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ORALLOY COST FOR F'RODUCTION REACTOR FUEL USE 

I e IN!FRODUCTION 

A study of re la t ive  plutonium and oralloy values i s  being made by repre- 
sentatives of the production s i t e s  under direct ion of AEC Headquarters, 
Division of Production. (Oralloy is  uranium enriched t o  93.15 percent 
U-235.) 
cost less than formerly, and may be cheap enough t o  enrich production 
reactor discharged uranium t o  reactor input assays. To date, uranium 
recycle enriching assays have been held below two percent U-235 -- usually 
1.2 t o  1.5. 
u-236> which would increase neptunium and PU-238 production. 
be other profitabl9 reactor uses for the cheaper orallay. 

The intent  of t h i s  document i s  t o  give the oralloy cost data t o  those who 
may study or  evaluate oralloy use, and t o  explain the basis for  oralloy 
cost so tha t  the val idi ty  of any use may be assessed. 

Under study assumptions t h a t  w i l l  be detailed la ter ,  oralloy wokd 

U s e  of oralloy f o r  enriching reactor t a i l s  would conserve 
There may' 

11. S w  AND RECOMlvfE?'?DATIONS 

An equation and data from which a ra ther  low orallay cost t o  production 
reactors can be calculated f o r  study purposes i s  presented on Pages 3-6. 

The advice of the AOP Steering Committee should be obtained before any data 
derived from t h i s  equation is  dis t r ibuted outside the Company. 

. 

111. DISCUSSION * 

A. Assumption Pertinent t o  Oralloy value 

Principal assumptions upon which oralloy value is  based are  as  follows: 

1, 

2. 

3. 

4. 

The'U, S. Government wishes t o  sel l  some of its oralloy t o  nuclear 
power producers a t  the highest pr ice  it can get, 

The price w i l l  be based on t o l l  enriching cr i te r ia ;  a l l  power 
producers must supply full natural  feed t o  obtain enriched 
uranium. 

hxring the period of in te res t ,  which goes through a t  l e a s t  1980, 
parer reactor operators w i l l  have t o  get  a l l  t he i r  enriched 
uranium from the U. S. Government. The t o t a l  power fue l  demand 
w i l l  be assumed t o . f o l l a r  a par t icu lar  fixed schedule i n  any one 
study case. 

Cascade operation f o r  to11 enriching w i l l  be inversely proportional 
t o  oralloy use f o r  enriching. 
assumption three specif ies  a fixed demand which w i l l  be m e t  by 
some combination of two al ternates:  (1) oralloy blending as i n  
mode "I" on page 5 ,  
The sum of the mode outputs, in kilograms of power fue l ,  i s  fixed 
i n  any one study case. 

That is, f o r  any one study case, 

and (2) t o l l  enriching as i n  mode "II", 



To date, AEC-OR00 has issued Cascade operating data and uranium 
prices both estimated fo r  t m  cases: 
of 96,000 domestic and 50-60,000 foreign e l ec t r i ca l  megawatts by 
1980, and (2) "high requirements" up by twenty percent. 
following tables l i s t  the cascade cost and operating estimates, 
C and Xu, and the natural uranium value estimates, f o r  these two 
cases. 

(1) "most l i ke ly  requirements" 

The 

TABLE I - - 

(1) 
C !  AM> CASCADE DATA 

"Most Likely Reauirements" Case 

Fiscal Year 

66 
67 
68 
69 
70 
TL 
72 
73 
74 

77 
78 
79 
80 
61 
82 
83 

&/IO0 
$ U-235 i n  

Cascade Tails 

0.1852 
o 1852 
0 a 1852 
o h852 
0.1852 
0.1852 
0.1852 
0 2081' 
0.2088 
0.2118 
0 I 2129, 
0.2148 
0.2171 
0.2197 
0.3327 
0.2315 
o 2296 
0 2277 

C f  
Estimated 

Natural u Value, $/Q 

7494 
8.53 
9-17 
9.86 
10 a 60 
11 39 
12.25 
13 17 
14 15 
15.21 
16.36 
17.58 
18,go 
20.32 
21.84 
23048 
23.92 
24 a 35 

c, 
$/Kg of 

Separative Work 

641 
7.00 
7.52 
8-09 
8.69 
9-35 
10 05 
32.27 
13 0 23 
14 48 
15 67 
r700b 
18.54 
20 0 21 
22 19 
24.58 
24.58 
2rC 58 

(1) TT-10341, Sapirie, S, R., OROO, 8/3/66. 
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TABLE I1 
URANIUM AND CASCADE DATA 

"wenty Percent Bfgh Requirements Case (2) 

xw/roo C f  
$ U-235 i n  Estimated 

Fiscal  Year Cascade Tai ls  Natural u Value, $/e 
66 
07 
68 
69 
70 n 
72 
73 
74 
75 
76 
77 
78 
79 
80 

5. 

6. 

