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ASSESSMENT OF COATER SIZE FOR THE FUEL 
REFABRICATION PROTOTYPE PLANT 

W. J. Lackey, J. D. Jenkins, F. J. Homan, 
and R. S. Lowrie 

ABS TRACT 

An assessment of  t he  economic and technical  advantages and 
disadvantages associated w i t h  use of  9-in.-diam coaters i n  a 
remote HTGR refabricat ion plant  ra ther  than use of 5-in.-diam 
coaters was conducted. The l a rge r  coater  i s  c l e a r l y  favored 
from the  economic standpoint. C r i t i c a l i t y  considerations d i c t a t e  
t ha t  9-in.-diam coaters must never be flooded w i t h  hydrogenous 
materials and thus the f'urnace coolant and soot scrubbing media 
cannot be water o r  any other  hydrogenous mater ia l .  
a l t e rna te  materials t h a t  a r e  not good moderators appear t o  be 
available.  
development current ly  ex is t ing  f o r  t he  5-in.-diam prototype 
remote coater  would require about one mil l ion dol la rs  and 2 1/2 
t o  3 years. 
TUKE' prototype plant ,  but a l s o  recommend immediate p a r a l l e l  
development of t he  9-in.  -diam coater.  

Suitable 

Development of a 9-in.-diam coater  t o  the  s t a t e  of 

We recommend t h a t  5-in.-diam coaters be used i n  the  

INTRODUCTION 

Current plans c a l l  f o r  the use of two 5-in.-diam coaters i n  the  f u e l  

refabricat ion prototype p lan t  t o  be located i n  the  ThoriumUranium Recycle 

F a c i l i t y  (TUKE'). 

years ago. 

l i g h t  of current technology. It w i l l  be shown t h a t  t h e  cost  of coating 

decreases w i t h  increasing coater  s i z e  f o r  coaters having a diameter of 

up t o  9 in .  and thus, i f  prac t ica l ,  l a rge r  coaters a r e  desired. Larger 

coaters of 9.5 in .  diameter have been used t o  coat f e r t i l e  mater ia l ,  

but only coaters 5 i n .  o r  l e s s  i n  diameter have been used f o r  f i s s i l e  

The coater  s i z e  of 5 in .  i n  diameter was selected several  

The purpose of  t h i s  report  i s  t o  reassess coater  s i z e  i n  the  

material .  As implied above, c r i t i c a l i t y  considerations a r e  paramount 

i n  determining the  p r a c t i c a l i t y  of l a rge r  coaters f o r  f i s s i l e  mater ia ls .  

The coaters considered here a r e  fo r  coating f i s s i l e  mater ia l  i n  e i the r  

commercial o r  prototype refabricat ion p lan ts .  
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COATING COSTS VERSUS COATER SIZE 

Although one i n t u i t i v e l y  f ee l s  t h a t  t he  cost  of coating should 

decrease with increasing coater  s i z e ,  a quant i ta t ive economic evaluation 

seemed worthwhile. Also, it w a s  of i n t e r e s t  t o  calculate  t h e  benefit-  

to-cost r a t i o  associated with developing a 9-in.-diam remote coater  

compared t o  use of 5-in.-diam coaters .  

answered using as a b a s i s , t h e  cost  and operating data  l i s t e d  i n  Table 1. 

Coaters varying i n  diameter from 1 t o  11 in .  were considered. A s  w i l l  

be shown la te r ,  9- and 11-in.-diam coaters must be of t h e  nonhydrogenous 

type. The additional cost  associated with t h i s  requirement, although only 

a s m a l l  f rac t ion  of t h e  coater  cos t ,  w a s  included f o r  t he  9 and 11 in .  

coaters.  The values i n  Table 1 were based on an assumed fabricat ion 

p lan t  having an output of 150 kg of heavy m e t a l  per  day (45,000 kg/year) 

i n  the  form of TRISO-I1 coated (4Th,U)02 pa r t i c l e s .  

output would serve about 30 reactors  i f  t he  f i s s i l e  p a r t i c l e s  had a 

thorium-to-uranium r a t i o  of 4:1. If the  kernels were of t h e  undiluted 

r e s in  type having a uranium density of 3.2 g/cm3 then a plant  with the  

same number of coaters would have an output of about 270 kg of uranium 

per  day. Thus, f o r  t h e  res in  p a r t i c l e  case t h e  assumed p lan t  would 

serve about 54  reactors .  

l i n e  i n  1985 and operate f o r  20 years.  

w a s  assumed t o  be $1300 per  f t 2  of hot c e l l  area.  

of 30% per  year,  a discount rate of lo%, and an annual r a t e  of i n f l a t ion  

of 5% were assumed. 

