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Power Stat ion:  

For the ~ U T ~ G S ~ S  of the  economics studies the reac tors  analysed 

were considered t o  be one of "ne urmfLs faz. a three-reactor power s t a t i o n  

having a common f u e l  pi-oces~5.n~ plank and ta-bo-generator plant. The 

thertmdynainic c h a r a c t e r i s t i c s  aid the -mi t c a p i t a l  cos ta  taken from 

T a b l e  12 of ORNI, 164e!l) arc g'iveri in m b i e  i. 

Eeat output, per rea ,c tor ,  (MW) 

~ e a c i o r  p-ressure ( p s i a )  

Reactor mean tmiperatum ( 0 C )  

Steam presswe (ps i a )  

Stearii temperature ( OF) 

~ r o s s  plant eff ic iency,  gG[ 5) 
Net s t a t i o n  efficiency, %($) 

Net station electrical capacity (Mw) 

Reactor mi;; cos t ,  C 

Turbogenerator plant u n i t  c o s i ,  C 

e l e c t r i c a l  capaci ty)  

($ /  lsw ol" heat,) 
I? 

($ /  iiw of gross  
P 

470 

2000 

300 

560 

478 

30.7 

27.4- 

3'70 

1 3  33 

11.6.00 

Fuel  Cycle: 

The schematic Tlov sheet for  the reactor i.s showin i n  Figme 1. 

- D20 s lur ry  aria par t  of Thorium is  fed t o  the  blanket system as a Th0 

the uranjum produced in the blanket-, is fed to the core systea as a 

2 

U0,SOq - D20 solution, 
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S U P P L Y  OF 

CORE POlSON 
P R E C I P I T A T I O N  

t I 

D2 0 
RECOVERY 

--- 

--I 

- - -PRECI  P I T A T  i Q M  AND HYDRAULIC  
S O L I D - L I Q U I D  § ~ ~ A ~ A T ~ ~ N  
C Y C L E  - C Y C L E  TIME 1 DAY 1 

PRE - 6 H E M I  C A L  
PROCESSING 

H O L D U P  

CHEMICAL 
P R O C E S S I N G  

- - - { R E M O V E S  P R E C I P I T A  
FISSION P R O D U C T  P O l § O N S )  

t c =  95 DAYS 

B L A N K E T  
H O L D U P  A D D l T l  O N A  h 

HOLDUP FOR 

I t r t 
B L A N K E T  

C H E M I C A L  

P R O D U C T S  GROUP 3 N E T  U R A N I U M  
FISSION PRODUCTS PRO DU C T 1 0 N 

HlGH P U R I T Y  23 

F i g .  1.  S c h e m a t i c  F l o w  S h e e t  f o r  a T w o - R e g i o n  H o m o g e n e o u s  T h o r i u m  
B r e e d e r  R e a c t o r .  



The volume of the core system external t o  the core proper was 

calculated on the b a s i s  of 90 litters per MW of core power; the blanket 

external  volutne was based on 71.~1~ l i ters  per NW of blanket power. 

The core fuel mateerial is processed by t r ~ o  s tsges ,  in series; 

the flerst i s  a stage employing poison precipitation w l t l n  subsequent solid- 

liquid separation (hydruclona cyc2e) and the second ts the  2"florex plant. 

The first stage 5s capable of xaemOV%jlg three-fowihs of t'ne Group 3 

poisons, (Group 3 poisons arc those poison pmdi-_cts ~Mebz trainsmute by 

decay or neutron capture to other low cross-seetior nuclides. ) 

plant removes a l l  the pclisorns but at a much slower rate  t'mn the hydroclone 

cycle, Befol-e the spent fue l  i s  sent Lo the Thorex @,ant the D 0 i s  

recovered by evaporation and the imterisl i s  stored i n  the core holdup 

for  95 days.  Since $he blanket mterial i s  a s lur ry  the processhg  would 

be done ent i re ly  by the Thorex p lan t ,  

the remaining protactinium, assumed t o  be 23 pes cerit of the or iginal  

quantity, i s  held up for an a d d i t i o n a l  150 days, a t  which. t i m e  it i s  

assumed 'GO have decayed e n t i r e l y  t o  € J 2 3 3 e  

processing i s  considered neg l ig ib l e  for inventory parposes a 

that the excess D20 supply on hand was equal t o  o n e - f o ~ ~ t b  the t o t a l  reactor 

volume and that a 3O-day supp3.y of Lhor-ium T ~ B  on 'hand ., 

The Thorex 

2 

Tie blanket  holdup i s  55 days and 

'The holdup ilvlring chemical 

It was assurned 

Steady-state conditions sr(3r-e assumed '~'nroughoat the rcaetar system. 