0 2071 
0 2071 

. 0.2071 
0 2071 
0 * 2071 
0 * 2071 
0.2116 
0.2130 
0.2130 
0 2156 
o e 2169 
0 e 2193 
0 " 2221 
0 a 2254 
0 :  2335 

8.83 
9.50 
10 e 21 
10 98 
11 80 
12.68 
13 03 
14 66 
15 0 76 
16.94 
18 20 
19-57 
21.a 
22 62 
23 * 05 

cA 
$/Kg of 

Separative Work 

7.84 
8,42 
-goo6 
9.74' 
10 47 
11 0 25 
12 0 39 
13*44 
14 e 45 
15 80 
17 0 09 
18.59 
20.34 
22 26 
24 a 58 

The natural  uranium value estimates of Tables I and I1 are  based on 
a U308 price of about eight dol lars  per pound i n  1981 and 1979, 
respectively, discounted a t  7.5 percent annually i n  preceding years. 

The average assay of pmer reactor fue l  w i l l  be 2.6 percent U-235. 

Consider a par t icular  t o l l  enriching contract. 
receives natural  uranium containing enough U-235 t o  make a given 
quantity of 2.6 percent fuel  by Cascade operation. When orallay 
i s  blended w i t h  some of t h i s  natural  uranfum t o  make the pwer  
reactor fuel instead of operating the Cascade, only about twenty 
percent of the natural  uranium is used. 
t o  have a uni t  value t o  the government equal t o  Cf dollars per 
kilogram. 
oralloy comparison studies, oralloy i s  assumed t o  have the value 
of the remaining natural  uranium plus the Cascade operating cost, 
saved. 
of separative work saved per  uni t  oralloy blended, SA, times the 
Cascade operating cost per uni t  of Iseparative work, C A  The 
Cascade operating cost per un i t  of separative work i s  very sensit ive 
t o  how much t o t a l  work the Cascade i s  doing, In the plutonium- 
oralloy comparison studies, a campaign operating schedule f o r  the 
Cascades is "developed by Union Carbide based on estimated power 
reactor and other product demands, on power costs, on Cascade 
capabili ty re la t ive  t o  campaign demand, and on the value of money. 
Values of XW and C ~ i n  Tables I and I1 are derived from two such 

The government 

The remainder is assumed 

For production reactor use, and a l so  i n  the plutonium- 

Cascade operating cost saved per unit  oralloy i s  the units 

campaign operating schedules, 
r2j 932-10343, Sapirie, S o  R., OROO, 8/4/66. 
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2. Equations: 

For Mode 1 

Cost of Feed = FlCf 

1.0 + Fl = s 

1.0 (.9315) + F1 (-00711) = s( .026) 

For Mode 2 

Cost of Feed = F2Cf 

Cost of Separative Duty = SAC* 
F2 = S + W = 48:9354 + W 
F2 (.00711) = s(.026) + WX, 

F2 = (1.27232 - 48.9354 '& )/( .00711 

Page 6 

Note: Ais kilograms separative work per kilogram of product S. 

Note: WS and= aGe the  values of f'unctions ident ical  i n  form t o  t ha t  
='  .00711, respectively. ofrw but solved f o r  XS = 0.26 and Xf 

Unit Value of 1.0 Kilogram of Oralloy, Yy = Value t o  government of using 
mode 1 ra the r  .than 2 = (value. of feed saved) + (separative work cost saved), 

- 4.868883 ( *026 .oo711 - .00711 
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C. Use of Oralloy Value 

In view of the nature of the above assumptions and additional matters 
concerning the potential availabil i ty of oralloy, the oralloy value 
determined from the equation for VY using data i n  e i the r  Table I o r  
Table I1 should be used fo r  study purposes only. Availabil i ty of 
oralloy t o  NLO should not be assumed before f i s c a l  year 1968, and 
t h i s  may be too early. 
the AOP Steering Committee be obtained before any information in 
t h i s  document or  derived therefrom i s  sent outside Douglas United 
Nuclear. The AOP Steering Committee may a l so  wish t o  suggest use 
of different  XW, Cf,  and CA values; Union Carbide may change these 
estimates a t  any time, 

Related Assumptions for Pu-Oralloy Comparison 

All of the foregoing can be bet ter  understood and used if  three 
additional assumptions and bases for the plutonium-oralloy comparisons 
are explained. 

It i s  f'urther suggested t h a t  the advice of 

D. 

.These are as fol;lars: 

1. The quantity of oralloy that can be released from weapons stock- 
p i l e s  t o  parer reactor fuel w i l l  depend i n  some manner on how 
much weapon plutonium i s  made. Plutonium i n  excess of normal 
requirements m u s t  be supplied in advance of oralloy release, 
hence the assumption on-timing of oral loy.avai labi l i ty ,  The 
r a t i o  of tra,ded quantities depends on r e l a t ive  capabili ty of the 
two materials i n  weapons. 

Reactor U-235 burnout costs w i l l  be determined using the data 
from Table I or I1,or some similarly developed tab1 , as the 
constants i n  the standard U-235 burnout equation, (37 

The type of economic comparison has not been chosen definitely, 
but i n  any case a campaign period w i l l  be analyzed with some 
in te res t  r a t e  (Union Carbide suggests 7.5 percent) applied t o  
move all cost and sales dol la rs  t o  a common point i n  time. 

2. 

3. 

H. G. Spencer, d n i o r  Engineer 
Advanced Concepts & Planning 

HGS: Je 

(3) Page 23, DUN-774, "CAGE System Assumptions", I). 3. Bangerter, 3/7/66, (Secret). - 