The cost  of developing a 9-in.-diam remote coating furnace w a s  conser- 

vatively taken t o  be one mill ion dol la rs  annually f o r  a period of th ree  

years beginning i n  1975. 

_- 

These economic questions were 

A p lan t  with t h i s  

The refabrication plant  w a s  assumed t o  come on 

The d i r ec t  construction cost  

A f ixed charge ra te  

A l l  cost  values were present worthed t o  January 1975. 

The results of t he  economic analysis  are summarized i n  Table 2. The 

las t  en t ry  shows t h a t  t he  coating cost  per  kilogram of heavy metal 

decreases on increasing the  coater  diameter from 1 t o  9 i n .  The higher 

cost  per' kilogram f o r  the  11-in. coater compared t o  the  9-in. coater 

probably r e f l e c t s  inconsistencies i n  the  cap i t a l  and operating cost  

estimates ra ther  than signaling an optimum coater  diameter. The apparent 

la rge  cost  advantage resu l t ing  from use of a 9-in. ra ther  than a 5-in. 
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Table 1. Input f o r  Comparing Remote Coating Costs 
f o r  Different Size Coaters 

i 

Coater Diameter (in.  ) 

Coating Furnace and Effluent 
Treatment Equipment Capital  Cost 
(Thousands of do l la rs  per  coater)  

Based on $1300 pe r  f t 2  (Thousands 
of do l la rs  per  coa ter )  

Direct Hot Cel l  Construction Cost 

Coater Lifetime (year) 

Hot Cel l  Lifetime (year) 

Charge (kg of heavy metal per  
coating run) 

Duration of Coating Run 
Required t o  Deposit a l l  Layers (hr) 

Percent of Time Coater i s  Gainf i l ly  
Used 

Number of Coaters 

Manpower (hr per  day per  coa ter )  
Operators 
Quality Control 
Quality Assurance 
Maintenance 

Coater Components (dol lars  per  
coating run) 

F r i t  
Coating Chambers 
Heating Element 

Coating Gases (dol lars  per kg heavy 
metal) 

Acetylene . 

Propylene 
Silane 
Argon 
Hydrogen 

E lec t r i c i ty  f o r  Coater (dol lars  per  
coating 'run based on $0.02/kWhr) 

