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A deterministic discrete ordinates method (Sx method) transport calculation code
for three-dimensional hexagonal geometry has been developed as the MINISTRI code (Ver.
7.0). MINISTRI is based on the triangle-mesh finite difference method, which can perform
neutron transport calculations with high accuracy for cores of fast power reactors and
assemblies of the Russian BFS critical facility.

The present study has derived a proper scheme for remarkably improving the
convergence of MINISTRI by investigating the issue of previous MINISTRI (Ver. 1.1), which
sometimes plays a poor convergence performance in calculations for large-scale power
reactor cores. The verification test of improved MINISTRI has been carried out for various
cores by setting the reference result as the multi-group Monte-Carlo calculation with the
same cross-sections as used in MINISTRI. As a result, it is found that the agreements are
within 0.1% for eigenvalues and within 0.7% for power distributions. Thus, the satisfying
accuracy of MINISTRI has been confirmed.

In order to reduce the calculation time, the initial diffusion calculation scheme and
the parallel processing have been implemented. As a result, the calculation time is reduced
to the approximately one tenth compared with previous MINISTRI.

Furthermore, adoption of the treatment of the anisotropic cell streaming effect,
preparation of the perturbation calculation tool, implementation of the function for
specification of the triangle-mesh-wise material and merging of the hexagonal-mesh
calculation code MINIHEX have been carried out. Thus, the versatility of MINISTRI has
been enhanced.

Keywords: MINISTRI, Transport Calculation, Hexagonal Geometry, Finite Difference,
Discrete Ordinates, Sn, Anisotropic Cell Streaming Effect, Perturbation Calculation
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Fig. 2.1-1  Typical axial angular flux profiles of 24-radial-triangle-mesh within the

hexagonal lattice in the corner of blanket region for the Monju core before the improvement
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Fig. 2.1-3 Mesh vertex flux averaging within a hexagonal lattice
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Fig. 2.1-4 Typical axial angular flux profiles of 24-radial-triangle-mesh within the

hexagonal lattice in the corner of blanket region for the Monju core after the improvement
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Fig. 2.3-2 Difference in subassembly-wise power distribution relative to the reference for
the Monju core (1/2)
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Fig. 2.3-2 Difference in subassembly-wise power distribution relative to the reference for
the Monju core (2/2)
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Fig. 2.3-3 Difference in subassembly-wise power distribution relative to the reference for

the Super-Phenix core with stricter convergence criteria (1/2)
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Fig. 2.3-3 Difference in subassembly-wise power distribution relative to the reference for

the Super-Phenix core with stricter convergence criteria (2/2)
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Table 2.1-1  Convergence performance and fraction of negative outgoing angular fluxes for
the Monju core before the improvement
Calculation condition Convergence and Fraction (%)
R-mesh™ | A-mesh™ S All rods out PCRin
order

5.0cm 2 Good 3E-3 Good 5E-3
5.0cm 4 Good 0.03 Good 0.04

° 25cm 4 Good 0.10 Good 0.10
5.0cm 8 Good 0.04 Good 0.06
5.0cm 2 Good 0 Good 0
5.0cm 4 Bad 0.5 Bad 0.4

24 25cm 4 No 1.5 No 1.5
5.0cm 8 No 0.8 Bad 0.8
5.0cm 2 Good 9E-5 Good 3E-5
5.0cm 4 Good 0.3 Good 0.2

> 25cm 4 No 2.3 No 2.2
5.0cm 8 Bad 1.4 Bad 1.4
5.0cm 2 Good 0 Good 0
5.0cm 4 Good 0.06 Good 0.08

% 25cm 4 No 29 No 29
5.0cm 8 No 1.6 No 1.6

*1 Number of radial meshes per hexagonal lattice
*2 Axial mesh width
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Table 2.1-2 Convergence performance and fraction of negative outgoing angular fluxes for

the Monju core after the improvement

Calculation condition Convergence and Fraction (%)
R-mesh™ | A-mesh™ S All rods out PCRin
order
5.0cm 2 Good 1E-3 Good 2E-3
5.0cm 4 Good 2E-3 Good 3E-3
° 25cm 4 Good 3E-3 Good 3E-3
5.0cm 8 Good 4E-3 Good 5E-3
5.0cm 2 Good 0 Good 0
5.0cm 4 Good 1E-4 Good 6E-5
2 25cm 4 Good 0 Good 2E-6
5.0cm 8 Good 2E-4 Good 2E-4
5.0cm 2 Good 4E-5 Good 0
5.0cm 4 Good 3E-3 Good 3E-3
> 2.5cm 4 Good 3E-3 Good 3E-3
5.0cm 8 Good 3E-3 Good 3E-3
5.0cm 2 Good 0 Good 0
5.0cm 4 Good 8E-5 Good 0
% 25cm 4 Good 0 Good 0
5.0cm 8 Good 3E-4 Good 5E-5

*1 Number of radial meshes per hexagonal lattice
*2 Axial mesh width
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Table 2.3-1
Angular All rods Rods half- _
) Rods in
quadrature set out in

S4 -0.020™ +0.057"" +0.148™
Ss +0.002 +0.018 +0.033
S12 +0.000 +0.006 +0.009
S16 (Ref.) (Ref.) (Ref.)

Angular discretization effects in eigenvalue for the KNK-II core

*1: Relative difference to the reference [% A k/K]
Underlined means exceeding of the target accuracy of 0.1 % A k/k

Table 2.3-2 Angular discretization effects in eigenvalue for the Monju core

Angular CCR half-
All rods out MCR in BCRin
quadrature set in
Sa +0.022™ +0.037"" +0.064"" +0.063™"
Ss +0.002 +0.006 +0.010 +0.009
S12 -0.000 +0.002 +0.003 +0.003
S1e (Ref.) (Ref.) (Ref.) (Ref.)

*1: Relative difference to the reference [% A k/k]

Table 2.3-3 Angular discretization effects in eigenvalue for the Super-Phenix core

Angular MCR half-
All rods out MCR in BCRin
quadrature set in
Sa +0.026™ +0.045™ +0.061"" +0.028™"
Ss +0.004 +0.007 +0.009 +0.004
S12 +0.001 +0.002 +0.002 +0.001
S1e (Ref.) (Ref.) (Ref.) (Ref.)

*1: Relative difference to the reference [% A k/K]
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Angular All rods Rods half- _
) Rods in
quadrature set out in
S4 2.45" 1.96™ 1.54"
Ss 0.30 0.21 0.16
S12 0.06 0.04 0.05
S16 (Ref.) (Ref.) (Ref.)

Table 2.3-4 Angular discretization effects in region- and group-wise flux for the KNK-II core

*1: Maximum relative difference to the reference [%]
Underlined means exceeding of the target accuracy of 0.7 %

Table 2.3-5 Angular discretization effects in subassembly-wise power distribution for the

Moniju core
Angular CCR half-
All rods out _ PCRin BCRin
quadrature set in

Sa 0.12 0.117 0.18 0.26™
Ss 0.03 0.02 0.03 0.04
S12 0.01 0.01 0.01 0.01
S16 (Ref.) (Ref.) (Ref.) (Ref.)

*1: Maximum relative difference to the reference [%]

Table 2.3-6 Angular discretization effects in subassembly-wise power distribution for the

Super-Phenix core

Angular MCR half-
All rods out MCR in BCRin
quadrature set in
Sa 0.13™ 0.16" 0.21™ 0.22"
Ss 0.02 0.02 0.04 0.04
S12 0.00 0.01 0.01 0.01
S1e (Ref.) (Ref.) (Ref.) (Ref.)

*1: Maximum relative difference to the reference [%]
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Table 2.3-7 Calculation criteria and conditions for verification tests

ltem

Criteria and conditions

KNK-II Moniju, Super-Phenix

Angular quadrature set

Ss

Spatial treatment in the

Triangle mesh division

for inner and outer

iterations

within lattice —
radial direction
(6-, 24-, 54-, 96-mesh)
Spatial treatment in the
o Around 5.0 cm
axial direction (Mesh —
or2.5cm
width)
1.0x104
Distribution o

o (Fission source for each —

convergence criteria

mesh)
Eigenvalue

o 1.0x10° —

convergence criteria
Neutron energy groups 4 18

Initial diffusion
calculation and coarse

Acceleration method mesh rebalance method —
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Table 2.3-8 Difference in eigenvalue relative to the reference for the KNK-II core

Radial | Axial
X .| Allrods out | Rods half-in Rods in
mesh™ | mesh™
6 5.0 cm -0.20173 -0.373°3 -0.6857
6 25cm -0.168 -0.319 -0.657
24 5.0cm -0.076 -0.139 -0.205
24 25cm -0.045 -0.086 -0.177
54 5.0 cm -0.058 -0.087 -0.086
54 2.5cm -0.024 -0.034 -0.058
96 5.0 cm -0.042 -0.061 -0.044
96 25cm -0.010 -0.011 -0.013
1.09521 0.98352 0.87989
GMVP (Ref.)
+0.007 +0.008™ +0.008™

*1: Number of radial meshes per lattice

*2: Axial mesh width

*3: Relative difference to the reference [% A k/K]

*4: Eigenvalue and its standard deviation (10) [% AK]

Boldface means achievement of convergence after the improvement
Underlined means exceeding of the target accuracy of 0.1% A k/k
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Table 2.3-9 Maximum difference in region- and group-wise flux relative to the reference for
the KNK-II core

Radial Axial
. X All rods out | Rods half-in Rods in
mesh™ | mesh™
6 5.0cm 5.13% 4.76°3 5.92°3
6 25cm 5.22 4.85 5.78
24 5.0 cm 1.14 1.70 1.86
24 25cm 1.24 1.24 1.72
54 5.0cm 0.80 0.92 0.79
54 2.5cm 0.52 0.44 0.81
96 5.0cm 0.81 0.82 0.93
96 25cm 0.32 0.31 0.37
0.02 0.02 0.02
GMVP
~0.11" ~0.12% ~0.12%

*1: Number of radial meshes per lattice

*2: Axial mesh width

*3: Maximum relative difference to the reference [%]

*4: Standard deviation range of the reference (1 0) [%]

Boldface means achievement of convergence after the improvement
Underlined means exceeding of the target accuracy of 0.7 %
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Table 2.3-10 Calculation time for the KNK-II core

Radial | Axial ) ) Normalized

mesht | mesh2 All rods out | Rods half-in Rods in fime
6 5.0cm 1.0 1.6 1.1 (Ref.)
6 2.5¢cm 2.1 35 2.3 1.1
24 5.0cm 4.1 5.0 4.1 0.9
24 25cm 8.5 12 8.3 1.0
54 5.0cm 10 12 10 1.0
54 25cm 22 31 21 1.1
96 5.0cm 26 20 21 1.2
96 25cm 50 43 47 1.2

Unit: m

*1: Number of radial meshes per lattice
*2: Axial mesh width
*3: Relative average time normalized by number of meshes

Boldface means achievement of convergence after the improvement
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Table 2.3-11 Difference in eigenvalue relative to the reference for the Monju core
Radial | Axial All rods CCR half-
i X MCR in BCRin
mesh™ | mesh™ out in
6 5.0cm -0.05473 -0.0817 -0.132°3 -0.1357
6 2.5cm -0.034 -0.061 -0.114 -0.117
24 5.0cm -0.029 -0.034 -0.039 -0.040
24 2.5cm -0.007 -0.013 -0.021 -0.021
54 5.0cm -0.025 -0.026 -0.020 -0.020
96 5.0cm -0.014 -0.016 -0.009 -0.008
1.03586 0.99581 0.93841 0.95629
GMVP (Ref.)
+0.0044 +0.004™ +0.004™ +0.0044

*1: Number of radial meshes per lattice

*2: Axial mesh width

*3: Relative difference to the reference [% A k/Kk]

*4: Eigenvalue and its standard deviation (10) [% A k]

Boldface means achievement of convergence after the improvement

Underlined means exceeding of the target accuracy of 0.1% A k/k
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reference for the Monju core
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Radial | Axial All rods CCR half- _ _
X X _ PCR in BCRin
mesh™ | mesh™ out in
6 5.0cm 0.2273 0.2473 0.277 04773
6 2.5cm 0.23 0.24 0.27 0.46
24 5.0cm 0.18 0.15 0.18 0.26
24 2.5cm 0.17 0.15 0.19 0.25
54 5.0cm 0.18 0.14 0.21 0.20
96 5.0cm 0.15 0.12 0.22 0.19
0.08 0.09 0.09 0.09
GMVP
~0.13* ~0.13% ~0.13% ~0.13*%

*1: Number of radial meshes per lattice

*2: Axial mesh width

*3: Maximum relative difference to the reference [%]

*4: Standard deviation range of the reference (10) [%]

Boldface means achievement of convergence after the improvement

Table 2.3-13 Calculation time for the Monju core

Radial | Axial All rods CCR half- ) ) Normalized
mesh™ | mesh™ out in MCR in BCRin time™

6 5.0cm 0.4 0.5 0.4 0.4 (Ref.)

