


-_________ ______i______._ - LEGAL NOT,tE 

T h t s  r e p o r t  was p repared  a s  an accoun t  o f  Governmanr sponsored  work. N e i t h e r  the  U n i t e d  j t u t e s ,  

nor the  COmmlS5lon, nor ony person  o c t i n g  on beha l f  of the  COmmls5rOn: 

A. Makes ony warronty or rep resen ta t i on ,  e x p r e e r e d  or Imp l ied ,  x i t h  r e s p e c t  i o  t h e  accurocy,  
r o m p l e t e n s r s ,  or usefulness o f  the rn fo rma t ion  c o n t o i n a d  in t h i s  repor?, or t h o t  the use of 

any anformat ion,  apparatus,  method, or p rocess  d i s c l o s e d  ,n t h i s  r a p o r t  may n o t  l n f r t n g e  

p r i v a t e l y  o w n e d  r i g h t s ,  or 

B. Assumes uny I t a b i l t t t e s  w i t h  r e s p e c t  t o  t h e  use of, or for damoges r e s u l t i n g  ftom t h e  use of 

any in fo rmat ion ,  apparatus,  method, or p rocass  d i s c l o s e d  in t h i s  rapor t .  

A s  used in thn  above, “pa rson  acting on beha l f  of the Commtssson” mcludes any  a m p l o y c a  or  

cont rac tor  of t h e  Commiss ion ,  of emp loyee  of such cont rac tor ,  to the  e x t e n t  t h i t  such employee 

or c o n t r o c t o r  o f  t h e  Commiss ipn ,  or emp loyee  o f  such c o n t r a c t o r  prepares,  d i ssemina tes ,  or 

p r o v l d e s  a c c e s s  to, ony i n f o r m a t i o n  pu rsuon t  t o  his emp loymnn t  of c o n t r a c t  w i t h  t h e  Comrnrssion, 

or hrs e m p l o y m e n t  w i t h  such Contracior.  
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1.0 SUMMARY 
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years experience and stutiy. 
reac tor  and chemical p lan t  are an integral operation and can share cer- 
t a i n  Tacil i t ies.  o 

Cognizance was taken o f  t he  f a c t  t h a t  t he  

The trestment, o f  protactinium in t h i s  study was made i n  the two 
imys rneK?,tioned above t o  deteruiine if there  were s u f f i c i e n t  value i n  the  
pmtmtini im t o  justify i t s  r e ~ n v e r y  from the wasee. 'Be @ s p i t a l  cos t  
of 13ie 1.2 f " t  /day plallt WAF e s t h a t e d  for t h e  C ~ F ~ S  OT cc~mplete Pa.233 3 

discard and fur. Pa retention until the  undecayed Fa amounted t o  only 
o 1% oi" the bred uranium. ~yne economics ravo~ed complete pa discard 

s4me considerable p r ~ ~ c e a s  equipment and building space were required 
f o r  t h i s  ""aead" stsrage, 
reveal t h a t  i n w e  favsrstble economics result froan a noininal extension of 
t,hc pref luar innt ion  storage period a?lowing more Pa-233 decay at this 
poixit . Tncreased prwess equipment, s3u i l d ing  and inventory charges would 
have t o  be compared v i t b  the value o f  ariditionral Pa recovery. 'This 1a-b 

ter analysis was not made in this study. 

A more complete evaluation o f  t h e  pr*acess n ight  

'I?E estimated c a p i t a l  cas ts  c f  the two f luor ide  v o l a t i l i t y  p lan ts  

12 ft3/day pla,nt,a fo r  the  case en which the waste i s  retained f o r  Pa-233 
decay and recovery. For t h e  case of complete Pa-233 discard,  a. c a p i t a l  
cast o f  $102J88,0Q0 was estimated fcr the L , 2  %t /day p l an t .  A summry 
c l "  t h e  cos t  dncn i s  given -in Table lob, nad these same data are p l a t t e d  
5n 1 . I ,  In draving the  curve, 11; is assumed that t he  cost  data can 
hp rPni*esenlt,ed by a st,raigh'r 2 f 1 ~  OII a log-log p l o t .  'L?E slope 0% t h i s  

P U P V ~  i s  O , j 3 2  whieii may b~ cowpared w i t h  a value of 0.6 that i s  custom- 
arily assmiat ,ed wlih  a capltal  cost  vs capacity curve Tor a chem'icnl 

p l a n t  The lower value for the slopac suggests that, more favorable re- 
p~~ ; . ces s ing  +2@~sacm~ p s  will be rea l ized  with large processing plants. 

are $12,536,000 and $23,79,000, respectively, far the 1.2 Tt 3 /day and 

3 

D S r e c t  opratirig posts f w  each of" the plants employing Pa recovery 
wei-e i a leu la ted  and are suninrarized i n  T a b l e  7 . 2+  The labor charges come- 
spcnd X o  104 enplayees fnr Lhc 1 o 2  ft 3 /day plant and 133 for  the  12 ft 3 /day 

plant-, I t  i s  o f  iriter t o  note khe re la t ionship  between operating and 
capital  w s t s  for e a ~ h  o f  the pBants. %en the o p e r a t i q  cost is divided 

rrea-yPon3"rng capita,: investmefit ,  the speratfng charge ra te  be- 
P,-~$J 'ycas  and 8.61$/year for b;be 1.2 ana 1.2 f t  ,hay capaci t ies ,  3 



respectively+ These 

has been found to be 
fn the analysis 

the s n - s i t e ,  interim 
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Table 1.2. Swnmary of Direct Operating Costs for  
Two Fluoride V o l a t i l i t y  Plants  

cost ($/year) 
ft?/a.ay 12 ,,s/,ay. 

lo3 340 6% 9% 

34- p g3Q w5, go0 
7 37 9 2QO 90,300 

Chemical Conswption 

U t i l i t i e s  

Labor 

Total Direct Operating Cost 

Ratio of Operating Cost: 
Capital  Cost 
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2,O INTRODUCTION 



2, %lie design would be based as much as possible on. exi-sting tech- 
nology; extrapolation of Ic-ehnology would be dsae cjnl y when 
absolutely s l e c e ~ s a ~ y ,  

3 .  





UNCLASSIF; E 3  
ORNL-LR-DWG 55595 u ~ I,rr:ona3le ",onium 

ui tot.; uranium (includes firrioriooie and 
nan-fissionable rpecierl 

FLUORlNATlON 

V ~ 33.98 i / d  

7 u. = i .9w 

U: - 2.838 
(UF6 = 4.22) 

I H F  = 0.4Y6 kg/d 

U; 2.498 
J: = 3.431 
i h  = 37.11 

kg/d w t  O/O _ _  
P 
r\j 

UF = 0.716 0.70 
Th? -49.27 48.07 
LiF4- 32.62 31.79 
YeF2 :,L9l i3.48 

102.6 

V ~ 33.98 I/d 

L ~ F  = 32.62 30.65 
BeF2 == 18.78 - - k d d  I, 106.4 

FLUORINATION Ui - 0.05252 kg/d 

w6 - 0.0732 kg/c 

Pa - 0.05458 

JFq = C.0696 0.W7 
ThF4 =46.54 44.57 

ThF4 46.54 44.60 
; I F -  32.62 31.26 
Bei2 ~ 19.99 iV.16 L iF  = 37.62 31.24 
NoF = ___ 5.2 4.90 BaFg - 19.9? 19.14 

134.35 NoF = 5.2 4.93 

e.1" 

104.42 
V = 35.84 I,'< 

v - 3 5 . B  l/d :hF4 = 46,5~: 44.60 
L i F  = 22.67 31.26 
BcF2 = i9.99 !9.16 
NoF --5.2 4.08 

I M x  

V ~ 34.85 I/d 

F2 = 0.00856 kg/d 

3 -  F ig .  3.1 Molten S a l t  Converter Reactor. Process Flowshee-t f o r  2 1.2 f t  /Gay Fluoride V o l a t i l i t y  P l a n t .  



LlNCLASSlFlED 
ORN!-LR-DWG 65585 R ?  

U, ~ fissionable uranium 

Ut = t c t d  uranium (includes tirriomble and non-Fissionable rpaciar) 

ig;‘d - 

NoF = 16.38 ky/d 

FLUORINATION 

v = 339.8 i/ci 

B s F 2  = 19.35 
1033.3 

+ 
Po = 0.322 

- b / d  994.9 
Uf = 0.318 
Po = 0.0039 FLUOR1 NATION 

- -  kg/d WI. 50 - 5OO0C 

Pa-233 
DECAY Th = 350.5 Uf = 0.318 ks/d COLD TRAP Uy = 0.318 kg/d 

STORAGE * 
175 DAYS 
I200’F 

UFg = 0.474 kg/d -5OOC UF6 = 3.474 i g / d  

UF - 0.422 0.04 

ThhF44= 465.4 46.45 WASTE L ~ F  = 326.2 32.56 

TnF 465.4 46.47 
LiF4= 326.2 32.57 
8eF2 = 199.9 19.96 
NoF = 10.3 1.03 

1001.5 
V = 343.4 l/d 

A I Pa = 0.0039 6eF2 = 199.9 19.95 
NoF = 10.0 1.W Th = 353.5 

1001.9 kg/d * 
ThFl = 465.4 46.47 v 2 343.4 i/d 

V = 339.8 i/d 

STORAGE 
IN CANAL 

FPDECAY 

1oW DAYS 

PERMANENT 

STORAGE 
WASTE 

L Th = 3S2.6 

UF - 0.716 0.072 
Th?4-= 468.1 47.05 
L i F  = 326.2 32.79 

P w 

I 2W-80O0F I LiF = 326.2 32.57 
BeF2 = 199.9 19.96 
NaF = 10 1.00 

F2 = 0.052 kg/d 

163-E 

3 Fig .  3.2 Molten S a l t  Converter Reactor. Process Flowsheet for a 12 ft day Fluoride V o l a t i l i t y  Plant .  
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L i t t l e ,  i f  my, protactinium i s  expected t o  v o l a t i l i z e  during 
I'1uorinal;ion so t h a t  t h e  barren waste salt contains po ten t i a l ly  f i s s i l e  
rna%erial. The waste stream is relaiaed. bo a l l o w  Pa433 to decay to a 

Lolaably  l o w  lea-el; LJ-233 i s  then recovered fr, a second fluorination. 



passing into the Fg disposal syst,em, and zirconium, niobium, cesium, 

strontium and Tare earths are qui te  e f f ec t ive ly  removed i n  the CRP trap 
and the NaF absogption-desorption system. 