100 

104 

8 

20 

0.04 

5 

75 

1042 

28 
4 
1 
10 

4 
1.5 
2.5 

0.6 
0.6 
1.6 
2.0 
5.4 

1.5 

22 5 

19 5 

8 

20 

1 

5 

60 

52 

32 
5 
1 
16 

15 
6 
7 

0.6 
0.6 
1.6 
2.0 
5.4 

7 

3 15 

234 

8 

20 

4 

5 

55 

14 

64 
7 
1 

55 

25 
20 
20 

0.6 
0.6 
1.6 
2.0 
5.4 

19 

3 80 

2 60 

8 

20 

5 

5 

50 

l3 

70 
8 
1 

80 

30 
40 
40 

0.6 
0.6 
1.6 
2 .o 
5.4 

24 
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Table 2 .  Coating Costs i n  Millions of Dollars a s  a Function 
of Coater Size fo r  a 150 kg/day Remote Plant 

~~~ ~~ 

Coater Diameter (in. ) 

1 5 9 11 

Direct construction 108 10.1 3 . 3  3 . 3  

Equipment 

Subtotal A 

9.4  10.2 222 

330 3 5 . 1  12.7 w.5 
- - 25.0 - - 

S i t e  improvement (0 .5% of . 1.6 0 .2  0.1 0.1 
Subtotal  A )  

construction ) 

construct ion ) 

Owners' cost  (47% of d i r e c t  50.8 4.7 1.6 . 1 . 6  

Indi rec t  cost  (74.7% of  d i r e c t  80.7 7.5 2 . 5  2 . 5  

- - 
TOTAL Capital  Cost (Subtotal B) 463 47.5 16.9 17.7 

Direct manpower cost  per  year a t  67.0 4.2 2.7 3 .o. 
$12,OOO/man-yea;r 

(50% of d i r e c t )  
Ind i rec t  manpower cost  per  year 33 .5  2 . 1  1 . 3  1.5 

Coating gases per  year 0.5 0.5 0 .5  0 .5  

Coater components per year 9.0 1 . 3  0.7 1.0 

Furnace power per  year 1.7 0 . 3  0.2 0 . 2  - - - 
TOTAL Operating Cost Per Year 112 8.4 5.4 6.2 

Calculation of Cost per  kg of  Heavy Metal 

Capi ta l  cost  componenta 30 87 3 17 113 118 

Operating cost  component 2490 187 120 13 8 

TOTAL Costb ($/kg heavy metal)  5577 504 233 2 56 

($/kg heavy metal)  

($/kg heavy metal)  - - - - 

a Eased on 30% c a p i t a l  cost  ( i . e . ,  cost  per  year equated t o  
30% of Subtotal B. 

of heavy metal dens i t ies  t ha t  the costs  i n  do l la rs  per kg of uranium 
are  about three times the tabulated values. 

bFor the res in  case described on page 2 ,  it f o l l o w s  from the r a t i o  
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. 
'D 

coater  is  thought t o  be r ea l .  

use of 9-in.  r a the r  than 5-in.-diam coaters is  la rge  compared t o  the  

estimated cost  of developing a 9-in.  coater.  
and development costs  a r e  93.1 and 2.86 mil l ion dol la rs ,  respectively,  
which r e su l t s  i n  a benefit- to-cost  r a t i o  of 33. The benef i t s  would be 

l a rge r  if grea ter  H'TGR penetrat ion in to  the  e l e c t r i c a l  econow were 

The po ten t i a l  savings a r i s ing  from the  

The present worthed benef i t  

assumed. 

CRITICALITY CONSIDERATIONS 

An important design c r i t e r i o n  f o r  any coating furnace i s  t h a t  it must 

The worst be subc r i t i ca l  i n  the  worst possible accident configuration. 

possible  accident configuration f o r  a 9-in.-diam coater would probably 

be achieved i f  t he  coating chamber and the containment s h e l l  of the  

furnace were flooded w i t h  an hydrogenous moderator while charged w i t h  

a batch of uncoated p a r t i c l e s .  

continued gas flow could l e v i t a t e  the  p a r t i c l e s  i n  the  l i qu id  t o  achieve 

an undesirably high hydrogen-to-uranium r a t i o .  In  a recent t e s t ,  a 5- in . -  

diam Plexiglas conical-type coating chamber was de l ibera te ly  flooded 

with water. Unfortunately, w i t h  t yp ica l  flows of a i r  i n t o  the  coating 

chamber, both bare and coated Tho2 pa r t i c l e s  were dispersed ra ther  

uniformly throughout t he  water t o  a height of about 1 f t .  Similar r e su l t s  

were obtained when a porous plate-type coating chamber was flooded. 

prototype remote furnace, as  current ly  designed, could be flooded w i t h  

Subsequent boi l ing of  t he  moderator o r  