6 2.5¢cm 1.0 1.1 0.9 1.0 1.1

24 5.0 cm 2.0 23 1.9 1.9 1.1

24 25cm 4.7 5.4 4.4 4.7 1.3

54 5.0cm 5.3 6.1 4.6 4.7 1.3

96 5.0cm 12 13 9.3 10 1.5
Unit: h

*1: Number of radial meshes per lattice
*2: Axial mesh width
*3: Relative average time normalized by number of meshes

Boldface means achievement of convergence after the improvement
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Table 2.3-14 Difference in eigenvalue relative to the reference for the Super-Phenix core

Radial | Axial All rods MCR half- _ _
X X _ MCR in BCRin
mesh™ | mesh™ out in
6 50cm | -0.0307 -0.103"3 -0.210% -0.039°3
6 2.5cm -0.014 -0.085 -0.198 -0.023
24 5.0cm -0.008 -0.030 -0.041 -0.007
24 2.5cm +0.008 -0.013 -0.029 +0.009
54 5.0cm -0.004 -0.015 -0.008 -0.002
96 5.0cm N/A™ N/A™® N/A™® N/A™®
1.02767 0.97937 0.93408 1.01774
GMVP (Ref.)
+0.002% +0.002 +0.003™* +0.002%

*1: Number of radial meshes per lattice

*2: Axial mesh width

*3: Relative difference to the reference [% A k/Kk]

*4: Eigenvalue and its standard deviation (10) [% A k]

*5: Not Available due to lack of computation memory

Boldface means achievement of convergence after the improvement
Underlined means exceeding of the target accuracy of 0.1% A k/k
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Table 2.3-15 Maximum difference in subassembly-wise power distribution relative to the
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reference for the Super-Phenix core

Radial | Axial All rods MCR half- _ _
X X _ MCR in BCRin
mesh™ | mesh™ out in
6 5.0cm 0.363 0.58 1.06° 0.463
6 2.5cm 0.36 0.57 0.93 0.45
24 5.0cm 0.52 0.44 0.74 0.59
24 2.5cm 0.57 0.42 0.76 0.58
54 5.0cm 0.58 0.48 0.78 0.63
96 5.0cm N/A™® N/A™ N/A™ N/A™
0.09 0.09 0.09 0.09
GMVP
~0.16™ ~0.17% ~0.18™ ~0.17%

*1: Number of radial meshes per lattice

*2: Axial mesh width

*3: Maximum relative difference to the reference [%]

*4: Standard deviation range of the reference (10) [%]

*5: Not Available due to lack of computation memory

Boldface means achievement of convergence after the improvement

Underlined means exceeding of the target accuracy of 0.7 %
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Table 2.3-16 Calculation time for the Super-Phenix core

Radial | Axial All rods MCR half- ) ) Normalized
mesh™ | mesh™ out in MCR in BCRin time™

6 5.0cm 0.8 1.2 0.8 0.8 (Ref.)

6 2.5¢cm 1.8 27 1.6 1.8 1.1

24 5.0 cm 3.7 3.6 3.5 3.7 1.0

24 2.5¢cm 7.3 7.5 6.9 7.4 1.0

54 5.0cm 8.7 8.7 8.6 9.2 1.1

96 5.0cm N/A™ N/A™ N/A™ N/A™ —
Unit: h

*1: Number of radial meshes per lattice

*2: Axial mesh width
*3: Relative average time normalized by number of meshes

*4: Not Available due to lack of computation memory

Boldface means achievement of convergence after the improvement
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Table 2.3-17 Difference in eigenvalue relative to the reference for the Super-Phenix core

with stricter convergence criteria

Radial Axial MCR half-
. .. | All rods out MCR in BCRin
mesh™ | mesh™ in
6 5.0 cm -0.023 -0.0993 -0.208"3 -0.033%
6 2.5¢cm -0.007 -0.081 -0.195 -0.018
24 5.0 cm -0.002 -0.027 -0.040 -0.002
24 2.5cm +0.014 -0.009 -0.027 +0.013
54 5.0 cm -0.001 -0.013 -0.008 +0.002
96 5.0 cm N/A™ N/A™ N/A™ N/A™
1.02767 0.97937 0.93408 1.01774
GMVP (Ref.)
+0.002 +0.002# +0.003™ +0.002

*1: Number of radial meshes per lattice

*2: Axial mesh width

*3: Relative difference to the reference [% A k/K]

*4: Eigenvalue and its standard deviation (10) [% A K]
*5: Not Available due to lack of computation memory

Underlined means exceeding of the target accuracy of 0.1% A k/k
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Table 2.3-18 Maximum relative difference to the reference in subassembly-wise power

distribution for the Super-Phenix core with stricter convergence criteria

Radial | Axial MCR half- _ _
. .. | All rods out ) MCR in BCRin
mesh™ | mesh™ in
6 5.0 cm 0.397 0.63°3 173 0.5473
6 25cm 0.39 0.63 1.1 0.54
24 5.0 cm 0.26 0.32 0.34 0.29
24 25cm 0.27 0.33 0.34 0.29
54 5.0 cm 0.27 0.30 0.31 0.31
96 5.0cm N/A™ N/A™ N/A™ N/A™
0.09 0.09 0.09 0.09
GMVP
~0.16™ ~0.17 ~0.18 ~0.17*

*1: Number of radial meshes per lattice
*2: Axial mesh width

*3: Maximum relative difference to the reference [%]

*4: Standard deviation range of the reference (10) [%]

*5: Not Available due to lack of computation memory

Underlined means exceeding of the target accuracy of 0.7 %

Table 2.3-19 Calculation time for the Super-Phenix core with stricter convergence criteria

Radial | Axial All rods MCR half- ) ) Normalized
mesh™ | mesh™ out in MCR in BCRin time™

6 5.0cm 1.8 2.3 1.6 1.8 (Ref.)

6 25cm 3.9 4.9 34 3.8 1.1

24 5.0cm 75 7.7 74 75 1.0

24 25cm 15 17 16 15 1.1

54 5.0cm 16 17 16 15 1.0

96 5.0cm N/A™ N/A™ N/A™ N/A™ —
Unit: h

*1: Number of radial meshes per lattice
*2: Axial mesh width

*3: Relative average time normalized by number of meshes

*4: Not Available due to lack of computation memory
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Fig. 3.1-1 Core layout of the 750MWe sodium-cooled next generation fast reactor core

with axial blanket or Na plenum
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Fig. 3.3-1 Subroutine structure diagram of MINISTRI and share of the computation time

on the preliminary survey for the 750MWe sodium-cooled next generation fast reactor core
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Fig. 3.3-2 Image of the parallelization on the preparation of threads in the outer-most do
loop
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Fig. 3.3-3 Example of color ordering for the case of six divided hexagonal lattice (Two-

color ordering)
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Fig. 3.3-4 Example of color ordering for the case of no divided hexagonal lattice (Three-
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color ordering)
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Fig. 3.3-5 Speedup factors for the hexagonal mesh and isotropic streaming case for

calculations of the 750MWe sodium-cooled next generation fast reactor core
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Fig. 3.3-6 Speedup factors for the hexagonal mesh and anisotropic streaming case for

calculations of the 750MWe sodium-cooled next generation fast reactor core
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Fig. 3.3-7 Speedup factors for the 6 triangular mesh and isotropic streaming case for

calculations of the 750MWe sodium-cooled next generation fast reactor core
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Fig. 3.3-8 Speedup factors for the 6 triangular mesh and anisotropic streaming case for

calculations of the 750MWe sodium-cooled next generation fast reactor core
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Results of eigenvalue by diffusion and transport calculations without and with

anisotropic streaming treatment for the next generation fast reactor core with Na plenum

Diffusion (CITATION-FBR) Transport (MINISTRI)

State Iso- Aniso- Aniso- Iso- Aniso- Aniso-

tropic tropic tropy tropic tropic tropy
Reference 1.03721 1.03692 | -0.00028 | 1.04060 1.04031 -0.00029
Core void 1.05692 1.05647 | -0.00045 | 1.06070 1.06026 | -0.00045
Plenum void | 1.01792 1.01707 | -0.00085 | 1.02356 1.02273 | -0.00083
Both void 1.03403 1.03279 | -0.00125 | 1.04055 1.03935 | -0.00119

Table 3.1-2 Comparison in calculation time of transport calculations between the

conventional isotropic streaming treatment and the anisotropic streaming treatment for the

next generation fast reactor core with Na plenum

Iso- Aniso-
State Factor
tropic tropic
Reference 1.59E+04 | 1.79E+04 112
Core void 1.67E+04 | 1.83E+04 1.10
Plenum void | 1.83E+04 | 2.02E+04 1.10
Both void 1.81E+04 | 2.19E+04 1.21
Reference
2.20E+04 | 2.67E+04 1.21
(Adjoint)
Unit: s
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Table 3.1-3 Results of eigenvalue by diffusion and transport calculations without and with

anisotropic streaming treatment for the BFS-73-1 core

Diffusion (CITATION-FBR) Transport (MINISTRI)
State Iso- Aniso- Aniso- Iso- Aniso- Aniso-
tropic tropic tropy tropic tropic tropy
Reference 0.98669 | 0.98672 | +0.00003 | 0.99187 | 0.99207 | +0.00020
U-235 0.98671 0.98675 | +0.00003 | 0.99189 | 0.99209 | +0.00020
U-natural 0.98669 | 0.98672 | +0.00003 | 0.99186 | 0.99206 | +0.00020

Enriched-B (1) 0.98668 | 0.98671 | +0.00003 | 0.99186 | 0.99206 | +0.00020

Enriched-B (2) 0.98663 | 0.98666 | +0.00003 | 0.99180 | 0.99201 | +0.00020

Carbon 0.98670 | 0.98673 | +0.00003 | 0.99187 | 0.99207 | +0.00020
Sodium 0.98669 | 0.98672 | +0.00003 | 0.99187 | 0.99207 | +0.00020
Pu-239 0.98676 | 0.98679 | +0.00003 | 0.99193 | 0.99214 | +0.00021
Pu-240 (1) 0.98670 | 0.98673 | +0.00003 | 0.99187 | 0.99208 | +0.00020
Pu-240 (2) 0.98672 | 0.98675 | +0.00003 | 0.99190 | 0.99210 | +0.00020
Pu-241 0.98671 0.98674 | +0.00003 | 0.99188 | 0.99209 | +0.00020
Np-237 0.98669 | 0.98672 | +0.00003 | 0.99186 | 0.99207 | +0.00020
Am-241 0.98669 | 0.98672 | +0.00003 | 0.99186 | 0.99207 | +0.00020

