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LEGAL NOTICE 

T h i i report was prepored as an account of Government sponsored work. Neither the 

Uni ted States, nor the Commission, nor any person act ing on behalf of the Commission-

A , Mokes any warranty or representat ion, express or impl ied, w i th respect to the 

accorcicy, compietenes-S, or usefulness of the informotton contained in th is report, or that 

the use of any information, apporatus, method, or process d isc losed in th is report moy 

not in f r inge pr iva te ly owned r igh ts ; or 

B, Assumes any l i a b i l i t i e s w i th respect to the use of, or for damages resu l t ing from 

the use of informotton, apparatus, method, or process d isc losed in th is report. 

As used in the above, "pe rson act ing on behalf of the Commiss ion " includes any 

employee or controctor of the Commission, or employee of such contractor, to the extent 

that such employee or contractor of the Commission, or employee of such contractor pre-

pores, d isseminates, or provides access to , any information pursuant to h is employment 

or contract w i th the Commission, or his employment wi th such contractor. 
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I. INTRODUCTION AND SUMMARY 

This document is a supplement to NAA-SR-9213, "1000-Mwe SGR and 

Prototype Evaluation Study" which descr ibed the general design features , 

economics , and development of a la rge SGR plant. The economic analysis in 

the previous study was based on the f i r s t large advanced plant of this type. The 

reac to r design and per formance were based on current ly available ma te r i a l s 

technology. 

This supplement extends the previous work to show the reduction in capital 

cos ts which will r e s u l t from exper ience gained in construct ion of a family of 

plants that a r e built in fairly prompt success ion. Direct construct ion cost r e 

ductions in the r eac to r plant equipment a r e expected after the f i rs t or second 

plant, through redes ign, simplification, and fabrication experience. In addition 

to lower capital cos t s , improvements in fuel cycle economics a re expected 

through g rea te r use of z i rconium alloys. Both uranium and thorium fuel cycles 

a r e evaluated. The thorium design exploits the capability of the SGR to use 

a l te rna te fuels. 

The re su l t s of this additional analysis indicate that cost reductions frona the 

f i rs t plant a r e readily poss ible , resul t ing in a total capital cost of $127,496,000 

or $125/net kwe for an investor owned utility and $123,366,000 or $121/net kwe 

for a municipally owned utility. This includes di rect and indirect plant cos t s , 

costs for land and r igh ts , and in t e re s t during construction. 

The power generat ion cos ts and fuel cycle costs under the present govern

ment fuel ownership conditions and under future private ownership conditions 

a r e given in Table 1. Case I is z i rconium alloy clad UC with a s tainless s teel 

p roces s tube; Case II is z i rconium alloy clad UC with a zirconium alloy process 

tube; Case III i s zirconiunn alloy clad UO^-ThO^ with a z i rconium alloy p rocess 

tube. In all c a ses the fuel rod is vented to avoid internal p r e s s u r e bmldup and 

pe rmi t the use of z irconium alloys at operating t empera tu re . 

These studies indicate that there is considerable incentive to develop z i r 

conium alloys for high t empera tu re sodium serv ice and that ThO^-UO^ fuel can 

be used in the SGR as an economically a t t rac t ive a l te rna te to UC. 
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Unit 

Fuel cycle 
cost 

Operating 
cost 

Fixed 
cost 

Total power 
generation 
cost 

Case I 
UC/Z 

Presen t 
Government 
Ownership 

1.23 

0,20 

2.73 

4.16 

r /SS 

Future 
Private 

Ownership 

1.04 

0.20 

2.71 

3.95 

Case 
UC/Z 

Presen t 
Government 
Ownership 

1.13 

0.20 

2.72 

4.05 

II 
r / Z r 

Futur e 
Pr ivate 

Ownership 

0.92 

0.20 

2.70 

3.82 

Case III 
UO^-ThO 

Presen t 
Government 
Ownership 

0.93 

0.20 

2.70 

3.83 

2 / Z r / Z r 

Future 
Pr ivate 

Ownership 

0.93 

0.20 

2.69 

3.82 



II. SUPPLEMENTARY REACTOR DESIGN BASES 

Three r eac to r designs a r e considered in this evaluation. These designs 

r e p r e s e n t technical improvements over the design descr ibed in NAA-SR-9213, 

Volume I. The technical accompl ishments required to rea l ize these improve 

ments a r e believed to be at tainable by 1970, Selected design and operating 

p a r a m e t e r s a r e shown in Table 2. The p rocess operating conditions a r e ident i 

cal to those descr ibed in NAA-SR-9213, 

The f i rs t design. Case I, uses uranium carbide fuel clad in zirconium alloy 

tubes w^ith a sodium bond; the fuel rods vent fission gases direct ly to the reac tor 

a tmosphere . Because of the venting fea ture , employment of z i rconium-base 

m a t e r i a l at 1 2 5 0 ^ is considered feasible. Based on pre l iminary experimental 

evidence developed at Atomics Internat ional and other instal lat ions (Reference 

