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2. 

General remarks 

1. The national papers provide a useful data base for reference. 

However, due to the variety of system parameters and ground rules 

used it is difficult to summarize the main findings and particularly 

to draw general conclusions. For example, we do not recommend using 

absolute values for natural uranium requirements without further 

qualification as is done in the Summaries of Sub-group A and B 

reports. It will always be possible to find options with better 

figures of merit in this respect at the expense of some other feature 

such as fuel cost or capital cost. 

2. For the same reason we believe that the absolute values of uranium 

utilization and separative work requirements of tables 2, 6 and 7 

in Section A and tables 3.1 A to E, 3.2 A and B, and 3.3 B in Section 

B should be treated with caution. For absolute values to be meaningful 

when comparing different reactor systems and fuel cycle options they 

must be based on uniform optimization procedures, common economic 

ground rules, and carefully checked calculational methods. This would 

require a second round effort, which is perhaps beyond the scope of 

the present INFCE study. 

3. As far as the main reactor systems and fuel cycles are concerned 

hardly any ner information is presented. Some of the already known 

facts which are reaffirmed in the INFCE documentation can be summarized 

as follows: 

a. Present light water reactors, which are designed for an obsolete 

uranium price, low cost reprocessing and fuel recycle, but operated 

in the once-through stowaway mode, can be improved with respect to 

uranium consumption by extended burnup and increased frequency of 

refuelling, in particular. This development will probably come 

about for purely economic reasons, because of increasing uranium 

prices. 
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b. There seems to be no significant difference in natural uranium 

and separative work requirements between PUR and BUR. Potential 

uranium savings by spectrum shift might more easily be achieved 

in BWR by changing the void content in the core. Also, the benefits 

of using natural uranium blankets seem to be larger in BUR. 

c. Present heavy water reactors, which are designed for natural 

uranium use in the once-through cycle, have the best uranium 

utilization of all systems considered, due to their good neutron 

economy and on-load refuelling. The large fuel throughput and 

low fissile content in spent fuel make recycling uninteresting. 

The uranium utilization can be further improved by using slightly 

enriched uranium without changing reactor parameters or fuel bundle 

geometry. 

d. The HTR seems to be of interest mainly for the thorium cycle. Its 

mediocre neutron economy in the U/Pu cycle would not allow competi

tion with uranium use in LWR or HWR. The main reason for the low 

uranium consumption per unit electrical power in some HTR options 

is the high thermal efficiency and not neutron economy. 

e. From a technical and economic point of view,closing the fuel cycle 

is more important to thorium than uranium fuel cycles due to the 

high fissile content in spent fuel as contrasted to the high in 

situ use of plutonium in the U/Pu cycle. However, whether the closed 

thorum cycle can be made economic in practice remains to be de

monstrated. Commercial thorium back-end fuel cycle facilities can 

probably not be expected until after the turn of the century. 

f. Self-sustaining thorium cycles, which are possible in HWR and HTR 

as well as in LWR, seem to be of interest only for very high uranium 

prices. They require relatively low burnup in fissile material and 

low neutron flux in fertile material which is disastrous to economy 

as compared to U/Pu cycles in LWR or HWR for reasonable uranium 

prices. 
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Comments to Sub-group A Draft Summary Report 

4. The units of table 3.1 A and B should be changed to conform 

with the standard unit for uranium requirements: cumulative metric 

tons of uranium per GWe for 30 year operation at 75 Z load factor 

and 0.2 X enrichment tails assay. 

5. Table 3.1 A and B show values for standard PWR. Similar values 

should also be given for standard BUR as in table 2 and 4 of Section A. 

6. Section 2.2 should contain a discussion of the basic features of 

HWR as compared to LWR fuel cycles. For a natural uranium HWR the choice 

of fuel cycle is in essence a matter of balancing fuel burnup and pover 

flattening. The benefit of continuous refuelling could be explained by 

a simple diagram. It might be argued that a higher load factor than 

75 1 should be applied to HWR because of the on-load : afuelling. Slight 

enrichment gives an extra degree of freedom to increase burnup and 

flatten the flux, thereby reducing uranium requirements. 

7. The comparison of pressure cube and pressure vessel type HWRs could 

perhaps be carried a bit further. In a pressure vessel reactor the smal

ler parasitic absorption (due to the absence of pressure tubes) can be 

shown to be approximately compensated by the lower leakage and higher 

neutron yield in a pressure tube reactor to the effect that both have 

about the same neutron economy and resource utilization. The effects 

of axial fuel inversion to improve burnup in a pressure vessel reactor 

should be pointed out. The possibility of using prestressed concrete 

pressure vessels for large HWRs should be mentioned. 