Polyethylene (1) | 0.98672 | 0.98675 | +0.00003 | 0.99190 | 0.99210 | +0.00020

Polyethylene (2) | 0.98675 | 0.98678 | +0.00003 | 0.99192 | 0.99212 | +0.00020

Polyethylene (3) | 0.98677 | 0.98680 | +0.00003 | 0.99194 | 0.99215 | +0.00020
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Table 3.1-4 Comparison in calculation time of transport calculations between the
conventional isotropic streaming treatment and the anisotropic streaming treatment for the
BFS-73-1 core

State Ise- Aniso- Factor
tropic tropic
Reference 4.16E+02 | 4.49E+02 1.08
U-235 414E+02 | 4.50E+02 1.09
U-natural 4 14E+02 | 4.51E+02 1.09
Enriched-B (1) 4 13E+02 | 4.47E+02 1.08
Enriched-B (2) 4 23E+02 | 4.48E+02 1.06
Carbon 4.02E+02 | 4.46E+02 1.11
Sodium 3.87E+02 | 4.48E+02 1.16
Pu-239 4 15E+02 | 4.48E+02 1.08
Pu-240 (1) 4 15E+02 | 4.49E+02 1.08
Pu-240 (2) 4 16E+02 | 4.48E+02 1.08
Pu-241 4 14E+02 | 4.48E+02 1.08
Np-237 4 13E+02 | 4.49E+02 1.09
Am-241 417E+02 | 4.42E+02 1.06
Polyethylene (1) | 4.16E+02 | 4.55E+02 1.09
Polyethylene (2) | 4.25E+02 | 4.48E+02 1.05
Polyethylene (3) | 4.19E+02 | 4.53E+02 1.08
Reference
4 40E+02 | 4.76E+02 1.08
(Adjoint)
Unit: s

Table 3.2-1 Absolute difference of the perturbation calculations to the direct calculations for

the next generation fast reactor core with Na plenum

Diffusion Transport
Void pattern Iso- Aniso- Iso- Aniso-
tropic tropic tropic tropic
Core +0.00 +0.00 +0.00 +0.00
Plenum +0.00 -0.00 -0.01 -0.01
Both +0.00 +0.00 -0.00 -0.01

Unit: %Ak/KK'
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Table 3.2-2 Comparison in non-leakage term of the perturbation calculations between

diffusion and transport calculations for the next generation fast reactor core with Na plenum

Diffusion (CITATION-FBR) Transport (MINISTRI)
Void pattern Iso- Aniso- Aniso- Iso- Aniso- Aniso-
tropic tropic tropy tropic tropic tropy
Core 248 248 -0.00 2.49 2.49 -0.00
Plenum 0.21 0.21 -0.00 0.20 0.20 -0.00
Both 274 273 -0.00 274 274 -0.00

Unit: %Ak/KK'

Table 3.2-3 Comparison in leakage term of the perturbation calculations between diffusion

and transport calculations for the next generation fast reactor core with Na plenum

Diffusion (CITATION-FBR) Transport (MINISTRI)
Void pattern Iso- Aniso- Aniso- Iso- Aniso- Aniso-
tropic tropic tropy tropic tropic tropy
Core -0.68 -0.69 -0.01 -0.66 -0.68 -0.02
Plenum -2.04 -2.09 -0.05 -1.81 -1.86 -0.05
Both -3.03 -3.12 -0.09 -2.75 -2.83 -0.08

Unit: %Ak/kk'

Table 3.2-4 Comparison in total reactivity of the perturbation calculations between diffusion

and transport calculations for the next generation fast reactor core with Na plenum

Diffusion (CITATION-FBR) Transport (MINISTRI)
Void pattern Iso- Aniso- Aniso- Iso- Aniso- Aniso-
tropic tropic tropy tropic tropic tropy
Core 1.80 1.78 -0.01 1.82 1.81 -0.02
Plenum -1.83 -1.88 -0.06 -1.60 -1.65 -0.05
Both -0.30 -0.39 -0.09 0.00 -0.09 -0.09

Unit: %Ak/KK'
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Table 3.2-5 Absolute difference of the perturbation calculations to the direct calculations for
the BFS-73-1 core

Diffusion Transport

Sample Iso- Aniso- Iso- Aniso-
tropic tropic tropic tropic

U-235 +0.03 -0.00 -0.02 -0.01
U-natural +0.00 +0.00 -0.00 +0.04
Enriched-B (1) -0.00 -0.00 -0.00 +0.01
Enriched-B (2) -0.01 -0.01 -0.03 +0.02
Carbon +0.00 +0.01 +0.05 +0.04
Sodium +0.00 +0.01 +0.02 +0.05
Pu-239 -0.00 -0.00 +0.60 +0.22
Pu-240 (1) -0.00 -0.00 -0.00 +0.01
Pu-240 (2) +0.00 +0.01 +0.01 +0.01
Pu-241 -0.01 -0.01 -0.02 -0.02
Np-237 -0.01 -0.01 +0.01 +0.02
Am-241 -0.01 -0.01 -0.00 +0.01
Polyethylene (1) +0.01 +0.02 -0.00 +0.03
Polyethylene (2) +0.01 +0.00 +0.03 +0.00
Polyethylene (3) +0.01 +0.01 +0.06 +0.01

Unit: pcm
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Table 3.2-6 Comparison in non-leakage term of the perturbation calculations between
diffusion and transport calculations for the BFS-73-1 core

Diffusion (CITATION-FBR) Transport (MINISTRI)

Sample Iso- Aniso- Aniso- Iso- Aniso- Aniso-
tropic tropic tropy tropic tropic tropy

U-235 2.24 2.24 -0.00 2.28 2.28 +0.00
U-natural -0.71 -0.71 +0.00 -0.73 -0.74 -0.00
Enriched-B (1) -1.10 -1.10 +0.00 -1.13 -1.13 -0.00
Enriched-B (2) -6.44 -6.44 +0.00 -6.63 -6.64 -0.01
Carbon 0.37 0.37 +0.00 0.34 0.34 +0.00
Sodium 0.00 0.00 +0.00 -0.01 -0.01 +0.00
Pu-239 6.80 6.80 -0.00 6.93 6.93 +0.01
Pu-240 (1) 0.78 0.78 -0.00 0.79 0.79 +0.00
Pu-240 (2) 3.13 3.13 -0.00 3.15 3.16 +0.00
Pu-241 1.53 1.53 -0.00 1.55 1.55 +0.00
Np-237 -0.15 -0.15 -0.00 -0.18 -0.19 -0.00
Am-241 -0.18 -0.18 -0.00 -0.20 -0.21 -0.00
Polyethylene (1) 3.06 3.06 +0.00 3.00 3.00 -0.00
Polyethylene (2) 5.47 5.47 -0.00 5.35 5.35 -0.00
Polyethylene (3) 8.23 8.23 -0.00 8.03 8.03 -0.00

Unit: pcm (10°5Ak/kK')
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Table 3.2-7 Comparison in leakage term of the perturbation calculations between diffusion

and transport calculations for the BFS-73-1 core

Diffusion (CITATION-FBR) Transport (MINISTRI)
Sample Iso- Aniso- Aniso- Iso- Aniso- Aniso-
tropic tropic tropy tropic tropic tropy
U-235 0.02 0.02 +0.00 -0.00 -0.00 +0.00
U-natural 0.11 0.12 +0.00 -0.00 -0.00 +0.00
Enriched-B (1) 0.01 0.01 +0.00 -0.00 -0.00 +0.00
Enriched-B (2) 0.04 0.04 +0.00 -0.00 -0.00 +0.00
Carbon 0.21 0.22 +0.01 -0.00 -0.00 +0.00
Sodium 0.15 0.16 +0.00 -0.00 -0.00 +0.00
Pu-239 0.04 0.04 +0.00 -0.00 -0.00 +0.00
Pu-240 (1) 0.02 0.02 +0.00 -0.00 -0.00 +0.00
Pu-240 (2) 0.06 0.06 +0.00 -0.00 -0.00 +0.00
Pu-241 0.01 0.01 +0.00 -0.00 -0.00 +0.00
Np-237 0.03 0.03 +0.00 -0.00 -0.00 +0.00
Am-241 0.01 0.01 +0.00 -0.00 -0.00 +0.00
Polyethylene (1) 0.07 0.07 +0.00 -0.00 -0.00 +0.00
Polyethylene (2) 0.11 0.11 +0.00 -0.00 -0.00 +0.00
Polyethylene (3) 0.14 0.14 +0.00 -0.00 -0.00 +0.00

Unit: pcm (10°5Ak/kK)
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Table 3.2-8 Comparison in total reactivity of the perturbation calculations between diffusion
and transport calculations for the BFS-73-1 core

Diffusion (CITATION-FBR) Transport (MINISTRI)

Sample Iso- Aniso- Aniso- Iso- Aniso- Aniso-
tropic tropic tropy tropic tropic tropy

U-235 2.27 2.27 +0.00 2.28 2.28 +0.00
U-natural -0.59 -0.59 +0.00 -0.73 -0.74 -0.00
Enriched-B (1) -1.09 -1.09 +0.00 -1.13 -1.13 -0.00
Enriched-B (2) -6.40 -6.39 +0.00 -6.63 -6.64 -0.01
Carbon 0.59 0.59 +0.01 0.33 0.33 +0.00
Sodium 0.15 0.15 +0.00 -0.01 -0.01 +0.00
Pu-239 6.84 6.84 +0.00 6.93 6.93 +0.01
Pu-240 (1) 0.80 0.80 +0.00 0.79 0.79 +0.00
Pu-240 (2) 3.19 3.19 +0.00 3.15 3.16 +0.00
Pu-241 1.54 1.54 +0.00 1.55 1.55 +0.00
Np-237 -0.12 -0.12 +0.00 -0.18 -0.19 -0.00
Am-241 -0.17 -0.17 +0.00 -0.20 -0.21 -0.00
Polyethylene (1) 3.13 3.13 +0.00 3.00 2.99 -0.00
Polyethylene (2) 5.58 5.58 +0.00 5.35 5.35 -0.00
Polyethylene (3) 8.37 8.37 +0.00 8.03 8.03 -0.00

Unit: pcm (10°5Ak/kK')
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Calculation conditions of the investigation on the parallelization for the 750MWe

sodium-cooled next generation fast reactor core

Main evaluation

Main evaluation

(Inner / Outer /

Eigenvalue)

/1.0x10%

ltem Preliminary survey )
(hexagonal mesh) | (triangular mesh)
Neutron energy groups 7 70 70
Sa
Angular quadrature set (total: 36 — —
directions)
. . Isotropic / Isotropic /
Neutron streaming Isotropic ) ) ) .
Anisotropic Anisotropic
Radial meshes per 6 triangular 6 triangular
1 hexagonal mesh
subassembly meshes meshes
Diffusion
Accele- ) SOR Chebyshev SOR
calculation
ration
Transport Coarse mesh Coarse mesh
(Inner) Chebyshev
calculation rebalance rebalance
Diffusion SOR and Flux SOR and Flux
Accele- _ _ Chebyshev _
calculation extrapolation extrapolation
ration
Transport Coarse mesh Coarse mesh
(Quter) Chebyshev
calculation rebalance rebalance
Convergence diagnostic Fission source — —
Convergence criteria
1.0x105/1.0x105
“«— “«—
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ek A MINISTRI OFEITHIEKLDNAT)~=2T )L

(1) e

MINISTRI (Z, —f& D FEHE P T 2 4878 U CERR S vz Tri-Z R £ 7213 Hex-Z 1K
FHARZES ShHkitH a2 — R CTh 5,

B0 N FTRE 7R BE R Gelth & A M T RO B A &4 A LT 5 72 I 22 54D A
ELTWDEDIL, BIFLMEROARFRATGETH D,

Fo, AL T, it/ — FEHE 2 — F NSHEX O 0% AL LTHEY, &
HIEEDO BN LR T D OICBERGFMICET 2 ANIEF I —TELTWD, Tl
WZHERDIRN B 2, 3 TR LICKBIZEDLL A ZBML TS,