Canadian Report from AECL, FD-34-18 Apri l 1964, and. Armour Research 

Report ARF-2234-7 September 1962), zirconium al loys, both wrought and 

d ispers ion-s t rengthened types , have sat isfactory proper t ies for cladding-

applications to at leas t 1250°F in sodiunn cooled r e a c t o r s . Experimental work 

show^s the m a t e r i a l to be compatible with UC fuel and sodium. Carburizat ion 

of these m a t e r i a l s by hypers to ich iomet r ic UC resu l t s in the formation of a thin 

carbide diffusion b a r r i e r on the cladding surface. Diffusion of carbon through 

the carbide layer is the ra te -cont ro l l ing p roces s . Unlike the carbur iza t ion of 

s ta in less steel by hypers to ich iometr ic UC, carbur iza t ion of Zr alloy is inde

pendent of fuel t empera tu re and fuel carbon content, depending only on the 

cladding t empera tu r e . (Reference NAA-SR-7502, Compatibility of UC with Clad 

Mate r i a l s , P . Elkins and I r rad ia t ion Behavior of UC Fue ls , Sinizer, et al . ) 

Diffusion ra tes a r e ext remely slow at cladding t empera tu res below 1250°F. 

The r e m a r k s above regarding the carbur iza t ion of zirconium alloy cladding 

also apply to a z irconium p roces s tube; however, the source of carbon would be 

the sodium. Hot t r aps provided in the plant design will maintain the carbon 

within acceptable l imi ts . 

A knowledge of physical and mechanica l proper t ies of Zr is required for 

optimum fuel rod design. The s trength cha rac t e r i s t i c s of the alloys a r e ade 

quate at 1250''F, in the vented fuel rod design, since no internal fission gas 

p r e s s u r e buildup occu r s . 
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TABLE 2 

DESIGN AND OPERATING PARAMETERS FOR AN EARLY 
1000-Mwe SGR NUCLEAR POWER PLANT 

TABLE Z 

DESIGN AND OPERATING PARAMETERS FOR AN EARLY 
1000-Mwe SGR NUCLEAR POWER PLANT 

P a r a m e t e r 

Reactor Core 

Plant net e lec t r ica l out
put (Mwe) 

Reactor t he rma l power 
(Mwt) 

Fuel Mater ia l 

Active Core Size 
dia X height (ft) 

Fuel e lements in core 

Core inventory (kg of U 
or U + Th) 

Control Elements 

Average core specific 
power (kw/kg of U 
or U + Th) 

Fuel Management 
P r o g r a m 

P r o c e s s tube ma te r i a l 

P r o c e s s tube 
thickness (in.) 

P r o c e s s tube CD (in. ) 

Fuel 

Slug d iameter (in. ) 

Clad thickness (in. ) 

Clad OD (in.) 

Clad ma te r i a l 

Clad the rma l bond 
ma te r i a l 

Maximum hot channel 
fuel t empe ra tu re (°F) 

Maximum fuel rod l inear 
power (kw/ft) 

NAA-SR-9213 
Volume I 

1.019 

2,336 

UC 

25.1 x 14 

595 

73,800 

84 

31.7 

4 zone graded 

SS 

0.025 

4.00 

0.500 

0.010 

0.570 

SS 

Na 

2,000 

33.0 

Case I 

1,019 

2,336 

UC 

25.4 x 14 

594 

73,700 

102 

31.2 

6 

SS 

0.025 

4.00 

0.500 

0.020 

0.580 

Zr alloy 

Na 

2,075 

35.1 

Case II 

1,019 

2,336 

UC 

23.6x14 

512 

64,500 

88 

36.2 

Case III 

1,019 

2,336 

Th02-U02 

23.6 X 14 

512 

38,500 

88 

60.7 

zone graded 

Zr alloy 

0.050 

4.00 

0.500 

0.020 

0.580 

Zr alloy 

Na 

2,250 

40.7 

Zr alloy 

0.050 

4.00 

0.387 

0.020 

0.432 

Zr alloy 

G a s 

5,000 

24.4 
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The vented fuel rod design considered in these concepts r e l eases only the 

noble gas fission produc ts , Xe and Kr , to the reac tor a tmosphere . The reac tor 

plenum a tmosphere must be continually c i rcula ted through activated charcoal 

t r aps to reduce the ambient level of these gases to acceptable l imi t s . Pe r iod i 

cally, the gas s tored on the charcoal is t r ans fe r r ed to s torage tanks for decay 

and ult imate controlled r e l e a s e . The vented fuel element concept has been used 

successfully in the Dounreay fast r eac to r fuel elements to burnups of 1.5 atom%. 

The Dounreay element is a fully vented element in which the bond sodium is 

completely free to interchange with the coolant. This concept allows all of the 

fission products to be t ranspor ted throughout the sys tem. The January 1964 

issue of Nuclear Engineering completely desc r ibes the latest developments in 

Dounreay fuel technology. The vented e lements have operated successfully 

without causing se r ious plant operat ion or maintenance problenas. It should be 

noted that the LSGR vented fuel design is conservat ive in that the initial concept 

is for venting of the fission gases only. 

Case II is essent ia l ly the same as Case I, except that the s ta inless s teel 

p roces s tube is rep laced with a z i rconium alloy tube. Since the basic calandria 

ve s se l which includes the shell and upper and lower grid plates would sti l l be 

fabricated from s ta in less s teel for economy r e a s o n s , a t ransi t ion joint would be 

requi red for the z i rconium p r o c e s s tubes . 

