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STUDY OF THE WASTE HANDLING mQUIWMENTS FOR THE 
HTGR FUEL RECYCLE DEVELOPMENT PROGRAM 

R. S. Lowrie 

ABSTRACT 

Studies  have been performed t o  def ine  t h e  problems 
involved i n  handling and disposing of t h e  waste streams 
generated during the  rad ioac t ive  demonstration of t h e  HTGR 
f u e l  reprocessing and r e fab r i ca t ion  f a c i l i t i e s  t o  be con- 
ducted a t  O a k  Ridge National Laboratory under t h e  National 
HTGR Recycle Development Program. During these  s t u d i e s ,  
t he  waste streams generated by the  Head-End, Acid-Thorex, 
and Refabricat ion P i l o t  P l an t s  were i d e n t i f i e d ,  t h e  processes 
and f a c i l i t i e s  necessary t o  prepare these  wastes f o r  d i sposa l  
were determined, and an order-of-magnitude estimate of t he  
cos t  of bu i ld ing  these  f a c i l i t i e s  w a s  made. Where applica- 
b l e ,  a l t e r n a t i v e  processes a r e  discussed. The estimated 
c a p i t a l  c o s t s  of  t he  major waste d isposa l  systems f o r  t he  
Head-End P i l o t  P l an t  a r e  $650,000 f o r  t h e  par t ia l -b lock  
burning concept and $848,750 f o r  t h e  whole-block burning 
concept. Waste f a c i l i t i e s  f o r  the Acid-Thorex P i l o t  P lan t  
would cost $257,500; those required f o r  t h e  Refabricat ion 
P i l o t  P lan t  would cos t  $40,500. 

1. INTRODUCTION 

A recycle  development program f o r  reprocessing and r e fab r i ca t ing  

high-temperature gas-cooled r eac to r  (HTGR) f u e l s  is  being conducted a t  

the Oak Ridge National Laboratory as p a r t  of t he  Thorium U t i l i z a t i o n  

Program. The planned program includes t h e  design,  cons t ruc t ion ,  and 

operat ion of t h r e e  developmental p i l o t  p l a n t s  t o  demonstrate t h e  repro- 

cessing and r e fab r i ca t ion  operat ions.  To demonstrate t he  performance 

and determine maintenance c h a r a c t e r i s t i c s  of t h e  process equipment, it 

i s  planned t h a t  approximately 900 F t .  S t .  Vrain Reactor (FSVR) f u e l  e l e -  

ments w i l l  be  reprocessed during a six-month per iod of operation. 

233U would b e  recovered t o  meet t he  requirements f o r  f ab r i ca t ing  approx- 

imately 150 recyc le  elements t o  FSVR element spec i f i ca t ions .  The 

Enough 
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successfu l  implementation of this p lan  should provide much of t he  bas i c  

technology required f o r  t h e  design,  cons t ruc t ion ,  and opera t ion  of a 

'commercial p l a n t  f o r  recyc l ing  HTGR f u e l .  

The th ree  recyc le  p i l o t  p l a n t s  descr ibed i n  t h e  National HTGR Fuel 
1 Recycle Development Progrim Plan 

Thorex P i l o t  P l an t ,  and t h e  Refabricat ion P i l o t  P lan t .  The Head-End and 

Refabricat ion P i l o t  P l a n t s  w i l l  be loca ted  i n  Bldg. 7930, The Thorium- 

Uranium Recycle F a c i l i t y .  The Acid-Thorex P i l o t  P l a n t  w i l l  be loca ted  

i n  Bldg. 3019, The Radiochemical Processing P i l o t  P lan t .  Each of these  

w i l l  generate  l i q u i d ,  gaseous, and s o l i d  wastes t h a t  w i l l  have t o  be 

prepared f o r  s a f e  discharge t o  t h e  environment o r  w i l l  have t o  be de l iv-  

e red  i n  a s u i t a b l e  form t o  ORNL waste d i sposa l  f a c i l i t i e s .  The s tud ie s  

descr ibed i n  t h i s  r e p o r t  were performed t o  i d e n t i f y  t h e  streams generated 

by t h e  p i l o t , p l a n t s  during the  planned demonstration program, t o  determine 

the  processes  and f a c i l i t i e s  necessary t o  prepare these  wastes f o r  d i sposa l ,  

and t o  make an order-of-magnitude est imate  of t h e  c o s t  of bu i ld ing  these  

f a c i l i t i e s .  Where appl icable ,  a l t e r n a t i v e  processes  are discussed.  

are the  Head-End P i l o t  P l an t ,  the Acid- 

It  i s  d i f f i c u l t  t o  p r e d i c t  what t h e  f e d e r a l ,  s t a t e ,  and Laboratory 

waste d i sposa l  r egu la t ions  w i l l  be i n  1976. I t  i s  expected t h a t  allowable 

r a d i o a c t i v i t y  r e l ease  r a t e s  t o  t h e  environment w i l l  be lower than those 

a t  present .  Therefore,  these  waste s tud ie s  were made using t h e  following 

ground r u l e s :  

1. 

2. 

3 .  

Gaseous wastes produced i n  each p i l o t  p l a n t  w i l l  be discharged 

t o  the  atmosphere a f t e r  s u i t a b l e  t reatment  t o  remove r ad ioac t ive  

materials (e.g. 85K, and 

A decontamination f a c t o r  (DF)  of 10 o r  g r e a t e r  w i l l  be required.  

3 
H) t o  as low a l e v e l  as i s  p r a c t i c a l .  

2 

Liquid waste w i l l  be pumped t o  hold tanks ,  where it w i l l  be 

monitored and prepared f o r  discharge v i a  p ipe l ine  t o  t h e  ORNL 

Liquid Waste System. 

Sol id  wastes w i l l  be segregated according t o  type and a c t i v i t y ,  

packaged i n  s u i t a b l e  conta iners ,  and s e n t  t o  the ORNL Sol id  

Waste Disposal System. 
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4.  Cost es t imates  w i l l  include only t h e  special .equipment needed 

by t h e  p i l o t  p l a n t s  t o  prepare t h e  waste €or discharge t o  t h e  

O W L  waste systems o r  s tack .  

2 .  IDENTIFICATION OF WASTE STREAMS 

Detai led chemical process flowsheets have been prepared showing 

t h e  compositions and flow r a t e s  of t h e  process streams f o r  t h e  Head-End 

and Acid-Thorex P i l o t  P l an t s  and the  s o l  prepara t ion  and microsphere- 

forming s t e p s  of t h e  Refabricat ion P i l o t  P lan t .  E s t i m a t e s  were made 

of  t h e  composition and flow rates of t he  en ter ing  and e x i t i n g  streams 

i n  t h e  p a r t i c l e  coa t ing ,  f u e l  s t i c k  prepara t ion ,  and f u e l  element assem- 

b l y  s t eps .  Calculat ions f o r  t he  flowsheets were based on the  following 

assumptions: 

2 

\ 

1. The da i ly  production capaci ty  w i l l  be 1 2  kg of (Th-233U)0 sol- 
2 

g e l  microspheres with a Th/U r a t i o  of’4.25.  

