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 Deterministic discrete ordinates method (SN method) transport calculation codes 
for three-dimensional hexagonal geometry have been developed: nodal calculation code 
NSHEX (Ver. 10A.1 for one third core and Ver. 10B.1 for whole core), hexagonal-mesh finite 
difference calculation code MINIHEX (Ver. 2.1), and triangle-mesh finite difference 
calculation code MINISTRI (Ver. 1.1), which can perform neutron transport calculations 
with high accuracy for cores of fast power reactors and assemblies of the Russian BFS 
critical facility. NSHEX is improved by extending the polynomial expansion order of 
intranode fluxes for better accuracy and adopting the initial finite difference calculation for 
better convergence performance. MINIHEX is modified in the process of negative flux 
fix-up. In addition, MINISTRI is newly produced by changing the basic algorithm of the 
MINIHEX code. NSHEX, MINIHEX, and MINISTRI currently developed are applied to 
various fast reactor cores. It is found that these codes show satisfactory performance in 
terms of calculation accuracy. However, reduction of calculation time and improvement of 
convergence performance are required for all the codes by such measure as introduction of 
suitable acceleration technique. Further, development of post process functions is desired, 
which is represented by perturbation calculation scheme. Therefore major issues are 
summarized for future code development. 
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2.3 MINISTRI 
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Fig. 2.1-1  Conceptual view of the nodal method for the 3-D hexagonal-Z geometry 
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Fig. 2.1-2  Conceptual view of the transverse leakage in the 3-D hexagonal-Z geometry 
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Fig. 2.3-1  Triangle mesh division for the 3-D hexagonal-Z geometry 
 

  

(6 meshes per subassembly in the radial direction)

(24 meshes per subassembly in the radial direction)
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IFDC: Initial Finite Difference Calculation
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"All rods out"
0.02  
 
(4)  

IFDC
IFDC

IFDC
IFDC

 
IFDC

0.02 0.03
0.05 0.005  
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Table 3.2-1  Comparison in calculation time among IFDC criterion for the KNK-II core 
Convergence 

criterion 
All rods out Rods half-in Rods in 

(No IFDC) 89*1 NC*2 NC*2 

0.100 89 159*1 103*1 

0.050 88 161 102 

0.040 88 157 101 

0.030 90 161 107 

0.020 90 160 103 

0.010 91 163 104 

0.005 94 164 108 

*1: Calculation time [s] 

*2: Not converged 

 
Table 3.2-2  Comparison in outer iteration counts of IFDC and nodal calculation among 
IFDC criterion for the KNK-II core 

Convergence 

criterion 

All rods out Rods half-in Rods in 

IFDC Nodal IFDC Nodal IFDC Nodal

(No IFDC) 0 39 0 NC*1 0 NC*1 

0.100 3 31 4 43 2 37 

0.050 4 30 4 43 4 35 

0.040 4 30 6 38 4 35 

0.030 6 30 7 42 5 35 

0.020 7 30 8 41 6 35 

0.010 8 29 11 41 7 34 

0.005 11 29 14 40 11 34 

*1: Not converged 
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Table 3.2-3  Comparison in calculation time among IFDC criterion for the Monju core 
Convergence 

criterion 
All rods out MCR half-in MCR in BCR in 

(No IFDC) NC*2 NC*2 NC*2 NC*2 

0.100 120*1 118*1 110*1 113*1 

0.050 110 105 84 111 

0.040 109 115 84 110 

0.030 98 85 84 88 

0.020 76 87 79 84 

0.010 78 86 81 90 

0.005 79 88 82 87 

*1: Calculation time [min] 

*2: Not converged 

 
Table 3.2-4  Comparison in outer iteration counts of IFDC and nodal calculation among 
IFDC criterion for the Monju core 

