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This memorandum is a partial swma%v of the mol%en-salt breeaer 
reactor studies which w i l l  be presented in a fopthcoming ORKb  rep^^%. 
The purpose of the present memo is to provide results of these studies 
prior to issue of the complete report. 

In utilizing these studies, it should be emphasized that the cost 
estimates tacitly assume the existence of an established industry, 
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Design and evaluation studies have been made of t h e m 1  molten-salt 
breeder reactors (MSBR) i n  order t o  assess the i r  economic and nuclear 
potential and t o  identify the inportant design and development problems. 
The reference reactor design presented here contains design problems - 
related t o  molten-salt reactors i n  general. 

The MSBR reference design concept %s a two-reg%on, two-fluid syst,em, 
w i t h  fue l  s a l t  separated fromthe bbanhet salt by graphite tubes, 
fue l  s a l t  consists of uranium fluoride dissolved i n  a mixture of lithium- 
beryllium fluorides, while the b-ket s a l t  is  a thorium-lithium fluoride 
of eutectic composition (abput 27 mole $ thorium fluoride), The energy 
generated i n  the reactor f lu id  is transferred t o  a secondary coolant-salt 
circuit ,  which couples the reactor t o  a supercritical steam cycle. On- 
s i t e  fluoride vola t i l i ty  processing is  employed, leading t o  low unit 
processing costs and economic operation as a t h e m 1  breeder reactor, 

The 

MSBR PLAXL' DESIGN 

Flowsheet 

Figure 1 gives the flowsheet of the 1000-&(e] MSBR power plant. 
Fuel flows through the reactor a t  a rate  of about &,OOO gpm (velocity 
of about 15 ft/sec), entering the core at  1000°F and leaving a t  1300".F'. 
The primary fue l  c i rcui t  has four loops, each loop having a pump and a. 
primary heat exchanger. 
l1,QOO gpm. 
are similar t o  corresponding components i n  the fue l  system, The blanket 
s a l t  enters the reactor vessel at 1150°F and leaves a t  1250°F. 
b l a a e t  s a l t  pumps have a capacity of about 2000 gpm, 

Each of these pumps has a capacity of about 
The four blanket pumps and heat exchangers, although smaller, 

The 

Four 14, QOO-gpm coolant p q s  e i r c u h t e  the sodim fluoroborate 
coohant salt, which enters the shell side 6f the phnary hea% exchanger 
a t  8 5 0 " ~  and leaves a t  Ul2'F. After leaving the primary heat exchanger, 
the aoolant salt is further heated t o  la25"P on the she l l  side of' the 
blanket heat exchangers, 
side of 16 oaace-"chrough superheaters (four superheaters per pump), 
addition, four 2000-gpm p q s  circuh-be a portion of tbe coolant %hrou@ 
eight reheaters . 
Run plant, with .modifications t o  increase the rating t o  1000 &(e) and t o  
preheat the working f lu id  t o  '700°F pzior t o  entering the heat exchangeP- 
superheater mi%. A supercritical power conversion system i s  used, which 
is  appropriate f o r  molten-salt application and takes advantage of the 
high-strength structural  alloy employed, Use of a supercritical f luid 
system results in an overall plant % h e m %  efficiency sf about @4$0 

The coolant %hen circulates through the she l l  
In. 

The stem system f ent ia l ly  that of the new WA B u l l  
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Reactor Design 

Figure 2 shows a plan view of the MSBR c e l l  arrangement, The reactor 
c e l l  is  sumountled by four shieMed cells containing the superheaters and 
reheater units; these ce l l s  can be individually isolated f o r  maintenance. 
T& processing cell ,  located addacent t o  the reactor, i s  divided into a 
high-level and a low-level act ivi ty  area, 

Figure 3 shows an elevation view of the reactor and indicates the 
position of equipment i n  the various cells.  
the reactor cell ,  shows the location of the reactor, pumps, and fue l  and 
blanket heat exchangers. 
The Bastelloy N reactor vessel has a side w a l l  thickness of about l-l/b= 
in, and a head thickness of about 2-1/& in.; it is  designed t o  operate 
a t  l200OF and 150 psi. The plenum chambers, with l/b=%n.-thick walls, 
communicate with the external heat exchangers by concentric inlet-outlet 
piping. 
Bypass flow through these s l i p  Joints is  abou% I$ of the t o t a l  flow. A s  
Sndicated i n  Fig, 5, the heat exchangers are suspended fromthe top of" 
the c e l l  and are located below the reactor. Each fue l  pump has a free 
f lu id  surface and a storage volume which permit rapid aminage of fue l  
f lu id  fromthe core upon loss of flow, In addition, the fue l  salt can 
be drained t o  the dump tanks when the reactor i s  shut down f o r  an exixrndec% 
time, The entire reactor c e l l  i s  kept a t  high temperature, wkhile colct 
fingers" and thermal insulation surround structural support members m d  

a l l  special equipment which must be kept a t  relatively low temperatures e 

The control rod drives are located above the core, and the control rods 
are inser-bed into the central region of the @oree 