Q) FEf1hk
BRI TFLD 2V A7 U7 R E readmetxt WO = L. LT, fiEEHRAE =

D

a) MINISTRI =— RO A7 7 A V&S

#1: VAX—FT7 74 (READ)
#2: VAKX —F 77 AV (WRITE)
#6: AR ORIBERTR (WRITE)
#7 BEBCE TR (WRITE)
#8: A7 v b (READ)
#9: 7 U Ny b (WRITE)
#12 : HBALZOP T REOH N (WRITE)
#14 : BUSALRETO A e IRE O ) (WRITE)
#31 : IO (PR, BAE) o) (WRITE)

ARA NALERSE & U ClE, #12 X 10 A eSO BR B S R SR I C B D 5 A, #14 (348
Bt RICEET 2 REH DT 5 b0 TH S,

b) Variable Dimension M H Y >

MINISTRI T, FtHEEE RO LS 2EF]T — ¥ 1 Variable Dimension(VL T,
VDIUZEVEWHDLNTEY, VD DRE SIIAAL L N—F DT A —=F L TKRD L HIT
BESN TV,

PARAMETER (LIMIT=##tHH, LIMIT2=#HH)
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LIMIT 28 2 FEHESN DK E S %2 LIMIT2 3 2EERSNDORE S 2 ZNZE R L TWD,
TLT, a—=FEETTDHLEHA MVOERIZKLERVD ODRESINFERINDIN, TN
DRE &3 LIMIT £7213 LIMIT2 % EE S & ETAFRIS D, ZOEE. Y —AFD kit
DINT A= F L BEEREL TRELETRLENR DD, 2L, HEVRESRBFEEGZD
L. RO ARAREEEZWZ DBENNHLOT, HEBLETH D,

¢ HURE LSRR OB 0 B

A 7 )v— K7 7 A )L precision.inc ® IMPLICIT X% 2 A > v 7 7 k L2 A 1L E
R, A A RT U N LBRWSEIIBERRE L D, TREROFREIIS T T, DTHRL
72 EH LIMIT % {93 2%,

d)  FESEF RS A D & ¥ 5729 @ JOINT ock By

WEROIFFEF LI DR WGE DR REICHEL X VWK 5T, BHRAT
DWIZIFE etz i s 5 L 512, JOINT @ 3 2OH# 7 /L—F 2 NSHEX,
NSHEXX, NSHMAC #&1E+ %,

72k, EHEFIHARE A BN TH I T2 X ICHBE2ITo 2B, #iil~ U » 7 2D
DAREGEN RS0 | FEFIEFBBE OB OMIE ISR olfed, T —F
NSHEX HCER SN TWDLEH L37T NSz, 7B, ZOREGIIERHANT K
IO ZIX BN 720 DT, EROF R CTIXMEIX R b7z,

BEIENA % Fig. A-1~3 127,

B) ANj~==T/
MINISTRI D A S)~ = 2 T )V Z 8k A DB RITRT,
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(Omitting halfway)

57 L31 = LAST1

58 L32 = L31+NG+NR

59 L33 = L32+NG+NR

60 L34 = L33+NG«NR

61 L35 = L34+NG«NR

62 L36 = L35+NG+NR

63 C Mod by SUGINO 2018/04/18 Start

64 L37 = L36+NGNG* (NR+1)

65 L38 = L37+NG«NR

66 L39 = L38+NG+NR

67 LAST2 = L39+NG

68 C Mod by SUGINO 2018/04/18 End

69 IF (LAST2-1.GT.LIMIT) GO TO 7300

(Omitting halfway)

71 CALL NSHEXX (A(L1), A(2), AL3), A(4), AL5, ALS6),
78 C XABS XNUFIS DAV DPARA  DPERP  XTR

79 C

80 1 A7), AL8), A9, AL10), AL11), A(L12),
81 C XTOT XFIS XSCT XIN XN2N XSCTGJ
82 C

83 2 A(L13), A(L28), A(L29),

84 C XCPLGJ BSQ WORK

85 C

86 3 A(L31), A(L32), A(L33), A(L34), A(L35), A(L36)
87 C TOTAL  ABSOP  SIGNUF TRANS  TN2N SCATKJ
88 C

89 C Mod by SUGINO 2018/04/18 Start

90 4 A(L37), A(L38), A(L39), IRETC)

91 C XPARA  XPERP  XKAI

92 C Mod by SUGINO 2018/04/18 End
(Omitting below)

Fig. A-1 Modification of the subroutine NSHEX in the JOINT code

Remark: Underlined means additional parts
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1 SUBROUTINE NSHEXX (XABS, XNUFIS, DAV, DPARA, DPERP, XTR, XTOT, XFIS, XSCT
2 1 XIN, XN2N, XSCTGJ, XCPLGJ, BSQ, WORK,
3 G Mod by SUGINO 2018/04/18 Start
4 2 TOTAL, ABSOP, SNUFIS, TRANS, FIS, SCATKJ,
5 3 XPARA, XPERP, XKAI, IRETC)
6 C Mod by SUGINO 2018/04/18 End
7C
(Omitting halfway)
60 DIMENSION TOTAL (NG, NR), ABSOP (NG, NR) , SNUF IS (NG, NR) , TRANS (NG, NR)
61 C Mod by SUGINO 2018/04/18 Start
62 DIMENSION FIS (NG, NR), SCATKJ (NG, NG, NR) ,
63 1 XPARA (NG, NR) , XPERP (NG, NR) , XKAT (NG)
64 C Mod by SUGINO 2018/04/18 End
65 C
(Omitting halfway)
78 CALL NSHMAC (XABS, XNUFIS, DAV, DPARA, DPERP, XTR, XTOT, XFIS, XSCT, XIN,
79 1 XN2N, XSCTGJ, XCPLGJ, BSQ, WORK,
80 2 TOTAL (1, NMAT), ABSOP (1, NMAT) , SNUFIS (1, NMAT)
81 3 TRANS (1, NMAT) , FIS (1, NMAT),
82 C Mod by SUGINO 2018/04/18 Start
83 4 SCATKJ (1, 1, NMAT) , XPARA (1, NMAT) , XPERP (1, NMAT) , IRETC)
84 C Mod by SUGINO 2018/04/18 End
85 C

(Omitting halfway)
103 1300 CONTINUE
104 C Mod by SUGINO 2018/04/18 Start

105 CALL MATRIX (XPARA, NG, NR, NG, NR, " XPARA ", NDBG)
106 CALL MATRIX (XPERP, NG, NR, NG, NR, " XPARA ", NDBG)
107 C Mod by SUGINO 2018/04/18 End

108 G

(Omitting halfway)
138 C Mod by SUGINO 2018/04/18 start
139 C WRITE PARARELL DIFFUSION COEFFIGIENT

140 C

141 DO M=1,NR

142 WRITE (NF8, 4100) (XPARA (N, M), XPERP (N, M), N=1, NG)
143 ENDDO

144 C Mod by SUGINO 2018/04/18 End

145 GO TO 9999

(Omitting below)

Fig. A-2 Modification of the subroutine NSHEXS in the JOINT code

Remark: Underlined means additional parts
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1 SUBROUTINE NSHMAC (XABS, XNUFIS, DAV, DPARA, DPERP, XTR, XTOT, XFIS, XSCT
2 1 XIN, XN2N, SCATGJ, SCPLGJ, BSQ, WORK, TOTAL, ABSOP, SIGNUF,

3 G Mod by SUGINO 2018/04/18 Start

4 2 TRANS, FIS, SCATKJ, XPARA, XPERP, IRETC)

5 C Mod by SUGINO 2018/04/18 End
(Omitting halfway)

59 DIMENSION SCATKJ (NG, NG)
60 C Mod by SUGINO 2018/04/18 Start
61 DIMENSION XPARA (NG), XPERP (NG)

62 C Mod by SUGINO 2018/04/18 End
63 C —— 87/01/08 ——— ADDED BY. T. MITSUNARI
(Omitting halfway)

195 cend

196 C Mod by SUGINO 2018/04/18 Start
197 XPARA (1) = DPARA(I)

198 XPERP (I) = DPERP (I)

199 C Mod by SUGINO 2018/04/18 End
200 1080 CONTINUE
(Omitting below)

Fig. A-3 Modification of the subroutine NSHMAC in the JOINT code

Remark: Underlined means additional parts
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MINISTRI AJj~==7 )L
(Ver.7.0)

<JOINT Z W\ %56 D F Card 0 (T2 >
Card 0-1: NSHEX (A5)
NSHEX: #iIX 7 (¢DFE"NSHEX"> A 7))
Card 0-2: INCORE,SLAROM (A6, 4X, A6)
INCORE: (G197 PDS 7 7 1 /b X > N—5 15
(PDS 7 7 /- FORMAT #5/&)
SLAROM: Wizt Fnk = — F4# (€D F E"SLAROM" > A 7))
Card 0-3: ITOT (I5)
ITOT: Xt D472 3 >~
1, 2 - - Jt=Xtransport
0- -« - Xt=Xtotal
o« Xt=1/3Dav
- < Jt=1/3D_/
- Xt=1/3D /)
- < 2t=2/3(D /) +DL)
- 2t=1/2D /) +D_L)
- 2t=1/(D J+2D_L)

S Sy R W by M

KJOINT R DOA T /E NSHEX & Healie DT, = — 5 /3 NSHEX TR,

MAMBEMEE Iz F EoRAUC T FERINS,
Zs,g—>g = zt,g _za,g o z Zs,g—>g’

g'#g

Card 1: ISTART (112)
ISTART: HEA T g
0+ « » + URZ— (77 ANH#1 BB
1 - - - FlEE

Card 2: NLAY, NGMX, MAPMX, NSN (4112)
NLAY: #&5mA v v a4k (FLEEk)
NGMX: = /L ¥ —fEH
MAPMX: fEik (=7 VU 7)) ¥
NSN: Sn %% (2~16 DR

Card 3: IDUMP, IBR, NTMX, IVERTX (4112)
IDUMP: HiE R AERE TR E X 75,
#12 L#14 DERT Fig. A4 23Rz L)

0+ + + - YES (&bt D f RO H#12 ~HF)
1« +« « +NO
2 e o o o YES

(B 1% D TP PEA R A #12 ~ LT O A E iR 2#14 ~, =2t )
IBR: # 3 —
NTMX: SAKFYU7-0RFHA Y23 (1. 6. 24, 54, 96 DWVT D)
IVERTX: A v v = TEA PR O EE GaE 0)
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Card 4: KMX, KCM, IBT, IBB (4112)
KMX: @il jmaA v 28
KCM: #J5 ek (A v =) #
IBT/IBB: % X —/# X —

Card 5: IOP1, IOP2, IANISOD, IRFLXP1 (4112)
IOP1: it EP‘@%%ZE) DUMITHRPPETF IR A L R o e B OEE (EF 2)

<0+ -+ MEEATHAL

0« -+ - FPoky b

(81 & 72 > T MR T3 5 WA T R AL 1 IcE v b 5,)

Lo - - Pty &P BT A

(81 & 72 > P2l HUPPE T 500 5 TR E T8 A2 ¥ 1 ice v b LCTpET
Sk FEET 5,

2+ e Ry | & T T AL O T SRR

(B & Ro e ] D 5 WITTEA T REE 2 vy b LR F T
WEHAEL, TIC, AL 2o T ittt R & AL > -7
A SRR O TE i - R & a9 5, )
5+ « « « Step ¥l & 3 H
(A yva s Rety 9 5,)
I0P2: NI IEIZRIT DINEEOEA OFE (@ 2)
O« « « «72L
(CRTEA AR 1 o o T PRt R Rk kg s (SOR 1))
1+« +HY (Fxvo = 7INEEE)
(CRTEA FR 7 S o R PR R ) [RTARR)
2« +HY HAYT2UNRTURAIR)
(RJEA AR 7 S T T PR 1 SOR 1)
a0 N A
(CREA AR 7 o R A o sk 6 72 L)
TIANISOD: %5 A F U — 3 U 74 RE 0 0 E &