Therefore, the blanket chemj.ca1 processing rake, comespondGng to a cycle 

t i m e ,  would be the  rate of removal wb.ich maintai-rded a eonstant wmniuzu 

concentration i n  the blanket The core chemical pmcesshg  cye1.e t l m e  m s  

set by the a r b i t r a r y  choiee of the pemissible poison l..e-,.ek i n  "iize core, 

usually taken as about 6 per cent, 



Reactor: 

The cylindrical reactor coasiderea consisted 02 a. core of 

radius,  Rl(feet), and height, R (feet), surrou&ed by a blanket of 

radius, 5 (feet) ,  and height, X (feet), 

considered t o  be bare. 

thorim concentration were taken EE~ 300"~ ana PGOO p m s  T& per  lite^, 

respectively. The values of the mafor pxrmeters i n  the s tudy were as 

follows z 

The ends sf the reactar were 

The reartor mean temperature m-3 the bhr ike t  

Core Radltls (feet) 

Height (feet) 

- 2 em,& 3 

-* 9, 1 9 2  29, Emd 39 

Blanket  Uranium Concentration 

CALCULATIOH NETBODS 

The calculations performed may be di.ividcd Lnto four pasts, the 

f irst  three of which are interrelatea: 

(1) 

( 2 )  

( 3 )  two-group nuclear ca icubt ions  

(4)  unit cas t  ca lcub t~ .ons  

ca l cuh t ion  of chemical proceasing cycle t i ~ e  

calculation of uranium fmtope  C O ~ ~ ~ ~ W ~ ~ T Q X I  

The nuclear calculations W e r e  done OPL the QRACLE an& the other 

three parts w e r e  done by hand calculations- 

were made, termed regular and simplffied, A l l  of the reactors ijere first 

analysed using the simplified calculations and t h a  % o w  reactors uf 

particalm interest were chosen and calculated in m ~ r e  fietail. The 

Two types of cal@aZEEtlom 
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Chemical Processing Cycle Times: 

Only Group 3 poisons are affected by t h e  chemical processing rates reqrlixed 

for homogeneous reactors, 

are about 0.005 and 0~008,  respcct%wely (if gases are removed from reactor). 

The yield,  y s  of Group 3 P O ~ S Q B S  j s  l.31 atoms per fissiou. 

The poison fractions few Group 1 am2 Group 2 

For the core solution the Groap 3 poisons are r(?mn.ved by t w o  

methoas, in series: first the poison prec fp i t s t l ox~  with subsequent; 1iqui.d- 

s G l i d  separation (hydroclone cycle) and second, Thorex, The prec ip j  "ctlun 

s tep  i s  capable of removing only p3rt (0.73) of the ~ r u i x p  3 poisons, 

which are designated as subgroup so Some of the subgroup 3 pnL.sr̂ rms, 

desl.gnated as sub-subgroup clay are not remosved by "ihe hydroclone. The 

equilibrium equations for the core psl.sons 81-6 Lhus (neglecting poison 
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Tc i s  obtained f roa  the above eqgatiosls as': 

cycle t i m e ,  Tbw T 

birrnup) I 

is evaPxeted from the  equatFon (neglceting poisorz b 
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Isotope E:qvations : 

The core was assumed t o  contain t,he i.iranim iso topes  233, 234, 

235, and 236; the blanket eontailled the  same u x a a L m  i s O t O p e : 3  at~d.,  i y a  

additjon, contained Pa-233 and Th,-232. The concentratTions of %I 233 

and 

At equilibrium conaitions the i so tope  balance equat ions  for the blanket 

are (neglecting chemical procesnirig lossen)  : 

were consider& neg1igi.bI.e due to t'tleli- short half Lives. 

ca (I -I- p)  z ( 0 2 )  = 1 3- Q~ ( 1. -1-h (1.3) T. 
b b 

r 1 

pl 7 

To aid i n  writ,ing the  equations f o r  the  core,  l e t  

where 

returned Lo the r eac to r  as feed f o r  the core. 