The 

cooling water o r  w i t h  kerosene from the  off-gas scrubber should the l a t t e r  
become plugged w i t h  soot .  

Calculations of i n f i n i t e  re f lec ted  cylinders of H20-Th02-233U02 ( r e f .  
indicate  t h a t  such mixtures can become c r i t i c a l  a t  diameters of about 6 i n  
f o r  4 : l  thorium-to-uranium p a r t i c l e s  and 5 in .  fo r  1:l thorium-to-uranium 

pa r t i c l e s .  

uranium r a t io s  i f  p a r t i c l e  l e v i t a t i o n  i s  allowed. 

C r i t i c a l i t y  is  achieved a t  readi ly  obtainable hydrogen-to- 

A s e r i e s  of bbnte Carlo calculat ions have been run t o  inves t iga te  the  

c r i t i c a l i t y  problems associated w i t h  a f i n i t e  length 9-in.-diam coating 

furnace. 

water-cooled fbrnace w i t h  a kerosene off-gas scrubber. These were: 

The calculat ions modeled three  possible  configurations fo r  a 
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(1) normal operation, (2)  the  furnace tube and outer  containment s h e l l  
flooded w i t h  kerosene and the p a r t i c l e s  res t ing  on the  bottom, and (3) the  

furnace tube and outer  containment s h e l l  flooded w i t h  kerosene and the 

p a r t i c l e s  l ev i t a t ed  w i t h i n  the  furnace tube t o  achieve an optimum hydrogen- 

to-uranium r a t i o .  

were considered, and the fue l  kernel charge was assumed t o  be e i t h e r  10 kg 

o r  25 kg. Table 3 presents the  d e t a i l s  and r e su l t s  of these calculat ions.  

Fuel kernel compositions of (4 Th,U)02 and (Th,U)02 

The following conclusions can be drawn. 

1. Cooling o r  off-gas scrubbing w i t h  a hydrogenous mater ia l  cannot 

be allowed i n  a 9-in.-diam f'urnace i f  t he  p o s s i b i l i t y  of flooding and 

p a r t i c l e  l ev i t a t ion  i s  present (cases 8, 9, 10, 14, and 15). 

2. For a thorium-to-uranim oxide r a t i o  of 1:1, a 10-kg charge of 

coated p a r t i c l e s  quiescent on the  bottom of a kerosene-flooded furnace 

is  l imi t ing  (case 13). 
3. I n  the  absence of a hydrogenous moderator, a 9-in.  furnace i s  

c r i t i c a l l y  sa fe  f o r  reasonable batch s i zes .  

recently completed confirm t h i s  conclusion. ) 
(Additional calculat ions 

4 .  Note t h a t  where flooding i s  assumed, c r i t i c a l i t y  i s  more l i k e l y  

f o r  coated p a r t i c l e s  than f o r  bare p a r t i c l e s .  The reason f o r  t h i s  i s  t h a t  

appl icat ion of the  coating i n  e f f ec t  disperses the  p a r t i c l e s  and therefore  

increases the  quant i ty  of hydrogenous mater ia l  i n  t he  immediate v i c i n i t y  

of  the  uranium. 

Other c r i t i c a l i t y  calculat ions t h a t  we have performed show t h a t  a 

9-in.  coater  f o r  p a r t i c l e s  having a Th:U r a t i o  as  high a s  8:l would 

have t o  be of the nomoderated type. 

a l so  show t h a t  a 9-in.-diam furnace i s  f eas ib l e  even f o r  UC2 o r  

carbonized r e s in  derived pa r t i c l e s  which have Th:U r a t io s  as low as 

0:l provided there  a r e  no hydrogenous moderators present.  P r io r  t o  

carbonizing r e s in  pa r t i c l e s ,  the  hydrogen-to-uranium r a t i o  i s  about 

10 and thus c r i t i c a l i t y  considerations might l i m i t  batch s i z e  i f  

carbonization was performed i n  a 9-in.-diam furnace. 

r e s i n  p a r t i c l e s  i n  an auxi l ia ry  furnace t o  about 5OO0C, which i s  

su f f i c i en t  t o  remove most of the  hydrogen, would a l l e v i a t e  t h i s  problem. 

C r i t i c a l i t y  calculat ions ( r e f .  1) 

Carbonization of 
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Table 3. Problem Description and Calculated keffa f o r  
