
International 
Nuclear 
Fuel 
Cycle 
Evaluation 

XM&olltf INFCE 
INFCE/DEP./WS.8/76 

LED and Thorium Foal Cycles for the High Temperature Reactor 
(Gnce-Birougfr and Recycle) 



I 

INFCB/WGVWt/DOC. 1 1 
S^tMbvr 1978 

LEU AND THORIUM FUEL CYCLES F»OR 
THE HIGH TEMPERATURE REACTOR 
(ONCE-THROUGH AND RECYCLE) 

CONTRIBUTED TO INPCE WG8 SUB-GROUPS A AND B 
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INTRODUCTION 

Tho LEO HTR waa tha subject of eonaidarabla design and development 

work in tha UK over an axtandad period, though not to tha exclusion 

of an intersat alao in tha HEU/Th version. 

Tha original coneapt of tha RTR as developed at Harwell and taken 

over by tha Dragon project, waa based on tha Th/U-.. fuel eyele. 

This choice derived fron tha eimple objective of seeking outlet 

temperatures aa high ae poasible. One of tha contributing factors 

to this waa tha proposal to adopt a core design in which the heat 

transfer surface available to tha coolant waa vary large, and this 

was achieved by utilising virtually the whole of tho Moderator to 

provide that surface. This in turn required a heat transfer path 

froa the fuel to and through the graphite and tha temperature 

difference required waa mininiaed by a notionally complete 

dispersion of tho fuel in the Moderator. Tha nuclear characteristics 

of the resulting system ware unsuitable to the U_,ft/Pu cycle, but 238' 
a tl 

atudies, conversion factors of around unity ware deemed possible. 

were eminently suited to Th/U. , and from simple theoretical 

As designs were worked up in sore detail, and with sore attention 

to particular considerations such as fission product behaviour and 

fuel Manufacturing coats, coating and eoae luaping of tha fuel 

waa adopted, with adverse affaeta on nuelaar econony. By tha time 

serious thought waa being given to commercial development in tha UK, 

it had become apparent that tha common tendency to associate HTR 

only with thorium, whilst understandable historically, waa 

actually unjustified. Designs suitable for operation on the 

U-.g/Pu cycle could be considered which would, in effect, be Just 

as closely baaed on tha Dragon work aa regards materials, thermal 

and geometric parameters as would commercial Th/Uj.. designs. The 

moat significant technical difference lay in tha requirements for 

fuel reprocessing and refabrication, in which area there was 



considerable experience available from other thermal -eactor 

programmes regarding U2_g/Pu, but next to none regarding Th/U-.-. 

Furthermore, the production of Pu fitted well with the existing 

strategy, already well advanced, for fast reactor development, 

whereas the usual concepts for recycling U_ required either 

that the HTR system was an isolated sub-system, or that it needed 

a separate and different fast reactor system to be associated with it-

A design was developed and tendered to CEGB for Oldbury 'B' in 

1970, and although this was not proceeded with, nothing was revealed 

in the course of that work to cast doubt on the fundamental choice 

of the u2.»o/Pu cycle. 

Comparative studies between the two fuel cycles were carried out at 

that time, and further refined in subsequent years by more 

sophisticated optimisation, separately for each case. Throughout, 

the major uncertainty in the comparisons lay in the cost estimates for 

the fuel reprocessing and refabrication costs. Whilst those fc '-'»e 

U2_o/Pu cycle involved some significant departure from practical 

experience with other thermal reactor fuels, they could be assessed 

fairly well on the basis of that experience supplemented by small scale 

studies, whereas the estimates available of the Thorium Cycle costs 

remained largely matters of opinion albeit the opinion of specialists 

engaged commercially in providing fuel services. The results showed 

no clear-cut economic advantage one way or the other though the 

balance of probabilities appeared to be in favour of the LEU HTR. 

This balance was enhanced by the uncertain date at which thorium 

reprocessing might become available, and the possibility that the 

Th/U2__ cycle would, on a realistic commerciwl view, l>e assessed on 

the basis of a throwaway cycle which was also examined. 