Figure 4, a plan view of 

Figure 5 i s  an elevation of the reactor cell-. 

The inner pipe has s l i p  Joints t o  accommodate thermal expansion. 

89 

The reactor vessel, about lbc f t  i n  diameter by about 15 f t  high, 
contains a 10-ft-dim core assembly composed of reentry-type graphite 
fue l  ce l l s ,  The graphite tubes are attached t o  the two plenwm chambers 
a t  %he bottom of the reactor with graphite-to-~etal  t r a n s ~ t i o n  sleeves. 
Fuel from the entrance plenum flows up fue l  passages in the outer regl.on 
of the fuel  ceU. and down through a single central  passage to the exit# 
plenum, 
then t o  the pump and back t o  the reactor, 
bla&et plus a 1/4-ft-%hick graphtte reflector s'ugproma %he core, Ybe 
bla&e% s a l t  also permeates the inters t ices  of the core h t t i c e  so 
feP%ile material. flows through the core w2thout mixing w2%h the fissi1.e 
fue l  s a l t ,  

The fue l  flows from the exi t  plenun t o  %he heat exchangers, 
A l-l/2-f%-%hi& molten-saId% 

The MSBR requires structural  integrity of %he graphite fue l  cell. 
I n  order t o  reauce the effect  of radiation damage, %he fue l  ce l l s  have 
been made small t o  redwe the f a s t  flux gradient across %he graphite 
wall. Also, the cells are anchored only a t  one end t o  permi% axial move- 
ment. The core volume has been mde large in order t o  mxluce the flw: 
level i n  the core, I n  addition, the reac%or is  designed t o  permit re-, 
pllacexnent of %he entire graphite core by remote means if  required.. 

Figure 6 shows a cross section of a fuel eelb, m e 1  % h i d  flows 
upward through the small passages and downward through the large central 
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1) passage. 
are 534 of these tubes spaced on a 4,8-ine triangular pitch, 
assemblies are surrounded by hexagonal blocks of moderator graphite 
with blanket salt f i l l i n g  the interstices,  
is 75$ graphite, 1% fuel  salt, and 7'$ blanket s a l t  by volume. 

The outside diameter of a fuel  ce l l  tube is 3.5 i n a ;  there 
The tube 

The nominal core composition 

A S  parameter values chosen MSBR design is given 
i n  Table 1, 

f i e1  Processing 

The primary objectives of fuel  processing are t o  purify and recycle 

The fluoride volatility-vacuum disti l la-  
f iss i le  and carrier components, and minimize fissile inventory while 
holding losses t o  a low value. 
t ion process f u l f i l l s  these objectives through simple operations. 

The core fuel  i s  conveniently pro by fluoride vola t i l i ty  and 
vacuum dis t i l la t ion.  Blanket processing is accomplished by fluoride 
vola t i l i ty  alone, and the processing cycle t i m e  is  short enough t o  main- 
t a in  a very low concentration of f issi le material. 
absorbed by fuel s a l t  and reduced t o  IpE"4 by treatment with hydrogen t o  
reconstitute a fuel-salt mixture of the desired composition, 

The effluent UFg i s  

Molten-salt reactors are ited t o  the design of pro- 
cessing f ac i l i t i e s  integral with the reactor plant; these f ac i l i t i e s  
require only a small amount of c e l l  space adjacent t o  the reactor ce l l .  
Because a l l  services and equipment available t o  the reactor are available 
t o  the processing plant and shipping and storage charges are eliminated, 
integral processing f ac i l i t i e s  permit significant savings i n  capital  and 
operating costs. Also, the processing plant inventory of fissile material 
is greatly rectuced, resulting i n  low fuel  inventory charges and improved 
fuel  ut i l izat ion characteristics for  