q i s  t h e  f ract ion of urraaium from the blanket Tiioi-ex plant 
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Again neglecting chemical 

breeding ratio 2 1, the 

below: 
I- 

processing losses and assuming t h a t  the 

corresponding equations for the ewe are given 

Nuclear Calculations z 

The critical concentration and neutron balance were obtained 

which employed a "thin shell" approximation using a two-poup 

to account for the neutron absorption i n  the zirconfua core tank. 

nuclear properties used are given i n  Appedix I, 

contain provisions for an extrapolation distance. 

for by adding one foot t o  the diameter and height- dimensions used in the 

code.) 

leakages, eoxe and blanket volumes, and total neutron prodmtlon ana 

absorptions t o  be too  large. However, the influence on the calculated. 

leakage was minor; 'the correct volumes were easily computed; and the error 

In the productions and absorptions was estimated t o  be no nore than $ 

The 

The code used does not 

(Th i s  was prov5ded 

The result of this deffcfency in the code was to cause the  neutron 

(obtained by integration of 

front a comparable spherical  

ox b m e t  from the ends of 

r a t i o  t o  be conservative. 

f l u x  d2stributioa data that were available 

reactor). 

the reactor caused the leakages and breeding 

The omlsssfon of the reflector, 



Unit Cost Estimation: 

The t o t a l  uni t  cost  of e l ec t r i c i ty  knay be divided in to  two parts, 

the t o t a l  f ixed charges and the t o t a l  variable fue l  costs. The t o t a l  

fixed charges were assumed t o  be about 3.4 tnills/kw-hr for  all reactors 

considered In the present study. (The t o t a l  power and operating 

temperature are the major variables which influence t o t a l  fixed charge 

and i n  t h i s  study power and temperature were considered constant.) 

However, fue l  costs were sensit ive t o  the parameters varied i n  t h i s  

report. 

Fixed Charges - 
The fixed charges consist  of amortization charges on reactor 

and turbogenerator plant, the operation and maintenance charges, and the  

fixed charges OR the chemical processing plant. 

3, may be computed from Equation (18) using the data from Table I.  

values used for plant factor, e, ana anxluai amortization ra te ,  OZ, were 

0.8 aad 0.15, respectively. 

The aaort izat ion charges, 

The 

The remaining symbols i n  Equation (18) 

are defined i n  'Table I. 

The annual operation and maintenance charge was taken as 

reactor and turbogenerator plant investment. 

chargee, per reactor, were taken as $70 per day for  the poison precipitation 

an8 hydraulic aeparation plant and $1830 per day for  the Thorsx plant. 

of the t o t a l  

Chemical processing fixed 

On the above bases, the total fixed charges given i n  Table 2 

were obtained. 
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Mat a r t  a I. 



I t  w a s  assumed t h a t  a 30-day supply of Thorium feed w a s  on hand. 

An amount of D20 equal t o  2% of the t o t a b  reactor  system voltme 

m3 also assumed t o  be i n  s torage-  

The var iable  chemical processing c o s t s  were assumed t o  be 

0.3 and 50 cents per * g r a m  for Thorium and. f i ss ionable  isotopes 

(23,  25, and L 3 ) ,  respect ively.  

O R N T A ~ ~ O .  Itlore recent information bases the cos t  on t o t a l  uranium 

processed, rather than on f i ss ionable  isotopes processed. The older 

method vas used here s ince i t  WELEI desired t o  use the cos t  fac tor  o f  

O R H L - ~ ~ ~ O  as much as possible so t h a t  the results for  the two geometries 

(spherical and cyl indr ica l )  would be cmaprztble;  also, the variab1.e 

chemical, processirg costs  were r e l a t i v e l y  minor c o s t s  i n  the present 

study. Other cos t  f a c t o r s  incluaed uranium Losses, vhich were considered 

t o  be Oel$ of‘ “ne amount processed. 

inade f o r  D20 recovery. 

net feed cos ts  were usually negative. 

considered to be 3% of the reactor  volume. 

These are the same cos ts  used <.n 

A charge of 33 cents  per l i t e r  was 

A l l -  the reac tors  analysed were breeders, s o  the 

The annual. D20 mkeup was 





important isotope equations, and m e  more accurate than, those given i n  

Table 4. However, the more exact calculat ions ind ica te  that the econcrnic 

r e s u l t s  given i n  Table 1-t a r e  adequ.ate, and t h a t  the breeding r a t i o s  given 

there  were too large by approximately 0.03. 