A l l  of t h e  233U needed f o r  f ab r i ca t ion  w i l l  be recovered from 

i r r a d i a t e d  FSVR f u e l  elements. 

2. 

3.. Approximately 150 recyc le  f u e l  elements w i l l  be produced. 

4 .  P a r t i c l e s  containing 235U and p a r t i c l e s  containing Tho ( o r  
2 

ThC ) w i l l  be prepared and coated sepa ra t e ly  from t h i s  program 

and w i l l  be purchased o r  otherwise provided f o r  use i n  recyc le  

element f ab r i ca t ion .  

2 

The uranium, thorium, and f i s s i o n  product concentrat ions and i so top ic  

compositions ca l cu la t ed  using the  ORIGEN code3 f o r  f e r t i l e  ( see  Tables 

1 and 2 )  and f i s s i l e  p a r t i c l e s  i n  the  f u e l  discharged from t h e  FSVR a f t e r  

2 years  of  equivalent  full-power operat ion and cooled f o r  150 days were 

used t o  represent  a l l  f u e l  reprocessed. These ca l cu la t ions  ind ica t e  

t h a t  reprocessing approximately t e n  f u e l  elements p e r  day w i l l  provide 

s u f f i c i e n t  233U, when combined with t h e  i n t e r n a l  233U recycle  s t ream, t o  

produce 12 kg of microspheres pe r  day. 



Table .l. Heavy-Metal Nuclide Composition of Fer t i le  P a r t i c l e s  i n  Spent FSVR Fuel 
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Table 2. Fission Product Element Composition of Fertile Particles in Spent FSLK Fuel 

ti T G H FO2.T S T  V f i A I N  R E A C T C R  -- FERTILE - P A R T I C L E  ._ ... _. . . .- (2 Y i !  EXPClS_UR-El- . 

-POWEP= 9.24 M W / M T ,  RIJ?NUP= 8437. F ~ D / M T I  F-LUX,= 4.R4E 13- N/.Chr**2-SEC 

ELEYENT CONCEQTRATInWS* G R A M S  / M E T d I C  TON FIJEL CHARGED T C  - PEACTOP _._ . . .. . - . - _.._ __ 
C P A P G E  DISCHARGE 30.0 D 90.C D 150. D 365. U ' 3652.' C 

2.G7E 5 2  2.:)7E 02 2038E '32_2r)8-E 92 2.39-E 0 2  2.17E 02  
3.96E 5 2  3086E C2 3075E 0 2  3070E 6 2  3.63E 0 2  ?.26F G2 
2 .1HE 0 2  2.17E 02 2.17E 0 2 - 2 . 1 6 E  02- 2.14E 0 2  2.146 C2 
1.15E 2 3  1.15t  i 3  1.15E 0 3  1.15E 0 3  1.15E '73 1.19E 0 3  
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The r e l a t i o n s h i p  between m o s t  of t he  en te r ing  streams and t h e  waste 

streams leaving t h e  var ious processing s t e p s  i s  shown i n  Fig.  1. 

numbered 1-99 o r i g i n a t e  i n  t h e  Head-End P i l o t  P l an t ;  streams numbered 

100-199 o r i g i n a t e  i n  t h e  Acid-Thorex P i l o t  P lan t ;  and those numbered 

200, 300, 400, 500, and 600 o r i g i n a t e  i n  one of the  major processing 

steps i n  t h e  Refabricat ion P i l o t  P lan t .  

i n  Tables 3 and 4.  

Streams 

The waste streams a r e  described 

A b r i e f  desc r ip t ion  of t h e  process flowsheet follows. FSVR f u e l  

cons i s t s  of l a rge  hexagonal graphi te  blocks (14.172 i n .  across  t h e  f l a t s ,  

31.22 in .  long) containing coolant  passages and f u e l  holes .  S i l i con  

carbide - coa ted  f e r t i l e  ThC2 and f i s s i le  (Th-U)C 

i n t o  f u e l  s t i c k s  and in se r t ed  i n t o  t h e  f u e l  holes .  Fuel elements w i l l  

be discharged from t h e  r e a c t o r  once a year and, a f t e r  a s u i t a b l e  cooling 

per iod (which w i l l  be  150 days o r  longer i n  a l l  cases)  , w i l l  be  shipped 

t o  t h e  TURF s torage  f a c i l i t y  where they w i l l  be accumulated u n t i l  used 

p a r t i c l e s  are bonded 2 

4 

i n  t h e  recyc le  demonstration. 

2 . 1  The Head-End P i l o t  P lan t  

Fuel elements removed from t h e  s torage  f a c i l i t y  may be crushed and 

then screen-tumbled t o  remove as much "barren" graphi te  as poss ib le .  Such 

barren graphi te  w i l l  be s e n t  t o  t h e  ORNL waste system. The mater ia l  

containing 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  w i l l  be burned t o  remove 

t h e  g raph i t e  from t h e  b lock ,  p lus  t h e  ou te r  graphi te  p a r t i c l e  coa t ing ,  

i n  a fluidized-bed burner  t h a t  may use A 1  0 as t h e  h e a t  t r a n s f e r  med ium.  

Ash from the  burner w i l l  be c l a s s i f i e d  i n t o  four  f r a c t i o n s :  f i s s i l e  

p a r t i c l e s ,  which are s e n t  t o  s to rage ;  recyc le  A 1  0 f i n e s ;  and f e r t i l e  

p a r t i c l e s .  The f e r t i l e - p a r t i c l e  f r a c t i o n  w i l l  be crushed and then burned 

t o  remove t h e  inner  graphi te  coat ing;  subsequently t h e  ash combined with 

t h e  f i n e  f r a c t i o n  from t h e  c l a s s i f i e r  w i l l  be s e n t  t o  the  Acid-Thorex 

P i l o t  P lan t .  Several  a l t e r n a t i v e s  t o  t h i s  f lowsheet a r e  being considered: 

2 3  

2 3 ;  

(1) Burning t h e  uncrushed block i n  a whole-block burner ,  thus elim- 

. i n a t i n g  t h e  burner  feed prepara t ion  s t e p s  and t h e  A 1  0 

Burning the  crushed block i n  a s t a t i c -bed  chunk burner ,  thus 

el iminat ing the  need f o r  t h e  A 1  0 hea t  t r a n s f e r  medium. 