P r e l i m i n a r y exper iments conducted at Atomics International have indicated 

the compatibili ty of z i r con ium- i ron diffusion couples at 1000, 1100, 1200, 1400, 

and 1600''F to 2000 hour s . Significant meta l lu rg ica l react ions do not occur below 

1200"*F. Mechanical p roper ty tes t s have substantiated this conclusion. No signi

ficant i nc rease in the hardness at the d i s s imi l a r meta l in terface , or dec rease in 

the shear s t rength of the joint was noted when the exposure t empera tu re was 

maintained below 1200"F. Some reac t ions were noted when the exposure t em

pera tu re was g rea te r than 1400"F. This study also evaluated various ma te r i a l s 

( tantalum, columbium, and vanadium) for use as diffusion b a r r i e r s at the Z r - F e 

in ter face . B a r r i e r s may be requi red if the selected joining p rocess uses t e m 

p e r a t u r e s above the eutectic melt ing t empera tu re of the combination. C o m m e r 

cial suppl iers of z i r con ium-s ta in le s s steel t ransi t ion joints do not anticipate 

se r ious problems in supplying such t rans i t ions of the size or for the operating 

conditions requ i red . 
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Case III is a Th-U cycle using mixed oxide fuel, Th02-U02. The fuel rods 

use zirconium alloy cladding which is helium gas bonded and vented. Also, the 

z i rconium alloy p r o c e s s tube is used in the calandr ia s t ruc ture as in Case II. 

This design select ion was made from a brief p a r a m e t r i c study. However, the 

operating and burnup conditions a re believed to be conservat ive , based on p r e 

l iminary data. Recent work at ORNL has shown the high i r rad ia t ion stability 

of the Th02-U02 fuel tes ted in capsule scale to grea te r than 60, 000 Mwd/MT. 

Reactor operat ion with oxide fuels at or near the melt ing point of the oxide has 

also recent ly been demonst ra ted by Genera l E lec t r i c ; thus , the use of 5000°F 

peak cen t ra l fuel t empera tu re is a reasonable design value. 
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III. ECONOMICS 

A, SUMMARY 

Power generation costs a re based on AEC evaluation ground rules as spec i 

fied in TID-7025, "Guide to Nuclear Power Cost Evaluation" and on an 80% 

annual plant factor and fixed charge ra t e s represen ta t ive of both investor-owned 

and municipally-owned ut i l i t ies . The ground rules have been modified by using 

indirect costs based on exper ience at Atomics International , and fuel cycle cost 

data represen t ing p resen t government ownership and future private ownership. 

Power costs for an ea r ly plant in a family of large SGR' s a re summarized 

in Table 3. These costs consider the d e c r e a s e s which will resul t from the 

experience in the design and construct ion of the f i rs t large SGR' s. The plant 

construct ion cost is $114,746,000 or $113/kw and the fuel costs range between 

0.92 and 1.23 mi l l s /kwh depending on the fuel cycle and fuel ownership s ta tus . 

Escala t ion is not cons idered . 

B. CAPITAL COSTS 

The capital cos ts presented in Volume I of the parent r epor t a r e based on 

the construct ion cost of the f i rs t large advanced sodium-graphi te r e ac to r . The 

costs presented in this supplement are based on a 1000-Mwe power station which 

is assumed to be an ear ly member of a family of large SGR' s ra ther than a 

single isolated plant . As a r esu l t of experience accumulated in the construction 

and operat ion of the SGR prototype and the f i rs t large SGR plants , reductions in 

d i rec t and indirect construct ion costs will be rea l ized. The cost reductions will 

be mainly in fabrication of r eac to r plant equipment and in engineering and design. 

The total capital cost is $127,496,000 ($125/kw) for an investor-owned plant 

and $123,366,000 ($12l/kw) for a municipally-owned plant. A summary of the 

total construct ion costs is given in Table 4. Details of the d i rec t construction 

costs a re tabulated, according to the p re fe r red AEC accounting sys t ems , in 

Table 5. Di rec t construct ion cost e s t imates are based on vendor quotes for 

major equipment i tems as es tabl ished in Volume I, with a reduction of approxi

mate ly 10% in the reac tor equipment accounts (Account 22). Direct construction 

cost reductions in this a r e a a re reasonable to expect through redesign, s impl i 

fication, and fabrication exper ience . 
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TABLE 3 

ENERGY COST FOR AN EARLY 1000-Mwe SGR NUCLEAR POWER PLANT (mi l l s /kwhr) 

I 
CO 

Unit 

FIXED CHARGES 

Depreciat ing capital (14.5%) 

Total capital cost ( less land 
and land r ights 

Nondepreciating capital 

Land and land r ights (13%) 
Working capital (13%) 

a) Plant operat ion and 
maintenance 

b) Fuel cycle operat ions 

Nuclear liability insurance 

Subtotal, annual fixed 
charges 

OPERATING COSTS 

Fuel cycle cost 
Operating and maintenance 
cost 

Subtotal - operating cost 

Total power generat ion cost 

Case I 

P r e s e n t 
Gov' t. 

Ownership 

2.59 

0.01 

0.01 
0.07 

0.05 

2.73 

1.23 

0.20 

1.43 

4.16 

Future 
P r iva t e 

Ownership 

2.59 

0.01 

0.01 
0.05 

0.05 

2.71 

1.04 

0.20 

1.24 

3.95 

Case II 

P r e s e n t 
Gov ' t . 

Ownership 

2.59 

0.01 

0.01 
0.06 

0.05 

2.72 

1.13 

0.20 

1.33 

4.05 

Future 
P r iva te 

Ownership 

2.59 

0.01 

0.01 
0.04 

0.05 

2.70 

0.92 

0.20 

1.12 

3.82 

Case III 

P r e s e n t 
Gov ' t . 