The CXP t m p  and absorption zone may be i.nLegmted. i n t o  a sing1.e 
u n i t  f o r  convenience of disposing of spent, N a F  by discharge i n t o  t.hc 

fluorinator and then to was%e storage. 
has Seen employed iri  p i l o t  p lan t  operation where there i s  n(s protact9nium 
in the sa1.t;. For these p;.ants in which protac-Liniixm recovery i s  aecessa.ry 
it may not; be pra.eti.cal t o  use this design, 
t o  d.i scharge NaF i n t a  the was%e salt, after the second f luo r ina t ion .  

This method. o f  disposing of N a F  

- ,l.nstead it may be necessary 



reactLon with charcoal. When a batch has been coll.ecled on the cold 

trap, temperature and pressure are raised t o  slightly above t r i p l e  
point conditions afid UF- is draim2 i n t o  a col-lection cy l inder .  

0 

By-praluct, hydrcgen f luo r ide  may be recovered or  a.bsnr%ed I.n a. caus%ic 

snlut ion 

Green salt ( T W 1  
4- 

fa l ls  d i r e c f l y  i n t o  a d isso lver  containing 
molten LiF-BeF2-ThF4-W4 make-up saLt e 

make-up salt  is g i v m  a pretreatment €I -HF sparge lasting about four  days 
H e f  ore enter ing the disso lver ,  

2 
a purificatiora measure do Ternm:’ oxides, Oxides are detrirnental t o  

molten f luoride fuel.. sZ;a%iilPty in ‘chat “,izj; c w s c  prceipit ,nti  on of 
uranium oxide 

After  recycledl Wk Inas dissclved, the fuel rnixtnre i s  fed d i r e c t l y  
to the _r.d.ae.t;or fuel sy9t;em. 

4.1 Decay Hea% Removal 
A major problem in the desig~ of all. process vessels which contain 

short-cooLed, highly  i rradiatcd f u e l  i s  t h a t  of heat remval.. 
densities are so  high that, large csc l ing  areas have t o  be desjgncd i n t o  
re1atl~rel.y small vol’ullle6, In the case of the mol-ke~ salk system the 
temperature 03 the  heat source i s  considerably greater than that of a 
ccmvcni;~ onezl heat s ink  such as cooling water, a fac t  which inkroduces 
dcsi at; problems i~ *themial sdretis and maximum allowah‘k heat transfer 
rates. 

Heat 

A 2  a l te rna te  cooling systmn t h a t  can be consi-dered i s  an 



mentioned ahove, 
sodium or  barren salt., Since a considerable quant i ty  of heat i s  
assocjated w i t h  the decaying fuel (Note Tables h.,l and b , 2 ) ,  jt i s  
perttinen% to colnsjdcr whether or not the heaz should be Pejected QT 
recovered, 
3 , 6  Mwi ; the small plant, 1,8 MY%. These rates represent O n l . 4 $  and 
s,o?$~ respectively,  of the  nornfnel 2500 M W ~  power s t a t ion  ~ u t p i i t .  

Such a cooSing nicdiuin cnuLd be molten NaK a l loy ,  

The large p lan t  has an ctveragc heai  re lease rate of sbou% 

T%e choice of the cool ing  system depcnds upon the decision zo 
reje?t or recover hea t ,  and, i f  recovered, t o  what ultimate line w i l l  

t b P  efi-icrgy be put. A log ica l  ~ h o i e e  would be to us? the heat i n  tile 
reheat or siiperheak cycles i n  ihe pw7er s t a t i 0 ~ 1  :)rj perhaps, as preheat, 
f u l  b o i l e r  feed water. Tn the  E i rst instdnez 9 high ttmperaturc cso$z~nt 
such as NaK would bc required t n  transport the heaL a t  an elevatcd 
temperat:ire l eve l  For heating feed  water ei ther conl i  ng wa t PI- or 
l iquid metal t ranspor t  of the heat; s h o d @  be sa t i s fae tory ,  I n  bhis 
design i t j  vas decided That a l l  decay heat w u l d  be rejected and %hat 

cooling, water would be used for t i a m p o r t  around a72 vessels except tho  
f luor ina tors  whir;h would be air eool.ed, 
to design a Ziqu-Ed metal eoolfng a,nd heat recovery system into the  
chemical p lan t  - reactor plant  CCWTJI~JI~X in the case of e i ther  nf Lhc two 

It did rial; q p a r  to be economic 

p l a n t s  i n  t h i s  SfXdy, FUr’bhetXIOr€’, this btU.dy ind ica tes  % h a t  a process- 
3 ~ n g  mie of 12  fi, /day i s  unecono~~:lic for a pmer s’tation as small as 

2,500 I4q.t; a chenieal plant o f  t’nis size would be built snZy i t 1  coajunc- 
ticxi wi th  a much Ixrgcr  poweaer-prorli~c7’ng coniplex - pe-rhaps 5 t~ 10 

e6 2s large? I n  such a multi-megawaLt sy~tem,  it i s  reasanable to 
think of this wasbe heat bejng recovered i n  one af l,hc ueztsckor ststioias. 

l’he complete cool.?ng system P u r  decay hcaL removal froill baZh 

FQT the most part  heat i s  p l a n t s  2s shown schematAcally i n  Fig.  h a l .  
t ransferred %cross an air  gap,foie second-ary eontainmenf; of e i ther  leaksing 
sal + or v~.tw, i n t o  enol isg xmtei- su-rrounding ?he secondary vessel o r  
ZhJmblc, The principal  heat transfer mechanj sm i s  rwdistiong convection 

ac,count;s You perhaps 5 t o  ’10 percent of the t r ans fe r ,  The f2uor ina tom 
F ~ 1 0 1 ~ d  by a j  r c t r m l a % i n g  It;hrough the c e l l ,  O ~ l y  in ihe case of the 

i n i t l < i 1  wi5ch tanks in pref luminat ion  storage i s  if- neccssary to  use a 



T6,n.k No. 

1 

2 

Total 

1 

2 

3 
4 
5 
6 
7 
8 
9 
10 

11 

12 

13 
14 
15 
16 

17 
18 
19 

Length of Time Fuel 
Has Been Out of 
Reactor (days) 

0-3 
3-6 

6-12 
12-18 
18-24 
24-30 
30-36 
36-42 
42-4% 
48-54 
54-60 
GO-GG 

66-72 

72-78 
78-84 
84-90 
90-96 
96-102 
102-108 

106-114 
114-120 

DECAY I W T  I i g  MOLTEX SALT COILVETE~ REACTOR 

FUEL WITDP.A!?X FOR CHEMICAL PROCESSIIIG 

1.2 Ft'/Day Plant  

Tire - Fluor ina t ion  Storage 

3.6 9.74~ 105 

7.2 11.300 105 

5 - 3.G 1.552 x 10 

Pa-233 Decay 

7.2 
7.2 
7.2 
7.2 
7.2 

7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 

7.2 
7.2 
7.2 

7.2 

Storage 
4 
4 
4 
4 
4 
4 

24.39 x LO 
19.91 x 10 
17.21 x 10 

15.29 x 10 
13.84 x 10 
12.71 x 10 

11.03 x io 
10.9 x 10 
9.82 x 10 
9.33 x 10 
8.90 x 10 

8.50 x 10 
8.14 x 10 
7.82 x 10 
7.52 x 10 
7.24 x LO 

11.79 x 10 4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

6.9 x 10 
5.75 x 10 

286 

45.5 
3% 5 

71.5 
58.3 
50.4 
44.8 
40.6 
37.2 
34.5 
32.3 
30.4 
28.8 
27.3 
26.1 
24.9 
23.8 
22.9 
22.0 

21.2 

20.5 

19.8 

Average Heat Release 
kw - BW/hr 

2.000 105 

1.356 105 
3.356 105 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

23.14 x 10 
19.18 x 10 
16.69 x 10 

14.91 x 10 
l j . 55  x 10 

12.47 x 10 
11.59 x 10 
10.85 x 10 
10.23 x io 

9.69 x 10 
9.22 x 10 

8.80 x 10 
8.41 x 10 

8.& x 10 

7.74 x 10 
7.45 x 10 
7.16 x 10 

6.93 x 10 
6.59 x io 

58.6 

97.3 

57.8 
55.2 

6 . 9  

43.7 
39.7 
30.5 
34.0 

30.0 
31.8 

28.4 
27.0 
25.8 
24.6 
23.6 
22.7 
21.8 

21.0 

20.3 
19.6 



4.1 - eontd 

%ak EO. 