2 3 '  

( 2 )  

2 3  
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ORNL DWG.  71-9531 

b 

I 

HEAD-END PROCESSING SOLVENT EXTRACTION SOL FORMATION S P H E R E  PREPARATION 

1 
@ @  

MEAD END 1 POLQU PLANU 1 ACUD UMQWEX PULQU PLANT 
1 Conned Fuel Element ( 2  yr exposure) 132 Concentcote U02(NOIIa Solutlon 

39 Conned Fertile-Porticle Burner Ash ond AlpOt  Fines 

( INPUTS)  ' 

15 Primary Burner Reagent Gas 

17 Make-up Alz03 

36 F e r t i l e  P a r t i c l e  Burner 
Reagent Gas 

41 Cans fo r  F i s s i l e  P a r t i c l e  
Storage 

4 2  Cans f o r  Burner Ash and 
AI203 Fines Shipment 

(INPUTS) 
104 Acid t o  Leacher 

IO7 Recycled U + Th As Oxides 
109 Wash Water t o  F i l t e r  
112 Steam t o  Feed Adjustment Step 

I19 Scrub I - A S  
120 N i t r i c  Acid I r A X - H N O )  
121 Solvent I - A X  30% TBF i n  N-Dodecane 
124 HNO3 I - B X  
125 Solvent Scrub I -BS 
128 Uranium S t r i p  I - C X  

136 Na2COB Solvent Wash 
137 HN03 Solvent Wash 
I43 Can fo r  Dr ied F i l t e r  Cake 

(01 SCHARGES) (DISCHARGES) 

2 Empty Fuel Can 103 Empty Cans 

IO Canned Barren Graphite I15 Condensate from Feed Adjustment 

27 Canned F i s s i l e  P a r t i c l e s  
I18 Off-Gas from Leacher 

123 R a f f i n a t e  I -AW 

43 Combined Burner Off-Gas 
t o  Decontamination 

126 Thorium Product 1-01 

134 Condensate from UOz(NO3)z 
Evaporator 

138 HNO3 t o  Waste 
139 NazC03 to Waste ]from Solvent Cleanup 

144 Canned F l l  t e r  Cake t o  Waste Storage 

P A R T I C L E  C O A T I N G  FUEL STICK E L E M E N T  ASSEMBLY FAB R I CAT1 O N  

Ai 
504 

"71'r 
t t  

@ @  
t t 

@ @  

331 Specification Spheres 
209 Concentroted Sol Product 410 Coated Microspheres 

( INPUTS) 
201 Th(NO+)2;4H20 
202 Water 
204 Water 
222 Solvent Regeneration 

224 Solvent Wash Water 
Sol u t  ion 

(INPUTS) 
304 Ethyl  Alcohol  t o  Ion 

Exchange Colunm 
305 NHsOH So lu t i on  t o  Ion 

Exchange Column 
306 Waste Water t o  Ion 

Exchange Column 
315 Make-up 2-Ethyl  Hexanol 
316 Span - 80 
317 Ethomen 5/15 
322 Argon t o  Dryer 
323 Steam t o  Dryer 
326 Hydrogen t o  Furnace 
327 Argon fo Furnace 

510 Specification Fuel Sticks 
610 Recycle Fuel Element to FSVR 

(INPUTS) (INPUTS) 

4 1 1  Argon t o  Purge System 511 Binder Ma te r ia l s  

412 Argon t o  Gas D i s t r i b u t i o n  

413 Caust ic 

4 1 4  Hydrogen 

415 Hydrocarbon Gases (CzHZ 6 C3H6) 515 Water 

416 Si lane 516 Solvents 

417 Graphi te Cone 

512 F e r t i l e  P a r t i c l e s  

513 Argon fo r  Carbonizat ion Furnace 

514 Argon fo r  Heat Treatment Furnace 

(INPUTS) 
601 Fuel Blocks 
602 Fuel Hole'Caps 
611 Cement f o r  Caps 

(DISCHARGES) (DISCHARGES) (01  SCHARGES) (DI SCHARCES) (DISCHARGES) ' 

223 Spent Solvent- Regeneration 

225 Waste Solvent Wash Water 308 NH+OH Waste from Ion 

604 Reject Graphi te Blocks (uniueled) 
605 Carbon Scrap 

501 off-Gas from Carbonization 

504 Waste Solvents (organic)  
404  401 Caust ic P a r t i c l e  So lu t i on  Coater Off'Gas from 

P a r t i c l e  Coater 

Furnace 
307 Ethyl  Alcohol  fran Ion 

Exchange Column 

Exchange Column Off-Cas Scrubber 505 Waste Binder Ma te r ia l s  

Ion Exchange Column 

Solvent Cleanup 407 Carbon Chips 

Solvent C I eanup 

So lu t i on  

506 Waste Alumina 405 Graphite Cones 309 Wash Water t o  Waste from 

311 Organic Waste from 406 Compressed Soot 

313 Aqueous Waste fran 

332 Condensate 
333 Combined Dryer-Furnace O f f - G a s  

Fig:'l. HTGR Fuel Recycle Summary Process Flowsheet. 



T a b l e  3. S i g n i f i c a n t  Head-End and Acid-Thorex Waste Streams 

Thermal Power a Stream N o .  Descr ipt ion Volume Radioact ivi ty  Level 
(kw) 

3 27 F i s s i l e  par t ic les  1.72 f t  /day 391,000 C i  of mixed FPs 

p e r  day 43 -Burner of €-gas 1.0 C i  of 1311 2 32.2 s c f m  b 

3 16  C i  of 

1020 C i  of 85Kr  p e r  day 

H 2 0  per day 

1 C i  of 1 4 C  p e r  day 

123 I-AW-raffinate 173 gal/day 211,000 C i  o f  mixed FPs 

1.7 

0.80 

126 I-BT-thorium s o l u t i o n  455 gal/day 210 C i  of  mixed FPs 

144 F i l t e r  cake 20 f t  /day 20,000 C i  of mixed FPs 0.08 3 

a Based on f u e l  exposed 2 years  i n  t h e  reactor and cooled 150 days. 
FPs = f i s s i o n  products.  

b W i l l  contain off-gas from primary and f e r t i l e  par t ic le  burners ,  p l u s  a s m a l l  f l o w  of  i n e r t  b lanket  
gas from crushing operat ions.  

E. 7 .  t 
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T a b l e  4. Low-Level Alpha-Contaminated HTGR Waste Streams 

Stream 
No. Descript ion 

V o l u m e  Produced p e r  
Unit T i m e  

2 

10 

10 3 

115 

118 

134 

138 

139 

223 

225 

307 

30 8 

309 

311 

313 

332 

333 

401 

404 

40 5 

406 

407 

501 

504 

50 5 

50 6 

60 4 

605 

Empty f u e l  element cans 

Canned "barren" graphi te  

Empty f e r t i l e - p a r t i c l e  ash shipment cans 

Condensate from feed adjustment 

Leacher off-gas 

Condensate from U02(N03)2 evaporation 

Na CO from so lvent  cleanup 

HNO from so lvent  cleanup 

Na CO from so l  formation so lvent  

2 3  

3 

2 3  regenerat ion s t e p  

Solvent wash water 

Ethyl a lcohol  wash from ion  exchange column 

NH OH wash from ion  exchange column 

Water wash from ion  exchange column 

Organic l i q u i d  waste from so lvent  cleanup 

Aqueous'waste from so lvent  cleanup 

Condensate from sphere drying and f i r i n g  

4 

furnaces 

Combined dryer  and furnace off-gas 

P a r t i c l e  coa te r  o f f  -gas 

Caust ic  so lu t ion  from p a r t i c l e  coa te r  

Graphite cones 

off-gas scrubber  

Compressed soo t  

Graphite chips  

Off-gas from carbonizat ion furnace 

Waste so lvents  (organic)  

Waste b inder  material 

Waste alumina 

R e j e c t  nonfueled graphi te  f u e l  blocks 

Carbon sc rap  

1.6 p e r  day 

6 2 4 kg/day 
( th ree  55-gal drums) 

3.7 per  day 

272 gal/day 

1-5 scfm 

282 gal/day 

75 gal/day 

75 gal/day 

28 gal/day 

8 gal/day 

11 gal/day 

11 gal/day 

11 gal/day, 

19.5 gal/day 

17.5 gal/day 

7.0 gal/day 

1.5 scfm 

4 .O scfm (avg. 
60.0 scfm (max.) 

