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INTRODUCTION 

This document is the Deliverable 3.3.1 of the project “High-Temperature Reactor Nuclear Physics, 
Waste and Fuel Cycle Studies” (HTR-N1) of the European Unioun Fifth Framework program [1]. It is 
a merger of the following two documents, which have been included as Appendix A and Appendix B, 
respectively: 

 
A. “Scenario studies within a nuclear park composed of PWRs and GTMHR-type HTRs using 

reactor-grade plutonium”, by P. Bourdot [2], 43 pages. The original document has also been 
inserted into the  SINTER database as HTR-N1 support document no. HTR-N1-04/03-S-3.3.1-1; 

B. “Utilisation/disposition of reactor-grade plutonium in HTR’s”, by P. Bonin, D. Greneche, 
F. Carre, F. Damian and J.Y. Doriath [3], 15 pages. The original document has also been inserted 
into the SINTER database as HTR-N1 external document no. HTR-N1-03/06-X-3.3.1-1. 
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SUMMARY & CONCLUSIONS 

In Task 3.3 of Work Package 3 of the HTR-N1 project the general fuel cycle issue for high-temperature 
gas-cooled reactors (HTRs) has been addressed within the frame of HTR-N program in order to assess 
the main features of HTRs with regard to all possible fuel cycles. The preliminary studies have shown 
that HTRs are able to accommodate a wide variety of mixtures of fissile and fertile materials without 
any significant modification of the core design. This unique flexibility is due to an uncoupling between  
the parameters of cooling geometry and the parameters that characterize neutronic optimisation 
(moderation ratio or heavy nuclide concentration and distribution). 
 
Among other advantageous features, an HTR core has a better neutron economy than a light water 
reactor (LWR) because there is much less parasitic capture in the moderator (capture cross section of 
graphite is 100 times less than the one of water), in internal structures, and in fission products (because 
of a harder spectrum). 
 
Moreover, thanks to the high strength of the coated particles HTR fuels are able to reach very high 
burnups, far beyond the possibilities offered by other fuels (except the special case of molten salt 
reactors). 
 
These features make HTRs potentially interesting for closing the nuclear fuel cycle and stabilizing the 
plutonium inventory. 
 
A large number of fuel cycle studies are already available today on three main categories of fuel cycles 
involving HTRs :  
1. high-enriched uranium cycle, based on thorium utilization as a fertile material and high-enriched 

uranium as a fissile material 
2. low-enriched uranium cycle (LEU), where only LEU is used (from 5 to 15 %) 
3. plutonium cycle based on the utilization of plutonium only as a fissile material, with (or without) 

fertile materials. 
Plutonium consumption at high burnups in HTRs has already been tested with encouraging results under 
the DRAGON project and at Peach Bottom. In the frame of HTR-N core studies have been performed on 
plutonium HTR cores in order to maximize plutonium consumption either for weapon-grade plutonium 
or for reactor grade plutonium (produced by PWRs). Limits in burnup due to core neutronics have been 
investigated for this type of core. 
 
With these limits in mind, we have studied in some detail the Pu cycle in the special case of a reactor 
fleet made of a mixtures of LWRs and HTRs. It is reasonable to assume that if HTRs are to be deployed 
on an industrial scale, the will coexist during a long period of time with already existing LWRs. Thus we 
have investigated the symbiotic behaviour of LWRs producing plutonium and of HTRs burning it. Main 
conclusions from the studies summarised here below. 
 
Core studies with a wide range of plutonium isotopic compositions suggest that HTRs might be able to 
use the plutonium as fuel with no major hurdle from the safety standpoint. For each plutonium 
compositions, limits on the possible applications of long fuel cycle lengths have been assessed. Long 
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cycles and high burnups are possible if fluences of ~12 n/kb (a factor of 2 more than the common 
requirements) are technologically feasible. 
 
Nevertheless, more detailed core neutronic analysis and thermal calculations are necessary to assess the 
reactivity control aspects, to define the appropriate fuel management, and to answer the issues related to 
power distribution, which are especially important in the case of the plutonium use. 
The present study confirms that a symbiotic reactor fleet involving LWRs and Pu-burning HTRs might 
be a very effective way to stabilize the plutonium inventory while providing energy in safe and 
(hopefully) economical conditions. 
 
To give an idea, an "all plutonium" HTR can burn about 100 kg of reactor grade plutonium per TWhe, 
instead of only 65 kg in a PWR using standard MOX fuel, that is an increase of 50 % in plutonium 
consumption. With such performances, plutonium inventories could be stabilized in a fleet of reactors 
composed of about 20 % of HTRs and 80 % of LWRs (percentage in terms of power generation). 
 
To sum up, the results obtained in these studies show that HTRs could be very efficient plutonium 
burners. However, it must be stressed than even though a rather large experience has already been 
gained in HTR fuels, significant R & D effort would still be necessary to perfect and qualify a high-
performance plutonium fuel on an industrial scale for this type of reactor. 
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APPENDIX A 

Original document 
 
P. Bourdot, “Scenario studies within a nuclear park composed of PWRs and GTMHR-type HTRs using 
reactor-grade plutonium”, Technical Note/Note Technique NT-SPRC-LECy-2004-318, CEA, France; 
45 pages. 
 
The original document has also been inserted into the SINTER database as HTR-N1 support document 
no. HTR-N1-04/03-S-3.3.1-1. 
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APPENDIX B 

Original document 
 
B. Bonin, D. Greneche, F. Carre, F. Damian & J.Y. Doriath, “Utilisation/disposition of reactor-grade 
plutonum in HTRs”, Nuclear Technology 145, 266-274, March 2004; also presented as “Prospective 
studies of HTR fuel cycles involving plutonium”, Proc. HTR 2002, Petten, the Netherlands;15 pages. 
 
The original document has also been inserted into the SINTER database as HTR-N1 external/support 
document no. HTR-N1-03/06-X-3.3.1-1. 
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