Ownership 

2.59 

0.01 

0.01 
0.04 

0.05 

2.70 

0.93 

0.20 

1.13 

3.83 

Future 
Pr iva te 

Ownership 

2.59 

0.01 

0.01 
0.03 

0.05 

2.69 

0.93 

0.20 

1.13 

3.82 



TABLE 4 

SUMMARY OF CONSTRUCTION COST ESTIMATE FOR AN EARLY 
1000-Mwe SGR NUCLEAR POWER PLANT 

A c e ' t . 
N o . 

D i r e c t c o n s t r u c t i o n c o s t 

21 
22 
23 
24 
25 

Uni t D e s c r i p t i o n 

S t r u c t u r e s and i m p r o v e m e n t s 
R e a c t o r p l a n t e q u i p m e n t 
T u r b i n e g e n e r a t o r e q u i p m e n t 
A c c e s s o r y e l e c t r i c e q u i p m e n t 
M i s c . p o w e r p l a n t e q u i p m e n t 

T o t a l 

I n d i r e c t c o n s t r u c t i o n c o s t s 

G e n e r a l and a d m i n i s t r a t i v e 
S u b t o t a l 

M i s c . c o n s t r u c t i o n 
S u b t o t a l 

E n g i n e e r i n g , d e s i g n and i n s p e c t i o n s e r v i c e s 
S u b t o t a l 

S t a r t u p 
S u b t o t a l 

S o d i u m and g a s e s ( i n i t i a l c h a r g e ) 
S u b t o t a l 

C o n t i n g e n c y 

B a s e P l a n t C o s t 

B a s e C o s t p e r n e t kw (p lan t n e t ou tpu t - 1,019,100 kw) = ; 

$ in 000 

M a t e r i a l & 
E q u i p m e n t 

5,534 
40 ,598 
22 ,054 

1,753 
657 

70 ,596 

5113 

L a b o r 

4 .562 
9,498 
2 ,543 

947 
200 

17,750 

T o t a l 

10,096 
50.096 
24.597 

2,700 
857 

88 ,346 

6,500 
94 ,846 

700 
95 ,546 

6,000 
101,546 

1,200 
102,746 

560 
103,306 

11,440 

114,746 

360 

12.390 

127,496 

T o t a l E v a l u a t e d C o s t , I n v e s t o r - O w n e d 

L a n d and l a n d r i g h t s 

I n t e r e s t d u r i n g c o n s t r u c t i o n (48 m o n t h s c h e d u l e - 10.8%) 

T o t a l C o s t p e r n e t kw (p l an t n e t ou tput - 1,019,100 kw) = $125 

T o t a l E v a l u a t e d C o s t . M u n i c i p a l l y - o w n e d 

L a n d and l a n d r i g h t s 

I n t e r e s t d u r i n g c o n s t r u c t i o n (48 m o n t h s c h e d u l e - 7, 2%) 

T o t a l C o s t p e r n e t kw (p l an t n e t ou tpu t - 1,019,100 kw) = $ 1 2 1 , 

360 

8,260 

123,366 
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T A B L E 5 

D E T A I L S O F D I R E C T CONSTRUCTION COST E S T I M A T E F O R AN 
E A R L Y 1000-Mwe SGR N U C L E A R P O W E R P L A N T 

Accoun t 
N u m b e r 

20 
201 
202 
203 

21 
211 

212-A 

2 1 2 - B 

212-C 

.1 

.2 

.21 

.22 

.23 

.24 

.25 

.26 

.3 

.4 

.1 
and 
.2 
.3 
.4 
.6 

.1 

.3 

.6 

.1 

.3 

.4 

.6 

D e s c r i p t i o n 

L a n d and land r i g h t s 
L a n d and p r i v i l e g e a c q u i s i t i o n 
R e l o c a t e h ighway and r a i l r o a d s 
R e l o c a t e phone and p o w e r l i n e s 

T o t a l a c e ' t 20 

S t r u c t u r e s and i m p r o v e m e n t s 
G r o u n d i m p r o v e m e n t s 
A c c e s s r o a d s (o f f - s i t e ) 
G e n e r a l y a r d i m p r o v e m e n t s 
G r a d i n g and l a n d s c a p i n g 
R o a d s , s i d e w a l k s , and p a r k i n g a r e a s 
R e t a i n i n g w a l l s , f e n c e s and r a i l i n g s 
O u t s i d e w a t e r d i s t . s y s t e m s 
S e w e r s and d r a i n a g e s y s t e m s 
R o a d w a y and g e n e r a l l igh t ing 

Sub to t a l a c e ' t 211.2 
R a i l r o a d 5 m i 
W a t e r f r o n t i m p r o v e m e n t s 

Sub to ta l a c e ' t 211 

T u r b i n e - g e n e r a t o r b l d g . 