Possible g-in.-diam coating Furnace Configurations 

Case Th:U Condition Par t ic le  Calculated 
TYPe keff 

Charge of 
Heavy Metal 

(k@; 1 

1 4 : l  
2 1:l 

3 1:l 
4 1:l 

5 4 : l  
6 4 : l  
7 4 : l  
8 4 : l  

9 4 : l  
10 4 : l  
11 4 : l  

~~ ~ ~~ ~ 

Normal operation 

Nom1 operation 

Normal operation 

Normal operation 

Flooded, no lev i ta t ion  

Flooded, no lev i ta t ion  

Flooded, lev i ta ted  H:U = 50 

Flooded, levi ta ted H:U = 100 

Flooded, levi ta ted H:U = 200 

Flooded, lev i ta ted  H:U = 50 

Flooded, lev i ta ted  H:U = 50 + 234U 

25 

10 

25 

10 

10 

10 

10 

10 

10 

25 

10 

Bare 

Bare 

Bare 

Coated 

Bare 

Coated 

Bare 

Bare 

Bare 

Bare 

Bare 

0.153 

0.167 

0.335 

0.104 

0.580 

0.836 

0.868 

1.027 

1.120 

1.087 

0.851 

1 2  1:l Flooded, no lev i ta t ion  

l3 1:l Flooded, no lev i ta t ion  

14 1:l Flooded, lev i ta ted  H:U = 50 

15 1:l Flooded, levi ta ted H:U = 100 

10 Bare 0.725 

10 Coated 0.954 

10 Bare 1.184 

10 Bare 1.283 

The effect ive multiplication constant (keff) is  less  than unity for  a a 
subcri t ical  system, uni ty  fo r  a just c r i t i c a l  system, and greater than unity 
f o r  a supercr i t ical  system. 

NONHYDROGENOUS COATER _- 

Since it  appears t h a t  a 9-in.-diam coater  can be safely operated 

only i f  there  is  no chance of  water o r  other  hydrogenous moderators 

entering t h e  coater,  we should consider t h e  f e a s i b i l i t y  of eliminating 

moderating l iqu ids  from t h e  coating system. 

sources of moderating Liquid. 

in jec tor ,  electrodes,  furnace she l l ,  and other  furnace components, 

(2)  kerosene o r  varso l  t h a t  might be used t o  scrub t h e  e f f luent  generated 

during carbon coating, and (3) an aqueous sodium hydroxide so lu t ion  used 

t o  scrub t h e  H C 1  and unreacted s i l a n e  present i n  the  e f f luent  during 

s i l i c o n  carbide coating. 

There a r e  three primary 

These a r e  (1) water f o r  cooling t h e  gas 

These sources of moderators a r e  discussed below. 



COOLING WATER 

With a considerable development e f fo r t ,  it should be f eas ib l e  t o  

cool the gas in jec tor ,  electrodes,  furnace she l l ,  e t c . ,  w i t h  one of the 

freons (carbon-chlorine-fluorine compounds ), perchloroethylene, o r  some 

other  nonhydrogenous coolant and thus eliminate t h i s  source of water. 

The freons a r e  f r e e  of hydrogen and t h u s  a r e  not good moderators. The 

heat capacity of t h e  freons i s  about 20$ t h a t  of water which may make it  
d i f f i c u l t  t o  obtain adequate cooling of t h e  electrodes and gas in j ec to r  

o r  frit holder. Cooling of the  frit holder i s  thought t o  be c r i t i c a l  

because of the  undesirable tendency of the  coating gas t o  heat on passing 

through the  f r i t .  

gas and eventual plugging of the  frit.  
Excessive heating causes decomposition of the coating 

Also, modifications t o  allow 
accommodation of t he  r e l a t i v e l y  high vapor pressure of t he  freons would be 

required. Perchloroethylene appears t o  be a preferable  coolant. 

Scrubbing Liquid f o r  Effluent Treatment 

Because of t he  l imited amount of heat t h a t  can be released t o  the  

hot c e l l ,  it i s  thought impractical  t o  burn the  soot and hydrocarbons 

present i n  the  e f f luent  during deposition of carbon coatings. 

reason why burning of the  e f f luent  i s  not a t t r a c t i v e  i s  t h a t  containment 

of the  exhaust would be d i f f i c u l t .  Fa i lure  t o  contain radioactive pa r t i c l e s  