8. Reference should be made to the possibility of using in HWR fuel 

discharged from LWR, so-called tandem fuelling. It can be shown that 

the required enrichment for obtaining a certain burnup in the tandem 

cycle is lower than the average value of the enrichments for obtaining 

the same burnup in LWR and HWR only. Therefore, the fuel costs for 
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the tandem cycle could be lower than the average of the fuel costs 

for LWR and HWR as separate units. Since the coolant to fuel volume 

ratio is approximately the same in a pressure vessel HWR and a BWR 

aud the length of the fuel is not very different, no rearrangement 

of fuel would be required. After irradiation in HWR no reprocessing 

of the fuel is necessary. 

9. Information on graphite reactors - others than HTR - is missing 

in Section A. For the sake of completeness it would be useful* if possible, 

to include fuel cycle data also for AGR and water-cooled graphite 

reactors. 

10. p 5 Table 1 Unit for Total Uranium Loading is missing. 

p 7 Table 2 "U.Og-requirements" should be U-requirements. 

p 13 Line 5 Add: The fuel fabrication cost will increase with 

decreasing rod diameter. 

p 14 Line 1 After "fission cross section" add: and increased 

neutron leakage, 

p 23 Table 3 Add remark to entry 1 Increased Burnup: at constant 

refuelling interval, 

p 31 Table 5 Change unit for Rod Outer Diameter to mm. 

p 45 Table 7 Values should be given for the thermal efficiencies 

assumed. 

Comments to Sub-group B Draft Summary Report 

11. The introductory paragraph of Subsection 2 on general aspects of 

thorium fuel cycles should also include a discussion of some of the 
233 

drawbacks om Th/U as compared to U/Pu cycles. For example, the 

high thermal cross section of Th which requires high enrichment for 
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reactivity reasons, the small fast fission effect in Th, and the 
233 

high absorption cross section and relatively long life of Pa , 
233 233 

the precursor to U formation. Neutron absorption in Pa has 

a doubly detrimental effect. Firstly, it decreases reactivity, se

condly it decreases the conversion ratio. To avoid excessive absorp-
233 

tion in Pa , neutron flux must be kept low in fertile material 
for high conversion systems. This leads to seed - and - blanket 

arrangements. 

12. Subsection 3.1.4 on light water seed and blanket reactors lacks 

fuel cycle data. An assessment of uranium and SWU requirements is 

therefore not possible. 

13. Table 3.2/7 on fuel cycle information for thorium cycles in HWR 

is difficult to understand and requires explanation and/or simplifica

tion. 

14. The so-called quasi-homogeneous HWR offers an interesting possi

bility of thorium use. This concept was first studied in Sweden during 

the early 1950's, cf reference (1), but was abandoned because of lack of 

market interest at the time of the commercial break-through of the LWR. 

The basic reasons for the suitability of the quasi-homogeneous HWR 
233 

to the Th/U cycle ate the following 

a. Low parasitic absorption due to the absence of pressure or flow 

tubes. 

b. A high moderator temperature is less detrimental to neutron 

economy than for the U/Pu system. 

c. There is no incentive to cluster the fuel since fast fission is 

negligible in thorium, and resonance absorption is of less im

portance than in a uranium system. 
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d. The flexible core dec' n gives freedom to change the moderator 

to fuel volume ratio over the core or during the reactor life

time to suit the particular stage in the fuel cycle. 

15. Use of once-through thorium cycles in HTR seems to offer no 

advantage as compared to once-through uranium cycles in LWR or HWR 

with respect to uranium utilization. As shown in the separate national 

papers, the uranium requirements depend very much on the reactor para

meters and constraints assumed. This makes it difficult to draw general 

conclusions. 

J 

16. High conversion ratios and low net uranium consumption can be 
233 

attained by Th-U recycle in HTR. However, this necessitates low 

burnup and low heat rating to avoid excessive absorption in fission 

products and protactinium. The decrease in fuel depletion costs is 

probably more than compensated by increased fuel fabrication and 

reprocessing costs because of the low burnup. 

17. The costs for closed thorium cycles are more speculative than for 

the once-through cycles because of uncertainties in the cost of re

processing and fuel refabrication. However, the cost of spent fuel 

storage in the once-through cycle is also subject to great uncertainty. 

18. No satisfactory solution to the problem of building up the initial 

fissile inventory in high conversion HTR recycle systems seems to have 

been presented. 

Comments to Sub-group C Draft Summary Report 

19. The report should include some information on critical facilities. 

For example, the possibility and limitations of using MEU instead of 

Pu or HEU in fast critical assemblies. 
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20. It would be useful to include for reference some fuel cycle 

data for research reactors. For example, annual fuel requirements 

and plutonium production (for NEU and LEU fuel) as a function of 

power for typical reactors. 

21. The possibility and practical implications of preirradiating 

research reactor fuel as a means of increasing proliferation resis

tance should be discussed. 
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