The principal steps in  core ana 

4 

0 

a m  processing of the 
MSBR are sh e 7. A small siae st f each fluidl 5s contfnu- 

the fuel  and blanket ating loops and circulated 

3 
The primary heat exchangers are of the tube-and-shell type. Bch  

2. shel l  contains two concentric tube bundles connected fn series and 
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Plant factor 

Dimensions, ft 
Core height 12.5 
Core diameter 10.0 
Blanket thlCkne66 

Radial 1.5 
hial 2.0 

Reflector thickness 

Fuel salt 

Moderator 0.7575 
. Fertile salt 

Salt volumes, ft 

26 

72 
1121 
100 
2066 

%It compositions, mole 
Fuel 

LIF 63.6 
BcF2 36.2 
U F ~  (fissile) 0.22 

Fertile 
LFF 71 .O 

Fissile inventory, 

Fertile inventory, loo0 kg 

Cycle time, days 

Rate, ft3/day 

Volatility process 

Volatility process 

a 

-0 

c- 
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tube sheets. 
enters a plenum at  the bottom of the exchanger, and 

The fue l  s a l t  flows downward in , the  outer 

then flows upward t o  the pump through the center section of tubes, 
ing a t  the top, the coolant s a l t  flows on the baffled shell-side of the 
exchanger down the central core, under the barr ier  tha t  separates the two 
sections, and up the outer annular section, 

temperature difference exis ts  i n  the two tube sections, 
the bottom of the exchanger are not attached t o  the 

Enter- 

esign permits different ia l  tube growth between the two sec- 
t ions without creating troublesome stress  problems. To accomplish this, 
the tube sheets are connected at  the bottom of the exchanger by a bellows- 
type joint. This arrangement , essentially a floating plenum, permits 
enough relative motion between the central and outer tube sheets t o  com- 
pensate for  difference i n  tube growth without creating intolerable stresses 

i ther  the joint, the tubes, o r  i n  the pump. 

The blanket heat exchangers increase the temperature of the coolant 
leaving the primary core heat exchangers. 
ture r i s e  through the blanket exchangers is  small and the flow rate  i s  
relatively high, the exchangers are designed f o r  a s ingle  shell-side pass 
fo r  the coolant sa l t ,  although two-pass flow is retained f o r  the blanket 
salt i n  the tubes, 

Since the coolant-salt tempera- 

Straight tubes w i t h  two tube sbeets are used. 

eater i s  a U-tube, U-shell exchanger using disc and dough- 
It is a long, slender exchanger having s with varying spacing, 

relatively large baffle spacing. 
shell-side pressure drop and by the temperature gradient across the tube 
wal l ,  and is  greatest i n  the central portion of the exchanger where the 
temperature difference between the f luids  i s  high. 
f lu id  enters the tube side of the superheater a t  700°F and 3800 psi  and 
leaves at  ~ O O O O F  and 3600 psi. 

f lu id  before its use i n  the intermediate pressure turbine, 
exchanger is used, producing steam a t  lO00"F and 540 psi, 

Since the freezing temperatee of the secondary s a l t  coolant is  about 
TOOoP, a high working f lu id  in l e t  temperature is  required. 
along with prime fluid, are used i n  raising the temperature of the working 
f lu id  entering the superheaters:, 
exchanger and leaves a t  a pressure of 3550 ps i  and about 870"~.  
then injected into the feedwater i n  a mixing tee, producing f lu id  a t  

The baffle spacing is  established by the 

The supercrit ical  

The reheaters transfer energy f the coolant salt t o  the working 
A shell-tube 

Preheaters, 

Prime f lu id  goes through a preheater 
It is  

and 3500 psi. 
smbzer (feedwater pump) before the f lu id  enters the superheater, 

The pressure is  then increased t o  about 3800 psi by 

a 



L COST ESTIMATES 

Reactor Power P 

Preliminary e s t i  s of the capital  cost of a 1000-Mw(e) molten- 
s a l t  breeder reactor r station indicate a direct  construction cost 
of about $80,4 million, After supplying the indirect cost factors used 
i n  the advanced converter evaluation,' an estimated t o t a l  plant cost of 
$113*6 million is  obtained. A summary of plant costs i s  given i n  Table 
2, The conceptual design was not sufi5ciently detailed t o  permit a com- 
pletely reliable estinate; however) the design and estimates were studiel3 
thoroughly enough t o  make meaningful comparisons w i t h  previous converter 
reactor plant cost studies, The relatively low capital  cost estimate 
obtained results from small physical size of the MSBR and the simple 
control requirements. 
that the cost of an MSBR power station wPllbe as low as fo r  stations 
ut i l iz ing other rea 

results of the study encourage the belief 

anee costs of the MSBR we ot estimated 
Based on the ground pules used i n  reference E, these costs would be 
about Oo3-&11/lkwh:r(e) 

