MCNP5 modeling and calculations of the FBNR unit cell.

Atomic densitiesin the four concentric shells of the fuel particle and in the fuel element in the
unit cell are evaluated from Table 1, asfollows:

UOZ: red
“>y | 1.170835e-3
“BU | 2.22458e-2
©) 4.6833413e-2
PY C-Porous.C: dark blue
C | 5.0146952e-2
PY C-Dense:C: yellow
C  ]9.0264514e-2
SiC: green
S 4.7617754e-2
C 4.7617754e-2
H,0O: light blue
H 4.64989%-2
©) 2.32494e-2
Table 1. Fuel particle (2 mm diameter)
. . d. d.outside
3 3
Material density (g/cm?) inside (cm) (cm) volume (cmd) mass (gr)
uo2 10.5 0 0.158 0.002065237 | 0.021684988
PYC
1 0.158 0.176 0.000789306 | 0.000789306
(porous)
PYC (dense) 1.8 0.176 0.18 0.000199085 | 0.000358353
SiC 3.17 0.18 0.2 0.001135162 | 0.003598464
Average for
microsphere 6.3099629 0.2 0.00418879 0.026431111
MCNP5 calculates the mass densities in gram automatically based on the atom densities.
They coincide well with the Table 1 above.
atom gram neutron
cell mat density density volume mass pieces importance
1 1  7.02501E-02 1.04947E+01 2.06524E-03 2.16740E-02 1 1.000E+00
2 2 5.01470E-02 1.00019E+00 7.89306E-04 7.89454E-04 1 1.000E+00
3 3  9.02645E-02 1.80034E+00 1.99085E-04 3.58420E-04 1 1.000E+00
4 4  9.52355E-02 3.17053E+00 1.13516E-03 3.59907E-03 1 1.000E+00




Criticality calculations are first conducted for the actual parameters the FBNR unit cell:

keff = 1.45673

Fuel zone radiusin the fud element: r =1.3 cm

SIC clad thicknessis 0.1 cm,

Fuel particles are placed kubic-centered. Hence, section at different distance from the origin
yield different figures.

R=1.3cm

(Section at r =0 cm)

C6/PE 06 18-24: 25
Exanple, Input.

probid = (60506 222350
basicz ¥z

O o iYL OO, . O
£ NHNNNE, L NNHNNE, T NN

@0, o 00y
I_&d)




O5SEA06 L1 30047
Example, fnpat.

proebid = OFSENN TX-2E-FD

basis: XY

4 ZMNAND, . (WNWNNE, o NN
0 WNRG, T hWhNE, o OB
erigin:
i LN o, LR 1)
extent = { 0. 43, .43}
value for cel F
i Cell F
A¥E < L. [ LY
LR B0 Restore Ko Eimes
PoxiScrip ¢ ROTATE
TPLOR BCALES EEVIL
xr b5-4 b g
EAEELE LY s EE off
MEODY

elick heve or pricfioe o1 memr

max

owt

Hf

PAR

Flot:




60506 12:28:02
Example, fnput

probid = 06/05/06 12:25: 50
basiz: XY

T I 00000R, 0000000, 0. DN
T 00000, T 000000, 0. DY
origin

Iy &0, & 00, & 00y
extent = ¢ 12, o 22

¥alue for cel F
n Cell F

(L1 N, o N

Position of one fuel particle

Restore Ko LIines

ROTATE

FCALES o

vE

¢lich here or piciore or mem

06/ 05 06 2220 05
Example, fnput.

probid = 6S05S06 223350
bacix: Xy

o NN, 0. (NN, . NN Y
o NNNNNE, X NNNNND, O DNNNNND
origin:

i &, &0, L ]
extent = { (LA (LA 53]

¥alue for cel F
n fell x

o, (LR LN

Restore Ko Eines

RMIATE

FeALES o

f%:4

flick here or pictoe or menuc




(Section at r =0.06 cm)
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(Section at r =0.12 cm)
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Alternative fuel element modeling with smaller fuel zone radial diameter of r =1.1 cm

keff = 1.43045

for SIC clad thickness as 0.2 cm in the fuel element and fuel zone radial diameter of r =1.1 cm

R=1.1cm
(Section at r =0 cm)
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(Section at r =0.06 cm)
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(Section at r =0.12 cm)
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