E x c a v a t i o n and back f i l l 

S u b s t r u c t u r e 
S u p e r s t r u c t u r e 
Bui ld ing s e r v i c e s 

Sub to ta l a c c ' t 212 -A 

R / A w a s t e b ldg . 
E x c a v a t i o n and back f i l l 
S u b s t r u c t u r e 
Bui ld ing s e r v i c e s 

Sub to ta l a c e ' t 2 1 2 - B 

A d m i n i s t r a t i o n b l d g . 
E x c a v a t i o n and backf i l l 
S u b s t r u c t u r e 
S u p e r s t r u c t u r e 
Bui ld ing s e r v i c e s 

Sub to ta l a c e ' t 212-C 

$ 

M a t e r i a l 

180 
60 
90 
60 

120 
10 

520 
200 
200 

920 

70 

300 
470 
210 

1,080 

3 
65 
13 

81 

7 
47 

103 
47 

204 

in 000 

L a b o r 

120 
30 
75 
40 
80 

6 

351 
100 
100 

551 

75 

360 
290 
155 

880 

9 
75 
10 

94 

28 
28 
84 
30 

170 

T o t a l 

360 

360 

300 
90 

165 
100 
200 

16 

871 
300 
300 

1,471 

145 

690 
760 
365 

1,960 

12 
140 
23 

175 

35 
75 

187 
77 

374 
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TABLE 5 (Cont 'd) 

DETAILS OF DIRECT CONSTRUCTION COST ESTIMATE FOR AN 
EARLY 1000-Mwe SGR NUCLEAR POWER PLANT 

Account 
Number 

212-D 

212-E 

212-F 

212-G 

218 

22 
221 

222 

,1 
.3 
.4 
.6 

.1 

.3 

.4 

.6 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.1 

.2 

.3 

.4 

Descr ip t ion 

Reactor building w/aux . bay and 
s team generator bldg 

Excavation and backfill 
Subst ructure 
Supers t ruc tu re 
Building se rv ices 

Subtotal ace ' t 212-D 

Warehouse 
Excavation and backfill 
Subst ructure 
Supers t ruc tu re 
Building serv ice 

Subtotal a c c ' t 212-E 

Gate house 

Misc . outdoor foundations 

Stack 

Total ace ' t 21 

Reactor plant equipment 
Reactor equipment 
Reactor vesse l w / in te rna l s 
Reactor controls 
Reac tor shielding 
Reactor cool, and heat sys tems 
Reactor plant conta iners 
Calandr ia m o d e r a t o r s and re f lec tors 
Reactor plant c r anes and hoists 

Subtotal ace ' t 221 

Heat t ransfer sys tems 
Reactor p r i m a r y coolant sys tem 
Intermedia te coolant sys t em 
Stm, gen, S ,H. a n d R , H , sys tem 
Reactor cool. r e c . sup. and t rea tment 

Subtotal ace ' t 222 

$ 

Mater ia l 

73 
1,500 

950 
600 

3,123 

2 
8 

24 
10 

44 

12 

10 

60 

5,534 

453 
3,523 
1,360 
1,700 

650 
2,600 

203 

10,989 

1,950 
6,110 
8,510 
1,523 

18,093 

in 000 

Labor 

273 
1,458 

607 
450 

2,788 

10 
4 

16 
6 

36 

8 

15 

20 

4,562 

1,300 
30 

220 
800 
750 
500 

12 

3,612 

300 
390 

1,400 
400 

2,490 

Total 

346 
2,958 
1,557 
1,050 

5,911 

12 
12 
40 
16 

80 

20 

25 

80 

10,096 

2,253 
3,553 
1,580 
2,500 
1,400 
3,100 

215 

14,601 

2,250 
6,500 
9,910 
1,023 

20,583 
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T A B L E 5 ( C o n t ' d ) 

D E T A I L S O F D I R E C T CONSTRUCTION COST E S T I M A T E F O R AN 
E A R L Y 1000-Mwe SGR N U C L E A R P O W E R P L A N T 

Accoun t 
N u m b e r 

223 

225 

226 

227 

228 

229 

23 
231 

232 

.1 

.2 

.3 

.1 

.2 

.1 

.2 

.3 

.4 

.5 

.1 

.2 

.1 

.2 

.3 

.1 

.2 

.3 

.4 

D e s c r i p t i o n 

F u e l , C .R . and m o d . h d l g . and 
s t o r a g e e q u i p . 

C r a n e s and h o i s t e q u i p m e n t 
S p e c i a l t oo l s and s e r v i c e s 
S t o r a g e coo l , c l e a n , and i n s p . s e r v . 

Sub to t a l a c e ' t 223 

R / A w a s t e - t r e a t e d d i s p o s a l 
L i q . w a s t e s y s t e m 
G a s e o u s w a s t e s y s t e m 

Sub to t a l a c e ' t 225 

I n s t , and c o n t r o l 
C o n t r . r m . c o n s o l e and p a n e l s 
L o c a l l y m t d . i n s t r . 
H . P . i n s t r . 
C o n t r o l v a l v e s 

C o n n e c t , and s u p p o r t s 

S u b t o t a l a c e ' t 226 

F e e d w a t e r s u p . and t r e a t . 

S t m . cond . and f e e d w a t e r s y s . 

O t h e r r e a c t o r p l an t e q u i p . 
E q u i p , d e c o n t a m . s y s t e m 
R e a c t , p l an t m a i n t . s y s t e m 

S u b t o t a l a c e ' t 229 

T o t a l a c e ' t 22 

T u r b i n e g e n e r a t i n g p l an t e q u i p . 
T u r b i n e g e n e r a t o r s 
F o u n d a t i o n s - p e d e s t a l 
T u r b i n e - g e n e r a t o r 
S tandby e x c i t e r 

Sub to t a l a c e ' t 231 

C i r c u l a t i n g w a t e r s y s t e m 
P u m p i n g and r e g u l a t i n g e q u i p . 
C i r c u l a t i n g w a t e r l i n e s 
In take and d i s c h a r g e s t r u c t u r e s 
C o r r o s i o n con t . and w a t e r t r e a t , s y s . 