130 gal/day 

6.2 kg/day 
(3-1/3 cones/day) 

10  kg/day 

1 %/day 

255 sc fd  

5.0 gal/day 

15 kg/day 

100 kg/day 

1 p e r  month 

1 %/day 
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(3)  Eliminating t h e  s o l i d  bar ren  graphi te  waste stream by burning 

it i n . e i t h e r  a secondary burner  o r  a . l a r g e r  primary burner.  

An important considerat ion i n  connection w i t h  t h e  t h i r d  a l t e r n a t i v e .  

i s  t h e  degree of contamination of the bar ren  graphi te .  The off-gas from 

i ts  burning may wel l  r equ i r e  decontamination; i n  such cases ,  t h e  screen- 

tumbling step would provide l i t t l e  advantage. 

2 .2  The Acid-Thorex P i l o t  P l an t  

Sol ids  from t h e  Head-End P i l o t  P l an t  w i l l  be s e n t  t o  t h e  Acid-Thorex 

P i l o t  P l a n t ,  where they w i l l  be leached with Acid-Thorex Reagent (13 M - 
HNO3--O.05 M F-) . 
pos i t i on  of the  aqueous so lu t ion  w i l l  be  ad jus ted  t o  serve  as feed t o  t h e  

so lvent  e x t r a c t i o n  step. The s o l i d  res idue  from t h e  c l a r i f i c a t i o n  s t e p  

w i l l  be  d r i e d ,  canned, and s e n t  t o  the  ORNL Sol id  Waste Disposal System. 

The thorium and uranium w i l l  be  ex t rac ted  from the  f i s s i o n  products i n  

t h e  f i r s t  column, t h e  thorium w i l l  be pa r t i t i oned- f rom t h e  uranium i n  

the  second column, and t h e  uranium w i l l  be recovered i n  t h e  t h i r d  column. 

The r e s u l t i n g  product ,  UO2(NO3I2  s o l u t i o n ,  w i l l  be concentrated and s e n t  

t o  t h e  Refabricat ion P i l o t  P lan t .  The I-AW containing f i s s i o n  products 

and I-BT containing thorium w i l l  be discharged t o  t h e  ORNL Liquid Waste 

Disposal System. I f  des i r ed ,  t h e  so lvent  ex t r ac t ion  flowsheet can be 

modified t o  e l imina te  t h e  thorium p a r t i t i o n i n g  s t e p ,  thereby producing 

a combined thorium-fission product aqueous w a s t e  stream. 

The r e s u l t i n g  s l u r r y  w i l l  be c l a r i f i e d ,  and t h e  com- 

2.3 The Refabricat ion P i l o t  P l an t  

The concentrated U 0 2 ( N 0 3 ) 2  so lu t ion  from t h e  Acid-Thorex P i l o t  P l an t  

w i l l  be  converted i n t o  so l  i n  t h e  so l  formation s t ep ;  then t h e  sol  w i l l  

be formed i n t o  microspheres, which are successively d r i e d ,  f i r e d ,  and 

c l a s s i f i e d .  Approximately 1 kg (as heavy metals)  pe r  day of o f f -  

s p e c i f i c a t i o n  microspheres w i l l  be re turned  t o  the  leaching s t e p .  The 

specif icat ion-grade microspheres w i l l  be  routed t o  the  p a r t i c l e  coa te r ,  

where t h e  inner  graphi te  coa t ings ,  t h e  Sic coa t ing ,  and t h e  ou te r  graphi te  

coa t ing  are t o  be appl ied.  Af te r  inspecti ,on,  t he  coated p a r t i c l e s  w i l l  
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. 

be formed i n t o  f u e l  s t i c k s .  The s t i c k s  w i l l  a l s o  be inspected and then 

loaded i n t o  the  f u e l  blocks t o  form t h e  loaded recyc le  f u e l  element. 

Reject coated p a r t i c l e s  and s t i c k s ,  containing approximately 1 kg of  

heavy metals per day, w i l l  be recycled back t o  the  burner.  

3. HANDLING OF WASTE STREAMS 

The processes an& equipment necessary f o r  preparing the  gaseous, 

l i q u i d ,  and s o l i d  waste streams generated during t h e  rad ioac t ive  demon- 

s t r a t i o n  f o r  discharge t o  t h e  ORNL waste systems a r e  discussed below. 

N o  at tempt has been made here  t o  d iscuss  e i t h e r  t h e  method or the c o s t  

of handling these  wastes a f t e r  they leave  t h e  development demonstration 

f a c i l i t y ;  it is assumed t h a t ,  by 1976 (the planned da te  of t h e  demon- 

s t r a t i o n ) ,  t he  ORNL waste systems w i l l  be capable of handling them. 

3.1 Gaseous Waste Streams 

Five gaseous waste streams are l i s t e d  i n  Tables 3 and 4 .  The 

waste gas stream (No. 43) from the Head-End P i l o t  P l an t  cons i s t s  of t h e  

off-gas streams from the primary burner  and t h e  f e r t i l e - p a r t i c l e  burner ,  

p lus  s m a l l  b leed streams from t h e  i n e r t  b lanket  gas i n  t h e  enclosures  

housing t h e  primary burner  feed prepara t ion  equipment and the  f e r t i l e -  

p a r t i c l e  crusher .  The volume of t h i s  stream depends on how much of t he  

graphi te  i n  t h e  f u e l  elements i s  burned. The Head-End P i l o t  P lan t  flow- 

sheet assumes t h a t  75% of t h e  graphite i n  each f u e l  block ( t h i s  does not  

include t h e  graphi te  assoc ia ted  w i t h  t h e  f u e l  s t i c k s  o r  t he  coated par- 

t i c l e s )  is  phys ica l ly  separated and discarded a s  bar ren  graphi te  before  

burning. The flow r a t e  of t h e  combined off-gas stream is 32.2 scfm, 

which would increase  t o  about .75 scfm if a l l  t h e  graphi te  w e r e  burned. 

The combined off-gas stream (No. 43) w i l l  contain both p a r t i c u l a t e  

and gaseous r ad ioac t ive  material. A me ta l l i c  primary f i l t e r  system, 

operated a t  a temperature of 25OOC o r  l e s s ,  w i l l  remove more than 99% 

of  the  p a r t i c u l a t e  matter. Some of t he  f i s s i o n  product oxides (Ru, Cs,  

e t c . )  have s i g n i f i c a n t  vapor pressures  a t  t h e  temperatures preva len t  
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during t h e  combustion s t e p s  and w i l l  be vaporized i n t o  t h e  off-gas stream. 

