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HTR-N Work Package 3

HTR-N WP3 is concerned with the assessment and intercomparison of the capabilities of innovative HTR core and fuel cycle designs with respect to: (1) Pu-incineration and minimisation of minor actinide production, (2) economics and safety (indicative only), and (3) the selection of reference fuel cycles for the European coated particle development. The work program of HTR-N WP3 has been redefined to include also the study of 2nd generation Pu (i.e. Pu from recycled MOX fuel) (SINTER document HTR-N-01/6-D-3.0.1). This redefinition was necessary in order to cope with the budget reductions in the HTR-N1 project.

For a meaningful assessment and intercomparison of HTR concepts a common basis has been agreed upon by the partners (Deliverable 3.1.1) in Task 3.1. This common basis initially included the definition of a reference pebble bed reactor (“flat bottom” “HTR-MODUL”; SINTER document HTR-N-00/10-D-3.1.2), the definition of a reference hexagonal block type reactor (“GT-MHR”; SINTER document HTR-00/12-D-3.1.3), the definition of a reference coated particle (SINTER document HTR-N-00/12-D-3.1.2), the definition of a reference 1st generation Pu composition (SINTER document HTR-N-00/10-D-3.1.2) and the definition of a set of transmutation and safety related common output parameters to be calculated for each of the concepts and cases (SINTER document HTR-N-01/2-D-3.1.5). At a later stage also a reference 2nd generation Pu composition was defined and the set of common output parameters was extended with specific lists of  actinide and fission product nuclides to be taken into consideration, leading to an update of  SINTER document HTR-N-01/2-D-3.1.5 and Deliverable 3.1.1.

Task 3.2 is concerned with fuel cycles with continuous reload in pebble bed type reactors.  As a consequence of the redefinition of the work program each of the original activities related to Pu incineration was divided into two parts, dealing with 1st and 2nd generation civil Pu, respectively.

NRG has implemented the reference pebble bed reactor (“HTR-MODUL”) in their PANTHERMIX code system and has performed some initial studies on the OTTO (Once Through Then Out) loading scheme with UO2-fuel (7.8% enriched) and 1st generation (pure) PuO2, with 7 grams per pebble of initial heavy metal mass. It was concluded that in the equilibrium state, after 2000 days of operation, 415 (fresh) pebbles are needed per day to maintain criticality. In this state the max. power density in the core is 11.84 MW/m3, the max. burnup in the core is 77.5 MWd/kg and the max. (fuel) temperature in the core is 1072.5 K.

FZJ has concluded a study on continuous reload pebble bed reactors loaded with a mixture of (1st generation) PuO2 and (U-Th)O2, comparing so-called “high Pu burning” and “low residual Pu” scenarios. It was found that the reduction of the average discharge burnup increases the Pu incineration rate but also increases the fraction of residual Pu. A report on this study has been submitted to the partners for review. A similar study is being conducted for  2nd generation Pu, and a draft report is in preparation.

IKE has modified the ZIRKUS code system in order to accomodate the simulation of annular cores. The consequences of the increase of power under constraint of the maximum fuel temperature was studied for a UO2 loaded reactor with an annular core.

In Task 3.3 a  similar set of activities is performed for hexagonal block type reactors.

CEA has studied the influence on the initial Pu core loading. It was found that the fuel cycle length increases linearly with the initial Pu loading. Also it was found that a optimum with respect to the discharge burnup exists for the fuel fed into the core. Also a further study has been performed on the related General Atomics “Deep Burn Concept”. This concept comprises the use of (Pu/Np) driver fuel, to provide neutrons for transmutation efficiently, and (Am/Cm/TRU) transmutation fuel, to provide non-parasitic burnable “poison” and reactivity control. The study included a number of parameter variations to obtain the optimal amount of driver fuel in the core and the optimum driver coated particle dimensions.