O... fJ:L/

1- b (B BE T MPLEARE. BT AT MR ERE)

2 - &U( ROTm L AT MR A, T EEELS LSRR ED)

ﬁu% - - MR (REELDS IR
IRFLXP1: % ﬁxF)*:/?%%Wﬁ“ﬁ®Pl$%%%@ﬂﬁﬂﬁ* &~ D IR
FA 7y a

0. - « « MM

1+« il (=RAF—HEIC 1 REEESY)

2+ - - ] OMUREREEIC 1 FEREESY)

Card 6: IOP3, IOP4, IOP5, IOP6, Integer*6 (TRZ M) , IOP7 (4112, 613, 16)
mﬁyﬂwﬁ% BT MEEOEHAOEE (EEF 2)

0+« -« 7L
(@%*i%ﬁ%m%#ﬁﬁ%iSOR&&¢%%K%ﬁ&@ﬁAﬁ)
1- bV (Fzbvr=7h#E) XKIOP2 % 2 LISMIFE
(@%#ﬁ%%%i%%ﬁ%ﬁ%ﬁ%)
2+ B (HA Y2 U NRNT U RE) KIOP2 % 1 LISMIRE
(R T - SR e 8 P BRI 01E SOR 1 & HhE - HAMETE OEAE)
a0 SRR AP
(BT R 7 e e PR BGH R o ndE S 72 L)
XT0 B A S O = 2L X —HEN L WA OREEF 1 R EHREIZHE W TIOP2 12
2 ZRE LTI%E. KW3¢2%?E#5& #ﬁﬂ IR L72WEENEL Abh
%, $E-T, IOP2 1 2 ZHELT-HAIXIOP3 12 0 Z48ET 5 Z LR SN
éo
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I0P4: AMAISAE DPCRCHELZ I 2 B B O FEE

1----%A¢$ﬁ&“ﬂ¢ﬁ%ﬁ

0+ » » « HEFIR

1+« -« SO RFPHETIR

2 %Eﬁﬁ¢$%ﬁ(&muzfaw§¢ )
IO%Z%%%~%®?

0----¢@%ﬁ%§

1+ -« REfEH T REHR

2+ o - BEPEPRMETAHGEHE (EAMEEE)
I0P6: % X —

(1001 & H\ME 1002 7 5 2 7= 55121%, #ITHIIC Card 13-1 (1281 DIAFEE
DEFRZAHEE LTW5, Fig. Ab 22Dz L))
NSTA_OUTACC: 4Mi% Blttd 2 SMl s A5 [R5k
MXODR_OUTACC: #MERtZE— 2 > k%K
INOFF_OUTACC: EKE— A v h~DOAEEHOE I+ 9
(FBEORTEIO AR EEE .S INOFF_OUTACC LA T D4, FORE~DSMFE
a7 5,)
IOP_RECAL_FISSEIGEN: 4Mifit% o Hik - &k ONE A EFEFHEA 7> a2 v
O« « « » ijL/
1 ¢ « g;)p
IOP_CHEB1:+ - - -« 1IZE%E
IOP_CHEB2: + - - - 1 |ZR&&
IOP7: & BRERGELWrImfE DML 7> 3 >

|

!

|

H

0L, .« =BV

(HEEEGE LTI 2 B rict v b L, BEEBGLWIEE O A Dy %2 A O EAE A4
CRNWE e Rf T —FEEO/NS W T HEELWIEAE D HNERIE U T <, FEA
1X34B) 2B L)

Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5)
CONCR: ZMHISAE FME 7 AU R S GBS 1.0E-4)
CONCR2: #' 3 —
CONCRI: PHIECHE H - AU A G4 (i@ CONCR & [H L)
CONCRE: [HEHfE (FE2hHE3R) DORSME (@5 1.0E-5)
FACT: kb E$k
>0+ ¢+ - v Xfp DZER - TR —EFHEIC X B L
<0- -+ + Xf¢p DZER - =RV —HFHEIC LY HEL

Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN, ACUT, CONDIF (2112, 3F12.5, E12.5)
ITINMX: & KPR A [R5
ITOUTMX: fe KRAMA A [R5k
TIMOUT: 5l FREFRT [47]
EIGEN: [EAfE (2365 wiifE GE% 1.0)
ACUT: #3—
CONDIF: L o k- A s S
(W P - AR AR HEE YRR E OSMAI B I8 1T B HiE RIS TH 0 |
% 1.0E-3 3 f, 0.0 LA FOSGEIFMWIILEGEHRE 2 L,)

Card 9: THK(KC), KC=1, KCM) (2413)
THK(KC): 7 sk KC D7 A » > =8k (FEA 5 EH~0lA)

Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5)

ZC(KC): il )7 1 Sk B R O AR [em] (FE> & EEI~DIIH)
(il 5 ek KC 1% ZC(KC) SZ=ZCKCHDITAFHET H Z &2 5,)
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Card 11: HP (E12.5)
HP: &hm Ay v afilg (EEARESIE >~ T) [em]

Card 12 AIMJ(MP), MP=1, MAPMX) (2413) (IOP4=2 O5H& D Ix A7)
IMJ(MP): 78 MP O HCHIE 7 5 7
0 « «  FIERG
1 - - - HEIERSR

Card 13: MAP(N, KC) (Free Format)
MAP(N, KC): ik (v7 V7V, ~v ) &=
(7 fEEk (PLANE) I o EEA~DIAIZ G 2, £z KCM [alf# v ik
¥, Fig. A-6,A-7T %S L)
1~MAPMX: #H DO~ v I &5
0 F721XT(MAPMX+1) LA F: BRIV K
(0 25V MAPMX LYt KEVWMEEA G X551, & OMFBIE R AR
(Black absorber) Lt EEFRI115,)
<0: {5 ste DTN~ v 7&K
ADEEHEZ2DZ LIk, BTN~y TDOASTHD Card 13-1 % H T
TR T DK S AA Y a DEBE S ERRET A ENAREE D, AD
B 5 2 1256 OZF OMHEN S A& AL O N~ v 7ONEEICHEY T 5,)

XJOINT Z W 25813 80 FILIN TANT 2 ME R H 5,

Card 13-1: MAPT(NT),NT=1,NTMX) (Free Format)
MAPT(NT): 1N~ 728 2% HkE 5
OSARFHA TH 25, Card 13 ® MAP(N, KOIZB W T, W1 -oThH
B DOEEF NG 2 ST HEIT, 5 OHERHE O e RAL D A5 7210 4 0 574,
Fig. A-8 IZR"T A » ¥ =2 FHME (005 KEFFHEI D 284 ZuIR) 1SS 5%
BET D, Fig. A5 bROZ L))

<JOINT %z 726 >
Card 14: XABS(NG, NR), XFIS(NG, NR), XSGF(NG, NR), XTRA(NG, NR),

(XSCT(NG, NN, NR), NN=1, NGMX) (6E12.5)

XABS(NG, NR): #f NR, = /L% —#E NG ORI Y a

XFIS(NG, NR): fH} NR, =x/L%—FE NG OERMrimfgy Xf

XSGF(NG, NR): sk NR, = R/LF —H#E NG O &KW 2 f

XTRANNG, NR): 5 NR, =/ F—F NG ORWHfE St

XSCT(NG, NN, NR): fHisk NR, —x/L¥—#E NG>NN OHELErfifE X s(ng—nn)

(ZH%& NGMX Bl vk L, #(Z MAPMX BV %9, )

HKEHBEELEE T — PR TR LV FERE SN D,
Zs,g—>g = zt,g _za,g o Z 2s,g—>g'

g'#g

Card 15: (CHIING), NG=1, NGMX) (6E12.5)
CHING): BpEdA~s7 hL
(=R F—HE NG ~OSZU X AP EES, =— FNTEED 1.0 12
7B X ol HsIibEND,)

- JANISOD 8 1 £721% 2 DA DI

Card 16: (ADCON(1,NG,NR), ADCON(2,NG,NR), NG=1, NGMX) (6E12.5)
ADCON(1,NG,NR): T E J5 [ O JEHAREL
ADCON(2,NG,NR): 175 [0 DYEEAREL
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(ZHa MAPMX [El#: D ik, )

<JOINT Z#HW\ 5556 >
Card 14-1: XS@ (A4)
XS@: HIHIXF (FDEEF"XS@ "2 A T))
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6)
MEMBERI: Wit PDS 7 7 1 /LD X > N—5%
SLAROM: Kiaita Bk =— F% (€D F E"SLAROM"> A 7))
(Cardi14-2 2 MAPMX [Gj#: 1) &7, )

Card 15: MEMBERZ2, SLAROM (A6, 4X, A6)
MEMBER2: 1B/ SERFX N2 p g & deliiife PDS 7 74 /b X 23—
5 (BEHFIX N2 LT 1 FEE OB I5E TE)
SLAROM: WrizifglFik =— F% (ZDE F"SLAROM"> A 7))

« TANISOD 28 1 £7-1% 2 OBE DA

<MINISTRI H D IEEEF YL EGE A A F %ty L 72 JOINT % 3 FH >
Card 16: (AT 22)
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WRITE(I01) IDUMP, NLAY, NCHK, NTMX, KMX, NGMX, MAPMX, KCM, KCBM, 10P5

WRITE (101) EIGEN, HP

WRITE (101) (DELZ(KC), KC=1, KCM)

WRITE (101) (IDK(K), K=1, KMX)

WRITE(101) (IHK(KC), KC=1, KCM)

WRITE (101) (ZC(KCB), KCB=1, KCBM)

DO 100 KC=1, KCM

WRITE(101) ((MAPXS(NT, N, KC), NT=1, NTMX) , N=1, NCHK)
100 CONTINUE

DO 110 NG=1, NGMX

DO 110 K=1, KMX

WRITE (101) ((SCLFL (NT, N, K, NG), NT=1, NTMX) , N=1, NCHK)
110 CONTINUE

Fluxes and materials #12)

DO NG=1, NGMX (BEfFHEFREEDIZEEL"D0 NG=NGMX, 1, -17)

WRITE (103) (CCCCAGMNT (NT, N, K, M, IS), NT=1, NTMX) , N=1, NCHK) , K=1, KMX),
& M=1, MM), IS=1, NDOD)

ENDDO

WRITE (103) EIGEN, (XMU (M), M=1, MM), (UMU (M), M=1, MM),
& (VMU (M), M=1, MM), (XCT (M), M=1, MM), (WGT (M), M=1, MM)

DO KC=1, KCM

WRITE (103) ((MAPXS(NT, N, KC), NT=1, NTMX) , N=1, NCHK)
ENDDO

Angular fluxes and materials #14)

Fig. A-4 Output formating of the flules #12) and angular fluxes #14)

,81,



JAEA-Data/Code 2019-011

123 45 6 7 8 91011 1213141516 17 18 19 20 21 22 23 24

When IOP6 set to other than 1001 and 1002

13 12
15 14 1110
16 3 2 9
17 4 1 8
18 5 6 1
1920 23 24
21 22

When IOP6 set to 1001
16 15 14 13 12
1817 4 3 21110
1920 5 6 1 8 9

2122 23 24 1

When IOP6 set to 1002

Fig. A-5 Ordering of the materials in intra-lattice map (Example when NTMX=24)

Remark: Numbers in these figurse correspond to the mesh numbers in Fig. A-8 (24

meshes per HL)
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Fig. A-6 Hexagonal latice addressing of MINISTRI

0 0 0 32 33 34 35
0 031 1o 17 18 36
030 15 6 7 19 37
29 14 o 1 2 8 20
2813 4 3 921 O
27 12 11 10 22 0 O
20 20 24 23 0 0O O