Hot-cell s tud ie s  have shown t h a t  most of t h e  v o l a t i l e  f i s s i o n  product 

oxides w i l l  be removed (DF's of lo4 t o  10 ) by the  primary f i l t e r s .  

The very s m a l l  amount of ma te r i a l  passing t h e  primary f i l t e r s  would be 

removed e i t h e r  by secondary f i b e r g l a s s  f i l t e r s  o r ,  more l i k e l y ,  by t h e  

downstream decontamination s t eps  f o r  8 5 K r ,  3H, e t c .  

shown t h a t ,  when Sic-coated p a r t i c l e s  are crushed and burned, 98% of the  

tritium, noble gases ,  and iod ine  would be re leased  i n t o  t h e  composite 

off-gas stream.6 

graphi te  and a l l  of t h e  f i s s i le  p a r t i c l e s  w i l l  be d iscarded ,  most of 

t he  a c t i v i t y  found i n  the  off-gas  would be cont r ibu ted  by the  fe r t i l e  

p a r t i c l e s .  Thus, burning 9.67 FSVR f u e l  elements pe r  day ( a f t e r  2 years  

of exposure i n  the  r e a c t o r  and 150 days of cool ing)  would r e l e a s e  1020 C i  

(0.7 Ci/min) of  Kr,  16 C i  (0.01 Ci/min) of H I  and 1 C i  of I, as- 

5 5 

Previous s tud ie s  have 

Since t h e  re ference  flowsheet i nd ica t e s  t h a t  75% of  t h e  

85 3 131 

suming the  a c t i v i t y  of t h e  g r a p h i t e . t o  be neg l ig ib l e .  Table 5 shows 

the  composition of t h e  combined off-gas stream. The seve ra l  systems 

proposed f o r  decontaminating t h e  f i l t e r e d  off-gas7 are b r i e f l y  discussed 

below. 

3.1.1 System A 

In  t h i s  system, t h e  X e ,  K r ,  02,  and N2 are separated by d i s t i l l i n g  

t h e m  f r o m  l i q u i d  CO A schematic of t h e  proposed process i s  shown i n  

Fig.  2.  The off-gas i s  f i r s t  passed through a c a t a l y s t  bed t o  oxidize 

any CO and H2. 

containing 13X molecular s i eves  impregnated with s i l v e r .  Next, t he  tri- 

t i a t e d  w a t e r  is removed, probably by i n j e c t i n g  steam and condensing it. 

The H-containing water would be s e n t  t o  the ORNL Liquid Waste System. 

The gas leaving t h e  condenser i s  then compressed t o  20 a t m ,  cooled 

t o  -50°F,and fed  t o  t h e  s t r i p p i n g  column. 

CO would be vaporized and discharged t o  t h e  s tack .  The gas leaving t h e  

top  of t h e  s t i l l  would be  fed  t o  cold t r a p s  (two a r e  requi red)  opera t ing  

a t  20 atm and -140°F, where most of t he  remaining CO would f r eeze  out .  2 
G a s  l eav ing  the  co ld  t r a p  would contain 1% o r  l e s s  CO 

the  02,  N 2 ,  X e ,  and K r .  

2'  

3 Removal of t h e  l3lI is  accomplished i n  a z e o l i t e  bed 

3 

The decontaminated l i q u i d  

2 

i n  addi t ion  t o  

This gas can be compressed t o  about 2000 p s i  
2 
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T a b l e  5 .  Composition of t h e  Combined Off-Gas Stream 

Component Flow Rate 
iscfm) 

Concentration 
(vol  %) 

Carbon dioxide 28.9 90.5 

Oxygen 2 .4  6.9 

0.9 2.6 Nitrogen 

Total 32.2 100.0 

a 

Total K r  + X e  23.6 ppm (1 m C i  of  85Kr p e r  l i t e r )  

I t  should be noted t h a t  t he  n i t rogen  content  of  t h e  off-gas can 
be reduced t o  an a r b i t r a r i l y  l o w  value by e l imina t ing  i t s  use i n  
equipment and instrumentat ion,  and by e l imina t ing  leaks  i n  t h e  
burner .  

a 
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and s to red  i n  220-scf gas cy l inders  (20/day) o r  s e n t  t o  another process 

t o  f u r t h e r  concentrate  t he  krypton. 

3.1.2 System B 

After  t h e  CO, 3H20 ,  and 1311 have been removed by the  methods de- 

sc r ibed  f o r  system A ,  t h e  off-gas stream would be compressed t o  300 ps ig  

and t h e  CO would be  absorbed i n  a h o t  (275°F) aqueous so lu t ion  of 

potassium carbonate.  The CO would r e a c t  t o  form bicarbonate ,  which is  

2 regenerated by hea t ing  a t  atmospheric pressure .  

would be  discharged t o  t h e  s tack .  

i n  a s e r i e s  of scrubber  columns of  successively smaller diameter t o  

compensate f o r  t he  decreased flow of gas.  A schematic of  t h i s  process 

i s  shown i n  Fig.  3. The gas e x i t i n g  from t h e  absorber contains  t h e  Kr, 

Xe, 02' and N 2 ,  and can be  s t o r e d  i n  gas cy l inders  (20  pe r  day ) .  The 

concentrat ion of CO i n  t h e  s t o r e d  gas w i l l  be  less than 1%. A second 

process can be used t o  f u r t h e r  concentrate  t h e  krypton. 

2 

2 
The decontaminated CO 

Absorption of  C02 is accomplished 

2 

3.1.3 System C 

Sys tem C uses t h e  same methods a s  system A t o  e f f e c t  removal of 

13112. CO, H 2 ,  and It i s  assumed t h a t  t h e  amount of krypton sorbed, 3 

o r  otherwise he ld ,  by s o l i d  CO formed i n  t h e  cold t r a p  a t  -14O0F is  

very low. The off-gas is  compressed t o  20 a t m ,  precooled t o  -50"F, and 

then passed i n t o  cold t r a p s  where t h e  CO i s  s o l i d i f i e d  a t  -140°F (see  

Fig.  4 ) .  The r e s i d u a l  gases leaving the  co ld  t r a p  would contain 1% o r  

l e s s  C02. 

gas cy l inders  (20 p e r  day) .  Loaded cold t r a p s  would be f lushed with 

ni t rogen and warmed t o  -40°F, and the  decontaminated l i q u i d  CO would 

be vaporized and discharged t o  t h e  s tack .  

