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Calculations of 3-D Neutronics for China HCSB
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Abstract; By using three-dimension MCNP code and FENDL2.0 data library, the neutronics calculation
for a HCSB ( Helium Cooling Solid Breeder) TBM ( Test Blanket Module) with 3 x3 sub-modules has
been performed. Under neutron wall loading of 0. 78 MW/m’ and duty factor of 22% , it is given for the
tritium breeding ratio (TBR) of 0.907, total tritium generation rate of 0. 0175 g/d, peak power density

of 9.27 MW/m’ and total power deposit of 0.422 MW/m".
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1 Introduction

ITER jointly developed by 6 parties-China, US,
Japan, South Korea, Russian and EU is coming to be
built in France cause the more and more concern, The
China HCSB TBM is designed as a test module on
ITER for obtaining key data and technical parameters
supporting the development of the future China DEMO
fusion reactor. Neutronics design for China HCSB TBM
is one of the most important designs in TBM design ac-
tivities due to offering the input parameters for analysis
and calculation of other systems such as thermal-hy-
draulics, activation, radioactive safety of environment,

shielding, ventilation and so on'".

China HCSB TBM module!**! is designed as a
module with 3 x 3 sub-modules, which is more fixed
and safe than that in single module but more structural
complex. FW(first wall)is independently cooled. Con-
sidering that the neutron transport calculation is much
important, it is required by ITER council that the re-
sults of neutron transport calculation must be given by

3-D MCNP code'*!. For this modularized TBM, a 3-D
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neutronics -calculation by MCNP code should really
been considered. FENDL2.0 is selected as calculation
library for nuclear data library. Present design for Chi-
na HCSB module is on the phase of conceptual design,
but it will keep deeply and long influence on develop-
ment of China HCSB TBM module in future.

In this paper, 3-D neutronics calculation and
analysis have performed. Results of the neutron fluxes,
peak power density, tritium breeding ratio and produc-

tion rate are given.

2 Characteristics of 3-D Structure

The considering structural features of design for
HCSB TBM module are modularized into 9 sub-mod-
ules with the same design of structures, geometries and
material components. Each module has own relatively
independent cooling system. In general, by means of
magnitudes, the separated and independent helium gas
can be easily allocated out or collected in through a lot

of helium cooling channels and tritium gas channels

‘etc. for all of 9 sub-modules. FW consisting of FW1,
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FW2 and FW3 has its own independent cooling system
beneficial to avoiding too strong neutron irradiation.
The main advantages of modularization design are more
fixed and reliable.

Fig. 1 (a) shows 3-D isometric structure of CH
HCSB module. Fig. 1 (b) shows plain structure.
HCSB TBM box is mounted inside a 20 cm of frame for
a 1/4 of ITER test port with 66.4 cm in toroidal width,
and 44. 5 cm in poloidal height, and 67 cm in radial
depth. There-are two 2 cm of gaps on side faces. A
frame thickness around TBM module is 20 cm. The
size of a breeding sub-module is 19 c¢m (toroidal) x26
cm ( poloidal) x42 cm(radial). 9 sub-modules have

the same structures.
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Fig. 1 Structure of the CH HCSB TBM unit module.

3 Computational Code and Data
Library

MCNP/4C code is used as a main tool for the
neutronics transport calculation. ONEDANT code is

used as the tool of optimization and check calculation.
The results of MCNP are used to offer other system de-
signs as input parameters. FDKR and ADVBISON code
are used in burn-up and activation analysis and calcu-
lation. The nuclear data library, FENDL1.0—2.0
( ENDF/B-VI, JENDL3. 2, JEFF, CENDLE) is

adopted in the calculation.

4 Material and Geometry

Fig. 2 shows compositions and geometries of ma-
terial zones for the calculation model of HCSB TBM.

Li,Si0, pebble bed is used as tritium breeder zone.
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Fig. 2 Compositions and geometries of materials zones for the

calenlation model of HCSB TBM.