The r e su l t s  are a l s o  presented i n  Figures 2 - 7. F ig .  2 gives 

'the var ia t ion  of the tnaxiimm power dens i ty  a t  the core tank wall (core side) 

as a function of reac tor  len.gth, core radius ,  afid b lanket  f u e l  concentration. 

The r e s u l t s  ind ica te  t h a t  the  inaximum wall-power-density can be appreciably 

decreased by ineyeasing the reactor  length from 10 t o  20 f e e t  but that t h i s  

e f f e c t  becomes smaller f o r  lengths greater  than 23 f e e t .  A aoi'e e f f e c t i v e  

my t o  decrease wall-power-density would be 'LO increase the core radius 

from 2 f e e t  t o  3 f e e t .  

Together w i  tli a low -11-power-density, another des i rab le  reactor  

fea ture  would be a high breeding r a t i o .  The e f f e c t  of reac tor  length, core 

diameter, and blanket composition upon breeding ratio I s  indicated i n  

Pig.  3; as shoim, the breeding r a t i o  increased with increasing reac4;or 

length a n d  increasing blanket fuel concentration, but decreased with 

increasing core radius .  

wall-pot.ser -density and breeding r a t i o  independently. 

Thus, i t  does not appear poss ib l e  t o  optimize 

A th i rd  f e a t w e  was the fuel eost  associa-ted with a par t icu lar  

reac tor .  

 COT^ diameter, and blanket fuel. concentration. The f u e l  cos t  consis tea  

of the inventory charge, fuel processing cos t ,  and net  f e e d  cost;  as 

shown i n  Fig,  4, the inventory charge becomes dominant as the reac tor  

Length aad/or the blanket fuel concentrati.on i s  increased e 

of the inventory charge i s  a l s o  indicated i n  Fig.  5 ,  where the t o t a l  var iable  

f u e l  cost  i s  given i n  terms of reac tor  paraneters.  

Fig.  4 gives tine unit f u e l  cost  as a ?unction of reaetor  length, 

The importame 
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TABLE 4A 
NUCLEAR CRIIRA(3FXISTICS OF 

SII’IIPLIFIED CYLI’PSIIRICAL REACTORS 

Reactor No. 
X, (feet) 

B ( fee t )  

Wb(WmS 23/kg 02) 

f c  ( P I  

B.R. 

C C (gms 23/kg D20) 

P (02) 

vC ( l i ters)  
1fcT (1ii;ers) 

vb (liters) 
vbT (liters) 
Neutron Balance 
Leakages* 

E L  
1.: L 

E L  
E L  

R L  

* Ll,b 
Absorptions 

A 

A 

A ( she l l )  

A 

O,c 

lac 

0, b 

l,b 

0 ,b 

lSb 

0,b 

l , c  
Productions 

Core 

Blanket 
Total 

Rve. core power 
density (k~/l.) 

Max. core tank 
power density 

Max. core tank 
power density 
(core side) 