Fuel Recycle Plant 

by itemizing and costing the major process equipment required, and est$- 
mating the costs of s i te ,  buildings, instrumentation, waste disposal, and 

The capital  costs associated with fue l  recycle equipment were obtained 

rvices assocrated witb fue l  recycle, 

3 summarizes the direct  const indirect costs, 
and t o t a l  costs associated with the 'integrated processing f ac i l i t y  having 

apaeity 

The operating and maintenance costs %or the fue l  recycle f a c i l i t y  
include labor, Ubor overheaa, chemicals, utilities, and maintenance 
materials. The t o  o r  the capacity considered here (15 
f t3  of fue l  s a l t  p of f e r t i l e  s a l t  per day) is esti- 
mated t o  be $721,230, which is  equivalent t o  about 0 -1  mill/kwhr(e)," 
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Table 2 Preliminary Cost -Estimate Summarya 
1000-Mw(e) Molten-Salt Breeder Reactor Power Station 

Federal Power Commission Account Costs ($1000) I 

b 20 Land and Land Rights 

21 Structures and Improvements 
211 Ground Improvements 
212 Buildings and Structures 

. .I Reactor building@ 
.2 Turbine building, auxiliary building, 

.3 Offices, shops, and laboratories 

.4 Waste disposal building 
Stack 

06 Warehouse 
.7 Miscellaneous 

and feedwater heater space 

Subtotal Account 212 
Total Account 21 

360 

866 

4,181 
2,832 

1,160 
150 
76 
40 

99 335 
22 Reactor Plant Equipment 

Reactor Equipment 
.1 Reactor vessel 1,610 
.2 Control rods 250 
.3 Shielding and containment 19477 

1,200 ,4 Heating-cooling systems and vapor- 

.5 Moderator and reflector 1 9  089 

.6 Reactor plant crane 265 

.b Reactor coolant system 6,732 
,2 Intermediate cooli,ng system 1, 947 
.3 Steam generator and. reheaters 99 853 
.4 Coolant supply and treatmentd 300 
.5 Coolant s a l t  inventory 354 

suppression system 

Subtotal Account 221 -59891 
222 Heat Transfer Systems 

Subtotal Account 222 
223 Nuclear Fuel Emdlhg and Storage 

(Drain Tanks) 
224 Nuclear Fuel Processing and Fabrication 

(included i n  Fuel Cycle Costs) 
225 Radioactive Waste Treatment and Disposal 

(Off-Gas System) 
226 Instrumentation and Controls 
227 Feedwater SuppQ and Treatment 
228 Steam, Condensate, and IW Piping 
229 Other Reactor Plant Equipment (Remote 

Maintenance) 
Total Account 22 

* 
450 

449847 
Continued *See Table 3 f o r  these costs, which 

.are not included here, 
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Table 2 (continued) 

Power Commission Account 

23 

24 

A 

25 
* 

-Generator Units 
231 Turbine-Generator Units 
232 Circulating Water System 
233 Condensers and Auxiliaries 
234 Central Lube Oil System 
235 Turbine Plant Instrumentation 
236 Turbine Plant Piping 
237 Auxiliaqy Equipment f o r  Generator 

241 Switchgear, Main and Station Service 
242 Switchboards 
243 Station Service Transformers 
244 Awr%liary Generator 
245 Distributed Items 

Total Account 24 

Miscellaneous 
. Total Direct Construction Costg 

Total Indirect Cost 
Total Plant Cost 

25 
229523 

800 
80,402 
- 

Estimates are based on 1966 costs, asswning an established molten- a 
salt nuclear power plant industry. 

etion costs, 

/ 

aint ies  o 

20, Land Costso Tlais is  included in  the 
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Process piping 155,800 
instrumentation 272,100 

cal  auxiliaries ~ 84,300 
Sampling connections 20,000 

Subtotal plant cost $4,240,060 
I 

1,060,020 I Contingency (25% of subtotal 
I \  . plant cost) 

Total plant cost 

_ _  

Table 4, Summary of Operating and Maintenance Charges 
fo r  Fuel Recycle in  a 1000-Mw(e) MSBB 