The packing factor of Li,Si0, pebble bed is 0. 62.
Be pebble bed is used as neutron multiplication zone.
The packing factor for Be pebble bed is selected as
0.8. The EUFER is selecied as structural materials.
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5 MCNP Model Description

Fig. 3 shows the simplifying process for HCSB
TBM model from bird view. The up part is a simplified
model through symmetry. The final results for general
power and tritium generation are given by multiplying
the MCNP calculation results by 4.

Defining boundary condition is a key issue. 33.2
cm x44.5 cm x 1 em of the rectangle on front of left
plasma facing side of the TBM module is defined as the
space region for producing neutrons. Except the face
jointing TBM module, the other 5 faces of this source
region are all boundaries with complete. reflection. For
the TBM module, 4 side faces of the module are en-
closed by a frame 20 cm of thickness with EUROFER.

1/4 MCNP Model

MCNP Model

Fig. 3 The simplifying process for HCSB TBM module.

6 3-D Results

Factually, for MCNP calculation in this paper, it
is assumed that the incident neutron source is limited
only in area of the plasma facing surface of I1CSM TBM
module and 4 side surfaces of it are enclosed by a
frame functioned as the reflections of side neutrons. It
is a vacuum beyond the frame.

In calculation of neutronics transport, neutron
load of FW is 0. 78 'MW/m’, heat flux of FW is 0.5
MW/m” and duty factor is 22% . Table 1 gives tritium
breeding ratio (TBR) for all the tritium breeder zones.

Table 2 gives tritium generating rate (g/d) at 22%
duty factor for all the tritium breeder zones. Table 3
gives results of the general neutron flux and production

of power.

Table 1 Tritium breeding ratio (TBR) for

different tritium breeding zones

Mod!l Mod2 Mod3 Mod4

Li Si0, 1( x1072) 1.0165 1.7588 1.8510 3.3253

LiySi0, 2( x10°7%) 2.3880 4.2678 4.2298 7.6451
Li,8i0, 3( x10°%) 4.9111 7.0455 7.4660 12.248
1i,8i0, 4( x10-%) 4.8839 7.5633 7.5253 12.560
Total submodule( x10°') 1.3199 2.063 6 2.1072 3.577 8

Total TBR( x10°1) 9.07

Table 2 Tritium generating rate (g/d) for

different tritinm breeding zones

Mod!1 Mod2 Mod3 Mod4

Li,Si0, 1( x107%) 2,23  3.86 406 7.30

Li,,Sio;2( x10-%) 524 9.37  9.28 16.8

Li Si0, 3( x1073) 1.08  1.55 1.64 2,69

Li,5i0, 4( x10°3) 1.07 1.66 1.65 2.76

Subtatal( x 10 ~?) 2.90 4.53 4.62 7.85
Total T breeding rate( x 10 -2y 1.75

Table 3 Results of the general neutron flux

and power production

Names Design Result (MCNP)

Peak Neutron Flux/(n/s * ecm?) 1.97 x 10"

Peak Fast Neutron Flux/(n/s » em?) 1,67 x 10" ( >1 MeV)

Peak Power Density/ (MW/m® ) 9.27
Neutron Incident Power/( MW) 0.46
Total Power Generation/ ( MW) 0,422
Total Power in Be regions/ (MW ) 0.068 3
Total Power in EUROFERs/( MW) 0.101
Total Power in Li,$i0, (s/MW) 0.131
Total Rear shielding/ (MW) 0.105
Grids/ (MW) 0.016 7

7 Summary

The nuclear analysis results for China HCSB TBM
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module are calculated by three-dimensional calcula-
tions of MCNP. FENDI2. 0 data library is adopted.
The main parameter results are; TBR is 0. 907 ; tritium
production rate is 0.017 5 g/d; peak power density is
9.27 MW/m’ under 0.78 MW/m? and 22% duty fac-
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