20 

21 

22 

T o t a l  

1 

13 
25 
38 
50 

63 
75 
57 

1CO 

112 

125 

Tom1 

Length of Time Fuel 
>:as Been O u t  ol' 
Reactor (days j 

120-126 

126-132 
132-138 

Tknk Volume M a x i m  Heat Release 
(ft3) B?u/ar kw 

4 7.2 6.52 x 10 
4 7.2 6.31 x 10 - 
4 7-2 6.12 x i o  - 

158.4 236 

Interim Waste 

9.6 
9.6 
9.6 
9.1, 
9.6 

9.6 
9.6 
9.6 

9.6 
9.6 
9.6 - 

l2rn 

S t o q e  
4 7.861 x 10 
4 5.167 x 10 
4 3.809 x 10 
4 3.029 x 10 
4 2.517 x 20 

2.175 x 19' 
4 1.919 x 10 
4 1.723 x 10 
4 1.5% x 10 
4 
4 

351 x 10' 

: .a3 x 10 
1.339 x 10 

- 
19.1 

18.5 
17.9 - 

693 

23.0 
15.1 
11.2 

8.9 
7.4 
6.4 
5.6 
5-0 
4.6 
4.2 

3.9 - 
1028 

Average ::eat Release 
BTU/hr l<W 

4 
4 
4 

6.47 x 10 
6.26 x 10 
6.07 x 10 
232 lo4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

350 x 19' 

7.845 x 10 
5.160 x 10 

3.m5 x 10 

3.027 x 10 

2,515 x 10 

2.173 x io 

1.917 x 10 

1.723 x 10 

1.569 x 10 
1.443 x 10 

1.339 x io 

- 
19.0 
18.3 
17.8 - 
678 

23.0 
15.1  
11.1 

8.9 
7.4 
6.4 
5.6 
5.0 
4.6 
4.2 

3.? - 
1025 



DECAY HEhT IN MOL'I'EXi SALT COPVEZTEX REACTOR 

Tank No. 

1 
2 

3 
4 
5 

Tntal 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 
14 
15 

Length of Time Fuel 
Has Been Out of 
React or (days ) 

0-5 
5-10 
10-15 

15-20 
20-25 

25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 
75-ea 

85-90 
90-95 
95-100 

80-85 

FUEL WITHLRWN FOR CEEMICAL PROCESSING 

12 Ft3/Day Plant 

Tank Volume Maximum Heat Release 
1W ( f t 3 )  B'IW/hr - 

Pre - Fluorinat ion Storage 
60 7.126 x LO 2087 
60 0.812 x 10 238 
60 0.627 x LO6 184 
6Q 0.522 x 10 153 

0.448 x 10 __ 131 60 
300 9.535 x lob 2793 
- 

Pa-233 Decay 

60 
60 
60 

60 
60 
60 
60 
60 
GO 

60 

60 
50 

6G 

60 

60 

Storage 

3.935 105 115 
3.505 x lo5 103 

3.166 105 92.8 
2.8t!ii 105 84.6 

2.459 x lo5 72.0 
2.290 x lo5 67.1 

2.655 x lo5 77.8 

2.144 x lo5 62.8 
2.016 105 59.1 

55.7 5 

1.am 105 52.7 
1.902 x 10 

1.707 x 105 50.0 
1.623 105 47.6 

c 
1.547 x LO' 45.3 
1.476 x I O 5  43.2 

Average Heat Release 
kw BTU/hr - 

6 1.q1 x 18 
6 0.757 x 10 
6 0.598 x 10 
5 0.502 x 10- 

3.720 x lo5 
3.336 105 
3.026 105 
2.770 105 

2.374 lo5 

2.080 x 105 

1.851 105 

2.557 x LO5 

2.217 x LO5 

1.959 x LO5 

1.754 x lo5 
1.665 x lo5 
I.. 585 x IO5 

1.512 x lo5 
1.444 x lo5 

log 
97.7 
m.7 
81.2 
74.9 
69.6 
65.0 
60.9 

57.4 
54.2 
51.4 
48.8 
46.4 
44.3 
42.3 



TAXZ 4.2 - contd 

Tcn:: :io. 

L 

50 
100 

150 

200 

250 

300 

350 
400 
450 ' 00 

T o t a l  

200-202 

300-302 
400-402 
gOO-jO2 

.:oo-i02 

'(00-702 
boo-802 

900-902 
1000 -1002 

1100-1102 

1200-1202 

Tank Volume biaximum Heat Release 
KW ( f t 3 )  B'?C/hr - - 

ZnGerim Waste 

24 
24 
E 4  

24 

24 
24 
24 
24 
24 

21 

24 

l2OCM 
- 

1.412 x io5 
1.352 105 
1.296 105 

1.147 i( 105 

1.065 x 105 

1.243 x LO5 
1.194 x lo5 

1.104 x 10' 

1.024 x la5 
0.9% x 10' 

0.953 x 10: 
0.920 x 10' 
0.808 105 
0.858 i ~ 5  
0.8j0 105 

0.771: 105 

0.728 105 
0.70~ 105 

55.1 105 

0.832 x IO5 

0.752 x LO5 

Storage 

2.737 x 10' 
1.584 x io k 

1.040 x LO1' 

0.571 x LO 4 
0.454 x LO 4 
0.377 x 13 4 

0.278 x 10 4 

0.222 x 104 
355 104 

4 0.749 x 10 

4 0.321 x LO 

0.246 x LO4 

L l . 4  
39.6 
38.0 
36.1; 

33.6 
52.3 
31.1 

30.0 

35.0 

28.9 

27.3 
27.0 
26.0 
25.1 
24. j 
23.5 
22.7 
22.0 

21.3 
20.7 

1615 

3.02 

4.64 

3.05 

1 * 67 

1.33 
1.10 

0.9k 
0.01 

0.72 

2.19 

0.65 

1040 
__ 

Average Heat rielease 
BTb/hr < B ___ 

1.332 x io.' 
1.724 x 10' 
1.270 x lo5 
1 . 2 ~ L ~  lo5 
1.1-:0 lo5 

1.064 x 105 
1.044 :< lo5 

1.006 x 105 
0.971 lo5  

0.873 lo5 
0.69 105 
0.816 x 105 

0.764 105 

O . 7 a  1.05 

0 . m ~  lo5 
53.5 lo5 

1.126 x lo5 

0.9$ x 10: 
0.904 x 10' 

0.789 x LO5 

0.717 x lo5 

4 2.720 x 10, 
1.576 x io4 

4 
4 0.747 x 10 

0.570 x lo4 

1.036 x 10 

0.453 x io 4 

0.376 x i o  I; 

0.246 x 104 

0.222 

354 lo4 

0.320 x 10' 
I; 0.278 x io 

- 

Lic.5 
58.8 

37.2 
35.7 
34.3 
33.0 
3-L.o 
30.6 

29.5 
20.4 
27.4 
2C.5 
25.; 

24.3 
23.9 
23.1 

22.4 
21.7 
21.0 

20.4 - 
1568 

7.97 
4. 62 
3.04 
2.19 
1. J7 
1.33 
1.10 

0.94 
0.81 

0.72 

0.65 
103'7 
__ 



differen% design f o r  removing heal;. 

bayonet arrangement i s  used t o  vaporize water i n  a large number of 
these bayonets immersed in the  sa:i.t. 

For these tanks  a t r i p l e  -walled 

4'2 Equipmwt ~esign 
Inasmuch as possible process equipnen'c l o r  t h i s  design study was 

patterned a f t e r  p-revioua';y designed and ";es-beC eqttipmexk f o r  the QTUL 
v o l a t i l i t y  p i l o t  plan% as dzscribzd. by MilXord and e3-vor-kers 
and co-workers 5 
a t  ORGilP aad Vw12 vzre clese1y Pollowed, 
made i n  some cases for .the large plant;  however, it i s  believed " c h a t  

the l i m i % s  of cizyrent technology 'nave not  been exceeded, 

4 and C a : x  
~ r z .  et2ier ins t ances ,  epipment  ar?d dcsi gn experience 

l%%;trqdLations i n  s i zes  irere 

Pertinent data on process equipmerat for both f Suoride vo1atil.i ty 
placts axe given ir: tke AppentLix on the equipment flowsheets, draw:i.nga 
E-46081 and. E-46059.. 

Prefluorinat ion Storage Tanks. Sevci1 of these tanks are required 
Because Df' 

I 

f o r  t h e  12 B t  3 /Say 21sc.t- nn? two L'OY +.hp 7 -2 f%3/day plant ,  
the large mount of f i s s i o n  prodvz t  deca.y kea'., iz. !E greefi" fuel which is 

only a Tew minutes old,, these vessels are i n  e f fec t  heat exchangers, 
~ i e  proposed design' for the ~ o l t e n  si?.'~+t ~ e a , e t m  %perimer?.t d ra in  tan~cs  
has beec adopted for the t a n k s  which r e c ~ i - f e  sszlt; d i r e c t l y  fro11 the  
rcactoar, The MSPE design, shcxrl~ in Fig, 4.2> was scli.ta3l.e in a scale3- 
GOWE version TOT t h e  L.2 IT {dey p l m t ,  lmt further modification was 
necessary Sclr Vine 12 S.i;'/cl.ay plant  as shom i n  F ig ,  b.5 because of the 

exceptionally high hcatt E ~ L ' ~ S G  per t i n i t  voLume UP oai.t, Ilea% 9 s  

clissiyated by boiI.2ng wn.Lc-r i-c tbe i?ittcrior amv.Li ez" the bayonets 
which penetrate the  vessel heads. 

colltains an i ne r t  gas whicb. i e  irmitored fo r  leak detect ion.  
of the bay-omts are &Owiz in Figs.  4,4 and k,5j, The bayonet in Fig, 4,4 
corresponds t o  the  vessel design of Fig- ha?; the design of Fig. 4.5 
corresponds t o  the vessel sf Fig .  4 , 3 .  The 2 1/2 in, NPS, sch ]la, 
aleeve surrounding each bayonet i n  Fig. 4-5 i s  required to maintain 8. 
s u f f i c i e n t l y  t h i n  salt layel- ~ r o l ~ n d  each bayonet. 