More recently, studies on the LEU HTR have been carried out \,y 
(2 3) General Atomic ' J and, unlike the UK studies already mentioned, 

these included the "throwaway" cycle. In the context of INPCE, such 

cycles are of course of interest end it was decided to extend the 

UK work on the LEU HTR to include the throwaway cycle. At the same 

time, it was found necessary to update the work on both the LEU cycle 

with reprocessing and on the High Enrichment U/Th cycles. This paper 

briefly reports these extensions, giving special attention to the 

aspect of non-proliferation. 
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H£li§ of srjnjr 
One »"^ject of this study has been the LEU HTR operated on the 

thrc- way cycle under current UK conditions. Certain parameters were 

hald constant at values selected on the basis of earlier studies of 

HTRs and known to result in an overall design close to the optimum 

for minimum generation cost. Within these bounds, moderator ratio and 

burn-up were varied, attention being directed to uranium utilisation 

and fuel cycle cost, recognising that to maintain comparable 

feasibility a consistent limit must be applied to the acceptable age 

factor. The LEU HTR with reprocessing was reviewed in parallel. 

The methods and results are summarised in Appendix 1. Ground rules 

are given in Appendix 2. 

To provide a comparison, the previously optimised study for a 

U/Th High Enriched HTR was taken as the basis, and updated using the 

ground rules of Appendix 2. Design parameters and comment 

comparing them with the LEU HTR are included in Appendix 1. 

URANIUM REQUIREMENTS 

The natural uranium requirements for the LEU and HEU/Th HTRs are 

compared in the Table below, assuming a single reactor operating 

for 30 years at 70S LP and 0.20tf tails enrichment. 

30 year Nat U requirement 
tU/GWe installed 

(a) Throwaway 
(b) Uranium Recycle 
(c) Pu utilisation in 

fast reactor 

LEU HTR 

3177 
2714 

1700 

HEU/Th HTR 

3465 
1783 

The figures quoted assume that the recovered uranium is recycled in 

the same reactor. In the case of the LEU HTR, plutonium is also 

recovered and could be either recycled in the same reactor reducing 

the enrichment of the uranium in the new fuel, or used in fast reactors 
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in a mixed reactor strategy* In both cases the amount of mined 

uranium required would be reduced. 

The greater benefit would be obtained by recycle in fast reactors. 

The uranium savings which would result are dependent on a number of 

factors extraneous to the thermal reactors themselves but the 

figure for overall system requirements (per average 6W(e) of 

total installation over an initial JO years period) shown in the 

table above is considered to be reasonably representative of an 

expanding system. Clearly, such a system would permit further 

savings of uranium, ~nd at an increasing rate, in subsequent years. 

FUEL CYCLE COSTS 

Attention must be drawn once again to the uncertainties in costing 

assumptions for the thorium cycle already mentioned in the 

Introduction, and also for storage and disposal costs, especially 

those for the throwaway cycles. Calculations using the ground 

rules of Appendix 2, an assumed Pu credit to "LEU reprocessing" 

of £10/gm equivalent Pu„,q, and a range of ore prices (25 to 

80 #Lb) are presented in Figure 1. The LEU HTR throwaway fuel 

cycle cost is about 7% greater than that with reprocessing. For 

the HEU/Th case, the penalty of the throwaway cycle is much 

higher at around J0%. 

TECHNICAL STATUS AND DEVELOPMENT NEEDS 

The HTR has not yet been proven in commercial tize power plant, 

but operation of the DRAGON HTR during the period 1964-1975 

provided valuable HTR operating experience, and as an HTR fuel 

test facility has enabled a great deal of knowledge to be gained 

in fuel design, manufacture and performance. Also, the design 

and operational experience gained since the early 1950s from the 

UK gas-cooled reactor programme is available, should a 

decision be made to reconsider the HTR on a commercial basis. 

Problem areas requiring further development work are listed below:-

(i) Fuel 

Fuel development is generally well advanced for LEU HTR 
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fuel, the further development required being mainly in 

the area of confirmatory testing under conditions of 

power cycling. The higher fast neutron dose likely to be 

imposed on the fuel for HEU/Th and the use of B1S0 

particles present extra problems if the same freedom from 

fission products in the reactor circuit is to be achieved. 

(ii) Reactor Circuit 

A high temperature insulation scheme needs to be 

developed, especially with regard to resistance to thermal 

cycling and acoustic viDration. 

(iii) Fault Studies 

The acceptability of reactor behaviour over the full 

range of fault transients has to be confirmed. 

(iv) Materials 

Development work already carried out to examine materials 

behaviour in helium environments requires extension, 

(v) Large Scale Test Facilities 

In order to prove the design and manufacture of all 

major components before installation in the lead reactor, 

test facilities with relatively high flow capability 

which would accommodate complete components or large 

representative sections of a design will be required. 