2 

2 

These gases would be compressed and s to red  i n  s tandard 220-scf 

2 

The volume of r e s idua l  gas i s  e s s e n t i a l l y  t h e  same f o r  systems A ,  

B ,  and C,  and' w i l l  f i l l  20 s tandard 220-scf .gas  cy l inders  per  day, o r  

about a t o t a l  of 2000 cy l inde r s ,  i f  900 blocks are processed. This 

po in t s  ou t  t h e  need t o  keep t h e  amount of n i t rogen  and oxygen i n  t h e  

off-gas t o  a minimum. The conservat ive 0 and N concentrat ions shown 2 2 
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i n  Table 5 can poss ib ly  be  reduced by a f a c t o r  of 2 ;  t h i s  would reduce 

t h e  required number of  cy l inders  p e r  day t o  10,  which i s  s t i l l  r a t h e r  

high. However, any f u r t h e r  volume reduct ion can only be obtained by 

s t r i p p i n g  t h e  Xe-Kr f r a c t i o n  from t h e  0 -N Two systems f o r  f u r t h e r  
2 2 '  

concentrat ing t h e  Xe-Kr a r e  discussed below. 

3.1.4 Svstem D 

Liquid n i t rogen  i s  used t o  s t r i p  X e ,  Kr, and O2 from t h e  feed gas 

(see Fig. 5 ) .  The noble gases a r e  then separated by d i s t i l l a t i o n .  

Considerable work has been done on t h i s  p rocess I8  and it could be adapted 

t o  t h e  r e s idua l  gas from systems A ,  B ,  and C. A maximum of  two 220-scf 

gas c y l i n d e r s  should s u f f i c e  t o  hold t h e  product gas. 

3.1.5 System E 

This method uses a fluorocarbon so lvent  (e .g . ,  Freon 1 2 )  t o  scrub 

the  K r  and X e  from t h e  en te r ing  gas stream (see  Fig.  6 ) .  Since CO i s  

a l s o  absorbed, repor t ing  with t h e  Xe and Kr i n  t h e  product gas stream, 

i t s  concentrat ion i n  t h e  en te r ing .gas  stream should be as l o w  a s  poss ib l e ,  

t y p i c a l l y  1% o r  less. 

process, '  and r e s u l t s  i n d i c a t e  t h a t  it could be adapted t o  handle t h e  

r e s idua l  gas streams ( i - e . ,  a f t e r  CO removal) t y p i c a l  of those of s y s t e m s  

A ,  B ,  and C . l o  

be  s t o r e d  i n  th ree  o r  four  220-scf gas cy l inders .  

2 

Considerable development work has been done on t h e  

2 
The product gas from burning 900 blocks could probably 

A v a r i a t i o n  of System E has been proposed i n  which l i q u i d  CO i s  2 
used t o  scrub the  Kr and X e  from t h e  en te r ing  gases while r e j e c t i n g  

99.9% of t h e  O2 and N 2 .  

would be  d i s t i l l e d ,  with t h e  Kr and Xe repor t ing  t o  t h e  product gas 

leaving t h e  top of t h e  s t i l l .  

t h e  bottom of t h e  s t i l l  would provide t h e  scrub stream. Excess co 
would be vented t o  t h e  s t ack .  Since t h i s  process appears t o  be capable 

of concentrat ing t h e  Kr i n  one s t e p  t o  the  same l e v e l  achieved by the  

two-step process descr ibed previously,  an engineer ing evaluat ion w i l l  

be made as soon as s u f f i c i e n t  information becomes ava i l ab le .  

The Kr-rich' l i q u i d  CO leaving t h e  scrubber 2 

The decontaminated l i q u i d  C02 leaving 

2 
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The off-gas from t h e  leacher  i n  the  Acid-Thorex p i l o t  p l a n t  may 

, 3H, and 85Kr i f  t hese  are no t  com- 
1311 contain s i g n i f i c a n t  amounts of 

p l e t e l y  removed during the  burning s t e p .  I f  ho t - ce l l  t e s t s  i n d i c a t e  t h a t  

incomplete removal w i i l  cause problems, e i t h e r  system D o r  system E 

could be adapted t o  remove 85Kr from t h i s  off-gas (which contains  no 

C 0 2 ) .  I n  the  absence of these  rad ioac t ive  contaminants, passing t h e  

off-gas through a c a u s t i c  scrubber t o  remove ac id  vapors,  followed by 

vent ing t o  t h e  s t a c k ,  should be s u f f i c i e n t .  

Streams 333, 401, and 501 comprise t h e  gaseous waste streams from 

t h e  Refabricat ion P i l o t  P lan t .  Stream 333 i s  t h e  combined off-gas from 

t h e  ge l  sphere drying and sphere- f i r ing  s t e p s  and cons i s t s  pr imar i ly  

of A r  containing less than 5% H Stream 401 is  t h e  gas from t h e  c a u s t i c  

scrubber t h a t  removes t h e  H C 1  from t h e  p a r t i c l e  coa te r  off-gas.  Its 

flow r a t e  va r i e s  from 1-2  scfm t o  a maximum of 60 scfm. It  conta ins  A r ,  

H2 , and hydrocarbon gases.  

carbonizat ion furnace and contains  Ar, hydrocarbons, H 2 ,  CO, C 0 2 ,  and 

N2.  
CO from the off-gas decontamination s t e p ,  and discharged t o  t h e  s t ack .  2 
An a l t e r n a t i v e  method would be t o  burn the  H 2 ,  e t c . ,  before  discharge.  

2 '  

Stream 501 i s  t h e  off-gas from t h e  f u e l  s t i c k  

A l l  t h r e e  streams w i l l  be  combined, f i l t e r e d ,  mixed with a i r  or 

4.  L I Q U I D  WASTE STREAMS 

Both aqueous and organic  l i q u i d  wastes are generated i n  t h e  f u e l  

recycle  opera t ions  (see T a b l e s  3 and 4). A l l  of t h e  aqueous wastes w i l l  

be co l l ec t ed  i n  t h e  hold tanks where t h e i r  volumes, compositions, and 

r ad ioac t iv i ty  l e v e l s  w i l l  be measured. A f t e r  t h e i r  concentrat ions have 

been ad jus ted  t o  meet t he  a c t i v i t y  l e v e l  s p e c i f i e d ,  t hese  l i q u i d s  w i l l  

be pumped t o  t h e  ORNL l i q u i d  w a s t e  d i sposa l  system. The waste d i sposa l  

system w i l l  a l s o  provide s to rage  i f  it is  decided t o  r e t a i n  t h e  thorium 

product so lu t ion .  Stream 404, t he  aqueous waste from the  p a r t i c l e  coa te r  

off-gas scrubber ,  contains  ch lor ide  ions ;  however, it can be  pumped 

through t h e  e x i s t i n g  system provided i ts  pH i s  g r e a t e r  than 11.0. 

Small volumes of  alpha-contaminated l i q u i d  organic  waste are pro- .-- 

duced i n  t h e  sphere-forming process  ( i - e . ,  stream 3 1 1 )  and i n  t h e  s t i c k  



2 2  

making process ( i . e . ,  stream 504). The present  p r a c t i c e  i s  t o  combine 

organic  wastes with l a r g e r  volumes of aqueous waste and send them t o  t h e  

l i q u i d  waste d isposa l  system. Unfortunately,  most of stream 311 cons i s t s  

of s u r f a c t a n t s ,  which would cause problems during evaporation. T h i s  

p a r t i c u l a r  waste can be disposed of by burning i n  a fluidized-bed type 

of burner ,  o r  it can be absorbed on Microcel-E and s e n t  t o  the  waste 

d isposa l  sys t em i n  t h e  form of a s o l i d  packed i n  drums. 