f lux xl.0’15 
Ave. core thermal 

2-10-1s 

2 

9 

1 .) 07238 
2.66068 
,061643 

1 

.270805 

.071114 
3>200 

24, loo 
16,810 
29,100 

209378 

.0577061 

.28848 

.0444193 

.0097742 
10036317 

4.22429 
1.05156 
.18583 
4.60056 

9 91647 
75919 

io.  67366 

130.54 

69 

69 

2.3698 
* 

See top  of page 34 for comment 

2-10 - 3s 

2 

9 

3 
1.08814 
2.31846 
961681 
39073 

e 19781.1 
3,200 

21,250 

16, 810 
23yI-70 

219334 
.305828 

.0897029 

.0256112 

.0068185 

5.2562 
1.63463 

.0478558 

137085 
4.62177 

9 * 95087 

2 .) 45378 
12.40467 

112.74 

89.4 

59.5 

2 e 1622 

-22 - 

2 -10 - 33 

2 

9 
Lz 
J 

1 * roo95 
2 37807 
.061717 
.512363 
-30674 
3,200 
18,000 
16,810 
26,670 

.230214 

.324898 

-0516827 
#0501)+21 

I) 0107675 

6.438 
2 e 33k87 

rC.  64163 

121’7031 

.209498 

9 0 98207’ 
4.41664 
14- 39873 

97 * 43 

138 

52 

1 9789 

2 -20 - 1s 
2 

19 
1 

1.16185 
2 * 3y-[S.L 

.06S78O 

.258602 

-077794 
6,760 
271 510 
35,490 
37,990 

.0324821 

.0787626 

. OJ.kJ355 

. OY20 391 

.oo 3 9 8 k  

4 77969 
1 a 08866 

4.53645 

9 75695 
a 823063 
10~5800 43 

. Ol.O7023_7 

.202297 

61.38 

33.8 

33.8 

1.2368 

2-20-3s 
2 

19 

3 
I 17433 
2 2561.2 
* 061820 

e 380209 
.23.3107 

6b760 

35,490 
24,420 

42,410 

e 0552462 
0839626 
.023839 
.013081 

.0288689 

.0076871 

5 74695 
1 * 7391-1. 
a 21591 
I+* 55759 

9 78939 
2.68287 

12 * 47226 

52.24 

48.4 

28.8 

1.1184 



TABU 4A (Cont'd) 

NUCZEAR cBAxAmm1sT1cs OF 
SIMPLIFIED CYI,INDRICAL XEXLTORS 

Reactor 2 -20 - 5s 
R c  ( f ee t )  2 

I 
19 
3 

H (feet) 

I ~ J  ( CT~S 23/kg 02)  

B.2. 1.1.8393 
cc ( g ~ a ~  23/1~g D ~ O )  2.7.1647 

b 

fc ( P )  

pb/pT 

p (02) 

vC (liters) 
vcT (liters) 
v ( l i t a - s )  

vbT ( l i t e r s )  
Neutron Balance 

L ea IEL g e s 

3 L  

E L  

E L  

E L  

b 

* 

0 ,c  

l,C 

0, 

l,b 

1 ,b  

L O , b  
K L  

Absorptions 

A 

A 

A (shell.) 
A 

1 ,b  

O , b  

1 , c  
Product i on8 

Core 

13 lanke ti 

Total. 

Ave- corc power 

.061-856 

.503637 
331-77 

6,740 
21,800 

35,493 
46,160 

. 0>&3121 

.0897661 

.03'+4555 

.014260 j 

. 0 5'76 30 4 
0123757 

7.10339 
2.5115 
.231156 
11.57781 

9.81821 
4.87465 
14 -69286 

dens i ty  (&/I. ) 44.43 
Max c or c tank 

power dknsi t y  74.5 
)lax. com tank p~;:es 
density (core side) 2h.5 

Ave. core thermal 1.015 
f l u x  x10-15 

3 - 20- LS 

3 
19 
1 

1.07103 
1.021238 

,164871 

15,210 
37,970 
27,0110 

23,530 

.062432 

.077484 

.10Fa76 

.344362 

0175793 
.0?2353 
0743 31- 3 

.0327656 

8- 50309 
1.28863 
.630424 
8.70079 

18.1943 
I e 32817 
19 72247 

27.29 

13.2 

lo.'[ 

1.2892 

3- 20 -~ 3s 
3 

19 
3 

I ,08418 

.062)+48 
,284643 
. a3368  
15,21.0 

32,910 

33,900 

0.378246 

27,Oh-O 

. I  1 4963 

.364717 

.0332364 

.0243&1 

.192'746 

.034L141 

io.  7128 

.679701 
8.83626 

2.42701 

18.4378 
=, . 00111 
23.43891 

23.27 

35.3 

9.28 
1.149 

3-20-5s 
3 

1-9 
5 

1.09365 
0.9328b2 
.062463 
.40515& 
,327954 
15,210 

30,330 
27,040 
37, 580 

.12271_ 
387713 
.0318609 
.0266826 

* 356324 
,0782364 

13.2931. 
3 * 78019 
7335225 

8.9791 

18.6906 

27.81149 

19.88 

9.12089 

54.5 

8.06 
L 0296 

2- 30 -15 

2 

29 

1.1-7969 

2 * 3497 
.061LF306 
.25636 

i o ,  320 
31,040 
54,7.80 

1 

-07913 

76,720 

.0233376 

. 0 353983 

.006682& 

. 0 1.08881 

. 00J10548 

4.65098 
1.096~2 

.205601. 