and gases a s  w e l l  as t h e  soot emanating from t h e  burner would r e s u l t  i n  

contamination of f u e l  and o ther  pieces of equipment i n  the  c e l l .  m r n e r  

maintenance would also be high and even w i t h  a burner, a soot f i l t e r  i s  

needed f o r  t r ea t ing  the  burner e f f luent .  

i n  t r e a t i n g  the  e f f luent  from carbon coaters has been obtained by using 

several  designs of f iberg lass  bag-type f i l t e r s  such as the  one shown i n  

Fig. 1. Such f i l t e r s  perform very wel l  insofar  as  co l lec t ion  of  the soot 

is concerned. However, hydrocarbon vapors pass through the  warm f i l t e r ,  

subsequently cool, and deposit downstream as  naphthalene c rys t a l s  and 

l i qu id  hydrocarbons. 

quickly plug the High Efficiency Par t icu la te  Absolute (HEPA) f i l t e r s .  

Because of t h i s ,  we have designed and a r e  cur ren t ly  fabr ica t ing  the 

scrubber shown i n  Fig.  2 .  T h i s  scrubber w i l l  replace the  soot f i l t e r  

Another 

Nearly a l l  o f  our experience 

These deposits a r e  very undesirable i n  t h a t  they 



9 

ORNL-DWG 72-6488 
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Fig. 1. Scrapper-Type Fiberglass Bag' Soot F i l t e r .  
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and hopef'ully w i l l  t r ap  the  soot and dissolve the  hydrocarbons i n  t h e  
organic scrubbing l iqu id .  It i s  plugging of t h i s  scrubbing column t h a t  

could conceivably r e s u l t  i n  flooding the  coater  w i t h  t he  scrubbing l iqu id .  

Originally,  kerosene o r  va r so lwere  considered f o r  use a s  the 

scrubbing l i qu id .  However, because kerosene and varsol  a r e  good 

moderators, they a r e  undesirable f o r  use w i t h  a 9-in. coater.  Because 

of the  presence of the soot, we do not f e e l  t h a t  a t r a p  located between 

the  f'urnace and the  scrubber would be a s u f f i c i e n t l y  r e l i ab le  means of 

preventing the  scrubbing l iqu id  from enter ing t h e  furnace. The freons 

a r e  noted f o r  t h e i r  degreasing power and were a l so  considered f o r  use 

a s  the  scrubbing l iqu id .  Abil i ty  t o  dissolve organics i s  desired 

because of t he  presence of l iqu id  hydrocarbons mentioned above. 

t he  high vapor pressure of the  freons e s sen t i a l ly  rules  out t h e i r  use 

fo r  t h i s  application. 

p o s s i b i l i t y  of contamination of t h e  coated p a r t i c l e s  w i t h  f luor ine  and 

chlorine as  a r e su l t  of  freon backstreaming in to  the  furnace. 

However, 

An addi t iona l  problem w i t h  t he  freons i s  the  

Fortunately, perchloroethylene ( C 2 C l L  ) appears wel l  su i ted  f o r  use 

a s  t he  scrubbing l iqu id .  

It a lso  has the  addi t iona l  advantage, when compared t o  kerosene, of not 

being flammable. Also, i t s  vapor pressures appear su i tab ly  low since 

i t s  boi l ing point  is  120°C. 

Thus, perchloroethylene would probably be a good l iqu id  f o r  use i n  

scrubbing the  e f f luent  present during carbon coating." 

It i s  nonhydrogenous and an excellent degreaser. 

The vapor pressure a t  25°C i s  25 mm Hg. 

Of course, it would be possible t o  eliminate the  scrubber from the  

coating system by using one of t he  bag-type f i l t e r s .  

were taken, the  hydrocarbon vapors t h a t  pass through t h e  bag could be 

removed by a cold t rap .  The requirements f o r  design and maintenance of 

such a t r ap  a r e  cur ren t ly  unknown. 

If t h i s  approach 

*Note added during proof: The perchloroethylene scrubber has been 

used about a dozen times t o  deposit both buf fer  and i so t ropic  carbon 