IRI has performed additional studies concerning the use of burnable particles. Following the work done during the first year of the contract, burnup calculations were done for spherical burnable particles and 'hollow' burnable particles (these are spherical graphite kernels coated with a thin layer of burnable poison) mixed in the fuel. The burnable poison consist of B4C highly enriched in B-10, while the fuel pebbles contains 9 gram of uranium 8% enriched in the isotope 235U. The calculations aim at obtaining a flat reactivity-to-time curve for a batch-wise-loaded HTR by varying the radius of the burnable particle and the number of burnable particles per fuel pebble. It turns out that the radius of the optimal burnable particle, this is the particle that gives the flattest reactivity-to-time curve at a predetermined level of the reactivity, should be quite small: about 70 microns for an initial value of the infinite multiplication factor of 1.10. All the results obtained so far were presented at the HTR-2002 conference, April 22-24, Petten, the Netherlands.

The activities on the spectrum transmitter concept by ITU in Task 3.4 have been concluded and reported as Deliverable 3.4.1. Follow-up activities remain to be defined.

Task 3.5 is concerned with peer review of the activities mentioned above and the definition of additional QA requirements.

UNIPI has been studying basic HTR reactor physics, mainly concentrating on the use of Pu in hexagonal block type reactors. Initially, the WIMS-D/5, SCALE, DOORS and MCNP-4B code (systems) have been employed. More recently the monte carlo burnup code system MONTEBURNS has been acquired,  in which the MCNP-4B monte carlo 3-D particle transport code and the ORIGEN nuclide inventory code are interconnected. The initial UNIPI activities have been reported in SINTER document HTR-N-02/04-D-3.5.4.

ANSALDO has provided Quality Assurance guidelines and requirements for the HTR-N Project, mainly focussing on the procedure for the preparation of project documents according to a double context QA system which is based, on a side, on the current certified Q.A. standards which are in force at the Partner organisations and, on the other, on a HTR-N QA Project system which is being constructed through suitable procedures harmonising the consolidated practice available between the Partners. The HTR-N Project QA is foreseen making use of its own forms/formats which will throughout reflect the preparation/reviewing and issuing process by the Partners and the HTR-N Project. Two personalised HTR-N Project basic forms (HTR-N 01/1 and HTR-N 02/1) have been prepared for use as front/cover page and second page for general purpose application in the HTR-N project. Different forms (each linked to and addressing specific activity/procedure in the Project) may be possibly foreseen in the future.

HTR-N1 Work Package 3

HTR-N1 WP3 is an extension of the work performed under the HTR-N contract, mainly aimed at (extended) strategies (optimisation of fuel composition and fuel cycles) for Pu incineration.

In Task 3.1 a plutonium cell burnup benchmark (based on pebble type fuel) has been defined to assess the behaviour at high burnup (typically 800 MWd/kg) of the code systems used  for the analysis of Pu-burning HTR systems. The calculations will be carried out by the partners for both 1st generation and 2nd generation Pu.

Task 3.2 is concerned with the identification of the reference 2nd generation Pu composition and the assessment of its nucleonic features. A 2nd generation Pu composition from reprocessed LWR MOX fuel has been determined by COGEMA, which will be used in further analyses.

In Task  3.3 assessment are being carried out on the Pu fuel cycle of a mixed fleet of LWRs and HTRs. A large number of fuel cycle studies are already available today, on 3 main categories of fuel cycles involving HTRs: (1) High enriched uranium cycle, based on thorium utilisation as a fertile material and HEU as a fissile material, (2) Low enriched uranium cycle, where only LEU is used (from 5% to 12%), and (3) Plutonium cycle based on the utilisation of plutonium only as a fissile material, with (or without) fertile materials. 

It is reasonable to assume that if HTRs are to be deployed on an industrial scale, they will co-exist during a long period of time with already existing LWRs. COGEMA’s contribution investigates the behaviour of a mixed reactor fleet of LWRs producing plutonium, and of HTRs burning it. This study  confirms that a symbiotic reactor fleet involving LWRs and Pu1-burning HTRs would be a very effective way to master the plutonium inventory while providing energy in safe and economical conditions.

A report on this study has been submitted to the partners for review. Also, this work has been presented during the HTR 2002 conference, in Petten, in April 2002. 