4.5247 

9 72746 
833875 

.OOgk34 

10.563335 

)IO. 16 

22.5 

22.5 

0.8274 

?+ 
See t a p  of page 34 f o r  comment 
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n_ 

xG, b 
A (shell) 
A 

l , b  

1 ,c 
Proc'uctions 
Core 

i3 lanlret 
T o t a l  

Ave. core  power 

S1a:c. core tank 
potrer d e n s i t y  

dens-ity (k?/l. \ 

. ~6181~11 

s 218536 
10,320 

54,180 
61,200 

3782'35 

27,901) 

.02h5911 

* 037991.2 

.0059.l42 

.023535 3 

.00786@ 

"j.34629 
I. 76021 

4.54338 

9 75347 
2.72923 

12.4887 

34.08 

.OlO7327 

.21971 G 

32.6 
Flax. core tank pow:r 

Ave. core thermal 
dens i ty  (core siae) 1.9 

f l u x  x10-15 0.7451 
f 

See LOP of page 34 f o r  comment 
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Neutron Balance 

Leakage 9 
It 

2-40-38 
2 

39 
3 

3." 19745 
2 * 19303 
.061853 
37761-7 

.2197>4 
13,mO 
31,430 
72,860 
79 9 720 

2-40-55 
2 

37 
5 

1.20602 

2 .0535 
.061871 

* 338437 
13,880 
28,760 
'[2,860 

83,730 

To1539 

3 - 40 - 1s 
3 

39 
1 

1.. .io881 

.062461 

.161-816 

.om 1628 

31,240 
51,930 
75 ,  510 
38, 100 

0 979853 

.01384 .0146308 .0270453 0, c 

l , C  

O ? b  

1 , b  

OJb 

l , b  

E L  

E L .02l5054 .0230324 .0894214 

.0060625 .0088012 . 00 44967 E L  

E L  .0033469 .oo 3658 .0057928 
R L  0297737 059742 .0765?23 

.0079283 .0128292 *9338539 E L  

Absorptions 

A 5.88168 7 29079 8.81436 
l ? b  

O , b  
a 1.76773 2 56612 1.3111 
n ( s h e l l )  .221074 .237152 ,654178 

4.54179 4.56207 8.67353 

Core 9 74899 9 9 7771.3 1.8.1121 

Total 1.2.49476 14,77883 1-9 69622 

*I, C 

Produc ti o m  

Blanket 2 74377 3.0017 1.5843.2 

Ave. core power 

Max. core tank 

d e n s i t y  (k~/l. ) 25- 3 21.45 13.24 

power d e n s i t y  24.6 37.2 6.8 

d e n s i t y  ( c o ~ e  s ide )  14.3 12.1 5.3 
NaxP core tank power 

Ave. core  thermal 
x 1 ~ - 1 5  0 55727 0.5OlC59 0.65283 

3 - 40 -3s 

3 
33 
5 

1.12624 
0.890391 
.062491 
.403036 
330239 

31,2iii) 
46,130 
5>, 510 

66,382 

11.1369 1.3.866 

.70596 .765081 
8.8174 8.9632 

2.50009 3.92187 

18 I 3568 18.6112 
5 - 19909 9.31253 
23.53389 28.12373 

11- .22 9.33 

18.5 28 

4.6 11 

0.57533 0.51702 
* 

See t o p  of page 34 f o r  comment 
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c T 

Tb 

cc 
B,H, 

23 C r & f t  

Feed T d t s l  



Reactor No. 

T C  

Cc 

Tb 

B,R. 