5. DISPOSAL, OF SOLID WASTES 

The streams of  s o l i d  wastes t h a t  a r e  generated are l i s t e d  i n  Tables 

3 and 4 .  C r i t i c a l i t y  and f i s s i o n  product decay hea t  considerat ions 

d i c t a t e  t h a t  t he  cans holding the  f i s s i l e  p a r t i c l e s  (stream 27) be 6 i n .  

i n  diameter o r  less. The concept of a canning s t a t i o n  i n  which aluminum 

cans would be  f i l l e d  and t h e  end c losure  welded i n t o  p lace  i s  shown i n  

Fig. 7. The f u l l  cans of  f i s s i l e  p a r t i c l e s  would be s to red  e i t h e r  i n  

ce l l  F ,  Bldg. 7930, o r  i n  the  f u e l  s to rage  bas in  during the  demonstration 

run. They would then e i t h e r  be re turned  t o  the  Head-End P i l o t  P lan t  f o r  

reprocessing t o  recover t h e  uranium o r  t r ans fe r r ed  t o  the  ORNL s o l i d  waste 

d i sposa l  sys t em using t h e  e x i s t i n g  Pu-A1 c a r r i e r  (ORNL carrier N o .  10570- 

153) .  The f e r t i l e - p a r t i c l e  burner ash,  while not  a waste stream, would 

be packaged and shipped t o  Bldg. 3019 using a s i m i l a r  can and t h e  same 

canning s t a t i o n  and c a r r i e r .  

i n  Bldg. 3019 t o  package the  d r i e d  f i l t e r  cake [stream 144 ( see  Table 311. 

The empty cans f o r  shipping f e r t i l e - p a r t i c l e  burner  ash would be u t i l i z e d  

t o  hold t h e  f i l t e r  cake. Any cans not  needed, p lus  t h e  ends t h a t  were 

removed when the  cans were opened, could be d isso lved  t o  provide aluminum 

n i t r a t e  f o r  s a l t i n g  purposes i n  t h e  so lvent  ex t r ac t ion  feed;  t h i s  would 

a l s o  se rve  t o  e l imina te  a s o l i d  waste stream. 

11 

A s i m i l a r  canning s t a t i o n  would be required 

The bar ren  graphi te  [stream 10 (see  T a b l e  411 from t h e  screen- 

tumbling s t e p  c o n s t i t u t e s  t h e  l a r g e s t  volume of g r a p h i t i c  s o l i d  wastes, 

approximately 18 f t  /day. This stream would be  combined with t h e  o the r  

g r a p h i t i c  wastes (streams 405, 406, 407, 505, 506, 604, and 605) f o r  

d i sposa l .  Only t w o  d i sposa l  methods appear f e a s i b l e  f o r  t hese  wastes: 

3 
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burning i n  an aux i l i a ry  burner ,  o r  removal from t h e  c e l l  and subsequent 

discard t o  t h e  OWL s o l i d  waste d isposa l  system. The amount of t h e  com- 

bined graphi te  waste streams i s  about twice t h a t  handled by t h e  primary 

burner ,  and space l i m i t a t i o n s  preclude t h e  use of an aux i l i a ry  burner 

and off-gas decontamination system i n  Bldg. 7930. 

a l l  t h e  graphi te  i n  t h e  primary burner w a s  considered i n  es t imat ing  the  

cos t  of t h e  off-gas decontamination equipment. 

The e f f e c t  of burning 

A concept f o r  removing a l l  s o l i d  waste except t he  f i s s i l e  and f e r t i l e  

p a r t i c l e s  i s  shown i n  Fig.  8. The waste material would be placed i n  a 

can, which would be removed from t h e  c e l l  using a “bag-out“ technique. 

The bagged can would then be sea led  i n  a 55-gal drum, which would be s e n t  

t o  the  OWL s o l i d  waste d isposa l  system. The r a d i o a c t i v i t y  l e v e l  of this 

waste ma te r i a l  would depend l a r g e l y  on t h e  q u a n t i t i e s  of f e r t i l e  and 

f i s s i l e  p a r t i c l e s  assoc ia ted  with t h e  bar ren  graphi te  leaving t h e  screen- 

tumbler. Thus, a loss of 0.1% o f ’ t h e  uranium and thorium i n  a f u e l  block 

would r e s u l t  i n  a barren graphi te  containing approximately 50 C i  of mixed 

f i s s i o n  products p e r  cubic  foo t  and necess i t a t ing  seve ra l  inches of  l ead  

sh ie ld ing  around t h e  can. Miscellaneous s o l i d  wastes (gloves,  contam- 

ina t ed  equipment p a r t s ,  e t c . )  can a l s o  be removed using t h i s  system. 

6. COST ESTIMATES FOR THE WASTE HANDLING SYSTEMS 

Order-of-magnitude c a p i t a l  c o s t  es t imates  have been prepared f o r  

t h e  major waste handling concepts using t h e  following ground r u l e s :  

1. 

2. 

3. 

4 .  

5. 

6 .  

Unless otherwise noted,. t he  ma te r i a l  of construct ion i s  high- 

q u a l i t y  s t a i n l e s s  s t e e l .  

The equipment i s  assumed t o  be f ab r i ca t ed  and purchased from 

commercial vendor ( s  1 . 
The equipment i s  assumed t o  be  i n s t a l l e d  by t h e  CPFF cont rac tor .  

Costs are given. i n  1971 d o l l a r s .  

F a c i l i t y  space is  assumed t o  be a v a i l a b l e ,  without modif icat ion,  

except .  i n  t h e  case of s o l i d  waste. 

A l l  remote viewing and handling equipment (windows o r  TV cameras, 

cranes,  manipulators,  e t c . )  are already i n s t a l l e d  and’operable.  
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7. A l l  equipment is  i n s t a l l e d  i n  c lean a reas :  t h a t  i s ,  no radio- 

ac t ive  working condi t ions a r e  assumed f o r  t h e  construct ion.  

8. A l l  s e rv i ces  a r e  assumed t o  be  ava i l ab le  a t  t h e  outs ide  c e l l  

w a l l  o r  immediately ad jacent  t o  it. 

9 .  N o  changes i n  t h e  c e l l  v e n t i l a t i o n  systems are assumed. 

The volume of off-gas handled by systems A ,  B ,  and C depends on how 

much graphi te  i s  a c t u a l l y  burned: accordingly,  two cos t  estimates were 

made f o r  these  systems. 

i t e  is  removed v i a  t h e  screen-tumbler p r i o r  t o  burning ( i . e . ,  p a r t i a l -  

block burn ing) ,  r e s u l t i n g  i n  an off-gas flow r a t e  of 32.2 scfm. The o ther  

es t imate  assumed t h a t  the  e n t i r e  f u e l  element (p lus  t h e  g raph i t e  waste 

from t h e  Refabricat ion P i l o t  P l an t )  w a s  burned ( i . e . ,  whole-block burn ing) ,  

giving an off-gas flow r a t e  of approximately 75 scfm. The CO - f ree  K r -  

0 -N stream from these  th ree  systems v a r i e s  from 3 t o  6 scfm, b u t  w a s  

assumed t o  be  5 scfm f o r  es t imat ing  t h e  c o s t  of systems D and E. S u f f i c i e n t  

information was n o t  ava i l ab le  t o  es t imate  t h e  c o s t  of a system using l i q u i d  

CO t o  scrub out  t he  K r  and X e  from t h e  off-gas.  A c a u s t i c  scrubber w i l l  

a l s o  be required t o  remove H C 1  from the  p a r t i c l e  coa te r  off-gas.  The 

est imated cos t  of these  concepts are shown i n  Table 6. 