Fig. A-7 Relationship between the mesh addressing and the map input format of
MINISTRI
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(6 meshes per HL) (24 meshes per HL) (54 meshes per HL)

64
63(62
30 61
@ 60
28 @:
@ 58
26 @
56

7\
»

\'
)]

AVAVA

25
% 54 55
é 95|96
94

(96 meshes per HL)

Fig. A-8 Mesh numberings of MINISTRI within a hexagonal lattice

*HL: Hexagonal Lattice
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FLIEEEER S 14 ICAET TR EEAEE AETEFROER LAy avry T2 T
5,

MINISTRI-PERT TiILL FOFEEEEOE Y LT L35,

#1 : MINISTRI ® A7)

#6 : BETEH )

#11 : MINISTRI OFEEAEFPEF R E A > o~y 7TEOH T (FEEHT
#12 : MINISTRI O IERAEFHEFIRE X v oo~y FEOHT) (EE)E)

ZIZT,H#L B L T, RAK TN~ v T AT OBHRIAFIIIF G S TWRNWD T,
MINISTRI-PERT % 3479 2B ITANAK TN~ v THHET HHER D D, BRZN D |
NAKE TN~ » 7 ERRE B IRICIE, #11 E#12 TOFHHRARIZL Y 5L LT D,

F7o. #1 & L CEIREAINCIE MINISTRI O A& 525 2 L2758, JOINT 41 L
ThHZHZLHAMRETH D,

B.2 MINISTRI » ik

MINISTRI % MINISTRI-PERT (Z#fi S & 512V, MINISTRI O %7 v—F >
OUTER (Z31F D A T — AR B TPt 7 R E D ) O R 21T - 7,

BARMIZIZ, MINISTRI O#13 O A 71 T —HFHEA RO HINIMATIIRNZ Lnb,
DT DITEDOH I EEL Z L L LT,

F72, #14 [T IDUMP & LT 2 2487E L2 HAICIE, AEPME 7R & EAMHE L s
REMETHEFROBELNH N INTWEN, BIZ, Ay va~vyPE2hsEs2se L
77

MAT, #2 L LT, VAZ— T 7A b ESEHT L& LT, ZRUTED ., R
BEERDAMEPEFRERF LR LS, VAZ =7 7 A V2 RAFELTRITIE, U AX
— FEHRICEVESCITAEPEFRBGEOND LD IT L,
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B.3 MINISTRI-PERT 31T LD E AL

AR L7= & 912, MINISTRI-PERT T, v v 7 & SO L 0 EE O AL HE L
TWb, - T, vy 7 FES5OREE LT 2WHEfEOTEE X, PERKY X SNPERT TH/
R THOTHENRARRERDGENH DL I LIHEENLETH D,

2JF.0 Na AR A OGO % 612 MINISTRI-PERT TORE k%<7,

Table B.3-1 & O\ Table B.3-2 i3 H O~ v 7 HSIEE & UKL T D WrimfE D
HFHOIRE D RATH 5, WHYFLAER & SMAFE.OEIRCIE, BEATIZI VT MAP & 5703
1 L2 s, BEZECIRENZI 13 LN 14 122{b LTk v, BEifEEk & FmI 5,
Z LT, MAP #7501 kO 2 BHEAERRET, 13 XU 14 28 Na A4 NMERETH 5720,
HpE - ARO O A L IS B 5 2 b b 2 & L e D,

Table B.3-3 & 0" Table B.3-4 i PERKY <° SNPERT T Ui LIZHW SN DREHET
& 57, MINISTRI-PERT Tix, fB#hFitk T MAP {5 OEN Vo<, EE#iRLER
kA, BEGRHEII T (BERELTErEHD),

%72, Table B.3-5 XU Table B.3-6 [T —KBEHDO~ v 7T SIEE & LUK T 5 W
OO EDRAATH D, ZOHE, #1 AJ1E LTiE, BEiEO b OER#Y) T,
FEEFTO L DIZRE S LD,

(2, MINISTRI O #t5HIZA T, MINISTRI-PERT Tt HREE & 5 EHE O Y
BRIEATOVENH D, 72721, MINISTRI O& LA TR -TEBY, /{7 V—F7
7 A JV precision.inc @ 1 {TH® IMPLICIT XD F %A b7 v N LTSA TR
B, 21THO IMPLICIT XD F%a A b7 U kN LEESAIIMGEEFR 0D, 7ok, 21T
H o IMPLICIT SCITHURSEERHE IR O SOGE B FHEDE MK H 2B IE T 272 DWLE Th 5,
% LT, MINISTRI O & & RERICENZENOFHEIZIS LT, ALV —F D
PARAMETER L CTHE SN TWAHEE MAXR i3 %,

_86_



JAEA-Data/Code 2019-011

Table B.3-1 Example of the region number specification for exact perturbation calculation

of whole core sodium void reactivity - Good example -

Region name Map number
Reference | Perturbed
Inner core 1 13
Outer core 2 14
Na plenum 3 3
Lower axial blanket 4 4
Radial blanket 5 5
Upper reflector 6 6
Lower reflector 7 7
Radial reflector 8 8
Na follower 9 9
Coarse control rod 10 10
Fine control rod 11 11
Back-up control rod 12 12

Table B.3-2 Example of the region specification for exact perturbation calculation of whole

core sodium void reactivity - Good example -

Map number Region name (State)

Inner core (Reference)

Outer core (Reference)

Na plenum

Lower axial blanket
Radial blanket

Upper reflector

Lower reflector

Radial reflector

Ol IN|olga|dh| W IN|—~

Na follower

Coarse control rod

—_
o

Fine control rod

-
—_—

—_
N

Back-up control rod

—_
w

Inner core (Na voided)

—_
SN

Outer core (Na voided)
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Table B.3-3 Example of the region number specification for exact perturbation calculation

of whole core sodium void reactivity - Bad example -

Region name Map number

Inner core 1

Outer core

Na plenum

Lower axial blanket
Radial blanket

Upper reflector

Lower reflector

Radial reflector

Ol (N[O~ |W|IN

Na follower

N
o

Coarse control rod

—_—
-_—

Fine control rod

N
N

Back-up control rod

Table B.3-4 Example of the region specification for exact perturbation calculation of whole

core sodium void reactivity - Bad example -

Map number Region name (State)
Reference Perturbed
1 Inner core (Reference) Inner core (Na voided)
2 Outer core (Reference) | Outer core (Na voided)
3 Na plenum Na plenum
4 Lower axial blanket Lower axial blanket
5 Radial blanket Radial blanket
6 Upper reflector Upper reflector
7 Lower reflector Lower reflector
8 Radial reflector Radial reflector
9 Na follower Na follower
10 Coarse control rod Coarse control rod
11 Fine control rod Fine control rod
12 Back-up control rod Back-up control rod
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Table B.3-5 Example of the region number specification for first order perturbation
calculation of whole core sodium void reactivity - Good example -
Region name Map number
Reference | Perturbed

Inner core 1 13

Outer core 2 14

Na plenum 3 3

Lower axial blanket 4 4

Radial blanket 5 5

Upper reflector 6 6

Lower reflector 7 7

Radial reflector 8 8

Na follower 9 9

Coarse control rod 10 10

Fine control rod 11 11

Back-up control rod 12 12

Table B.3-6 Example of the region specification for first order perturbation calculation of

whole core sodium void reactivity - Good example -

Region name (State)
Map number

Reference Perturbed
1 Inner core (Reference) (Dummy)
2 Outer core (Reference) (Dummy)
3 Na plenum Na plenum
4 Lower axial blanket Lower axial blanket
5 Radial blanket Radial blanket
6 Upper reflector Upper reflector
7 Lower reflector Lower reflector
8 Radial reflector Radial reflector
9 Na follower Na follower
10 Coarse control rod Coarse control rod
11 Fine control rod Fine control rod
12 Back-up control rod Back-up control rod
13 Inner core (Na voided) Inner core (Reference)
14 Outer core (Na voided) Outer core (Reference)
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4k C  AHSLER LI MINISTRI 0 %477 1%

C.1 ETK5ik
1) A

src 74 L7 R DOFICH D Makefile 7 7 A L ERE LT, BT D351 T&2FE
L. v A VEEETH,

7ok, A TIL, Intel Fortran =2 /34 7 & % X GNU Fortran = 2731 7 Z H\»
Tay A VE{ToT,

*¢Intel Fortran =1 /31 T @ B &8 FIALEVEEEIZ DU T

Intel Fortran =1 > /34 Z1%, 2234 Ll FILER L L C H RIEO W DO v —7 %
HE) TR L CROTH L, WHE LT 282 A L T\ 5, ZOREZHENT 255813,
parallel &7 a V&A% T 5, openmp A7 T a L EILICERETH L AL TR
AE—RT v I b, BT, 30~40%DatEEEOm B R Sk,

@ AWHIA Ly FRORE

B LI VEFI A Loy N RRET 5720 OB E R R RET 5, = OREER A RE
I FNLER AR MINISTRI #2735 &, V—27 A7 —ary ETHEHL TWRNA
Ly RETRE-> THENREF SN 720, EESLETHD,

BB RLCRLIEE DI, R Ly K470 OS5 B B BLAH & 1%, W3]
ALy FERA AN (= FF 2 MEX S A ORIKICRET D = & 8% L
U,

(B v = VERIEDLGE)
export OMP_NUM_THREAD S=#HHHt
ATHMEIE, B2 IXE5E 6 &3 2856 Tl B O o x"e" L 35,

(C v = VEREDOLA)
setenv OMP_NUM_THREADS ##H#

ANFEEFZB Y =LA LRETH S,

B B— FREY2—LDFE[T
= REY2a—LVOETHEX ArYFra—REFRLTHD,

C.2 EEFHHE
(1) A% v 7% A4 RZHT A EEE
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FHT DAL v 7P A X (FALy RTHWOHILD AE Y RE) N0 TROEAITIE,
Segmentation Fault Z {2 = L, #ENBEH TEILT 5, TOHEITIE AX v 7 A4 X (5
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limit

QAL 7Y A X EREDORE
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(B v = VERBEEDLE)
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(B > = VEREE DS
export OMP_STACKSIZE=##t
AJEIE, #121F 16MByte D84 TIiX"16M" &3 %,

(CyrzEEEOYEES
setenv OMP_STACKSIZE ##Ht
AN FEZB =2 VOBALREETH D,

(2) RNy A v 2 (RRICBT 2 HIHEBEHE CTHY #25 EIREAEE DR E
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Fig. D-1 Parameters used in the basic formula of MINISTRI
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Fig. D-2 Definition of directional cosines for hexagonal lattice
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=[Leakage] ZVZ&Z,rgl¢g,¢gl

—[Leakage ZVzézagl¢gt¢gl_sz¢gl¢gtz fg—>gl.

=[Leakage] [Absorptlon] [Scatterzngl]

(E.1-9)

yywc‘
— — N

[ Absorption) : {585y D WRILIE

[Scatteringl] : 85y T OWILIED

- A0 31
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ZVZZ[Wgt Z ?g%gl¢g i _l//gl Zzs,g%g',ﬁ;’,ijwm

i g m g

_ZVZ[%zzzfg%gt ¢glzzsgﬂgl gtj

= Z Vi Z[¢;z Z zz,g»g’,i¢;’,i - ¢;,i Z zs,gﬁg”i¢;—',[j
i g g g

= Z V;Z¢g*,izé2s,g—>g',i¢;’,i
t 4 g

= [ScatteringZ]

ZZ T,

[Scatterng] B> OBELH D — 5

fEE. (E.1-9): L (E.1-10) D% 2 OEELIE O —& & R8T,

[Scattering | = Scattering1]+ [ Scattering2|
SN DYDY H YN
=TV (005
ZZT,
[Scattering] - @5y -+ DOHFELIA

Ubzglwd L,
* S

[Denom

+ [Leakage] ‘ +[Streammg]g,i)

g,

- BEDFORSHEME (XN F—FEROZEMA v 282D)
, 1 . .

