  on 
development equipment a t  ORNL t o  ana lyze  t h e  off-gas  leav ing  t h e  f u r n a c e  
and t h e  scrubbers .  

Scrap Recovery 

The concepts  presented  i n  t h i s  s tudy  need t o  b e  exper imenta l ly  
v e r i f i e d .  Curren t ly ,  a development program i s  under way a t  ORNL t o  
provide  q u a n t i t a t i v e  information wi th  r e s p e c t  t o  t h e  s c r a p  recovery 
system. Of p a r t i c u l a r  i n t e r e s t  i s  material a c c o u n t a b i l i t y  and t h e  p u r i t y  
of t h e  recovered u r a n y l  n i t r a t e  s o l u t i o n s .  

Perchloroe thylene  Reclamation 

Several a l t e r n a t e  methods of C 2 C l 4  rec lamat ion  need t o  b e  examined. 
Probably t h e  most important  a s p e c t  of t h i s  system t h a t  needs a d d i t i o n a l  
development work i s  t h e  problems a s s o c i a t e d  w i t h  s o l i d s  handl ing  and 
burning. C u r r e n t l y ,  a development e f f o r t  is under way i n  t h i s  area. 

Burnable Contaminated Waste Treatment 

A s u i t a b l e  method f o r  burning both  t h e  s o l i d s  from C 2 C l 4  rec lamat ion  
and t h e  d i s p o s a b l e  furnace  p a r t s  needs t o  b e  developed. A development 
program i s  c u r r e n t l y  under way i n  t h i s  area. O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  
uranium a s s o c i a t e d  wi th  t h e  burnable  s o l i d s .  



46 

ACKNOWLEDGMENTS 

The authors would like to acknowledge the assistance of the following 
engineers who provided assistance in obtaining the process descriptions 
and effluent characterization: F. E. Harrington, C. C. Haws, D. R. Johnson, 
W. J. Lackey, and A. J. Caputo. J. E. Rushton and S. R. McNeany provided 
assistance with the 220Rn production and decay calculations. 
performed ORIGEN computations, which were used to prepare Table 2 2 .  
F. E. Harrington, J. E. Van Cleve, F. J. Homan, and K. H. Lin reviewed 
this document. S. Peterson provided technical editing and Julia Bishop 
of the Metals and Ceramics Division Reports Office prepared the manuscript 
for reproduction. 

C. W. Kee 



47 

APPENDIX 

Radon-220 Calcula t ions  

The product ion ra te  of  220Rn w a s  c a l c u l a t e d  by assuming t h a t :  
(1) The d i s i n t i g r a t i o n  ra te  of  2 2 4 R a  equals  t h e  product ion ra te  of 220Rn. 
(2) The 233U i n  the r e c y c l e  stream contained 400 ppm of  232U , ( 3 )  Ninety 
days had e lapsed  s i n c e  t h e  233U stream had been p u r i f i e d  i n  a n  i o n  
exchange process  t o  remove t h e  232U decay products ,  
a c t i v i t y  of  2 2 4 R a  p e r  gram of  232U p r e s e n t  f o r  v a r i o u s  t i m e s  a f t e r  
p u r i f i c a t i o n .  

Table  A-1 l ists t h e  

Table  A-1. 2 2 4 R a  A c t i v i t y  

2 2 4 R a  A c t i v i t y  Solu t ion  Age 
(days) Ci /g  232U Present  % of  90-Day A c t i v i t y  

30 

60 

90 

120 

0.52 

1.13 

1.73 

2.30 

30 

65 

100 

133 

I f  d i f f e r e n t  v a l u e s  f o r  t h e  232U content  o r  s o l u t i o n  aging are used,  
t h e  220Rn product ion  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  232U content  and t o  
t h e  percent  of t h e  90-day a c t i v i t y .  
c a l c u l a t i o n  i s  as fo l lows:  

The a c t u a l  220Rn product ion  ra te  

x (0 .4  g 232U) = 0.692 C i  1.73 C i  
g 232u 

220Rn A c t i v i t y  = 

(sec-') 220Rn Product ion Rate = (0.692 Ci)X220Rn 

= 0.692 (0.0126) Ci/sec = 8.72 x Ci/sec . (2)  

The above product ion rate i s  f o r  1 kg of uranium i n  t h e  233U r e c y c l e  
stream. The t o t a l  amount of radon produced is  found by m u l t i p l y i n g  t h e  
product ion r a t e  by t h e  t i m e  dur ing  which t h e  radon i s  assumed t o  b e  
r e l e a s e d .  
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