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Neutronics and Safety Evaluation of Spent Fuel Direct Reuse in High-Temperature Gas-Cooled Reactor
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Power Distribution Optimized in a Prismatic Type HTGR using MgO-BeO as a Composite
Moderator
*Irwan L. Simanullang', Nozomu Fujimoto!
'Kyushu University

In high-temperature gas-cooled reactors (HTGRs), power distribution plays a prominent role in maintaining fuel
temperature within safety limits under all operation conditions. In a previous study, the composite-based moderator MgO-
BeO was inevstigated as a potential replacement for the graphite moderator in the HTGR. The results showed that a small
prismatic-type HTGR with 50 MWt power could achieve a burnup of 80 GWd/t. This study investigates the power
distribution in the core using non-uniform fuel enrichment while maintaining the burnup target of 80 GWd/t. Moreover,
several burnable poison materials were examined to reduce the high initial reactivity in the core.

Keywords: pristmatic-type HTGR, MgO-BeO moderator, burnup, power distribution, burnable poison materials

1. Introduction

The HTGRs use graphite as a moderator and reflector because it has good heat transfer capability, high heat
capacity, and a low neutron absorption. However, graphite exhibits significant swelling, which is followed by a reduction
in both thermal and strength conductivity under high irradiation condition [1]. In a previous study, a composite-based
moderator, MgO-BeO, was investigated as a new candidate for replacing graphite moderator in HTGR design [2]. The
resutls showed that a high burnup of 80 GWd/t could be achieved using a single uranium enrichment. This study aims to
utilize heterogeneous uranium enrichement in the core to optimize power distribution in the core, and to introduce the
burnable poison material for reducing the initial excess reactivity by maintaing the burnup target of 80 GWd/t.

2. Calculation Method
The small-sized HTR50S developed by the JAEA is  Table 1. Alignment of fuel enrichment in the reactor core.

used as the reactor model for this study [3]. This reactor Fuel column Uranium enrichment (wt%)
consists of three kinds of hexagonal blocks: reflector blocks, (top to bottom) |7ore 1| Zene 2| Zone 3 | Zone 4
control rod blocks, and fuel blocks. The fuel block consists of

33 fuel rods, 3 burnable poison rods, and 1 handling rod in the 1 18 18 20 20
center. In this study, all graphite material except the graphite 2 18 18 20 20
matrix in the fuel compact is replaced by MgO-BeO. The 3 15 15 18 18
MVP3.0/MVPBURN was used to perform the criticality and 4 15 15 18 18
burnup calculations. The JENDL-4.0 was used as a nuclear data

library in this study. First, fuel compositions were optimized at 5 1 L L B
the core level to achieve a burnup target of 80 GWd/t and to 6 15 15 15 15
optimize the power distribution in the reactor core by varying 1.40

the fuel packing fraction up to 50 % in the fuel compact and 135 4 ~+-NO BP

uranium enrichment. Thus, potential burnable poison materials 130 1 ~+-Gd203 (8wt%. r = 1.0cm)

1.25 4

were examined to reduce excess reactivity at the beginning of 0

cycle (BOC). Several burnable poison materials such as B4C,

: FLI15 4
Gdy03, Er03, and CdO were evaluated by varying the 1.10 4
concentration of each burnable poison and the radius of 1.05 -
burnable poison rods. 1.00 ~
0.95 -
. 0.90 . ’ . : ’ . ; ‘ .
3. Results and Conclusmn' ) ) ) 0 10 20 30 40 50 60 70 8 90 100
The fuel composition obtained from the parametric Bumnup (GWd/t)
survey was 17.06 wt% of uranium enrichment with a 45% fuel Fig. 1. Change in kg through the bumup period of the proposed reactor

with and without burnable poisons.

packing fraction. To optimize the power distribution in the core,
the uranium enrichment was varied without changing the fuel packing fraction of 45%. The alignment of fuel enrichment
in the reactor core is given in Table 1. The higher fuel enrichment is located in the upper part of the core. The average
fuel enrichment in the core should be around 17 wt% for maintaining the burnup level of 80 GWd/t. The initial k. was
1.34 when there was no burnable poison materials in the core. The Gd>O3; was selected as the suitable burnable poison
material for this reactor design. The 8 wt% of Gd,O3 with the radius of 1.0 cm was preferred to compress the reactivity
from 25.5 % AK/K to 10.0 % AK/K, while the burnup target of 80 GWd/t could be achieved, as presented in Fig. 1.
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Analysis of Effect of Nuclear Data Library on
Transmutation Characteristics and Criticality in Fluoride Molten Salt Reactor
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Study on Reactivity Control of Accelerator-Driven System by Inserting Void Reactivity
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Study on minimization of burn-up reactivity loss for small PWR with TRISO Fuel Part2
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