
Benchmark calculation for FBNR 
 
 
1. Before homogenization 
 
According to the FBNR’s design, the data on fuel particles 
and fuel elements are shown in tables 1, 2, and 3, and 
figure 1. 
 
         Table 1. Fuel particle (2 mm diameter). 
 

Material Density 
(g/cm3) 

D. inside 
(cm) 

D. outside 
(cm) 

UO2 10.5 0 0.158 
PYC 

(Porous) 
1 0.158 0.176 

PYC (Dense) 1.8 0.176 0.18 
SiC 3.17 0.18 0.2 

         (UO2 has a fuel enrichment 5%) 
 
Table 2. Fuel element (15 mm diameter) 
 
Material Mass 

(gr) 
Volume 
(cm3) 

Density 
(g/cm3) 

Mass 
fraction 

Volume 
fraction 

UO2 3.378 0.341 10.5 0.501 0.193 
PYC(poro

us) 
0.130 0.130 1 0.0182 0.0737 

PYC 
(dense) 

0.887 0.493 1.8 0.124 0.279 

SiC 2.549 0.804 3.17 0.357 0.455 
Fuel 

element 
7.145 1.768 4.041 1 1 

(60% fuel particles and 40% dense graphite matrix cladded by 
1 mm thick SiC) 
 
 
Table 3. Volume fraction (%) of the materials in a FBNR 
module 
 
 UO2 H2O C Steel Zircal

oy 
SiC Fuel Total



Region
1 

0 95 0 0 5 0 0 100% 

Region
2 

(Fuel 
core) 

11.5
8 

40 21.12 0 0 27.3 60 100% 

Region
3 

0 95 0 5 1 0 0 100% 

 
- Stainless steel with a density of 7.758 g/cm3 is composed 

of 67.84% Fe, 10.86% Ni, 19.22% Cr, 1.88% Mn, and 0.20% 
Si. 

- Zircaloy with a density of 5.874 g/cm3 is composed of 
99.69% Zr, 0.21% Fe, and 0.10% Cr. 

- Region 3 does not include pressure vessel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fuel 
element

Fuel 

Fuel element in 
moderator (Water) 

(60% fuel elements and 
40% water) 

 
 
2. After homogenization 

Figure1. Before 
h i ti

 
The cell is composed of the fuel element and water (60% fuel 
element & 30% water, water at 30oC temperature and 160 bar 
pressure). After homogenization, the cell composition 
includes UO2, PYC, SiC, graphite, and water with the isotope 
concentrations as follows: 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Remark: The isotope concentrations mentioned above are also 
ones for the fuel core. 

Cell 

 Isotopes Concentration, 
nuclei/(b.cm) 

1 U235 1.37204 10-4 

2 U238 2.57396 10-3 

3 C12 3.03116 10-2 

4 Si28 1.29988 10-2 

5 O16 1.49250 10-2 

6 H1 1.90057 10-2 
Figure 2. After 
h i ti

 
 
 
III. results calculated with the HAMMER code. 
 
 
      Table 3. Kinf values calculated with the HAMMER 
code. 
 

 Cell 

diameter, cm 

Kinf 

1 1.7787 1.332717 

2 3.0 1.332716 

3 4.0 1.332713 

4 5.0 1.332711 

 
 
 
 
 
 


	UO2
	H2O
	C
	Steel
	Zircaloy
	SiC
	Fuel
	Total
	Region1
	0
	95
	0
	0
	5
	0
	0
	100%
	Region2
	11.58
	40
	21.12
	0
	0
	27.3
	60
	100%
	Region3
	0
	95
	0
	5
	1
	0
	0
	100%