'I 
m 3  J r 

7 

73x2 outer annulus of ea,c'n ba.yonet 
Deta i l s  



UNCLASSIFIED 
ORNL-LR No. E6611-RI 

Cooling Water 

irrodiaiea Fuei 
From Reactor 

P R E -  FLLlORiNATlON STOSAGE FLUDRIkATIDN Pa  DECAY STORAGE 

f13/ticv :tfdav 
2 2 No. ?anks 

1.2 12 :.2 12 1.2 12 
b& 

2 6 No Tanks 
3.6 60s W u m e  Per 7.2 60 

NO. Tanks 

132 175 
Voiume Per Tank (11 ' )  
Days Holdup 3 25 Fluorinat;on (ft'l 3.6 6 Ooys HOiUup 693 1616 
Maximum Heot Release (kw) 331.5 2 7 9 3  Hours tioldup 5 5 Mrximm Heat Release (kwl 

Average Heat Release (kw) 678 1568 Average Heat Release Ikwl 97.3 9 8 5  Maximum Heat 
Water Vaporized in 1st Tonk (mox gpm) 2 7 3 Release 1 kw 1 45.5 57.5 Coolanl Water Flow (mm gpml 59 138 
Water Vaporized m 151 TanhIovg gpml 0.41 I I Average Heal Cmlant Water ?I- (ovg gpm) 58 I33 

Water Fiow lo 9:her Tanks (avg gpml ** 57.3 Coolant Air Flow M i n g  Wfer 

Volume Per Tank :fl'l 

Water Flow lo Other Tanks (mor. qpm) 60.2 Release ( kwl 39.7 55 

(Max C f m )  lnloke From Rtver 

: P v g  c:ml 6:O 845 

700 
Coolanf Alr Flow 

0 ;b; Smcl: plant conta;ns only MSRE type 
bayonet cmlers. 

30 f t3eo 
0 Copocilies o f  Tanks No I $ 2  

Water Discharge 

INTERIM WASTE STORAGE 
1.2 12 

f l k 0 "  fi%thy 
No. Tonks 125 500 
Volume Per Tonk ( f 1 3 1  9.6 24 

IO28 1040 Maximum Heal Release l k w l  
Averoge Heal Release (kwl  1025 1027 

Coolant Water i low IavQ gpm 1 87  88 

Days tioidup 1000 1000 

Coalant WOW Flow (mox wml 8 8  a a  

Iv c 

3 
Fig. 4.1 Decay Beat Removal Systen: for 1.2 ft /day and 12 ft3/day Pluoride V o l a t i i l t y  Plant.  
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UNCLASSIFIED 
ORNL-LR-DWG 61719 

INSPECTION, SAMPLER, AND 
LEVEL PROBE ACCESS 

STEAM OUTLET 

CONDENSATE RETURN 

WATER DOWNCOMER INLETS --- 

BAYONET SUPPORT PLATE 
I- CORRUGATED FLEXIBLE HOSk 

STEAM RISER 

STRIP WOUND FLEXIBLE 
HOSE WATER DOWNCOMER - -. BAYONET SUPPORT PLATE 

HANGER CABLE 

GAS PRESSURIZA 
AND VENT LINES INSTRUMENT THIMBLF 

FUEL SALT SYSTEM 
FILL AND DRAIN LINE -- 

SUPPORT RING --e- 

- FUEL SALT DRAIN TANK 

BAYONET HEAT EXCHANGER 
THIMBLES ( 3 2 )  ---= __ TANK FILL LINE 

THIMBLE POSITIONING RINGS 

FUEL SALT SYSTEM 
FILL AND DRAIN LINE NK F ILL  LINE 

Fig .  4-.2 Primary Drain and F i l l  Tank for MSRE 
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UNCLASSIFIED 
ORNL-LR Dwg. No. 66622 -------"I .......... -5' -6'  !... P 

SC I 
c 

@----I" N P S  

. 

F i g .  4.3 Pre-fluorination Storage T a n k  12 ft3/day P l a n t .  



U1UCLASSIFIED 
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.ATE 

Fig. 4.4 Bayonet Cooling Thimble. 



UNCLASSFIFO 
CRYLLR Dwq NO 66,623 

WATER INLET 

Si6bM DOME 
LOWER hEAG - 

3 F i g .  4.5 T y p i c a l  Cooling Bayonet 12 ft /day Plant .  
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The 1.2 f't'/day p l an t  contains two of the MSRE ty-pe tanks i n  the 
pref luorinat ion storage system, 

each a-nd f ive other %arks of" 62 ft,) @;zpacidcy each, 

The two t anks  are used a l t e r n a t e l y ,  
The 12 ft 3 /day plant contains t w o  bsyocct-filled t9asr?l;s of 30 f k 3  capacity 

'7 

The five tanks itre 

.)E. 

t % 
Does EO%. incXude sGem dome 
These two tanks have 30 f%' capacity. The large dimetzr is necessary 
to hozrse the large imrnber of bayonet tu'bes in the ineftfcen-t salt  
storage arrangemerit required by ' the high heat release of" the salt.  
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lower assembly i s  enclosed i n  an e l e c t r i c a l l y  heated furnace, and the 
upper assembly i s  heated with e l e c t r i c  s t r i p  heaters .  S imi la r  designs 
were used EO? these two stuaies; -c,ie .. large plan% f luor ina ted  deft, 3 
bstehes,  the small p l a n t  f"lzrcrinaS;ed 6 - d  batches 

of the kigh corrosio2 ra.be during .?%uz:~-fna~Mor~, 

c sns t~ . i c t  the vessel as simply and cheaply as pcssible since it mus; 
be r a t h e r  f requent ly  replaced, 
walls with a corrosion rate aLlowa?ice of m e  mil per  hour of f luorina%ion 
time, 

Il; i s  advisable t o  

The vesse l  i s  m d e  & r i . t S i  th$ck, 2/2-:inclz, 
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the  waste salt .  
e lec , t r ical ly  hes,l;ed. zonzs and an i n k r n a l  pipe for ai.r cool ing and 
thermocouples. 

1rnpor"cnt fea tures  of the unit are f o u r  separa3e 

3 The stationsry-bed absorber (Fag;, 4.8) 8s used in ?,he 12 I% /day 

pb%nt con,t;izi.ns just over one cubic foot of NaF; s ix :  absorbers %re 
req-uired f o r  the 42.6 kg vF6/day rate. 
lightweight 

rcmnval; .tile furnace permits operation between so-rptian (100 @) and 
descrptioii ( 400°U) temperatures e 

dawn bhe center of the bed for &mission of cooling a3r ;  
contains e lec t r ic  heaters.  An in-bcr ior  cylindrical baffle causes g ~ w e s  

t o  'kake U-shaped path tlu-ough She bed. 

Each absorber is mounted i n  a 
lm-hea% capa.r,ii;y e lec t r ic  furnaec rhi,ch. is hinged for easy- 

0 

A 2 5 -in e out;si.de d.iame-tcr tube e:ctvend.s 

tobe a lso 

n e  governing design criteria f o r  an a%ssr'rzes- are the rake 8% 

The wh%;ch the bed can he temperature eyeled and the 'bed Lh-i ~kness. 

granular bed i s  8 rather effechivr insulator and has tc be made i n  thin 
scctions t o  facf'litatc hest ing and cooling;, 
a large L/D r q t j o .  
&he abso.rber is i-ernc)ved, emptied and recharged remotely on a 4-5 day 
cycle 

Each absorber ti?erefouc has 

When the Fed. becomes sa t~xa? ;~ . c J  wfYI fl'ssiorl products, 
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UNCLASSIFIED 
ORNL- LR- DWG 5043 

NaF CHARGING CHUTE 

Fig. 4.7 Movable Bed Temperature-Zoned Absorber. 



' lz-in. NPS - 1 

SCHEQ 40 

ELECTRICAL WOD- 
TYPE HEATERS;, 
4000 - W  TOTAL- 

L?-'/z--in. OD x 
'/a - in .  WALL-- 

UNCLASSIFIED 
QRNL-LR- DWG 39257 

/- COOLING AIR INLET 
-OUTLET 

'/4--in. PLATE' 
/ 

THERMOCOUPLE WELL+ 
Fig. be8 Sodium Fluoride Absorber for TF6. 
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UNCLASSIFIED 
ORNL-LR-DWG 13088 R-1 

INCHES 

WELL 

WELL 

____ 

c .- 
cu 
+- 
Y- 

r- 

Fig .  1k.10 6-in. Cold 'Trap. 
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3 The storage problem i n  the 1.2 f t  /day plant  i s  s tmibar  t o  t ha t  of 
the larger p lan t ,  
the vessel  surfa.ce t o  a water- jacketed thimble. 

needed, each having a nominal capacity of 7.2 f t 3  and, nominal dimensions 
of 1..6 ft diameter by 3.32 f L  high. 
Root larger i n  inside diameter than the storage tank. 

Heat i s  diss ipa ted  by rad ia t ion  and convection Prom 
Twenty-four tanks 8re 

The jacketed thinble i s  about one 

Interim Waste Storage Tanks. Interim wa&e storage tanks are sealed 
cylindrical containcrs made of s t a i n l e s s  steel  which can be used fop- 
pernianent waste storage after the  interim pep id .  

plant are ~6 i n ,  dimeter by 
diameter by 7.5 ft long, 

The tanks f a r  the small. 
ft long and for t h e  1arge plant ,  2-f t  

T'nianbles i n  which the waste tanks rest while i n  the storage canal  
are made of s t a i n l e s s  steel. 
those i n  the  small p lan t  arc?. 2- f t  dlmeGer while those i n  the l a rge  plant 
are 2 e TT-ft. dime.i;er. 

Each plant  has 1-5-ft long t'nimbles, but 

Freeze ____I Valves. Canventional valves cannot be used OD molten salt 
process l i nes .  
i n  khc l i n e  using a jet of cooling air blowing across *,he area t o  be 

frozen. Conveniently locet.ted electr ic ,  heaters arc then used Lo thaw 
the line when flow i s  desired.  
installation for the PERE is presented i n  Fig. b.1le 

Instead, closures i n  l i n e s  m e  made by f ~ e e z i n g  a plug 

A photograph o f  a proposed freeze valve 

.-~ L i n e  Heating:, Whenever practical autoresistanee heat ing w%lI be 
used I 

6 Samplers, R rather complicated mechanism i s  required t o  remove 
analytical samples from a moakcn salt system as sliown in ~ i g .  4.12, 

pictare& apparatus i s  being t e s t e d  f o r  use i n  the  MSBE a t  OWL. 
f ea tu res  of the sampler a r e  the hois t  and capsule fo r  removing the sample 

from .t'ne vesscl;  a lead shielded cubicle wi%h manipulator, heating elemenls 

TIE 

Essent ia l  

and service piping; and a t ranspor t  cask f o r  removing the sample from t'ne 
process m e a .  

shield in 8n accessible  area. 
The sampling cubicle is  moun.t;ed on the cell bio logica l  

Refrigerati on I) Eow-temperature r e f r ige ra t ion  i s  needed f o r  %lie cold 
traps. One 5 x q  operates at =lboo@ and iz second operates at -75OC. 
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t i' 

Fig. 4.11 Freeze Valve. 



