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Abstract. Comparative study of the conceptual design of Gas-cooled Fast Reactor (GFR) core
type tall versus pancake based on modified CANDLE-B (MCANDLE-B) burnup strategy has
been done. MCANDLE-B is a burnup strategy that utilizes natural uranium or depleted fuel as
its input cycle. The conceptual design of a reactor core that compared is the tall cylinder and the
pancake cylinder. In this case, the fuel used is U-10%Zr, SS-316 as a cladding material and
helium as a coolant. The total volume of the two reactor cores is the same, namely 15.4 m®,
SRAC 2KG6 software with P1J and CITATION modules is used to carry out simulations. The P1J
module is used for fuel cell calculations and the CITATION module is used for reactor core
calculations. The results of the comparison show that the pancake core allows the reactor core to
use fuel with a volume fraction of 50%: 10%: 40%, for fuel, cladding and coolant respectively.
The design obtained can be operated for 10 years without refueling.

1. Introduction

The Gas-cooled Fast Reactor (GFR) is one of the candidates for a new generation IV nuclear power
reactor that will be used after 2030 [1]. Generation IV nuclear power reactors have advantages than
previous generations, namely: reducing basic costs, higher nuclear safety, reduced nuclear waste, can
burn its nuclear waste itself, and reduction in the risk of making nuclear weapons. Generation IV nuclear
power reactors also offer new applications that are compatible with the more widespread use of nuclear
energy, especially in the production of hydrogen and salinity of seawater [2].

The Modified CANDLE (MCANDLE) burnup concept was first introduced by Prof. Zaki Su'ud [3]
from ITB Indonesia, which is a modification of the CANDLE method (Constant Axial shape of Neutron
flux, nuclide densities, and power profile During Life of Energy production) proposed by Prof. Hiroshi
Sekimoto from the Tokyo Institute of Technology, Japan [4]. In this method allows a Nuclear Power
Plant (NPP) used natural uranium in its input cycle [5-7].

In this paper, presented a comparative study of two different core geometries of the MCANDLE-B
reactor, but with the same volume. The simulation showed that the MCANDLE-B reactor with pancake
cylinder geometry could be utilized fuel material less than others.
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2. Methods

Natural metallic uranium (U-10% Zr) is used as fuel with a characteristic density of 16 g/cc and a melting
point of 1160 °C [8-9]. The cladding material used is Stainless Steel 316, which is most widely applied
for structural materials in the Fast Breeder Reactor (FBR). The cooling material used in this research is
helium. The main parameters of the reactor core design are given in Table 1.

Table 1. Main parameter of design.

Parameter Value/Description
Power 1200 MWt
Fuel material U-10wt%Zr
Cladding material Stainless Steel(SS-316)
Coolant material Helium
Volume fraction 60% :10% : 30%
(Fuel : cladding : coolant) 50% :10% : 40%
Fuel Pin diameter (pin pitch) 1.4 cm
Number of equal volume region in core 10
Core Geometry Cylinder: tall / pancake
Volume of the core 15.4 m3
Radial reflector width 50 cm
Sub cycle length 10 years
Reactor life 100 years

The reactor core is divided into ten regions with the same volume. Each region is filled with fuel
with different content (Figure 1). In the first cycle of burnup, region-1 and region-2 are placed near
region-10, which contains the most active fuel. After the first cycle of burnup, fuel from region-1 is
shifted to region-2, fuel from region-2 shifted to region-3, and soon, then region-1 is replenished with
fresh fuel.
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Figure 1. Burn up strategy: Modified CANDLE type B

The SRAC 2K6 software with PIJ and CITATION modules is used to carry out simulations [10]. The
P1J module is used for fuel cell calculations, and the CITATION module is used for reactor core
calculations.
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3. Results and Discussion

In this section, we show result of simulation of the core namely: the effective multiplication factor and
relative power densities. The effective multiplication factor is a value that identifies the ratio of the
number of neutron populations at time t to the number of neutron populations at time t-1 inside the
reactor core. Figure 2 showed the effective mulplication factor of the core. The black and the red line
indicated for tall geometry and the blue and the green line indicated for pancake geometry.
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Figure 2. Effective multiplication factor

From Figure 2, it can be observed that the effective multiplication factor of pancake core are 50%
and 60% and tall core 60% reached critical condition from BOC (beginning of cycle) until EOC (end of
cycle). These values are meaningful; the cores can operate for ten years without refueling or fuel
shuffling. The others not reached critical, which is have negative reactivity (see Table 2).

Table 2. Reactivity and effective multiplication factor of the core.

Parameter Core type
Tall Pancake
Fuel fraction 60% 50% 60% 50%
keff 1.05130 0.99877 1.09074 1.04532
reactivity (% 4k/k) 4.88 -0.12 8.32 4.34

Figure 3.a and 3.b showed the relative power densities of the core. In these figures, the relative power
densities of the pancake geometry with 50% fuel fraction (blue line) and 60% fuel fraction (green line)
compared with the tall geometry (black line, 50% fuel fraction, and red line, 60% fuel fraction).



4th-Padjadjaran International Physics Symposium 2019 (4th-PIPS-2019) IOP Publishing

Journal of Physics: Conference Series 1568 (2020) 012013  doi:10.1088/1742-6596/1568/1/012013
3.0
— pc-50%
pc-60%
2.5
(/)]
9
% 2.0-
=
o
[m]
g 154
&)
o
)
=
i 1.0 4
[}
a4
0.5 1
0.0 J T : T ! T " T . T ! T v 1
0 10 20 30 40 50 60 70

Axial Distance (Mesh)

Figure 3. (a) Relative power densities of pancake model.
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Figure 3. (b) Relative power densities of tall model

Figure 4 showed the relative power densities of the core of the pancake geometry. The black line,
red line, and blue line are for the beginner of a cycle, middle of cycle, and end of cycle, respectively.
The shape of power is relatively constant. That is the characteristic of the CANDLE reactor. The peak
of the power was shifted in the right direction, which means the burning region shifted to the fresh fuel.
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Figure 4. Relative power densities in axial direction of pancake model.

4. Conclusions

The conceptual GFR core with power 1200 MWt base on MCANDLE-B strategy of burnup has been
simulated. The reactor core geometry: cylinder RZ-tall and cylinder RZ-pancake have compared. The
core pancake geometry showed better performance, this core can be operated along ten years without
refueling; with fraction, 50%, 10% and 40% for fuel, cladding, and coolant respectively.
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