S u b t o t a l a c c ' t 232 

$ 

M a t e r i a l 

725 
250 
720 

1,695 

125 
120 

245 

1,070 
2,260 

70 
890 

231 

4 ,521 

2,790 

1,810 

140 
315 

455 

40 ,598 

151 
17,767 

517 

18,435 

670 
434 
552 

34 

1,690 

in 000 

L a b o r 

30 
0 

200 

230 

45 
60 

105 

330 
440 

0 
in 

p ip ing 
350 

1,120 

590 

1,196 

70 
85 

155 

9 ,498 

185 
780 

30 

995 

53 
197 
342 

6 

598 

T o t a l 

755 
250 
920 

1,925 

170 
180 

350 

1,400 
2,700 

0 
890 

581 

5,641 

3,380 

3,006 

210 
400 

610 

50,096 

336 
18,547 

547 

19,430 

723 
631 
894 

40 

2,288 
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TABLE 5 (Cont 'd) 

DETAILS OF DIRECT CONSTRUCTION COST ESTIMATE FOR AN 
EARLY 1000-Mwe SGR NUCLEAR POWER PLANT 

Account 
Number 

233 

234 

235 

236 

237 

24 
241 
242 

.1 

.2 

.3 

243 

244 

245 

246 

247 

25 
251 

252 

253 

Descr ip t ion 

Condensers and auxi l ia r ies 

Centra l lube s y s . 

Turbine plant i n s t r . and control 

Turbine plant piping 

Auxil iary equip, for genera to rs 

Total ace ' t 23 

Accessory e lec t r ic equipment 
Switch gear 
Switch boards 
Main control board 
Aux. power, ba t t e ry and signal bds . 
Motor control cen te r s 

Subtotal ace ' t 242 

Pro tec t ive equipment 

E l ec t r i ca l s t ruc tu res 

Conduit 

Power and control wiring 

Station service equipment 

Total ace ' t 24 

Misc . power plant equip. 
Crane and hoisting equipment 

Connpressed air and vacuum clean, sys . 

Other power plant equip. 

Total ace ' t 25 

3 

Mater ia l 

1,000 

37 

360 

500 

32 

22,054 

750 

55 
68 
84 

207 

18 

26 

60 

140 

552 

1,753 

365 

125 

167 

657 

; in 000 

Labor 

340 

23 

340 

213 

34 

2,543 

223 

11 
11 
16 

38 

34 

92 

229 

255 

76 

947 

35 

70 

95 

200 

Total 

1,340 

60 

700 

713 

66 

24,597 

973 

66 
79 

100 
245 

52 

118 

289 

395 

628 

2,700 

400 

195 

262 

857 

Indirect construct ion c o s t s , which were added to the total d i rec t cons t ruc

tion es t imate of $88,346,000 include: adminis t ra t ive cos ts ; miscel laneous con

s t ruct ion, engineer ing, design and inspection; costs and costs for s ta r tup , 

sodium and g a s e s , and cont ingencies . These cos ts a r e anticipated to be signi

ficantly lower than those for the preceding p lan ts . Engineering and design costs 
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will be reduced due to s tandardizat ion of component drawings , specif icat ions, 

p rocedures and special r e p o r t s , and ana lys i s . Cost reductions in other admini

s trat ion and technical a r eas a re also poss ib le . The indirect cost e s t imates 

shown in Table 4 are based on exper ience at Atomics International and do not 

necessa r i ly agree with the s tandard AEC ground rules connmonly used for p r e 

l iminary evaluat ions. 

The es t imated total base plant cost to a utili ty, excluding no rma l customer 

cost for land and land rights and in te res t during construct ion, is $114,746,000 

or $113/kw, based on a net plant output of 1,019,000 kw. Land and land rights 

a re es t imated at $360,000. In te res t during construct ion is based on a con

struct ion period of 48 months and the assumed expenditure curve contained in 

the AEC Guide. The construct ion in te res t charge for the plant depends on the 

type of utility ow^nership. The annual in te res t ra te applicable to investor owned 

and municipally owned util i t ies was assumed to be 6 and 4%, respect ive ly . 

C. FUEL CYCLE COSTS 

One of the a t t rac t ive features of the SGR concept is i ts ability to use dif

ferent fuels to good advantage. Studies of s eve ra l advanced fuel cycles which 

a re likely to provide improved fuel cycle costs for the SGR have recent ly been 

completed. Three bas ic cases which r e p r e s e n t improvements over the reference 

fuel of Volume I a re p resen ted in this supplement . In this brief study the 

reac to r has not been optimized for each fuel separa te ly . It is reasonable to 

expect that one or all of these cycles will be available for incorporat ion in the 

SGR in the ear ly 1970's. Fuel cycle date for these cases a r e shown in Table 6. 