TO VAc 

CONTAINMENT _/I 

0RNL-LR-Ih:g. 59206 
Unclassified 

4 

. , . . , . . 

@ INDICATES BUFFER ZONE 

Fig. 4.12 Schematic Layout of MSRE Sampler-Enricher System. 
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Id was assumed that the  f u e l  had been irradiated for an i n f i n i t e  time a t  
a thermal'neutrnn f l u x  of 10~3 neut rone lc2  sec. 

The fuel. i n  this .system i s  predominately V-233. However the dakrz 

o r  Blomeke and Tod,d f o r  U-235 f i s s i o n  products were used because no corn- 
parable data f a r  W-233 wem available. 

@ame,try. i n  all. csl@ulatfons shielding requirements were detemined 
---.I 

for top a,td a i d e  shields as shown in Fig. 4.14 using the  criterion of" 0.25 

mrad/hr dose rate a t  %lie sh ie ld ' s  ex terna l  surface. 
vesse ls  were aligned along a wall as shown in Fig, k.I.bcb, the dose ra te  
was c!mputea for s e v e ~ r z ~  shield. thicknesses, t19 t i j  t" I., 
account eoatr ibutfoas  from adjacent tanks. 

Bemine the  required sh ie ld  t;lni@kness f o r  a 0.25 mi-ad/br dose rate, 
ta t ions were macle for arrays of 3 and. 5 t.ankaj and it was observed that 
the  dose contribution from the four th  and f i f t h  tanks (extreme end tanks) 

coiil..d be i p o r c d .  

When several  process 

- - - 2  taking into 

The data were plo t ted  t o  de- 
Compu- 

S m a r y  o f  Shielding Requirements, Shield,fng requirements f o r  
~ ~ Q C ~ S S ,  s+,orage and maintenance areas in the t>wo plants are given in 
Table bel&" 
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I Chem i ca I 
Processing 

Reactor 

(thorium 
Feed 

+ uranium make-up) 

Fig, 4.13 Schematic D5-m for Computing Fract ion Burn-Up. 

UNCLASSIFIED 
ORNL-LR-DWG 65605 

Burn-up 
fission products) 



Dose Point on Top Shield 

I 
UNCLASSlFl E 5  

ORNL-LR-DWG 65605 

on 
Id 

(a) Elevation 

8 Qose Points for Several 
Side Shield Thicknesses 1 

I 

(b) Plan 

Fig .  1!-.3_)-1 Geometry Considerakions i n  CalciiLating Shield Thickness. 
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Table 4.4 Shield Thicknesses f o r  t he  12-ft 3 /day and l.2-ft3/day 
Molten Salt Fluoride Vo la t i l i t y  Processing Plants 

Thickness of Ordinary Concrete ( f t )  

12 ft3/day plant; l , 2  ft 3 /day plant  -- 
Prefluorination storage 'Cop sh ie ld  
Pref luorinat ion storage side shield 
1 st. f luo r i ca t ion  top ahieid 
is% f luor ina t ion  side shield. 
21x3- i'Iuox5-na$i on t o p  shield 

2nd f luor ina t ion  side shield 
Pa-233 decay storage top sh ie ld  
Pa-233 decay storage side shield- 
Reduction and f u e l  make-ap area Lop 

Reduction and f u e l  rnake-~p area, 

IEt>;crim waste st~ra&;e top sh ie ld  
Interim waste storage s ide  sh i e ld  
Crane maintenance area top shield 
Crane maintenmice area s ide  sh ie ld  
Storage area top shleld 

Stcrage area side shield 
Dscontamination area t;op s h i ~ l d  

Becoatmiination area side shield 

S h q  area toy shield 
Shop area side shield 

shLeld 

s ide  sh ie ld  

7.5 6.25 
r7r 

I . .  2 

7.5 
7.5 
4.0 

7.5 
6,25 
7.5 
6 25* 

7.5 7.5 
5.5 6 a 25% 

5.5 6, ?* 

4.0 4.0 

4.0 
4.75 

4.0 

4.5 
5.0 5.0 

4.0 
4.0 
6.5 
4,o 
6.5 
4.0 
4.0 

3.0 

4'0 
6.0 
4,O 
6,o 
4.0 
4.0 

4.0 4.0 

x 
Shield thickness detemi.iied by pre-fhorinabioa sh ie ld  requirements since 
911 epipment  i s  same area, 
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Interim waste storage vessels c m  most; conveniently be stored i n  an 
a ~ e a  imed . ia te l y  ad,jacen+, t n  but  not, d i r e c t l y  a part of the principal., 
processing area, A rather large cans? i s  required LO contain WE Large 
number of waste tarks. Mter approximateby 1000 d a y s  residence, the 

.waste tanks are transferred. ko pemanent storage ., 



covering site locat ion,  topography, meteorology, climatology, geology, 
a - f a i l ab i l i t y  of labor, accounting procedures, f ixed  ckal-ge r a t e s ,  e t c  (. 
r * , 1  &se recommendations were followed I n  t h i s  study. A concurrent c o s t  

evaZuation for a molten. salt reactor plant by ORNL and Sargent a9.d Dandy 
Engineers used %lie s m e  bas ic  ground miea mking  the two p lan t  evetlu- 
zz";ior~s congruent 

12 

The plant  i s j  located- an level  t e r r a i n  i n  a grass-cavered f ie ld .  The 

ear th overburden i s  8 ft7 deep; below t h i s  depth i s  bedrock. 

Over-aLi. P~~~ Layout. A remote maintemnce chemical p lan t  i s  mo6t 
cofaveniently laid 0u-b i n  a cmyon-type armgemen%, which i s  a long, heavily 
shielded series of itl-Line cells serviced by an over-heail crane. The depth 
cf the  canyon i s  determirxd by location and size of i n s t a l l e d  equipment; 
the width i s  determined by vessel  sS.ze an2 syan l imi ta t ions  f o r  the crane. 
Tne over-al l  bui lding length is more or  less determined by the length of 
%e canyon, Offices, control room, laborator ies ,  s m p l e  gal lery,  ware- 
kouse, diop and Qtfier sewice areas are placed along a face sf the canyon 
is: a mnner  t h a t  i s  consis tent  wi th  goo4 design and fv,nctional facility, 

Xn t h i s  study advantage was taken of a desiga study and operating 
experience w i k h  a remotely maintained radioact ive chemical p9ant by 
Earraw'* t o  obtain over-all, plmt, arrangements shown on drawings E-46079, 
E-46067, E-46079, E-kh6f-3, E-46069, E-46081, ar,d E-46030 i n  t he  Appendix. 

Processing &rea. Processing c:ells are located i n  the cen t r a l  sect ion 
nr" Wie emyon and are %he most heavily shielded p a r t s  of the plant ,  
%he 12 ft /day plant, four  c e l l s  are empSayed; i n  the  1.2 ft3/day plant ,  

In 
3 

cells aye used, Because of" the lower t o t a l  a c t i v i t y  and fewer 
& ~ Q C ~ : E X  vesse ls  i n  %he smal.2 plant,  one of the  shielding p a r t i t i o n s  
cokPd be eliminated. 

Pref luor ias t fon  storage and. first f luo r ina t ion  vesse ls  are loca%ed 
m8r -!;he center of %he canyyon and convenient t o  the reac%or ares .  



Immediately ad jo in ing  (in the  stme c e l l  for  the  s m a l l  p l a n t )  i s  the c e l l  
containing t h e  second f luorinat ion and absorption equipment, r) This  arrange- 
ment permits carrying out the most radioact ive operatlons i n  a rompact lay.  
mf, mlalmfzfng ?he amcrwyP; of "PAriek (sc3 c?)  shieldatKO 







5.2 Bases f o r  Estimates 



Fabrication C o s t ,  $/lb (contd) 
Stainless 

INOR-8 m l o y  79-14 Stee l  304 

4 .QO 3 FT;rarfna$~rs, 1 , 2  arid 12 f% /day 

3 *5Q F&-233 decay storage, 1.2 ft 3 / d a y  

Wsst.e storage vessel, 1.2 and 

Waste storage thimbles, 
1.2 and 12 fi3/day 
UF dissolvers ,  1,2 and 
12Gn,3/day 

1-2 ft3/aay 2.5Q 

Pipe and tubing prices w r e  based on %he following schedule, 

De s c rip% f on $ / f b  

1/2 in. OD x 0.042 r,Jall. tlihe (INOR-8) 

1 1/2 in. NPS, Sch, 40 pipe ( I N O R - 8 )  41.67 13.71 

6 .a6 26,40 
1 i n .  NIPS, Sch, 40 pipe ( ~ o R - S ]  30.05 16.04 

Auxiliary process i k m s  such as process piping, process e l e c t r i c d .  
s erv.5.s: e , rEnsimment at ion sampling connect iotis and tile E r  i n s t a l l a t ,  ion vwe 
no$ considered. in su f f i c i en t  design detasl t o  permit d i r ec t  estimation, A 
value was assigned. 4 x 2  bhese items x$hich was based ixpon previous experience 
Ln des%qzs and  cos t  est,imat;i.on o f  radiochemical. processing plants .  In. as- 
signirq; .t,liese values co&:r~ izmce ?,ms finken of %he fact tha t  the p lan t  i s  
re~fi~"u:l.,y maintafaed I 



Pre-Fluorination Storage 
Storage tank 

Storage tank 

,%mace 
Heater 

Jacketed thimble 

Condenser 

Fluorination 

Fluorinator  

Furnace 

CRP t r a p  

ESTIMATED COST OF MAJOR PROCESS EQEPKCNT FOR 

TWO FLUORIDE VOLATILITY PWiTS 

(Values i n  Dollars) 

