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Abstract: Thorium-based fuel cycles are suitable ways to produce long term nuclear energy with low radiotoxicity waste, besides having intrinsic resistance to the proliferation of
nuclear weapons material. In this study, fuel cycles based on U-Th and Pu-Th mixtures were evaluated in a hybrid system concept consisting of a pebble-bed very high
temperature reactor and two ADSs of the same type. Several parameters describing the fuel behavior and the minor actinides stockpile were compared for the analyzed
cycles.

Introduction

Materials and Methods

Renewed interest in thorium has recently emerged because of its benefits
as nuclear fuel (3-4 times as abundant as uranium, widely distributed in
the earth crust, easily commercially exploitable, possible better fertile
material than uranium in a thermal neutron spectrum, Th-based fuel cycle
produces less hazardous waste than the U-Pu fuel cycle) [1].
In a previous study, the design of a hybrid system composed by a
graphite-gas pebbled bed very high temperature reactor (VHTR) and two
ADSs of the same type, was conceived in order to analyze U-Th and PuTh fuel cycles with the aim of obtaining a deep burn of the fuel [2].
In the deep burn concept, transmutation of long lived wastes from nuclear
reactors and almost the whole destruction of the materials useful for the
nuclear weapons fabrication is obtained with only once-through
reprocessing cycle [3]. Deep burn transmutation in VHTRs is based on
the use of neutron thermal spectrum to reach a high fuel burnup.
In this work, U-Th and Pu-Th fuel cycles were also analyzed in the same
hybrid system. The cycles were divided into two stages: a first stage
which takes place in the VHTR and the second stage taking place in the
two ADSs with the fuel discharged from the VHTR. In this study,
continuous refuelling was considered in the VHTR in order to extend the
burning time and reach deeper burn of the fuel.

VHTR and 2 ADSs: Fuel elements: 6 cm diameter graphite pebbles containing TRISO
particles. Coolant: gas (helium). Detailed information can be found in [2] and [4].
The studied fuel cycles based on thorium as fertile material were:
Cycle 1: U+Th232. The fissile isotopes that keep the criticality of the system are: U235 (8%
uranium enrichment), U233 (obtained from Th232) and Pu239 (obtained from U238).
Cycle 2: Pu239+Th232. The fissile isotopes are: Pu239 (8% of the fresh fuel) and U233
(obtained from Th232).
Cycle 3: U233+Th232. The fissile isotope is U233 (6% of the fresh fuel and is also obtained
from Th232).
Fuel burnup
Thermal power: VHTR: 200 MW; ADSs: 60 MW
Parameter
Fuel loaded in the
VHTR (kg)
Burning time in the
VHTR (days)*
Burning time in the
ADSs (days)

Cycle 1

Cycle 2

Cycle 3

2211

2211

2211

830

830

830

1240

400

210

*Continuous refuelling (10 time steps of 83 days each)

The calculation methods used are based
on probabilistic computational modeling.
The principal tool for particle transport
and fuel burnup calculations was MCNPX
code, version 2.6e. This version
incorporates new capabilities with respect
to previous versions such as CINDER90
code for fuel burnup calculation. The
available library in XSDIR, ENDF/B VI.2,
was used.

Results
Breeding coefficient

Cycle 1

Cycle

VHTR

VHTR+ADS

1

0.72

0.98

2

0.37

0.47

3

0.68

0.71

Final fissile fuel mass respect
to the initial fissile fuel mass
Cycle

VHTR

VHTR+ADS

1

45%

22%

2

31%

24%

3

38%

34%

Cycle 2

Cycle 3

Mass variation of
Pu isotopes vs.
full power days

Mass variation of fuel isotopes
vs. full power days (Cycle 2)
Mass variation of
MA vs.
full power days

Conclusions
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