The higher lease charge which is expected to prevai l in a pr ivate ownership 

economy will change the fuel burnup level at which fuel cycle costs a re a min i 

mum. Under the government ownership cases using a 4-3/4% lease charge , the 

fuel cycle cost for UC fuel is s t i l l decreas ing with increased burnup at 35,000 

Mwd/MTU; but, in the pr ivate ownership cases using a 10% lease charge , the 

minimum fuel cycle cost occurs between 25,000 and 35,000 Mwd/MTU, being 

pract ica l ly the sanne over this range . Thus, with higher lease charge r a t e s , 

very high burnups may not be economically justified. Fo r the UC cases (Case I 

and II) of this study, an average burnup of 35,000 Mwd/MTU was used for govern

ment ownership of uranium; an average burnup of 25,000 Mwd/MTU was used for 

private ownership. The Th02-U02 cycle was evaluated at 60,000 Mwd/MTU+Th 

average; the mos t economical burnup level for this case has not been determined. 
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TABLE 6 

FUEL CYCLE DATA FOR AN EARLY 
1000-Mwe SGR NUCLEAR POWER PLANT 

Economic Data 

P l an t capac i ty fac tor {%) 
P r e i r r a d i a t i o n fuel inven tory t i m e (Mo) 
P o s t i r r a d i a t i o n fuel inventory t i m e (Mo) 
Size of r e p r o c e s s i n g ba tch 
R e p r o c e s s i n g plant dai ly r a t e (tons) 
R e p r o c e s s i n g plant daily cos t ($) 
R e p r o c e s s i n g plant t u r n - a r o u n d t i m e (days) 
Fue l l e a s e r a t e (%) 
U3O8 p r i c e ($/lb) 
T h 0 2 p r i c e ($/lb) 
P l u t o n i u m - 2 3 9, 241 p r i c e ($/g) 
U r a n i u m - 2 3 3 p r i c e 
Sepa ra t i ve w o r k cos t ($/kg) 
UC fuel f ab r i ca t ion cos t 

( incl . shipping) ($ /kg U) 
Th-U fuel f ab r i ca t ion c o s t 

( incl . shipping) ($/kg U + Th) 

P r e s e n t Governm 
Ownersh ip 

AEC schedule 
18,000 \ 

8 J 
4 - 3 / 4 
8.00 
5.00 

10.00 
14/12 0 

30.00 

90.00 

100.00 

e n t F u t u r e P r i v a t e 
Ownersh ip 

80 
6 
6 

1/6 of c o r e 
5 

$10/kg* 

10 
5.00 
5.00 

' 8.60 
f u r a n i u m - 2 3 5 p r i c e 

30.00 

60.00 

65.00 

Nuc lea r Data 

A v e r a g e fuel 
e x p o s u r e (Mwd/ 
MTU or U + Th) 

U r a n i u m - 2 3 5, 
in i t i a l (wt %) 

U r a n i u m - 2 3 5, 
final (wt %) 

U r a n i u m - 2 3 3 , 
final (wt %) 

P l u t o n i u m - 2 3 9 , 
241 , f inal (wt %) 

A v e r a g e i n - c o r e 
r e s i d e n c e t ime 
at 80% (yr) 

C a s e I 

P r e s e n t 
G o v e r n m e n t 
O w n e r s h i p 

35,000 

4.00 

1.14 

_ . . 

0.417 

4.74 

F u t u r e 
P r i v a t e 

O w n e r s h i p 

25,000 

3.09 

1.06 

. . . 

0.367 

3.67 

C a s e 

P r e s e n t 
Gove rnmen t 
Ownersh ip 

35,000 

3.50 

0.82 

. . . 

0.369 

4.03 

II 

F u t u r e 
P r i v a t e 

Ownersh ip 

25,000 

2.70 

0.79 

. . . 

0.342 

3.16 

Case 

P r e s e n t 
Gove rnmen t 
Ownersh ip 

60,000 

6.18 

1.75 

1.77 

. . . 

3.39 

III 

F u t u r e 
P r i v a t e 

Ownersh ip 

60,000 

6.18 

1.75 

1.77 

. . . 

3.39 

-:-ORNL-TM-678, "Par t ia l ly Enriched Fuel Cycles , " Floyd L. Culler J r . , 
September 3, 1963 
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The f i rs t design. Case I, is sodium-bonded uranium carbide fuel, clad in 

z i rconium alloy, with fission gas venting di rect ly to the reac tor coolant. The 

fuel cycle costs for this case a re given in Table 7. The f i r s t column of this 

table r ep re sen t s p re sen t -day uranium cost and government ownership conditions, 

the second column is general ly represen ta t ive of the costs that can be expected 

to prevai l in the ear ly 1970' s under pr ivate ownership conditions. 

TABLE 7 

FUEL CYCLE COSTS FOR AN EARLY 1000-Mwe SGR NUCLEAR POWER 
PLANT, CASE I 

(UC, Zr -Clad and Sta in less -Stee l P r o c e s s Tube) 

Unit ($/kg U) 

Fuel Depletion Costs 

Initial u ran ium value 
Final uranium value 
Fina l plutonium value 

Fabr ica t ion and Reprocess in 

Fabr ica t ion 
I r r ad ia t ed fuel shipping 
Reprocess ing 
Conversion 
1.3% Uranium losses 

Fue l Inventory Charges 

4-3/4% lease on uran ium 
10% lease on uranium and 

(mills 

g Costs 

P u 

Total 

3/kwhr) 

P r e s e n t 
Gov ' t . 