1.2 ~ t 3 / ~ a y  Plant  - No. Description cos t  

2 2 f t  D x 2 f t  H; 49 bayonet 100,000 
coolers; INOR-8; 0.375 in .  
shell; 0.5 in. head 

2 

1 

Absorbers 2nd Cold Traps 

>I@ absorber and CRP trap 1 

I?urnace 

Cold t r a p  
Cold t r a p  

2.7 f t  D x 3 f t  H; 45.8 kw 7,000 

b65 2 1 f t  D x 3 f t  L; 19 f t  s t a i n l e s s  
s t e e l ;  admiralty tubes 

107,&5 

1.5 f t  D x 2.34 t I i  (lower 12,000 
section); 3.6 f t  s salt; a l l o y  
79-4; 0.5 in. shel l ;  0.5 in. 
head 

2.37 f t  D x 3.75 f t  H; 49.4 kw 8,000 

8 in .  sch. 40 pipe; 1 f t  
horizontal  + 5 f t  ver t ica l ;  
12.66 kq LTF6 capacity; Inconel 

I n c h d e d  i n  absorber cos t  
-40Oc unit ;  copper 
-75O~ uni t ;  copper 

20,000 

8,700 

12 Ft3/Day Plant  - No. Description cos t  

2 

5 

2 

5 

5 
2 

2 

2 
2 

6 

6 

3 
3 

5.5 P t  D x 5.5 f t  H; 295 bayonet 
coolers; INOR-6; 0.5 in. shel l ;  
0.625 in. head 
3.17 f t  I) x 7.61 ft H; 0.5 in .  she l l ;  
0.5 in. head 
6.25 f t  m x 7 ft H; 250 kw 

4 f t  D x 9.9 f t  H; 225 kw; tabular  
with s t a i n l e s s  s t e e l  sheath 

4 f t  D x 9.4 f t  H; IN OR-^ 

s tee l ;  admiralty tubes 
14  in. D x 16 f t  L; 470 f t  2 s t a i n l e s s  

1 , 354, 

57,500 

50, OOO 

110, m 

58J 125 
8,200 

1,637,825 

16 , 000 1.75 f t  D x 9 f t  H (lower section); 
6 f t 3  salt; a l loy  79-4; 0.5 in. she l l ;  
0.5 in. head 

2.67 ft D x 5 f t  €1; 75.5 kw 
6 in. D x 4 f t  H; outs ide heaters; 
air-operated p is ton  

13 , 000 

10 , 000 

39,000 

6 in. sch. 40 pipe x 6.33 f t  H; 9,000 
21.1 kg UF6 c a s c i t g ;  Inconel 

-hoc  uni t ;  copper 

-75'~ uni t ;  copper 

uc 
w 



TmLE 5.: - contd 

1.2 Ft3/DaY Plant 
Cost -- No. Description 

2 6 in .  sch. 43 pipe x 3.5 f t  5; 800 

- 

heated; 12.66 Kg I-T~ capacity; 
Inconel 

1 Q cfm displtlcement; < p a f ina l  2,620 

NaF chern trap 

Vacuw pimp 

Pa-233 Decay System 

Storage tank 

Jackzted thimble 

Heater 
24 
24 

pressure 

3 1.66 f t  D x 3.32 f t  H; 7.2 f t  
sal t ;  ~ K J R - ~ ;  0.375 in .  shel l ;  
0.375 in .  he& 

Coollng kni; fo r  storage 'tank 

3 f t  D x 3.1 3; 52.5 kw 

17,120 

YJwc I 

\ 
100, Eoo 

Reduction and Fuel Make-up 
Reduction uni t  1 

D i  ssolver 1 

Cold make-up and sparge 2 
-tanii 

iIeater for dissolver 1 
Zeater fo r  make-up tank 2 

4 in. sch. 49 pipe x 8 f t  H; 
10-15 kg W6/hr capacity; Inconel 
1.57 f; D x 3.3 f: B; 7.2 ,t3 
salt; moR-3; 0.5 in .  shell; 
0.5 in. head 

1.3 f t  D x 7.3 f t  H; IN OR-^; 
10.2 f . t3 capacity 
2 f t  D x 2.25 f t  H; 26 lw 
2.3 f t  D x 4 f t  H; 52 kw 

166,600 

66,150 

2,250 

6,500 

2 , a  
8,400 

Vaste Storage 
Waste tarik 

Waste tank thimbles 

128 1.33 f t  D x 7 f t  B; s ta in less  
s t e e l  304 L; 9.84 i t 3  salt; 
0.25 i n .  she l l ;  0.25 in .  head 

126 2 f t  3 x 15 f t  E; s ta in less  
steel 304 L; 0.1875 in .  shell ;  
0.1875 i n .  head 

85,300 

118,600 

175,360 

i 2  Ft3/Day Plant 
cost  -- No. Description 

3 

36 

35 
35 

1 

2 

1 
2 

510 

5 10 

6 in .  sch. 40 pipe x 6 Tt H; 
heated; 21 kg W, capacity; 
Inconel 

1,800 

4.5 f t  D x 4.5 f t  H; 60 ft3 salt; 
INOR-8 

Cooling un i t  f o r  storage tank 

Sectional un i t s  t o  surround Sank 

4 i n .  sch. 1 0  pipe x 8 f t  H; 
10-15 icg Vi? /hr capacity; Inconel 
2.7 f t  D x 2.7 f t  H; 12 f t 3  salt; 
INOH-8; 0.5 in .  s h e l l ;  0.5 in .  head 

6 

3.b f t  D x 6.7 f t  H; LWOR-8; 
48 f t 3  capacity 
3.4 Pt D x 3.7 P t  H; 71 kw 

4.1 f t  D x 7.7 f t  H; 178 kw 

I, 624,500 

66,150 

5,500 

2 6 , m  

6,000 

34,000 

2 f t  D x 7.5 f t  H; s ta in less  steel 
304 L; 24 f t 3  salt; 0.25 i n ,  shel l ;  
0.25 in. head 
2.75 f t D x 15 It H; s ta in less  steel 
304 I,; 0.1875 in. sheil ;  0.1875 in. 

137,650 

841,500 

892,500 

293,960 



Miscellaneous Equipment 

Refrigeration unit 

Refrigeration unit 

Refrigeration unit 

A i r  chiller 

HF disposal unit 
F:, supply system 

Total Process Equipment Cost 

TABLE 5.1 - contd 
1.2 ~ t 3 / ~ a y  Plant - NO. Description cost 

1 24,000 BTU/hr at -b0C 3,500 
1 4,000 BW/hr at -75OC 3,200 
1 9,000 BTU/hr at -2OOC 1,235 

135 

500 

1 

1 

1 ft x 1 ft x 4 rows finned 
tube 

2.8 ft D x 5.3 ft H; monel 

1 Tank and trailer 6,770 

15,340 

705,985 

12  Ft'/Day Plant 
- No 6 Description Cost 

1 48,000 BTU/hr at -hoc 
1 8,000 BW/hr at -75OC 

1 

2 T&rrk and trailer 

2.8 ft D x 5.3 ft H; monel 

5,400 
4,900 

u1 
u7 

500 
13,590 

24,300 

5 259,075 
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3.4 Building Capital  Cost 

Building cos t  data  fo r  the  two f luor ide  v o l a t i l i t y  plants are given 

processing i n  Table 3.2” These costs a r e  divided into five categories:  
ce l l ,  interim waste storage, opera,tions and l abora tor ies ,  outside u t i l i t i e s  
and land improvements. 
cos ts  .. 

The tabulation presents bath material and labor 

5.3 Total CapS.-t;al Cost 

A s  mentioned above, process equipment, and buildings were the only 

i t e m  considered i n  sufficient;  design d e t a i l  to permit dire@% estimation 
The rcmafnder of t he  cap i t a l  costs  were estimated fron previous kdi~wl.ed.ge 

and experience wtith ra,diochernieal. processing plaatx ,, 
plant  f a  remotely maintained vas an important factor in es t imt lng  process 
instmzmentatian and e l e c t r i c a l  and smpling connections, These items be- 

cone considerably more expensive because of cinmterbd.ancingg s p a c h g  and 
a c c e s s i b i l i t y  requirements, 

Tne fact that, t he  

Construction overhead fees were taken as 22% of d i r e c t  ma”,erla. ls  and 

labor  f o r  all buildings i n s t a l l e d  process equipxaent, piping> Instmunenta- 
t ion ,  e l e c t r i c a l  and. o t b w  d i r e c t  charges, This r a t e  i s  i n  agreemixit with 

current charges for th i s  type of coristructian and estimate. Architect  
engineering and inspeet,foas fees  were taken as 13% of .all chapges including 
construction overhead, 
h9wever, f“m t h i s  plant the l o ~ e r  13% value w a s  used because o f  considera- 
ble repeki-i;fnn In t h e  desfgi cf a large number of process vessels, 

 his fee  may be as ~ w g e  as 20% for  some designs; 



T ~ L E  5.2 

Processing Cells 
Excavation and back f i l l  

Concrete, forms, reinforcing, e tc .  
Structural  s t e e l  and miscellaneous metal 
Crane area roofing 
Doors, painting, crane bay doors, e tc .  
Semi  ce s 
Building movable eqaipment 
Viewing windows 

Sub t o t a l  

Interim Waste Storage 
Excavation and back f i l l  

Concrete, forms, reinforcing, e tc .  
S t ruc turz l  s t e e l  and miscellaneous metal 
Crane area roofing 
Painting 
Services 
Building movable equipment 

Sub t o t a l  

Operations and Laboratories 
Excavation end back f i l l  

Concrete, fonns, reinforcing, e tc .  