Items to be covered include fuel handling; core 

stability; circulator reliability, performance and 

acoustic tests; high temperature insulation; fuel 

thermal performance evaluation and boiler flow 

stability and transient tests. 

ENVIRONMENTAL AND SAFETY CONCERNS 

The HTR has an overall efficiency (LEU - 39%) which compares very 

favourably with PWR (32?4) and CANDU (30%), and results in 

considerably less heat per GWe being rejected at the end of the 

steam cycle. 

Thus the cooling water requirements for an HTR power station will 

be less than for LWR stations, and the rejection of heat to 

ambient air in dry cooling towers is likely to be economically 

feasible for inland sites with restricted cooling water availability. 
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One result of the use of particle type fuel in the HTR, consisting 

of a large number of small particles within a graphite matrix, is 

that a sudden and significant number of failures would not be 

expected. The ceramic nature of the fuel gives a large over-

temperature margin which reduces the possibility of large fission 

product releases during transients. However, the same sub-division 

of the fuel into many small virtually independent containers also 

implies that in normal operation the probability of a small leakage 

of fission products into the coolant circuit has to be accepted. 

The HTR has the usual advantages of a gaseous coolant in terms of 

reactivity faults, ie there are no reactivity problems due to 

coolant voids or loss of coolant. In the event of a loss of coolant 

incident, the mass of the graphite moderator ( ̂  350 te in active 

core) adds considerable thermal capacity to the system. The outcome 

of rising temperature transients or falling pressure is not 

complicated by a phase change in the coolant. 

For the throwaway cycle, several alternative schemes for long term 

storage of irradiated fuel have been investigated. The sealing of 

complete fuel elements in metal canisters and placement in wet 

storage for 10 years followed by dry storage leads to high costs 

owing to the large volume involved. Limited experience in breaking 

up irradiated blocks suggests that the fuel compacts may be easily 

separated, offering the means of reducing the bulk to be stored. 

If this route were feasible, 10 years or less wet storage of the 

complete element would be followed by dry storage of the compacts 

(loaded into metal tubes and sealed into canisters as tube bundles) 

resulting in a significant saving in cost (say k0% if transferred 

after 5 years wet storage). It is not clear that this would be an 

acceptable form, environmentally, for ultimate disposal and it is 

considered prudent, in making economic comparisons, to provide for 

the discounted cost of an eventual partial reprocessing followed 

by vitrification before final disposal. 

CHARACTERISTICS OF POSSIBLE RELEVANCE TO PROLIFERATION CONTROL 

The fuel for the LEU HTR is In the form of U0. kernels 800 pm dia, 

coated with pyrolytic carbon and silicon carbide layers, the 

particles being embedded in a graphite matrix. The fuel compacts 

13.85 mm dia x 28 mm long, are fitted into axial holes in graphite 
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carrier blocks forming continuous fuelled columns. These blocks 

are of a hexagonal section, 528 mm across flats, 7** mm in length 

and weigh approximately 250 Kg. The feed fuel enrichment for the 

optimised design is it 8% U0,_ 

The fuel is discharged after reaching a mean irradiation of 

100 GWD/tU and contains U (-̂s 1%), U2»g» unused U__Q, Pu isotopes 

and fission products. On average, each irradiated fuel element 

would contain about 0.O8 Kg of fissile Pu (PUo^Q + Pu24l^* (»ee 

Table 1). 

The physical association of the fuel and graphite in an HTR 

contributes to proliferation resistance and more particularly reduces 

the risks of and from theft by sub-national groups. A special 

head-end process is required in which the graphite would have to be 

crushed or burnt off to expose the fuel particles and the silicon 

carbide coating removed before the fissile material could be 

separated in a conventional reprocessing plant. The large relative bulk 

and mass of the fuel element per unit of fissile material also makes 

covert diversion more difficult. 

Qualitatively similar comments apply to the geometry of the HEU/Th 

fuel, though the fertile fuel particles would not have the silicon 

carbide layer in the coating. Thus in place of silicon carbide 

coated particles containing low enrichment U2-_ and, after 

irradiation, some plutonium, one would have some SIC coated 

particles with more highly enriched U2__ or in later charges Uo^i' 

and some without SiC coating containing Thorium and U.... A 

comparison between these types of fuel in terms of proliferation 

risks, involving a comparison between chemical and isotopic 

separation processes as well as the difference in coatings, is 

outside the scope of this paper. 