' ($/year) 

Direct labor 
Labor overhead 

ste containers 

Maintenance materials 

Services and u t i l i t i e s  

$ 222,000 
17T9 600 

28,270 
80,300 

14,640 
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Analysis Procedures - 
The calculations were performed with OIEYTIMFRC, 

mization code with the MERC multigroup, diffusion, . MERC’ calculates the nuclear performance, the 
equilibrium concentrations of the various nuclides, including fission 
products, and the fuel cycle cost for a given set of conditions. 
MERC permits up to twenty reactor parameters to be varied, within limits, 
in order to determine an optimum, by the method of steepest ascent. 
designs were optimized essentially for minimum fuel cycle cost, with 
lesser weight given to maximizing the annual fuel yield. 
eters varied were the reactor dimensions, blanket thickness, fractions 
of fuel and fertile salts in the core, and fuel and fertile stream pro- 
cessing rates. 

OFTI-  

The 

Typical param- 

Several equations were included in the code for approximating cer- 
tain capital and operating costs that vary with the design parameters 
(for example, capital cost of the reactor vessel, which varies with the 
reactor dimensions). These costs were automatically added to the fuel 
cycle cost in the optimization routine so that the optimization search 
would take into account all known economic factors, However, only the 
fuel cycle cost itse 

Modif i libraries were used to com- 
pute the broad group cross sections for these calculations. 
assumed that all nuclides in the reactor system are at their equilibrium 
concentrations. To check this assumption, a typical reactor design was 
examined to determine the operating time required for the various uranium 

rations from a startup with 
thin 9576 of their equilib- 

It was 

rium concent 

years. 
233U to 23 
good repre Of me performance of these reactors, even 
for startup on 

Uranium-234 was within 9576 
was within &Y$ after 10 

fuel, the equilbrium calculation appears to be a 
Since the breeding performance depends mainly on the ratio of 

- 

to some fractional power called the scale factor, 
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Table 5. Basic Economic Assumptions 2 

Reactor power, Mw(e) 
Thermal efficiency, $ 

1000 

45 
Load factor 0*80 

Cost asswtions 

12 
12 
26 

Capital charge, annual rate, $ 
12 
10 

8.47 
Processing cost scale factor (exponent) 0.4 

The processing scheme is that indicated in Fig. 7. 
A fissile material loss of Ool$ per pass through processing 

In addition to the basic processing scheme employed, 
also obtained for the case that Pa can be removed directly from the 
blanket stream, 
is a measure of the incentive to develop Pa removal ability. 

The improvement in performance under these circumstances 

Fission Product Behavior. The .&isposition of the various fission 
products was assumed as shown in Table 6*  The behavior of I3*Xe and - 
other fission gases has a significant influence on nuclear performance. 

b e 
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1 Table 6 ,  Disposition of Fission Products i n  MSBR 
- _  ̂cI,.~.”I ” Processing Systems 

absorbed by raphite and partly removed by gas 
(1 7 ,$ poisoning assumed): Kx, Xe 
. -t 
plate out on metal surface 

t o  be removed tantaneously: 

Elements tha t  form volat i le  fluorides; as 
be removed i n  the fluoride vola t i l i ty  process: Te, 1 

Ele Ba, La, Ce, Elements that form stable fluorides 
than LiF; assumed t o  be separated by vacuum 

Elements that  are  not separated from the carr ier  

Pr, Nd, Pm, Sm, Eu, 
d i s t i l l a t ion :  m, 

salt ;  assumed t o  be removed only by s a l t  discard: Rb, Cd, Sn, Cs, Zr ’ 

4 

. I  

Nuclear Design Analysis - 
v The iG parameters describing the MSBR design 

Table 1, 
f o r  the evaluation o r  by the engineering design, 
a l  efficiency, plant factor, capital  charge rate, m a x i m  fue l  velocity, 
size of fue l  tubes, processing costs and f i s s i l e  loss  rate, and the out- 
of-core fue l  inventory. The parameters which were optimized by OPPIMERC 
were the reactor dimensions, power density, the core composition includ- 
ing the C/U and Th/U ratios, and the processing rates. 