23 Credit  

Feed T o t a I  

Total Variable 
Fuel Cost 

N e t  U n i t  Cost 

TABU3 4B (Cont'db 

ECONOMIC C R A R A C m I S T I C S  OF 

SIMPLIFIED CYLINDRI CAT, REACTORS 

2- 20 - 5s 

335 * 9 

h-82-9 

2.1165 

1 * 18393 

0 * 29373 

0.13080 

o 62196 

0.82345 

o Ir 91469 

1.8699 

0 * 00959 

0.02b1 

0.01411b 

0.21+743 

0.03361 

0 26139 

0.29520 

0.38154 

Oc0O308 

0.86870 

-0,48408 

11 4810 

7 e 0714 

3-20-1s 

192.8 

73-07 

1 0224 

l*07103 

0.483 

0 e 1214 

0 * 39189 

0 29480 

0.88300 

1.2992 

0 02779 

0.03336 

0 08230 

0.85436 

0.06095 

0.93666 

0 99761 

0 36792 

0 .. 00279 

01 33550 

0.03321 

2.33220 

7.7224 

3-20- 3s 

197.9 

208.4 

0 9 97925 

1.08418 

0-44343 

0.10530 

o .. 4j677 

0 5 45395 

0.90020 

1 * 4594 

0.02459 

0.0284h 

0.02406 

0 33540 

0*05303 

0 339K 

0.41249 

0 t 37508 

0.00282 

0-  39755 

-0 e02423 

1.8477 

7. e381 

3-20 -3s 

203.7 

437.5 

0 93284 

1.09365 

0 * 40867 

0.091693. 

0.3063? 

o e 67982 

o + 91302 

1 6865 

0 * 02202 

0.02429 

0.01.270 

0.22238 

o.oS631 

0 ? 23508 

0 28139 

0 . 3 8 ~ 6  

0 < 00283 

0.4b23.b 

-0 05820 

1-9037 

7 3001 
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CP@ 

GPb 

Feed. T o t a l  



Reactor No. 

c 
T 

Tb 

Tc 

B.R * 

23 C r c d . i t  

Feed Total. 

I 1  L 1 o ~al- VariaSle 
Eitze9. Coat 

N e t  Un i t  Cost 

TABLE 4B (Coilt 'd) 

ECONOXIC CHARACTEXISTICS OF 

STKPLIFIEB CYLINDKI@ATJ REACTORS 

2-40-3s 

430 7 

J.t37,6 

2.1930 

1.19743 

0. k2349 

0 1 6 9 3  

1 0 0768 

0.92260 

1.5003 

2.6088 

0 * 01079 

0.02738 

0 c 02701 

0 L 37673 

0.03877 

0. hi3354 

0 .  U231 

o . t ; % p  

o.o(i312 

or  93256 

-0,30432 

2 7468 

8 e 1372 

2- 40-3s 

435 2 

860 * 5 

2,0336 

1 20602 

0.3873 7. 

O.l?gW 

I.. L282 

1,b48 

1 e 53-57 

3 0793 

0. oog7.T 

0.02372 

0 

0.23191 

0 03349 

0.2663 

0 2?979 

0.63154 

0 0031dr- 

0 u 3'1303 

-0,33835 

3.0409 

8 4313 

3 - 140 - 1.s 
268.6 

1w*g 

0. g 9 S  

1.10881. 

0 (i @ g o  
0 & 13222 

0.78284 

o b23T5 

1. * 4823 

2 * 0583 

o 02858 

0.03312 

0 t 0857.8 

0.88425 

0.06170 

0 .) 94943 

1.0311 

0.6177'1. 

0.00289 

0 5u91 

0 10669 

3 I) 1963 

8 5867 
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R, (feet ) 

B (feet) 

2 

29 

3-30-3 

3 

29 

3 

o 969324 



3-20-1 

0000 34 
-8 

1 x 10 

.. 00383 

I. OOOOOO 

20669 

10695 

0168 

0641 

.053.106 

.002414 

078186 

01'743J1 

009734 

9 045397 

. 00 414 2 
13 I. 15 x 10 

10.8 

2-30-1 

00001g 

'42 x 10 

*00338 

-8 

1 000000 

10219 

10234 

* 01608 

lr 0498 

02206 

.0023& 

.o4737s 

. O O ~  (24 

.002'70i 

. oogh09 

000988 

7.32 x io 1.4 

24 6 

.E 
see top of page 34 f o r  cornmeixt 
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- 34 - 

End leakages were calculated by assuming that the ends of the 

reactor  were base, I n  practice,  however, the blanket region would also 

cover most of the end areas of the core region. The end leakages 8 s  

given i n  Tab les  4 and 5 would therefore  be high, and correctintg thls 

lsrould tend t o  increase the breeding r a t i o s  

The r e s u l t s  given i n  Figs.  2 and 5 are combined i n  Fig, 6, 

and indicate  the  economic penalty associated with uzaintaining a  lot^ 

wall-power-density. The breeding r a t i o  associated w i t h  d i f f e ren t  Vi>LUE?S 

of the reactor  parameters i s  given i n  Fig. 7, where t‘ne spec i f ic  values 

obtained are indicated.  A s  shown, the breeding r a t i o  w a s  p rac t ica l ly  

independent of the blanket f u e l  concentration. 