coatings as wel l  as  t o  carbonize res in  p a r t i c l e s .  

scrubber was excel lent .  

The performance of the  
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Sodium Hydroxide Solution fo r  Effluent Treatment 

The appreciable quant i ty  of H C 1  vapor and the smaller quant i ty  of  

unreacted s i l a n e  t h a t  a r e  present i n  the  e f f luent  during deposition of 

s i l i c o n  carbide coatings cannot be released t o  the  atmosphere. 

and s i l a n e  have been successful ly  removed by scrubbing w i t h  an aqueous 

so lu t ion  of  sodium hydroxide using the  equipment shown schematically i n  

Fig. 3. Since the  e f f luent  is mostly gaseous, t he  sodium hydroxide 

scrubber does not have t o  be located as  near t he  coating furnace as  does 

the  scrubber used f o r  the carbon coating e f f luent ,  but the  sodium 
hydroxide scrubber i s  coupled d i r e c t l y  t o  the  furnace via  the  exhaust 

l i n e .  It i s  l ike ly ,  however, t h a t  a l i qu id  t r a p  o r  check valve o r  

other  device could be b u i l t  i n t o  t h i s  l i n e  t h a t  would be s u f f i c i e n t l y  

foolproof t o  permit operation w i t h  no r i s k  of ge t t i ng  the  solut ion i n t o  

the  furnace. 

The H C 1  

One complicating f ac to r  t o  such an approach is t h a t  the 

exhaust gas, even i n  the  case of s i l i c o n  carbide coating, contains a f i n e  

pa r t i cu la t e  mater ia l  t h a t  could conceivably fill or  plug the  l i qu id  t r a p  

o r  make a check valve inoperative.  Perhaps the  e f f luent  gas could be 

passed through the  perchloroethylene scrubber t o  remove par t icu la tes  and 

then routed t o  t h e  sodium hydroxide scrubber v ia  a l i n e  tha t  includes a 

t r a p .  

An a l t e rna t ive  t o  the use of a sodium hydroxide scrubber i s  removal 

of the  HC1 by react ion w i t h  a dry s o l i d  such as  CaO i n  a packed tower. 

Channeling of the  gas i n  dry towers i s  a common problem, but b y  using 

severa l  towers, t h i s  shortcoming could probably be endured. Disposal of 

the used pa r t i cu la t e  mater ia l  a f t e r  it has become s l i g h t l y  radioact ively 

contaminated might be a problem. Also, we do not know i f  the unreacted 

s i l a n e  w i l l  be decomposed and neutral ized by t h i s  dry tower type treatment. 

DISCUSSION 

From the  long-term economic viewpoint, use of 9-in.-diam coaters i s  

c l ea r ly  preferable  t o  t h e  use of smaller coaters even when estimated 

development costs a r e  considered. Consequently, the reference f i s s i l e  

coater  f o r  commercial refabricat ion plants ,  and f o r  t ha t  matter, f resh 

f i e 1  p lan ts  should be 9 i n .  i n  diameter s ince no overriding technical  

problems a r e  envisioned fo r  the  long run. 
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. Fig. 3. Schematic of Coating Furnace and Effluent Treatment 
Equipment fo r  Deposition of Si l icon Carbide. 

For the  shor t  term ( i . e . ,  f o r  TUFF) whether o r  not t o  use 9-in.-diam 

coaters i s  a trade-off of t he  addi t ional  equipment and process development 

e f f o r t  required f o r  a 9-in.-diam coater  vs t he  gain from having the  l a rge r  

coater i n  the  prototype plant  demonstration. In  addi t ion t o  scheduling, 

the factors  one must consider i n  making t h i s  trade-off a r e  summarized i n  

Table 4 .  

coater  t o  a s t a t e  of development comparable t o  t h a t  current ly  ex is t ing  

f o r  the prototype remote 5-in.-diarri coater  a r e  estimated i n  Fig. 4 and 

Table 5. 
is 1.05 mil l ion dol la rs .  