RECOMMENDATION 

The HTR Rapporteur to INPCE Working Group 8 is invited to take 

account of the results of work and comments presented in this 

report. 
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TABLE 1 

DISCHARGE COMPOSITIONS 

Nc/Nu 

3W 

450 

4oo 

too 

400 

Discharge 1 
Irradiation 

90 

90 

60 

90 

! 120 

Initial 
Enrichment 

% 

7.9 

6.9 

5.1 

7.16 

9.43 

Discharge U 

Initial U 

0.888 

0.89* 

O.925 

0.891 

O.858 

Discharge Enrich
ment (9&) Uranium 

235 

1.72 

0.70 

1.03 

1.03 

I.08 

236 

1.23 

1.14 

0.75 

1.16 

1.C4 

Discharge 

239 

6.84 

3-37 

4.36 

*».55 

4.62 

Pu 

240 

4.11 

3.61 

3.60 

3.85 

3.89 

(Kg/Te Initial) H.A. 

241 

3.32 

1.79 

2.06 

2.35 

2.56 

242 

2.95 

3.28 

1.98 

3.20 

4.21 
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APPENDIX 1 

916 

5m 

273' 

705' 

1 3 . J 

120 

MWe 

>C 
Bc 
>5 mm 

MW/tU 

DESIGN PARAMETERS 

LEU "Optimisation" 
Nc The survey covered a selection of cases within the range of ̂ r— 

values of 3^8 to k50, with mean discharge irradiations of 

60-120 GWD/tU, and assuming an equilibrium core with continuous 

refuelling. 

The following parameters were held constant during the survey:-

Reactor net electrical output 

Active core height 

Coolant inlet temperature 

Coolant outlet temperature 

Fuel compact diameter 

Mean fuel rating 

Mass of heavy metal per 
cm3 of compact 0.6 gm/cnr 

Natural uranium requirements over a 30 year period for a single 

reactor are given in Table A.1. Reactor and fuel 

performance parameters obtained from the survey are given in Table A.2. 

Curves showing the relationship between mean irradiation and 

uranium requirements and age factor are plotted in Figure A.l. 

Discussion of Results - LEU 

For the throwaway cycle, minimum fuel cycle costs, Pu discharged, 
Nc and natural U requirements are obtained with -rr— = 450 and a mean 

core irradiation in the range 100 - 120 GWD/tU. However, the 

selection of parameters in this area has the disadvantage of high 

age factors of the order 1.^5 - 1.53. 

A limiting value of age factor = 1.38 has been assumed in this 

study because of possible problems associated with peak pin powers 
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and end-of-life Reynolds No's in edge coolant channels. This 

leads to the selection of a reasonably optimised design having 

^ = 400 and 100 GWD/tU mean core irradiation for the L£U HTR Nu 
with throwaway cycle. 

For the LEU HTR with, reprocessing the variations of fuel cycle cost 
Nc 

and uranium requirement with irradiation for the three „— values 

show much smaller differences than the throwaway case. If 

uranium utilisation were the only consideration, a very low fuel 

irradiation would be adopted, perhaps with a high moderator ratio, 

but on present cost assumptions this would be rather an artificial 

approach. For an age factor - 1«38» the same parameters as for 
Nc 

the throwaway cycle, ie ^ = *KX>, I = 100 GWD/tU, give a 
reasonable design point for the LEU HTR with reprocessing cycle. 

A list of parameters for the selected designs is given in Table A.3. 

HEU/Th "Optimisation" 

The selected reactor and fuel performance parameters are given in 

Table A.d. In the main paper natural uranium requirements over a 

30 year period have been given on page 3i and fuel cycle costs 

in Fig. 1, 

Discussion of Results 

It will be observed that while the power densities of the LEU 

and U/Th optimum designs are comparable, the optimum moderator 

ratio for the U/Th is much lower. This leads to the much lower 

fuel ratings shown in Table A.4. Of the factors giving rise to this 

difference, the capture of neutrons by Pa 233 is probably the main 

effect inhibiting the use of higher power densities with U/Th 

and hence, in conjunction with the lower moderator ratio, leading 

to the choice of fuel ratings lower than those for the LEU version. 

This difference in fuel rating is one of the main sources of the 

difference in optimum fuel cycle costs and seems to be one of the 

advantages of the LEU version. 