[Productlon]g’i = Févzf,g,i¢g,izlg'¢g',i .

cBES ORI (SR —REROZER A v > 2 Y720)
[Absorption]g = —éEa’g’l_(ﬁ;ﬁ;i .

- BEGFOBELE (XX R OZERA v 2272 D)
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[Scattermg —¢glz ég%gl( gl_¢g1)' (E.1-15)

BB ORRE (2R F RO A v 2 H720)
[ Leakage] o = z Xy g Wi (l//;}* ~¢,. ) w" (E.1-16)

G DA RN =V TIH (R VXL OZEB A v 24720)

[Streaming]g’[ = —Z(w;;+ Q" Ong;* +y1é"f Q" OVWQ;+)wm : (E.1-17)
[ Denom] ZVZVngl¢ng;(g G- (E.1-18)

7k, (E.1-14)2R U7 RN Fﬂﬂi[ﬂfﬁﬁi PSR R & B KWTE RO TH 5
LB FERINIE & RIRICHI S W RE T d %, £ 2 T MINISTRI-PERT TiZ,
Oy MR Bl S5 2 & & Lto B RWUEHITRATE A B D,

[Fission]g’l_ =—0%, e By (E.1-19)
T,
0%, ., - TRENHITR ORI R D 72

RN TN I D R &2 72 L IR 6D,
E2 Z MY —3 U JHIZHONT

ARV = JHEHOZEMICE 2FEEL1DANHRATEZ BN D,

[Streaming], ZZ({//gl Q" oV yl Q" oVyfo)w’”Vi . (E.2-1)

MINISTRI 134 FRASIEEZRA LTV 5O T, k735 OBELE -5 o0 Afd & J517)
BT PLOFQ" e V! RO-Q" oVl 3N TRY 2L &%, koT, ARY

— IV JHEFRATEALBND,
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2
[Streaming], :—ZZ{ {Z 3/; (l//g,w—l//"” )

SEX U,V

8!
gm
m,+ m,+
+ h ((//g,i,z+ - l//g,i,z—)
Z,0

+ 2 Sm mx
Lz { > ;; (wor v

SEX, U,V

+fl_m(l//é i,z+ _Wé i,z— )}:| Wsz

Z,i

(E.2-2)

Z T, ADOAEFMEFRFEERFOLHZEDRNGE T A v ¥ 2 FEO PR E T
%H:EP MEFSRIT 2 A Y8 RS UTHE > THERE O M+ R OREFE PSR D85 T
RTZENFRETH D, T7DL,

[Streaming], = —Z Z{

i

W 2"
R

SEX, U,V

m* m
+ l//g,i,er lr//g i,z— 5

> h (l//gzz+_l//gzz—)
e W 2L n
- (E.2-3)
+—Wg’[’z+ 2%” fl (!//gm _Wgtz—)} w',
2
hzi l//g,i,z+l//g,i,z+ l//g,i,zfl//g,i,zf) w;
Vl.:ghrhufébéz’) s
[Streaming], = ZZ{ Z hh (W:,iwl// v~ W is—'//:fs—)
T L3 (E.2-4)
+§hf§’” (o i~ i )} w"

KAy aBRTHET R EFEER TR OB ITEE CTh D00 5 (E.2-0) A 222/
DleoTRAD L, WD LD ITERTE D,
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[Streaming], ==Y Y. {Z W g W s

m i€boundary | sex,u v

+§h & ;"l*ﬁwg,ﬁ}w’" ) (E.2-5)
=0

Tebb, (BE2-5)RUTREND LT, FMT (F2E) BRI O HPET- o & REFEPYE R o
FBOHEOLNED, £ LT, TR EMBHEFEFRIZME DT TH Y, BRI TE
WA ERHOBR E 725D T, ZNHLORITFICE e &2 D,

*:?\ﬁ@¢ﬁ%ﬁ@%$mﬁiﬂﬁﬁﬁbﬁAi mzwﬁﬁ&jbﬁw®f 2 b
V= U JHENE a5 LR, 72720, @EITAD T EFRoRAe % BN
ﬁﬁm@%@wiﬁm+ﬁm%yv:%ﬁﬂ<méo%of\%%ﬁ%_kwka)~i
VI EBET HMLETR,

E.3 #E#)5yF OIHEFE TR OFH R A0S H

FPEFHRD PrpIC KV IEFES A B Y — I 7R &2 FB[E Lo S ikt g3kt
TERIND,

1 m 1 m 3 1
PVt Vs Z( 3D ]
A i lSOgl

i50,8,i k,g,i

SR +0O,., . (E.3-1)

(E.3-DX LY, BEZROESPHEFRICET2HEFAPY — I ZHIIRAUT L W &
S5,

32{3% y 301 - Jqﬁ;’;’*R{; : (E.3-2)

FIERIC, RERTOREEPVEF RIS T 2HEET A P — I 7R L W RSN D,

324:( ! J¢”‘,~’+R{Z : (E.3-9)
3D, 3D, )"

Z 2T, E Lo RICHE LT, PR O Pupaksy & R ARSI kAT
Hzbhsd,

= 3ZR1k;//g, . (E.3-4)
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2
DT
R} = | : (E.3-5)
— (k=4
k=)

(E.3-2) BB RTOREEAE T REMAERA v V2 OEALZRLTHEA v 22X
DS EERD E. RO LHIICERTE D,

| N 1 e
zz( e s S S e mso
lYOgl

m k=l k.g,i 3D 3D

is0,g,i k,g,i

» (E3-D)NUTEBROMEAETIEFREAEA v 2 DBELZRETHERA ¥
/:T% YEMD &, MDOEIITERTE D,

1 o ! ! :
G R = _ Pt (E.3-7)
;;( IYO 8,1 3Dk ,85l J z 3D 3D ) i

iso,g,i k,g,i

(E.3-60)XOEHINHESDROEDEZLII &, ROLIEREND,

i 1 1 ¢1k,*¢lk,+ 24: 1 1 ¢1k,*¢lk,+
3D 3D el e 3D . 3D SERES

is0,g,i k,g,i iso,g,i k,g,i

* * 1k,* flk,+
(ztr,g,i - Z:tr,g,i - z:tr,k,g,i + Ztr,k,g,i ) ¢g,i ¢g,i . (E8-8)

M- I~

1k,* 1k, +
(éztr,g,i - éztr,k,g,i ) ¢g,i ¢g,i

=
1l

1

22T, FMEFEORIENTHFEIY Benoist OFFE FIEHURE N O RAUC LV EFREIND
NP DY

1

Zyssi =5 (E.3-9)

k,g,i

fiR BV FOIFET A DY = TEkGy BET D & EFELIRERAE D TRATE X
boZ L EnD,

o~

[ Aniso— Leakage A Z( i = trk,g,i)¢;;,*¢;;,+ (E.3-10)

Je=1
B3 EOIEFA N —I T AEE L EEBHEE RO IR SIZE.1-16)5
TRINDEE OIREAD & (E.3-10): TR I N D IEEFIREA SO TH 5,
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ik F o PEEGHE 22— B S BEENE 2 — PO

MINISTRI OGS AE N SETH - a— FE LT ESE5 2810k Y,
ANAAEM 3 WoTiE#ENE = — K D-MINISTRI %% L7-, MINISTRI THEETH -7~
HEHEALA RN = ZRROIY PEREIX, 8 OILBGHA & RIS IS ILBR
O CTEHERVHS 2L L LT, 7238, D-MINISTRI Tix MINISTRI & #7220 | &
BHE AR B OIS N B o oo, BI71m & Ol AN B U C RN S 0 E
DIPNZAREE LTWD, 2O DORKNFMZEUNIHRET 2 Z LIk, 1 RoCHEREK
ERRL2WIETri A v ak7-ld Hex A v ¥ 2 DILEEENATREL 725,

CITATION & #72 v MINISTRI & [FIERIC A AES & LT 50T, #il21%, UFLIB
900 FEHEIE D L 9 2 RKBUBL R B DI DEH R b A FIZEITRRETH D,

FAT 7151 MINISTRI & A THH DT, kA ZZBTIVERVR, Aj~==2T )V
B LTI, k=Y UKOL 0 &S Sz, MINISTRI & %72 25 58012 B LTI,
TREMTZ LTI VRFEL TS,

B, FEREFICE L CiE, CITATION =— K& OHERIC X 0 BFEEA TIEH 508, 7
RIS BE LT, 70 #ER0 175 BEZ2 £ o0 CITATION THFLFIHEZR St Tlk 10~30 £ 2 3
T 5D T, 900 BEREE TORR D X 912 CITATION TIN5 TOFHR O IR E
THZENLEELY,

ff 8 T, BB #E 5 2 — F MINISTRI-PERT % ©i2. #E#cE®FH = — F D-
MINISTRI-PERT % #fifi L7z, AIZAES|E 72> TWD DT, 900 FEEES OB O JLIE~
DORNSIES T 5,

9247 J7¥£1% MINISTRI-PERT LRI TH LD T, % B 2o = &, Ak, HEEE
(2563 H, D-MINISTRI O FE4TORE, 2% IDUMP % 0 £/ 2 ISR ETH Z L2k,
FEEEE S 12 ICHMETREEAEE A vy a~vy T2 X 0 TIHDIVLERNL S,
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D-MINISTRI AJj~ == 7L
(Ver.4.0)

<JOINT Z W\ %56 D F Card 0 (T2 >
Card 0-1: NSHEX (A5)
NSHEX: #iIX 7 (¢DFE"NSHEX"> A 7))
Card 0-2: INCORE,SLAROM (A6, 4X, A6)
INCORE: (G197 PDS 7 7 1 /b X > N—5 15
(PDS 7 7 /- FORMAT #5/&)
SLAROM: Wizt Fnk = — F4# (€D F E"SLAROM" > A 7))
Card 0-3: ITOT (I5)
ITOT: Xt D472 3 >~
1, 2 - - Jt=Xtransport
0- -« - Xt=Xtotal
o« Xt=1/3Dav
- 2t=1/3D_/
- Xt=1/3D /)
- < 2t=2/3(D /) +DL)
- 2t=1/2D /) +D_L)
- 2t=1/(D J+2D_L)

S Sy R W by M

KJOINT R DOA T /E NSHEX & Healie DT, = — 5 /3 NSHEX TR,

MAMBEMEE Iz F EoRAUC T FERINS,
Zs,g—>g = zt,g _za,g o z Zs,g—>g’

g'#g

Card 1: ISTART (112)
ISTART: HEA T a v
0+ =+ + URZ— (77 ANH#1 BB
1 -« - FldE

Card 2: NLAY, NGMX, MAPMX, NSN (4112)
NLAY: 25 m A v v a8 (P LEE)
NGMX: T /LX—#E4K
MAPMX: ik (=7 VU 7)) #%

NSN: %I —

Card 3: IDUMP, IBR, NTMX, IVERTX (4112)
IDUMP: 3R & 1 e 2 0 795,
0.2+ - - YES (Hitsfbtz D T RO Z#12 ~H )

1.+« «NO
IBR: 7 [a5E Rt
1- - - - SOSE (MINISTRI TidFExtii)

1 LIS - - B2t
NTMX: SAK U0 A Y23 (1. 6. 24, 54, 96 DWW
IVERTX: # 3 —

Card 4: KMX, KCM, IBT, IBB (4112)
KMX: filifmaA v 2%
KCM: @7 a sk (LA > =) %
IBT/IBB: il /i [a] &0/ T EBEE 5 Sk
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0 - - - FIZERAE
1- - - - RS (MINISTRI CiddExii)

Card 5: IOP1, IOP2, IANISOD, IRFLXP1 (4112)
IOP1: HEFHRMNA L IR o2 E O/ (GRE 2)