Structural s t e e l  and miscellaneods metal 
Roofing 
Superstructure 
Miscellcneous structwal na ter ia l  

BUILDING COSTS FOR TWO FLUORIDE VOUTILITY P&TTS FOR 

ON-SITE PKOCESSLNG OF MOLTEX SALT COWEIITW REACT03 FUEL 

(Values i n  Dollars) 

1.2 Ft3/Dajr Plant  
Total - Material % 

201,110 

950,000 
456,600 
113,100 
554,100 
352,630 

42,000 
1,101,750 

3,7711290 

20,450 
153 000 
140,220 

20,800 
10,860 

248,000 

739,740 

146,410 

73,930 
150,200 

159,040 

43,500 
8,790 

36,750 

12 Ft3/Day Plant  
Total - Material Labor - -  

187, k20 

568,200 

369,500 
75,600 

397,100 
329,700 
862,500 

40, 

07,100 
852,300 
315,800 

~ B , ~ C X J  
1E9,100 

207,580 
257,250 

2,000 

274,520 
1,420,500 

68 5 300 

163,800 
556, m 
537,280 

1,115,750 
42, OOo 

54,800 25,590 30,390 
204,800 307,200 5 E J 0 0 0  
245,532 243,700 486,700 

46,200 53,900 loo, 100 

48,020 

353,300 161,100 514,400 
225,000 30,000 255,000 

24,010 24,010 

1,153,110 345,500 1,998,-:10 

6 4 , 2 b  30,270 94,510 
76,400 105,100 182,500 

7,530 3,750 11,280 

56,500 

172,670 38,910 211,540 

85,410 62,490 22,920 
27,110 29,390 



TABLE 5.2 - conM 

1.2 Ft3/Day Plan t  
Total  - Material Labor - -  

238,510 178,510 417,020 

272,800 34,900 307,700 

Brr,y5o 390,960 2,202,910 

Services 
Mi sceilaneous equipment 

Sub to tal 

Outside U-cilities 
Water, e l e c t r i c i t y ,  drains ,  e tc .  

Land Improvements 
Grading, roads, sidewalks, etc. 

Total 

83,500 29,500 1I0,oCx) 

89,&00 26,600 116,200 

3,786,540 2,155,600 5,9@,1b 

252,oao 36,000 288,Cm 



Tota l  capi%al cos t  data f o r  the two plants are given in TabLc 5 a 3 .  



6.0  OPERATING COST ESTIMATE 

Direct operating cos t s  were calculaked f o r  both p lan ts  t o  cover man- 
power requirements, chemical consumption, u t i l i tAes ,  and maintenance m a -  
terials, 

the  Estimates. 
Current data on la'oor and. mater ia ls  costs  were used i n  making 

6.2 ~uxnmary of Direct 0:perating ~ a s t s  

Direct operating costs axad the baser; upon which %hey vexe c a n p t e d  
a r e  givek i n  Table 6 + 2 *  

presented i n  a s l i g h t l y  d i f f e r e n t  manner to exhib i t  the charges associated 
with the major c l a s s i f i ca t ions  of q)erati.ons, labokatoory, rnairqkenafice and 
supe-rvision, ' k e  l a rges t  s ing le  d i r e c t  c o s t s  are labor  ar?d maintenance 
material.s. 
tenance materials; these charges must be estimated as ce r t a in  percentages 
($/year) of  tine corresponding c a p i t a l  investment e 

been used are average rates which have been observed t,o apply ,to a la rge  
riuriiber of chemical. reprocessing operations. 

Labor c o s t s  weye obtai-r?ed, Prom Table 6.1 'out are 

There i s  no d i r e c t  way %o ca lcu la te  yearly cos ts  f o r  main- 

The rates th%t have 



Managex+ 
Ass i s t an t  manager 
Secretary 

S'uperictefident 
S h i f t  supervtsor 
Ope rat or 
I k  l.per 
Secretary- 



Accountability 

Ehgineer 
Clerk 

Engineering 
Mechanical engineer 
Chemical. engineer 
Draftsman 
Secretary 

&n=ral Office 
Manager 
Ae c ountmt  
Payroll clerk 
Purchasing agent 
Secretary 

Mi scellane ou s 

GUFLrd, 
Fireman 
Receptionist 
Laundry worker 
Nurse 
rJan.i txr 

- 

Total. 

62 

TABLE 6.1 - contd 

No * 
_I 

1 
I 
5, 

1 
3 
2 
1 
7 
- 

1 
1 
2 
I 
2 
7 

a 
4 
1 
2 
I 
2 
m 

SO4 

1.2 Ft 3 Sal.t;/Day 
cost  

63n., ooo 

7 9 000 
bt., 000 

l-l.,OCQ 

8, ooe 

10, 600 
4,500 

50,100 

5 , OQm 
4,&0 
8,000 
4,800 

27,@Jo 

rn 
32, 000 
16,000 
4,000 
7,200 
IC, 800 
7,200 

71,2!06 

No. 
__y 

I 
I 
2 
- 

2 
4 
3 
1. 
10 
-- 

1 
1 
2 
I 
2 

7 

8 
4 
I 
3 
1 
3 

20 

- 

- 

7 9 000 
4,000 
13-,000 

16,000 
36,000 
15 9 900 * 
5 2 000 
4,800 

4,800 
8,000 

&% 
32 a ooo 
16, 000 
4,000 

10, 800 
4,800 

.- 



TABLE ti.2 

Cfiemical Consumption 

Fluorine (at $2.00/lb) 
KOH ( a t  $0.10/lb) 
XydroTen ( a t  &.OO/lb) 
NaF ( a t  $O.l>/lb) 
Nitrogen ( a t  $0.00g/ft3) 
I n e r t  gases ( 8 ~ 5 s )  
XF (at $0.20/lb) 
Graphite (at $0.15/lb) 
Miscellaneous 

S W ~ Y  OF DIRECT OPERATING COSTS FOR mo, oN-srrE 
FLUORIDE VOLATILITY PLANTS 

U t i l i t i e s  _- 
E l e c t r i c i t y  (et $O.Ol/kw iir) 
Wcter (at  $o.o~~/~ooo gal) 
Heating (based on steam a t  @.25/1000 l b s )  

Labor - 
Operating (from Table 6.1) 
Laboratory (from Table 6.1) 
Maintenance (from Table 6.1) 
Supervision (from Table 6.1) 
Overhead (at  20% of above) 

4,800 

180 
60 

750 
200 
700 

50 
2,000 

m3.G 

1,600 

28,030 

357,300 
82,800 

Maintenance Materials 

S i t e  (guess) 
Cel l  s t ructures  and bui ldings ( a t  2$/yr of c a p i t a l  cork)a 
Services and u t i l i t i e s  ( a t  @/yr a f  c a p i t a l  cost) 
Process equipment (at 15$/yr of c a p i t a l  cost)b 

Total Direct Operating Cost 

10,000 
94,900 
76,600 

300,100 
1,102,Goo 

158,600 

48,000 
8,500 
1,800 

190 
2,200 

500 
3,300 

460 
4, 030 
6t1,950 

174,000 
4,300 
7,200 

386,450 
llg,803 
163,000 

150,050 
81,000 

10,000 
134,500 
64, ,400 
876,900 

1,- 

2,240,600 

&Building services  excluded 

bIncludes process equipment, process instrumentation and sempling connections 



7 .O CAPITAL COST ESTIMATE OF 140DIFIED 
1.2 FT3/DAY PLANT 

7 1 b d i  f i c a t  ions 
In  examining the large amount of process equipment and c e l l  space 

required for  Pa-233 decay storage, it becomes questionable i f  there  i s  an 
economic advantage i n  recovering the protactinium. Accordingly the  1 . 2  

ft /day plant was redesigned t o  remove Pa-233 decay storage and associated 
equipment, and relocate  the interim waste storage cell. area t o  a more eco- 
nomic location, the process building W ~ E ;  thus reduced i n  s i ze .  
changes brought about corresponding savings i n  process e lec t r ica l ,  in-  
strunlentation and piping charges. 
operations now consist  of seven pr incipal  steps: 

3 

These 

In the  modified plant  the  process 

1 a 

2. Fluorination 
3. Absorption -desorption of UF6 

4 .  UF col lect ion on cola t r q s  
5. Reduction UF6 -+ UF,+ 

6 ,  Fuel make-up 
'Te Waste storage 

f ie f luor ina t ion  holdup (4 5 dlays average 

6 

Eliminated from the operations were Pa-233 decay storage and a second 
fluorination as vel1 a s  two t ransfers  of molten salt ,  

3 Only the  1.2 I% /day plant was  eonsidered i n  making the  revised 
css-l estimate The i n i t i a l  estimate discussed i n  Section 3.0 indicated 
that the large fluoride vobatil iky plant (12 53 /day) was not economic 
f o r  processing only a lQOO Mwe reactor sysLem, but ra ther  wguld flad i t s  
u t i l i t y  In  a large,  cen t ra l  processing locat iun,  
of t h i s  study t o  incli.de cost  e s t i r - t e s  of cen t ra l ly  located processing 

3 

It vas beyond the scope 

plants  0 

In making the revised estimate it was not deemed necessary t o  r e -  
design the process bullding. A revised building cost  estimate was pre- 

pared from marked up drawings showing the areas t h a t  would not be needed. 
Likewise no new process equipment and XayouL drawings were prepared fo r  
the revised pmcess equipment estimate. In t h i s  regard the drawings i n  
the Appendix are not representative of the modif-ied p lan t .  
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7 $2 Process Equipment 
A study of the modified process indicated t h a t  the items l i s t e d  i n  

Table 7.1 would riot be needed, The savings resu l t ing  theref ion vere ca l -  
culated by using the i n i t i a l  process eq1Jipmen-k estimate of Table 3.1.. 
A saving of $183,700 is indicated for the modified system, 

7 3 Vaste S'co~age 

I n  t he  design bases of Sec t ion  2.2 an interim. waste storage period 
of 2000 days nft;er the  second f luorinat ion was chosen, This amounted t o  
a total holdup of about 1138 days for  the processed sal t  before i t  w a s  
shfpped t o  permanent waste storage.  
choice; the  proper interim waste holdup should r e s u l t  from an  economic com- 
parison of the  an-s i te  storage cost v e r s u ~  the permanent s i t e  storage cost  
using the age sf the  waste seer reactor  discharge as the  independent var- 
tab le .  
on waste storage costs i n  sal t  mines were used to deternine the  optimum 
on-si te  storage period; on-si te  storage for  1.EQQ days; appeared t o  giPe the  
most economic tc&al storage cost  (Fig. 7 .I). 