Ownership 

365.80 
(57.37) 
(41.70) 

266.73 

90.00 
9.48 

30.12 
5.26 
0.74 

135.60 

47.62 

47.62 

449.95 

1.23 

Future 
Pr iva te 

Ownership 

216.22 
( 37.94) 
(32.34) 

145.94 

60.00 
5.00 

10.00 
3.00 
0.50 

78.50 

46.64 

46.64 

271.08 

1.04 
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Case II i s essent ia l ly the same as Case I, except the s ta inless steel p rocess 

tube is replaced with a z i rconium alloy tube. The fuel cycle costs a r e given in 

Table 8. 

Case III is based on the Th-U cycle , using mixed oxide fuel, clad in 

zirconium alloy, using the zirconium alloy process tube as in Case II, The cost 

f igures of Table 9 a r e based on an equil ibr ium once-through fuel cycle, and 

neglect any penalty for U-232, which woiild not exceed about 0,15 mi l l s /kwhr . 

TABLE 8 

FUEL CYCLE COSTS FOR AN EARLY 1000-Mwe SGR NUCLEAR 
POWER PLANT, CASE II 

(UC, Z r -C lad and Zr P r o c e s s Tube) 

Unit ($/kg U) 

Fue l Depletion Costs 

Initial uranium value 
Final uranium value 
Final plutonium value 

Fabr ica t ion and Reprocess in 

Fabr ica t ion 
I r rad ia ted fuel shipping 
Reprocess ing 
Conversion 
1.3% uranium losses 

Fue l Inventory Charges 

4-3/4% lease on uranium 
10% lease on uranium and 

(mil l 

g Costs 

Pu 

Total 

3/kwhr) 

P r e s e n t 
Gov' t . 

Ownership 

309.75 
( 30.55) 
( 36.90) 

242.30 

90.00 
9.49 

32.34 
5.26 

.40 

137.49 

32.57 

32.57 

412.36 

1.13 

Future 
Pr iva te 

Ownership 

180.04 
( 19.82) 
( 29.41) 

130.81 

60.00 
5.00 

10.00 
3.00 

.25 

78.25 

31.58 

31.58 

240.64 

0.92 
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TABLE 9 

FUEL CYCLE COSTS FOR AN EARLY 1000-Mwe SGR NUCLEAR 
POWER PLANT, CASE III 

(Th02-UO2, Zr Clad and Zr P r o c e s s Tube) 

Unit ($/kg U+Th) 

Fuel Depletion Costs 

Initial uranium-235 value 
Initial Th value 
F ina l uranium-235 value"" 
F ina l u ran ium-233 value''~ 

Fabr ica t ion and Reprocess ing Costs 

Fabr ica t ion 
I r rad ia ted fuel shipping 
Reprocess ing 
1% uranium losses 

Fue l Inventory Charges 

4-3/4% lease on U-235 
10% lease on U-235 and U-233 

Total 

(mi l l s /kwhr) 

P r e s e n t 
Gov' t. 

Ownership 

743.88 
11.69 

(199.39) 
(236.25) 

319,93 

100.00 
10.00 
49.65 

4.36 

164.01 

98.34 
98.34 

582.28 

0.93 

Future 
P r iva te 

Ownership 

639.65 
11.69 

(171.08) 
(202.73) 

277.53 

65.00 
5.00 

10.00 
3.74 

83.74 

222.45 
222.45 

583.72 

0.93 

*No U-232 penalty applied. 

The U-232 penalty announced recent ly by the AEC in the F e d e r a l Regis ter 

is considerably l a rge r than the expected inc rease of fabrication cost due to the 

remote refabr icat ion of Th02-U02 fuel e lements in a recycled fuel scheme. 

Since the fuel depletion costs in a recycled fuel management p r o g r a m are con

siderably lower than for a once- through cycle , neglecting the U-232 penalty 

would seem to set a conservat ive upper l imit to the fuel costs of a thor ium 

cycle in the Sodium Graphite Reac tor . 
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D. OPERATION AND MAINTENANCE, NUCLEAR LIABILITY INSURANCE, 
AND WORKING CAPITAL COSTS 

The costs of O&M, insu rance , and working capital a re not significantly 

affected by the changes in the fuel cycle . The derivation and detai ls of these 

costs a r e given in Volume I and a r e summar ized here for the sake of com

p le teness . The es t imated annual p r e m i u m and fee for nuclear liability 

insurance is $330,000. Table 10 s u m m a r i z e s the O&M costs and Table 11 the 

working capital r e q u i r e m e n t s . 

TABLE 10 

SUMMARY OF ANNUAL OPERATION AND MAINTENANCE 
COSTS ON 1000-Mwe SGR 

Direc t payrol l costs $ 468,800 

Fr inge benefits at 20% 93,800 

Total Labor 562,600 

Operat ing supplies and maintenance 864,400 

$1,427,000 

TABLE 11 

WORKING CAPITAL FOR 1000-Mwe SGR 

Unit $ 

Plant Operation and Maintenance 

Average net cash requ i red 

(2.7% of annual operating expenses , including 295,957 
fuel = 0.027 X $10,961,000) 

Mater ia l s and supplies in inventory 

(25% of annual cost of maintenance , ma te r i a l s 216,100 
and supplies = 0.25 x $864,400) j. , _ .j.„ 

Fue l Cycle Operat ions 

Core fabrication 

(60% of core fabrication = 0.60 x $7,332,000) 4,399,200 

Nuclear m a t e r i a l s 

(assumed leased from U . S . AEC at 4.75%/yr) none 

Total Working Capital 4,911,257 
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