One es t imate  assumed t h a t  75% of t h e  block graph- 

2 

2 2  

2 

The est imated c o s t s  of the s o l i d  waste removal systems a r e  shown i n  

Table 7. Since t h e  r a d i o a c t i v i t y  l e v e l  of t h e  s o l i d  wastes may make 

sh ie ld ing  necessary,  t h e  cos t  of t h e  s o l i d  waste removal s t a t i o n  was 

est imated assuming t h e  t r a n s f e r  c a r r i e r  t o  be f ab r i ca t ed  e i t h e r  from 1-in.  

s t e e l  o r  from l i g h t e r  steel  covering 4 i n .  of l ead  sh ie ld ing .  Also shown 

i n  t h i s  t a b l e  is  t h e  cos t  of  a fluidized-bed burner  f o r  disposing of 

l i q u i d  organic  wastes. 

plugs t o  provide t h e  pene t ra t ions  requi red  f o r  t h e  s o l i d  waste removal 

systems as wel l  as those f o r  t h e  f u e l  element loading s t a t i o n ,  t h e  c o s t  

of  t h i s  modif icat ion was not  estimated. 

Although it w i l l  be necessary t o  modify the  c e l l  roof 

The cos t s  a s soc ia t ed  with t h e  major waste handling systems needed 

f o r  each p i l o t  p l a n t  a r e  shown i n  Table 8. The Head-End P i l o t  P lan t  re- 

q u i r e s  a f i s s i l e - p a r t i c l e  removal s t a t i o n ,  which a l s o  handles t h e  f e r t i l e -  

p a r t i c l e  burner  ash. The s o l i d  waste removal system w i l l  be  needed t o  
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Table 6. Capital Cost Estimates for the Off-Gas Decontamination Concepts 

Cost (thousands of dollars) 
Partial-Block Whole-Block 

System Type Burning Burning 

Aa Equipment 230 3 68 
Engineering 35 56 

b B 

CC 

d D 

Equipment 
Engineering' 

Equipment 
Engineering 

Equipment 
Engineering 

230 
35 

210 
25 

1 2 5  
25 

3 68 
56 

336 
40 

1 2 5  
25 

Ee Equipment 125  1 2 5  
Engineering 25 25 

- __- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Caustic Scrubber Equipment 1 2  

Engineering 2 

Removal of CO by liquefaction-distillation. 

Removal of C02 by hot potassium carbonate solution. 

Removal of CO by freezing. 2 
Concentration of krypton by Freon absorption process. 

Concentration of krypton by cxyogenic distillation. 

2 
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Table 7. Capi ta l  Cost Estimates f o r  t he  So l id  
and Liquid Waste Removal Concepts 

System Type of Cost c o s t  
(thousands of d o l l a r s )  

F i s s i l e - p a r t i c l e  Equipment 
removal s t a t i o n  Engineering 

So l id  waste removal Equipment 
s t a t i o n  (4  i n .  Engineering 
lead  sh ie ld ing )  

So l id  w a s t e  removal 
s t a t i o n  (1 i n .  
s tee l )  

Equipment 
Engineering 

F lu id i z  ed-bed burner  Equipment 
for l i q u i d  organic  Engineering 
w a s t e  d i sposa l  

38 
18 

93 
10 

39 
10 

15 
3 
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T a b l e  8. Capi ta l  Cost f o r  t h e  Waste Disposal Systems Required 
f o r  t h e  HTGR Fuel Recycle Demonstration P i l o t  P l an t s  

System 

cost 
Whole-Block . Partial-Block 

Burning Burning 

Head-End P i l o t  P l an t  

Sol ids  h and1 ing  
F i s s i l e - p a r t i c l e  removal $ 56,000 
Sol id  waste removal 49,000 

$ 56,000 
49 , 000 

Liquid Waste 0 0 

Off-gas decontamination 
System A 
System D 

424 , 000 
150,000 

Subto ta l  679 , 000 
25% f o r  contingencies 169 , 750 

T o t a l  $848 , 750 

Acid-Thorex P i l o t  P lan t  

So l id  waste removal $ 56,000 

Liquid waste 0 

O f  f-gas decontamination 

Subto ta l  
25% f o r  contingencies , 

System D 150,000 , 

206,000 
5 1  , 500 

Tota l  $257 , 500 

So l id  waste removal 

Liquid waste system 
Organic waste furnace 

Off-gas decontamination 
Caust ic  scrubber  

Refabricat ion P i l o t  Plant  

265 , 000 
150.000 

520,000 
130,000 

$650,000 

Cost shown i n  Head-End 
P i l o t  P l an t  

$ 18,000 

14,400 

Subto ta l  
25% f o r  contingencies 

32 , 400 
8,100 

Total $ 40,500 
i' 

C' 
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handle t h e  o the r  s o l i d  wastes ,  even i f  t h e  g r a p h i t i c  wastes are burned. 

There a r e  no l i q u i d  wastes. The off-gas decontamination system w a s  chosen 

t o  cons i s t  of systems A and D. 

handling system f o r  the  Head-End P i l o t  P lan t  would be $650,000 f o r  t h e  

par t ia l -b lock  burning concept and $848,750 f o r  t he  whole-block burning 

concept. A f u r t h e r  charge of $54,000 would be incurred i f  l ead  sh ie ld ing  

is  required f o r  t h e  s o l i d  waste removal system. 

The est imated c o s t  of t he  major waste 

The Acid-Thorex P i l o t  P l an t  needs a s o l i d s  removal system s i m i l a r  

t o  t he  f i s s i l e - p a r t i c l e  removal system requi red  f o r  t h e  Head-End P i l o t  

P lan t ,and  possibly a s y s t e m  (system D) f o r  removing 85Kr from t h e  d is -  

s o l v e r  off-gas.  The s o l i d s  removal system would share  space with the  

mater ia l  handling cub ic l e ,  bu t  the  c o s t  of t h i s  shared space w a s  not  

estimated. The est imated cos t  f o r  t h e  Acid-Thorex P i l o t  P lan t  waste 

handl ing system is  $257 ,'500. 

Two major waste d isposa l  systems a r e  required by t h e  Refabricat ion 

P i l o t  P l an t :  

scrubber  f o r  t h e  p a r t i c l e  coa te r  off-gas .  The estimated c o s t  f o r  t hese  

systems is  $40,500. 

a burner  t o  handle t h e  l i q u i d  organic  waste, and a c a u s t i c  
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