The 1BQO4ay figure was an arbitraxy 

153x6 For the  modified plant  study, the  data of Perom and Bradshaw 

The required mine storage area is a f ine t ion  ~f the  decay heat  re- 
lease  of f i s s ion  products, and hence i s  inversely r e l a t e d , t o  the  age of 
t h e  waste. On the  other.hand, on-si te  building and process equipment 
c m b  increase with on-si te  waste holdup, For this optimization, building 
and equipment costs were estimated f a r  f o w  in-berlna storage times, and the  
required cost 02 sa l t  mine permanent storage space w a s  estimated for  t he  
corresponding periods. 
per acre for each first year of use. This charge includes development 

oP tbe mine site, mining the  salt ,  hot cell. f a c i l i t i e s  on the surface and 

i n  the  mine for handling the waste containers, mst;orizea shielded ca r r i e r  
and &i$linng equipment i n  the  mine. 

Salt nine space was charged a t  EL rate of $pO,OOO 

I% is estim'ced that, the  optirajzed bui1d.h.g cost  should be about 

$578, !XI0 

waste storage area from the p ~ s i t i ~ n  shown on drawing E-h-6079 i n  the  Ap- 
pendix t o  new position at the  ena of the  process canyon, I n  the  new 
Lcscation the waste area can be served by the  canyon c rme  thereby e l h i -  
Rating a secsnd crane for use i n  t he  in t e r im  waste storage area. 

This value includes savings resul t ing from a re locat ion of the 



46 

3 'Table 7.1. Capital  Cost of Process Equipment for 1 .2  3% /Day 
On-Site, Fluoride V o l a t i l i t y  Processing Plan t .  Values 

o f  Table 5.1 Revised t o  Exclude Pa-233 Storage 
and Associated Equipment 

_I_cI 

$ 
- 

Equipment Removed No .I 
___y 

Pa decay storage tanks and thimbles 24 66,000 
Heaters 24 100,800 
Pluorinatsr  1 6,800 

Was%e storage tanks 3 2,880 

Furnace 1 4,000 

\Jaste s torage thirubles 3 4,100 

183 I 700 

Process equipment cost  for  plant with 
Pa-233 decay storage 
Less removed equipment 

Process equipment cas t  w i t h  no 
Pa-233 decay storage 

706,000 

183,700 

522 300 

7 Process Building 
'me revised cost  estimate for t h e  process building r e f l e c t i n g  t h e  

removal o f  Pa-233 decay storage space Is given i n  Table 7.2. 
are c l a s s i f i e d  according t o  the major dtvisions of processing cells, i n -  
terim waste storage, operathaa:, and laborator ies ,  outs ide u t i l i t i e s  and 
l a a d  improvements. 'These cos ts  re f lec t  an allowance for  f a c i l i t i e s  t h a t  
are shared w l t h  the  reac tor  s t a t i o n .  

The costs  

7.5 To ta l  Plant  Cost 
A summary o f  the  total-  p lan t  cos ts  i s  given i n  Table 7.3. !lYtere 

were ins igni f icant  changes i n  t h e  accounts af land improvements, outside 
iitailit;fes and sampling connections i n  -the modified plant ,  so these ac- 
counts  r e t a in  t h e  same charges as i n  t h e  i n i t i a l .  p a r t  of t h i s  study. 
Process piping arid process instrumentation charges were appreciably re- 
duced re f le r t ing  t h e  rerraaval of a number of i.teras of process equipment. 

Application of the sane construction overhead, a r c h i t e c t  engirieering 

and contingency fees as  i n  t he  i n i t i a l  p a r t  of  t h i s  study ob ta ins  a Lotal 
p lan t  cost; sf $10,188,000~ 



UNCLASSIF IED 

O R N L -  L R - D W G  74110 

18 

I I I lrrodiotion =70,OiWmwd/ tonne Th 

I o3 10' 

STORAGE TIME AT PROCESSING PLANT BEFORE SHIPPING TO 
PERMANENT STORAGE ( d a y s )  

Fig. 7.1 Determination of Minimum Total Cost f o r  Handling 1.2 ft3/day 
Waste S a l t  from a Fluoride V o l a t i l i t y  Plant  and Optimum Storage Time at 
Processing Plant Before Shipping t o  Salt Mine. 
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Table 7.2. Building Costs f o r  a 1 .2  ft3/Day Fluorids Volatility, On-Site Frocessing Plant. 
Values of %ble 5.2 Revised t o  Exclude ?‘a433 Decay Storage Space 

(values i n  Dollars ) 

Material Iabor Total 

Processiry Cells 

Fxcavation and back f i l l  
Concrete, f o m ,  reinforcing, e tc .  
Structural s t e e l  and miscellaneous metal 
Crane area roofing 
Doors, painting, crnne bay doors, e tc .  
Services 
Building movable equipment 
Viewing windows 

Sub t o t a l  

Interim Waste Storage 

Excavation and back f i l l  
Concrete, forms, reinforcing, e tc .  
Structural s t e e l  and miscellaneous metel. 
Crane area roofiag 
Painting 
Services 
Building movable equipment 

Sub t o t a l  

Operations and Jaboratories 

Excavation and back f i l l .  
Concrete, forms, r e i n f o r c i q ,  e tc .  
Structural s t e e l  and miscellaneous metal 
Roofing 
Superstructure 
Miscellaneous s t ructural  m t e r i a l  
Services 
Miscellaneous equipment 

Sub t o t a l  

O&&dgA. U t i l i t i e s  
Water, e lectr ic i ty ,  drains, e tc .  

Iand l a p ~ o ~ $ ~ ~  
Grading, roads, sidevalks, e tc .  

Total (rounded) 

101j570 
288,000 
166, y o  
38,400 

384,490 
1% 380 
852,500 

40,000 

2,039,840 

47,200 
432,000 
13 3 ’700 
44,800 

1=6,490 
ll1,233 
249,250 

2 , m  

1,176,690 

6,400 
82,000 
91,800 
11,200 
5, P 

39,100 
10,000 

246,000 

20,200 
137,000 
187,400 
x),800 
11, ooo 

154,100 
40,000 

570 500 

73,930 
133,m 
159,040 

8,790 
49, P O  
36,730 

308,700 
417,020 

110,400 80,700 29,700 

‘73,000 45,200 118 200 

3,399,000 1,821., 000 5,220 000 



Table 7.3. Smiary of Capital Cost Estimte for a 1.2 ft 3 /day 
On-Site, Fluoride Volatility Plant, Values of Table 55.3 

Revised to Exclude Cost of Retaining Waste 6alt 
fbr Pa-233 Decay 

Irradiation L;: 70,000 Mwd/tonne 'k 

cost ($1 

c 

PY.ocess cells 
Inter i n 1  waste s torage 
Operations area and laboratories 

Oucsi.de utilities 

Lmd improvements 
Process equipnent 

Process piping 

Process instrumentation 

Process electrical connections 

Sampling connections 

'I'otal. installed equipment and 
building cost (rounded 

General construction overhead (228 of total 

Total construction cos t  

installed equipment and building cost 1 

Archi tect  engineering and inspection 
(13% ~f total construction cost 1 

Subtotal  project cost 

Contingency (20% of subtotal project cost 

3p 216,530 
1370 9 YO0 

1 9 203,910 

110,400 

118,;100 

522,300 

18Q,ooo 
100,000 

20,000 

10,000 

6,052,000 

1 331,000 

72383,000 

1,107 j 000 

8? 490,000 
1,698 000 

lop 18a,000 



‘7.6 Economic Advantage 
The economic advantage of eliminating Pa-233 decay storage faci l i t ies  

3 from the  1 .2  f t  /day f luoride v o l a t i l i t y  plant  can be found by comparing 
the  savings i n  capi ta l  cost  w i t h  t h e  value sf protactinium that i s  dis-  

carded as waste. 
o f  Table 5.3,  there  obtains 

Sub t rac tbg  the  t o t a l  plant  c o s t  of Table 7 .3  froin t h a t  

$12,556,000 - 10,188,000 $2,368,000, 

t he  estimated savings i n  cap i t a l  investment. If t h i s  mount i s  amortized 
a t  14,46$/year, which is  the  charge applied t o  the  cap i t a l  investment, an 
annual gross economic advantage of  

$2,368,000 x 0.1446 3 $342,400 per year 

i s  real ized.  
be added t o  t h i s  number; ti-lis saving was not estiulr3;ted and is probably 
not. a very s igni f icant  amount because it does not cost, much t o  operate 
a dead storage area. 

There would be some savings on operating cost  which should 

The process flowsheet (Fig. 3.1) shows t h a t  there  are g Pa-233/day 
entering the  f luor ina tor ,  
e ra t ion  per year, t he re  obtains 

Valuing +,his mater ia l  a t  $12/g f o r  292 days op- 

l o s t  by discarding protactlniwn 
The net economic advantage *om eliminating Pa-233 decay storage from 

3 t h e  1 o z  ft /day f luoride v o l a t i l i t y  p lank  i s  about $I?~,~oo per year .  
Although it was not considered i n  t h i s  study, there  might be some 

economic advantage to a nominal increase i n  pref luorinat ion holdup t o  

allow more Pa-233 t o  decay. The value of t h e  increased U-233 y ie ld  would 
have ts be weighed against  t he  addi t ional  process equipment and inventory 
charges for t he  longer stoi-age. 
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8 ,  Personal c~mm~niea-bioc R.  P. Mi,Ifo*nd and W, L. Carter with E. D. Arnold 
(F&, 1962). 
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