<0+« ¢ MUFREITDRV,

0,>0- + - Pullky b5,
I0P2: NI IZRT DINEEO#EH OF . GAE 2)

0+ - - +HY FEKEERE (SOREK))

1.« - +HY (Fxv=7EE)

2+« +HVY (SORE)

e O N A
TANISOD: FE% Fik#fsE o

0« « « «7pL (i fEn O %5 OIRBiRE A i)

1« « =Y (BJ7m . mEJTW, @h7mE  EATH50)

2+« - < BV (BHM AT, @G EE )

BRI C) NI 2y B G- /Nl )
IRFLXP1: # 3 —

Card 6: IOP3, IOP4, IOP5, IOP6, Integer*6, IOP7 (4112, 613, 16)
I0P3: SMAlIBIC I 1T D IndiEOmH O A Ga% 2)

0+« + +HV (SOR i & PPEFASMEEOMAEE)

1.« +HY (Fxv =7k

2: « + +HV (SOR % & PPEFHSMFEEOMAEE)
I0P4: AMAAE DI FHIEIZ AW 2 B E DR E

1 - o EBEWREHR IR

0- - » - HPETIR

1+ -« EOHPHETR

2+« - FEEMEETE TR (Card 12 CTHEE FEE)
IOP5: FMEE— ROIEE

0+ « « « FHETHFHE

1o+ -« BRI REHR

2+« e e REPEPVETAGER (AR E)
IOP6: # 3 —

(1001 & B \ME 1002 7 5 2 = 5A121%, #ATHIIC Card 13-1 I281F DIAFEE
DODEFHEAFEL LTWD, Fig. A5 22ROz L)
NSTA_OUTACC: #ME#Bi4had 5 4MAl K R4k
MXODR_OUTACC: #MEXIRE— A > MR
INOFF_OUTACC: ERE—A Y h~OIMFE#EHOE LA > 3 >
(FEEOFTIEIO NI E[E¥A INOFF_OUTACC LLFOE ., #ORE~DSHiE

MzEELET5,)

IOP_RECAL_FISSEIGEN: itk o eI OE A EfRFHHRA 7 > 9 v~
O« « ¢ » 72@[./
1 ¢« «Hb

IOP_CHEBI1: « « - 1 IZ&E

IOP_CHEB2: « « - - 1IZ&E

I0P7: ¥ X —

Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5)
CONCR: AMUBAE Ve AR S (@R 1.0E-4)
CONCR2: # X —
CONCRI: WHIFAE M+ A S (@R CONCR &[A U)
CONCRE: [HA1fE (E&HfE=) PO (@ 1.0E-5)
FACT: Fiks{bE%K
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>0+ - - vEfp OZEH] - TRLF—EFHMEIC LD BiksL
<0 - - - Xfep OZEM » =X LF—BFHMEIC LV HEL

Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN, ACUT, CONDIF (2112, 3F12.5, E12.5)
ITINMX: KRNI E R
ITOUTMX: fc KAMAISAE 1%k
TIMOUT: 5| [REFR [47]
EIGEN: [EAfE (FEh¥afs=) #IHE GEE 1.0)
ACUT: # I —
CONDIF: # I —

Card 9: (IHK(KC), KC=1, KCM) (2413)
THK(KC): )51 feidsk KC sl i1 A v & =8 (R b LE~DIIR)

Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5)
ZC(KO): 5 M fEIkEE R DAL [em] (FE26 EEA~DIE)
(#h 5 EE KC 13 ZCKO) S Z=ZCEKCAVIZHFIET A Z Lt b))

Card 11: HP (E12.5)
HP: &#Fm Ay v aflg (EEERESIE >~ T)  [em]

Card 12 AIMJ(MP), MP=1, MAPMX) (2413) (IOP4=2 OH& D Ix A7)
IMJ(MP): fgEfk MP O HHE 7 7 7
0- « « - HIEXR
1+ - - HEIERS

Card 13: MAP(N, KC) (Free Format)
MAP(N, KC): fElk (=7 V7, ~v7) &=
(7 fEEk (PLANE) I TE 5 E~DIRIZ G 2, iz KCM [alf# b &
4, Fig. A-1,A-2 %D L)
1~MAPMX: @ DO~ v 7&K
0 72 1XFMAPMX+1) LA b AN
(0 D5V T MAPMX LV HREVWEE 52256121, F OmEiIEERINR
(Black absorber) & E¥ikZiL5,)
<0: fF5 ) istg DN~ v 7&K
BoEE 525 L1k, BTN~y TDOANTHD Card 13-1 N TH
ST EAER T DK AR Y V2 OGS EIEET D LN AEEE D, AD
B% 5 2 7256 OZF OMHEN S A& AL O N~ v 7ONEEICHY T 5,)

XJOINT Z V25813 80 FILIN TAN T 2 ME R H 5,

Card 13-1: MAPT(NT),NT=1,NTMX) (Free Format)
MAPT(NT): 1N~ » 728 2 k% 5
(NAKFHALTEH 2%, Card 13 ® MAP(N, KOIZEWT, WFhn1oThH
B OEE S NG 2 SNTZHEIT, 25 OB O e KAL D [F1 5721 1 0 374,
Fig. A-3 1T A » ¥ 2B HIE (H00 B KEFEHREI D A3 A Z0IR) ICHIE 5%
FEET 5, Fig. A5 bBROZ L)

<JOINT % HW 7224 >

Card 14: XABS(NG, NR), XFIS(NG, NR), XSGF(NG, NR), XTRA(NG, NR),
(XSCT(NG, NN, NR), NN=1, NGMX) (6E12.5)
XABS(NG, NR): &l NR, =%/ X —# NG ORI Ta
XFIS(NG, NR): #Hl NR, = /L X —#E NG D4R vif
XSGF(NG, NR): il NR, = %/L¥—Ft NG D52 ifs of
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XTRANNG, NR): #ik NR, = %/L¥—FE NG O42WHEE St
XSCT(NG, NN, NR): #Hif NR, = /L% —F NG->NN OBELE i Zs(ng—nn)
(27 % NGMX [E#: 0K L, |2 MAPMX [E# 0 K3,)

MHBRELRE T — PN TR D EERES NS,
2s,g—>g = ZI,g _Za,g o z Zs,g—>g’

g'#g

Card 15: (CHIING), NG=1, NGMX) (6E12.5)
CHI(NG): EHZa~r ML
(=R F—HE NG ~OpZN X5 ikHE S, 22— FNTERF 1.0 12
75 L OIS S,)

« JANISOP 8 1 £721% 2 DA DI
Card 16: (ADCON(1,NG,NR), ADCON(2,NG,NR), NG=1, NGMX) (6E12.5)
ADCON(1,NG,NR): FH 5[0 D YEEREL
ADCON(2,NG,NR): AT h [0 DYEEAREL
(Z %z MAPMX [H]#: 0 k9, )

<JOINT Z# HW\ 555456 >
Card 14-1: XS@ (A4)
XS@: #HIIFE (FDEF"XS@ "> A7)
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6)
MEMBERI1: Wigifs PDS 7 7 4 /LD X 2N—%
SLAROM: KrigitaFik =— K% (€D F E"SLAROM" > A 7))
(Card14-2 2 MAPMX [a[# ) &7, )

Card 15: MEMBER2, SLAROM (A6, 4X, A6)
MEMBER2: F-EIZHH I SEERpTIR N2 | Lz 2 dpBiifE PDS =7 7 4 /LD X 2 oN—5%,
(BT~ f )T 1 FEEHDBIEE ATRE)
SLAROM: Wit Eik =— N4 (€D F F"SLAROM"* A 7))

« TANISOD 28 1 £7-1Z 2 OBE DA

<MINISTRI H O I S HEBAREGE A GA Bk L7z JOINT % i FH >
Card 16: (A7) ~22)

- 110 -



EBREAL R (SI)

# 1. ST FEAHL F 2. FARHAL A FV TR S5 SIS BT O ] # 5. SI BEuzE
R T = P SIFHSTERfT T | 4% | s | m& | 4w | s
i T = ﬁ% ol 0 2 2 Y | 0 |7 ] a
E &[x =+ A m L BFHA— b m 102 [ | z 102 |& v F ¢
o - o % B|SL G A — R v mi P a lls .
21 BlF¥n s T L kg WX, E E|A— M AER -~ 10% |= 7 #| E 10. N Ul m
53 ] i s o H JE| A — N AR R m/s? 10% |2 %l P 108 |=A2znm|[ u
H w7 =7 A i | A — b o 102 |5 sl T 10° |+ A .
BAEEE s L E | K O, WRE EYesIAEIA— MY | kg/m® 100 [¥ # ¢ [w02|g = p
W OE EE 2| mol WO E EFRZTARELA—-MV | kegim® 108 [#  # M | 108 |7=ar| ¢
* gy v 7 5| od K * Ml A= rrfExr s 70 | mikeg wlx = x |welr 1 a
EOWR B ETUTEEFA-NV | A/m? 102 |~27 K n 102 |2 7 1| 2
e R o W S|TUTEA— L A/m 0 |= s 0% |2 2 ¢
BB E @, 9 EAETA— R mol/m® 2 z
B R’ E[xerssamilii—ba | kgm®
i BE|h o F 5 mEHA— v | cd/m? ) . "
B = O &FEo) 1 1 #6. SUCES 7223, STEPFH & 5 Hifr
% B ok ® GFEo) 1 1 5B o SI Hifizic L % i
(a) i (amount concentration) (ERFRFRALAED 5 CTIIETHEEE b min |1 min=60 s
(substance concentration) & & Lifh 5, — P
(b) 2 SElitd B VHYGE 1 & bR Tl B8, 20T & B b [1h =60 min=3600 s
B THHEFO 1 ILEFITRE LR, H d |1 d=24 h=86 400 s
. . B °  |1°=(#/180) rad
%3, [FHOAH L B TR SN DS N I
SI FHSZ AL 43 1’=(1/60)°=(=/10 800) rad
HANZ L o o | MOSTEALIC K5 [ STEABLIC X 5 i ? |17=(1/60)=(=/648 000) rad
' e #LK #L) ~J B ha |1 ha=1 hm?=10*m?
¥ i 2 797 ® | rad o wm Uy b | L 11171151 dmP=10%em?=10"m’
b AT ZIT sr¢ 1 m“/m L —103
= % =Nt s o ko t |1t=10°kg
Val —a—hv N m kg s
E A, s Hszan Pa N/m? m’kgs® ) y X ”
T RAF =, A, BB J Nm mPkg 5 £7. SICBERVAS, ST A S LT, STHALT
HE®, TR, ks r W Ils mkg s RENDLBEHPEBHI/EOND L O
1 5 & Blr—ny C SA Eis S ST Hifr TH S5 Hil
EhrE (|IE) , & & AR R v WI/A m’kg s3AT # o A L R eV |1eV=1.602 176 53(14)x10'%J
ﬁ% = i 7 o Cv m’kg's'A® % A b | Da |1Da=1.660538 86(28)x10%"kg
& £ # Hi|A— L Q VIA m?kg 9 A% AT EEEM u |1u=1Da
ERIN N A S DA 7S S ANV mZkg's®A? K X H 7] ua [1ua=1.495978 706 91(6)x10"'m
73 H == Wb Vs m’kg s?A’
73 H b i1 b T Wh/m? kg s?A?
A4 v Xy H v A~rU— H Whb/A m?kg s2A?
t AL v oy 2 R EeryemzEe| C K #£8. SITESZVA, SIEJHH Sh 2O AL
U A
b/ F— R Im cd sr® cd R A SI HN7CH Sh 55l
- ( f))E o (d) x i mf cd N - Wl bar |1bar=0.1MPa=100 kPa=10°Pa
} ; Fl i 8 = -
TR PR AR O JA e g Vi 15iy s AKGES U A — R mmHg| 1 mmHg~133.322Pa
TR, b= x ¥ —50 5. |, 2 2 . .
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