i r r ad ia t ion  t e s t ing  t o  develop a %in. coater  was not included.)  

meet the schedule i n  Fig. 4 ,  development of the  9-in.  coater would have 

The addi t iona l  time and cost  required t o  develop a 9-in.-diam 

Note t h a t  the  elapsed time i s  34 months and the  estimated cost  

(The cost  and time required f o r  addi t ional  

To 
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Table 4 .  Comparison of 5- and 9-in. -diam Remote Coaters 
f o r  Coating F i s s i l e  Pa r t i c l e s  

~~ 

. Diameter ( in .  ) 

5 9 
Item 

- Development Cost + 
Long-Term Coating Economi cs - + 
State  of Equipment Development 

Gas In jec tor  + - .  + - 
Gas Distr ibutor  + - 
Electrodes + - 
Furnace Coolant + - 
Effluent Treatment + - 
Par t i c l e  Unloader - 
General Hardware + 

+ *  
I -  

< +  
- 

Sta te  of Process Development 

Buffer Coating 

LTI Coating 

S ic  Coating 

Product Inspect ion 

Expected Product Quality 

Plant Licensing' ( C r i t i c a l i t y )  

Product Licensing 

Ease of Equipment Development 

+ 
+. 

+ 

+ 
+ 
+ 
+ 

Ease of Process Development + 

CODE: + o r  - represents advantage o r  disadvantage, 

2 s i g n i f i e s  t h a t  no s igni f icant  difference i s  
respect ively . 

expected. 
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MECHANICAL DESIGN INSTRUMENT DESIGN 

4.0 Engineer i.0 Engineer 0.5 Engineer 
0.5 Draftsman 0.4 Draftsman 0.3 Draftsman 

I PROCURE AND FABRICATE I 

0.3 Engineer 
6.0 Craftsman 

INSTALL 

piiziq 
0.5 Engineer 
0.5 Technician 
6.0 Craftsman 

FABRICATE AND CLASSIFY 
4000 kg Tho2 KERNELS 

TEST AND MODIFY 

13 Months1 

2.0 Engineer 
0.4 Draftsman 
4.5 Technician 
3.0 Craftsman 

PROCESS DEVELOPMENT 

[12Months] 
1.5 Engineer 
3.0 Technician 
4.5 Craftsman 
2.0 Analytical 

Chemistry 

(6  Months 1 
0.1 Engineer 
0.5 Technician 

TOTAL ELAPSED TIME= 
34 MONTHS 

Fig. 4. Time Estimates t o  Develop a g-in.-diam Remote Coater t o  
the  S ta te  o f  Development Currently Existing f o r  a 5-in.-diam Coater. 
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Table 5 .  Cost Estimate t o  Develop a 9-in.-diam Coater 
t o  the  S ta te  of  Development Currently Existing 

f o r  a 5-in.-diam Coater 

It em cost  
Marryears (Thousands $) 

Manpower 

Engineer 

Draftsman 

Technicial 

Craftsman 

Analytical  Chemistry 

Procurement 

Coating Chambers, F r i t s ,  Heaters 

20% Contingency 

TOTAL 

4.8  ' 240 

1.0 

3 . 8  

7 .3  

25 

150 

18 5 
2 . 0  80 

170 

25 

17 5 

10 50 
- 

t o  be given high p r i o r i t y  and a l l  of t he  assumed manpower would have t o  

be made avai lable .  Even w i t h  v i r t u a l l y  unlimited manpower and finding, 

t h i s  schedule could not be accelerated by more than s i x  months. 

1.05 mil l ion dol la rs  i s  i n  addi t ion t o  the  current ly  an t ic ipa ted  leve l  

of funding fo r  the  development program. 

required even i f  the  addi t ional  1.05 mil l ion dol la rs  f o r  the 9-in. 

coater were approved. 

development of equipment for  e f f luent  treatment, temperature monitoring 

and control,  and numerous other  equipment i tems  as  wel l  as  be used f o r  

continuing process development. 

The 

The current f'unding would be 

The current funding would be used t o  continue 

We recommend t h a t  5-in.-diam coaters be used i n  the  TURF prototype 

p l an t ,  but  a l so  recommend p a r a l l e l  development of t he  9-in.-diam coater.  

Great emphasis should be placed on immediately beginning development of 

the  l a rge r  coater  because of t h e  large benefit- to-cost  r a t i o  and a l so  

because of the la rge  absolute cost  savings. 
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