I n  the  cal~culat ions,  an e f f ec t ive  extrapolation distance which 

w a s  independent of region w a s  used f o r  the reactor  ends. If a bla:iket 

were considered a t  the ends of the core region, the breeding r a t i o  would 

increase, par t icu lar ly  f o r  those reactors  of r e l a t ive ly  short  length. 

Undey these conditions t‘ne breeding-ratio curves i n  F ig ,  would tend t o  

become more horizontal  and could possibly change ‘to a posi t ive slope ELR 

the pover clensity increased (smaller reactor length).  Uowever, t h i s  

e f f ec t  would be r e l a t ive ly  unimportant insofar  as the f u e l  cos ts  given 

here a r e  concerned. 

The r e s u l t s  ind ica te  t h a t  minimum f u e l  cos ts  are associated with 

high core-wall-power dens i t ies ,  and “ct, highest breeding r a t i o s  are 

obtained with small core radii, th ick  blankets, and long reactors.  Thus, 

the reactors  with tine lowest f u e l  cos ts  do not have the ,lowest core-wall 

power dens i t i e s  or the  highest  breeding ratios. If  corrosion difficulties 

do not permit high pover dens i t ies  ai; the core w a l l ,  some compromise would 
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the fuel cost; the associated increase i n  breeding r a t i o  was sLi@Z.,. 



This higher value was due primari1.y t o  the i.nventoory clmi-gzs, wl?.icS %rere 

assumed t o  be 12% of the inventory value peu. year. I f  the inventory 

charge were 47% r.ather than 12$? 1.ess economic penal ty  would be associated 

w5.tli low r~~1.1-po:?er-density j i .e., the fuel cost  c\x:cvc would be f l a t t e r  

(nnd lower) than sfnovn i n  F igs ,  11, 3, and 7. Specifically, i f  the c o ~ 2 -  

Tsal.l.-posJer-density were l imi t ed  L o  1.5 kw-liter, R -= 2 fL, W = 5 gin G233/kg Yh, I 

and a 12% inventory charge were used, the  variable f u e l  c o s t s  wou1.d be 

about 1 rnill/kw-hr higher than the economic mini.mum if there v e x  no pouz;r 

densi ty  i imttat ion;  if a 476 inventory charge were used, the ecoriornic penaLty 

imposed by the power deasi ty  l imi ta t ion  woul-d be about 0.33 milln/h-c:-hr e 

Also, since D20 inventory charges t~ert:  a s u b s t a n t i a l  fractiion ( > ?CY$) of 

the t o t a l  inventory charge, use of $28/lb fox' D20 ra ther  than the $40/lb 

used vould r e s u l t  i n  f u e l  costa r.rhicb were n.ot i ts  dependent; up?? Inven"sry 

charges ( i n  the above case, the 0.33 mill/kw--hr penzt2i;y due t o  the pox~ar 

densi ty  l imi ta t ion  woula be lowered t o  about 0.2 rnills/ii.r-bk). 
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- 4 u -  
APPENDIX 

F J U C T W  PROPETITTES U S D  I N  CALCULA'FIOES 

0 Nuclear P r o p e r t i e s  of Basic Materials at 300 C 

Ma t e r  ia  1 

~ h - 2 3 2  
Pa-233 
u-233 
U-234 
u-235 
u-236 

02534 

D2° 
Group 3 Poison 

Zimonium 

u-233 
u-235 

Pa-233 

Microscopic Cross Sec t ion  (barns) 

4.43'3 
95.1 

374 
36.4 
406 
571 
0.3106 
O.OO1731 

12.9 
Microscopic Fission Cross Section 

( barns ) 

340 3 
31+2 2 

Macroscopic cross s e c t i o n  (crn-') 

0 003793 
q (neu'irons per cap tu re  ) 

2.32 
2.09 

0.0252956 
/I (13), Decay ConsLant (by - ' )  

IWUT DATA COMMON TO ALL CALCTJUTIONS 

Fermi Age (ern2) 244 2 34 
Resonance escape p r o b a b i l i t y  1 0.547 
Di f fus ion  c o e f f i c i e n t ,  fast  group 

Di f fus ion  c o e f f i c i e n t ,  slow 
(em) 1.76 1.76 

POUP (em) 1- (. 30 1.24 


