PFPWRR50 (JAPAN)

Unit cell description

A unit cell has three regions such as fuel, cladding, and moderator. In each region, materials of their regions are homogenized. 
Fig.1 Plane view and concept of particle fuel
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Table 1. Geometry
	Geometry
	Hexagonal

	Fuel rod pitch
	34mm

	Fuel diameter
	25.9mm

	Cladding thickness
	1.5mm


Table 2. Operation condition
	Average fuel temperature
	280℃

	Average cladding temperature
	265℃

	Average moderator temperature
	250℃

	Average linear heat rate
	9.1kW/m


1.Fuel : PuO2‐ThO2‐Gd2O3
Table 3. Fuel components
	Material
	Density (g/cm3)
	Volume fraction (vol%)

	PuO2
	11.46 
	20

	ThO2
	10.00 
	

	C
	1.70 
	80


· Four kinds of fuel kernels are prepared for assembly calculation such as F1, F2, F3 and F4 in the table below. The inventory of PuO2 is always constant in a kernel. If fuel includes Gd2O3, only ThO2 is replaced by Gd2O3.
Table 4. Fuel composition

	　
	PuO2 (wt%)
	ThO2 (wt%)
	Gd2O3 (wt%)

	F1
	10
	90
	0

	F2
	10
	89
	1

	F3
	10
	87
	3

	F4
	10
	85
	5


· Th isotope composition : Thorium-232 100%

· Pu isotopic vector is shown in Table 5.
· Isotope composition of gadolinia is that of natural isotope abundance ratio which is shown in Table 6.

Table 5. Plutonium vector
	Isotope
	Weight fraction (wt%)

	Pu-238
	2

	Pu-239
	63

	Pu-240
	19

	Pu-241
	12

	Pu-242
	4

	Total
	100


Table 6. Natural isotope abundance ratio of gadolinia
	Isotope
	Abundance ratio

	Gd-152
	0.2

	Gd-154
	2.1

	Gd-155
	14.8

	Gd-156
	20.5

	Gd-157
	15.7

	Gd-158
	24.8

	Gd-160
	21.9

	Total
	100


2.Cladding : Zircaloy

Table 7.  Cladding components

	Material
	Number density (×1024/cm3)

	Zr
	4.2672E-02

	Fe
	1.5450E-04

	Cr
	9.0126E-05


3.Moderator : Light water
Table 8.  Water parameters

	Temperature
	250℃

	Pressure
	8.6MPa


Assembly description

An assembly has 37 fuel rods. Geometry is hexagonal same as a unit cell. Six kinds of assemblies are prepared for core calculation such as FU, GT, BP-1, BP-2, BP-3 and BP-4 assembly using the fuel above F1, F2, F3 and F4. Details are explained by some figures and a table below. Moderator is light water described above.
Fig.2 Plane view of an assembly
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Table 9.  Water parameters

	Assembly type
	Gadolinia concentration of loaded fuel (wt%)
	Gadolinia rods number in an assembly
	Assembly number in the core (total 85)

	FU
	0
	0
	6

	GT
	5
	6
	27

	BP-1
	1
	18
	30

	BP-2
	3
	18
	3

	BP-3
	3
	12
	9

	BP-4
	5
	18
	10


· Control rod
Geometries of a control rod and guide tube are shown in Fig.3. The material of control rod is mixture of gadolinia and boron which is shown in Table 10.

Fig.3 Plane view of a control rod
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Table 10.  Number density of control rod material
	Isotope
	Number density (cm^-3)

	B-10
	2.55111E+22

	C-12
	7.08642E+21

	Gd-152
	8.96337E+19

	Gd-154
	9.41154E+20

	Gd-155
	6.63289E+21

	Gd-156
	9.18745E+21

	Gd-157
	7.03625E+21

	Gd-158
	1.11146E+22

	Gd-160
	9.81489E+21


· Materials of guide tube and cladding are zircaloy described above.

· Inside of guide tube is filled with light water described above. 
Core description

Core has 85 fuel assemblies. The assemblies prepared above are configured in the core. Thermal power of the core is 50 MW. The core height is 1.8 m. The core is surrounded by 20 cm light water reflector which is same as the light water described above. Average fuel temperature and moderator temperature are 280°C and 250°C in the core, respectively.
(No temperature distribution is taken into account.) 
Fig.4 Plane view of the core
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3.Moderator :  H2O (250℃, 8.6MPa) 
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