Many of *the parameters were basically fixed by the ground rules 
These include the therm- 

4 

s f o r  the MSBR 

rent advantag 

t o r  design, since they are largely determined by the assumed external 
fuelvolwneo “be processing costs are, of course, a function of the pro- 
cessing cycle times, one of the cbief parameters optimized i n  t h i s  study, 

4 
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Table 7. MSBR Performance 

Fuel yield, s& per annum 
Breeding ratio 

Fissile losses in processing, 0.0057 
atoms/f issile absorption 

I 
~ 

3 

f 

Neutron production per fissile 
absorption (7 E) 

2.221 

Specific inventory, lcg fissile/Mw(e) 0,769 

Mw(t)/lsg fissile 

Power density, core average, 

" - c.- . 80 
473 In fuel salt 

r Neutron flux, core average 
io1* neutrons cmq2 sec -3. 

6.7 * 

Y 

Radial 2.22 
Axial 

L 

T 
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Ta%le 8. MSBR Neutron Balance 

Produced Ab sorbed 
* by Fission 

"% 

a7Np 

" I  

Carrier s a l t  
(except %i 1 

6 L i  

Graphite 

0 *9 0.0025 

0.0079 

01g11g 0.8ogo 2 0233 

0.0936 0.0004 0.0010 

0 0881 oeoq08 , , 0,1721 

o ' 0115 0.0001 0.0001 

0.0014 
1 

Q ,0009 
0.0623 0.0185 

0.0030 
0.0300 

Delayed neutrons 
lost? 

Leakage, includ s absorbed i n  the ref le  
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Table 9. Fuel Cycle Cost f o r  MSBR 

Stream Stream Total Total 

Fissile inventorya 0,1180 0,0324 
Fert i le  inventory 0.0000 0.0459 
Salt  inventory 0.0146 0.0580 

Total inventory 

Fert placement 0. oooo 0.0185 
Salt  replacement 0.0565 0.0217 

i :y-. 
Total' replacement 
. . %  

Processing 0 .  1 ' iK: 0.0411 

Total processing 

Production credit  
N e t  fue l  cycle cost 

0.1504 
0,0459 
Q .0726 

0 2690 

0,0185 
0.0782 

0.0967 

0.1513 

0.0718 
0,4452 

Including 233Pa, 233U, and 23%. a 

MSBR Performance with Pa-Rerrioval Scheme. The ab i l i t y  t o  re a 
directly from the blanket of the MSBR has a marked effect  on fue l  yield 
and fue l  cycle cost. This i s  due primarily t o  the marked decrease i n  
Pa neutron absorptions when Pa i s  removed from the blanket region. A 
simple and inexpensive blanket Pa-removal scheme would give the MSBR 
the performance indicated under MSBB (Pa) i n  Table 10; f o r  comparison, 
the results without Pa removal. are also given i n  the table. 

P O m  COST AND FIT% UTILIZATION C!EA.FLACTERISTICS 

Based on the above, the power cost, specific f i s s i l e  inve 
fuel doubling time f o r  the MSB8 and MSBR (Pa) are summarized i n  Table 11. 

Table 11 i l lus t ra tes  the economic advantage of MSBRfs as nuclear 
power plants, Also, the fue l  ut i l izat ion characteristics as  measured by 
the product of the specific inventory and the square of the doubling time4 
are excellent, 
with a specific inventory of 3 kg/Mw(e) and a doubling t i a e  of 10,5 years, 
while the E B R  (Pa) i s  comparable t o  the same f a s t  breeder with a doubling 
time of 6 years. 

On t h i s  basis the YIBR i s  comparable t o  a fast breeder 

L 

1 

P 



29 

1 

Table 10, Comparison of MSBR Performance With 
and Without Pa Removal 

MSBR MSBR (Pa) 
(wi%hout Pa (With Pa 

pro cess ) Removal) 

Fuel yield, $ per annum 4086 70% 

Breeding r a t io  1 .o4ga ~ 0 7 1 3  

Fuel cycle cost, m i l l s / ~ ~ ~ h r  oo45 0033 

Specific inventory, k g / ~ (  e 1 8 0 769 o 681 

Specific power, MW( t )/kg 2,89 3.26 

Neutron production per f i s s i l e  
absorption (q E )  

Volume fractions, core 

Fuel 
Fert f le  
Moderator 

Salt  volumes, ft' 

Fuel 
Core 
External 

Total 

Fer t i le  
Total 

Core atom ratfos 

m/u 

20221 20227 

3383 3-317 
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0.30 t;. 20 

Fwel cycle cost O.k? s*33 

b CQerating and maintenance cast, 
C 

Fuel doubling time, years 

s 

I; 

P 
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