Another important parameter is that of age factor. The LEU 

optimisation was restricted by the judgement that age factors should 

not exceed 1.38* The U/Th recycle case presented here has an age 
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factor which is virtually the same, 1.39. However, the U/Th 

Throwaway case quoted in Table Ajt is somewhat in excess of this 

practical limit. The parameters given may be optimistic but give 

some recognition to the greater pressure of economics in this case. 

This throwaway case incorporates some of the benefits which could 

be obtained if rather higher age factors could be tolerated, having 

a higher Nc/NTh and consequently a lower Peak Fast Dose than 

would otherwise be the case. 

For the U/Th cycle, different particles are proposed for fertile 

and fissile fuel. In this case, criticality considerations will 

severely limit the manufacturing batch sizes of the fissile 

particles and their handling until mixed with the fertile 

particles. If small or low density fissile kernels are used, 

coating times will be comparatively long. These problems are the 

main factors which tend to make these particles more expensive to 

manufacture than LEU particles (see Appendix 2). The fabrication 

costs for U__. recycle fuel are further increu^ed because of the Ug_ 

content of the reprocessed material and the radioactivity associated 

with its decay chain. On the other hand the lower Nc/Nu for the 

U/Th gives less graphite per tonne of uranium, resulting in a 

significantly lower cost per tonne U which helps to offset the 

extra cost of the particles. It also helps to reduce the cost of 

reprocessing, which with the U/Th fuel is a more complex operation 

and is subject to greater uncertainty than the LEU, where costs 

can be based on actual commercial experience for the greater part 

of the process. 
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APPENDIX 1 

TABLE A.l 

NATURAL URANIUM REQUIREMENTS 

Nc 
Nu 

Mean GWD/tU 

Waste strip % 

Inventory requirement tU/GWe 

Annual replacement tU/GWe 

30 year requirement tU/GWe 

Inventory requirement tU/GWe 

Net annual replacement tU/GWe 

Last charge credit tU/GWe 

30 year requirement tU/GWe 

CASE 1 

348 

80 

0.20 

207 

111.4 

354o 

207 

91.3 

162 

2716 

CASE 2 

348 

90 

0.20 

225 

109»1 

3498 

225 

90.5 

176 

2764 

CASE 3 

'l50 

90 

0.20 

196 

5 -.9 

30'*3 

196 

88.7 

138 

2719 

CASE 4 

400 

60 

0.20 

142 

104. O 

3262 

142 

88.1 

113 

2672 

CASE 5 

400 

90 

0.20 

204 

98.4 

3156 

204 

88.2 

149 

2701 

1 
CASE 6 

400 

120 

0.20 

27,1 

98.1 

3214 

271 

90.3 

193 

2787 

Throwaway 

(Recycle 



APPENDIX 1 

TABLE A.2 

REACTOR AND FUEL PERFORMANCE PARAMETERS 

CORE HEAT MW 

NET ELECT. OUTPUT MWe 

Nc 
Nu 

MEAN IRRADIATION GWD/tU 

AGE FACTOR 

PEAK FAST DOSE (EDN) 

CORE HEIGHT m 

CORE DIA. m 

CORE VOLUMETRIC RATING MW/m3 

COOLANT INLET TEMP. °C 

COOLANT OUTLET TEMP. °C 

COOLANT PRESSURE bar 

MEAN RATING MW/tU 

INITIAL ENRICHMENT % 

FEED ENRICHMENT % 

DISCHARGE ENRICHMENT % 

FISSILE Pu CONTENT kg/t IHA 

FUEL PIN DIA. ram 

NOM. PEAK FUEL TEMP. °C 
(50?« LIFE) 

CASE 1 

2332 

916.3 

348 

80 

1.25 

3.19xl021 

5.0 

8.36 

8.50 

273 
705 

k5 
119.9 

5.19 

7.18 

1.71 

10.02 

13.85 

1019 

CASE 2 

2332 

916.3 

348 

90 

1.25 

3.59xl021 

5.0 

8.36 

8.50 

273 
705 

k5 
119.9 

5.6l 

7.90 

1.72 

10.16 

13.85 

1024 

CASE 3 

2337 

916.3 

^50 

90 

1.4l 

2.78xl021 

5.0 

9.26 

6.9'* 

273 
705 

**5 

119.9 

4.90 

6.90 

O.70 

5.16 

13.85 

1031 

CASE 4 

2331 

916.3 

400 

60 

1.21 

2.08xl021 

5.0 

8.84 

7.60 

273 
705 

'*5 

119.9 

3.62 

5.10 

1.03 

6.42 

13.85 

1014 

CASE 5 

2335 

916.3 

400 

90 

1.34 

3.12x1021 

5.0 

8.84 

7.61 

273 
705 

'15 

119.9 

5.08 

7.16 

I.03 

6.90 

13.85 
1O26 

CASE 6 

2339 

916.3 

400 

120 

1.45 

4.l6xl02* 

5.0 

8.84 

7.62 

273 
705 

*»5 
119.9 

6.70 

9.43 

1.08 

7.18 

13.85 

1033 



APPENDIX 1 

TABLE A.3 

LEU HTR "SELECTED" DESIGN 

Nc 
Nu 

Mean Irradiation GWD/tU 

Peed Enrichment % 

Age Factor 

Fuel Cycle Cost £/kW pw 
(Ore price ^ 2 / l b ) 

Nat. U Requirement over 
30 years tU/GWe 
(,25i strip) 

Fissile Pu Discharged 
t/GWe yr at 70}» LF 

REPROCESSING CYCLE 

'»00 

100 

7.9% 

1.38 

27't 

271*» 

.Oh 5 

THROWAWAY CYCLE 

*»00 

100 

7.9* 

1.38 

29*t 

3177 

,0k5 



APPENDIX 1 

TABLE A.h 

U/Th REACTOR AND FUEL PERFORMANCE PARAKfc.iT.!.' 

CORE HEAT MW 

NET ELECT. OUTPUT MW 

MODERATING RATIO Nc/NTh 

MEAN IRRADIATION GWD/tlHA 

AGE FACTOR 

PEAK FAST DOSE (EDN) 

CORE HEIGHT m 

CORE DIA. m 

CORE VOLUMETRIC RATING MW/m3 

COOLANT INLET TEMP. °C 

COOLANT OUTLET TEMP. °C 

COOLANT PRESSURE bar 

MEAN RATING MW/tIHA 

INITIAL CORE Th RATIO 

FEED 22l RATIO 
U 

NO. OF PINS PER BLOCK 

FUEL PIN DIA. mm 

RECYCLE 

2327 

911 

228 

80 

1.39 
3.91x1021 

5 

8.35 

8.5 

273 

705 

'»5 

73.9 
16.9 

13.1 
192 

17.5 

THROWAWAY 

2325 

909 

257 
80 

l.k'k 

3.*»8xl021 

5 

8.35 

8.5 

273 

705 

45 

83 

16.9 

13.1 

192 
16.5 



1.6 

1.5 

1.4 

1-3 

1.2' 

I I 

^ - 3 4 . 

36O0 

> 35O0 

P 34 OO 

A - -

3 2900 

| 2800 

* 2700 

" 26O0f' 

Nc 
A"Nu = 348 

£ - 4 0 0 Nu 

- THROWAWAY 1 

© - REPROCESS t 0.2°/o STRIP 

_L -L _L 

60 70 80 90 IOO IIO 120 

MEAN CORE IRRADIATION CWD/tU 

130 

APPENDIX I 

FIC A.1 
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APPENDIX 2 

GROUND RULES 

Exchange Rate 

Interest and Discount 
Rates 

Amortisation Period 

Load Factor 

Separative Work 

Ore Cost 

Tails Enrichnont 

Thorium Cost 

$1.75 to 

7% 
25 years 

70S 

*100/Kg 

*25/lb 

0.2W 

*l4/lb 

£1 

*45/lb 

0.20% 

280/lb 

0.14# 

The assumed fuel fabrication and reprocessing prices in £/KgU 

at 1 January 1978 money values are:-

Fabrication:- U __ low enriched 0.6gU/cm 

Addition for reflector blocks with 
replacement fuel 

U„__ enriched - Thorium 0.6gHM/cm'J 

-» 
U__- enriched - Thorium 0.6gHM/cnr 
Addition for reflector blocks with 
replacement fuel 

280 

60 

360 

460 

60 

Reprocessing:- LEU fuel, including transport 

U/Th fuel, including transport 

750 

760 

Vitrification, storage and disposal* (Reprocessing .Cn 

cycle) lb° 
Storage and disposal* (Throwaway cycle) 910 

* Discounted to date of removal from reactor 
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