Convergence 

criterion 

All rods out MCR half-in MCR in BCR in 

IFDC Nodal IFDC Nodal IFDC Nodal IFDC Nodal 

(No IFDC) 0 NC*1 0 NC*1 0 NC*1 0 NC*1 

0.100 4 108 6 105 5 106 6 106 

0.050 10 104 10 103 10 102 11 103 

0.040 11 104 12 102 11 101 12 102 

0.030 32 93 30 88 12 100 13 101 

0.020 39 73 36 85 37 88 39 89 

0.010 48 73 45 83 46 84 48 87 

0.005 56 71 54 80 54 86 56 87 

*1: Not converged 
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Table 3.2-5  Comparison in calculation time among IFDC criterion for the SPX core 
Convergence 

criterion 
All rods out MCR half-in MCR in BCR in 

(No IFDC) NC*2 DIV*3 NC*2 NC*2 

0.100 DIV*3 NC*2 280*1 261*1 

0.050 158*1 NC 201 200 

0.040 153 217*1 174 198 

0.030 157 237 174 195 

0.020 248 204 215 175 

0.010 DIV 195 209 172 

0.005 148 206 243 174 

*1: Calculation time [min] 

*2: Not converged 

*3: Diverged 

 
Table 3.2-6  Comparison in outer iteration counts of IFDC and nodal calculation among 
IFDC criterion for the SPX core 

Convergence 

criterion 

All rods out MCR half-in MCR in BCR in 

IFDC Nodal IFDC Nodal IFDC Nodal IFDC Nodal 

(No IFDC) 0 NC*1 0 DIV*2 0 NC*1 0 NC*1 

0.100 15 DIV*2 6 NC*1 6 150 4 153 

0.050 40 96 36 NC 33 94 39 120 

0.040 43 87 39 109 36 95 42 116 

0.030 46 87 42 115 40 92 45 119 

0.020 50 141 48 110 44 102 48 99 

0.010 55 DIV 58 102 52 110 54 100 

0.005 62 80 65 108 71 129 62 97 

*1: Not converged 

*2: Diverged 
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Fig. 3.1-1   Definition of basic node parameters 
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Fig. 3.2-1  Comparison in convergence performance of fission source between with and 

without IFDC for "Rods half-in" case of the KNK-II core 
 

  
Fig. 3.2-2  Comparison in convergence performance of fission source between with and 

without IFDC for "MCR half-in" case of the Monju core 
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Fig. 3.2-3  Comparison in convergence performance of fission source between with and 

without IFDC for "MCR half-in" case of the SPX core 
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4. 3 MINIHEX  
 

MINIHEX Ver. 2.1
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MINIHEX
"Set flux to zero and 
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correct (Flux fix-up)" MINIHEX
MINIHEX

5  
1 "No operation"  
2 "Set to zero"  
3

"Set to zero and correct average" (4.1-9)
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4
(4.1-11) "Set to zero and correct 

average and outgoing" "Set flux to zero and correct (Flux fix-up)"
 

5 "Set to 
average" "Step"  
 

5 7 BFS-62-3A
Table 4.2-1 "No operation" "Set to 

average"
"Set to zero and correct average and outgoing"

"Set to zero" "Set to zero and correct average" 0.02%

"Set to zero and correct average and outgoing" "Set to 
zero and correct average" 20% "Set to zero"

3 1 BFS-62-3A

"Set to zero" "Set to zero and correct average"
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"No operation" "Set to average" 6 KNK-II
BFS-62-3A

MINIHEX
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Fig. 4.1-1  Parameters used in the basic formula of MINIHEX 
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Table 4.2-1  Comparison in eigenvalue and calculation time among negative flux measures 
in MINIHEX for the BFS-62-3A core 

Measure All rods out 
Central 

MCR in 

Off-center 

MCR in 
1 BCR in 

Average 

time [min] 

No operation NC*2 NC*2 NC*2 NC*2 - 

Set to zero +0.022*1 +0.022*1 +0.023*1 +0.023*1 228 

Set to zero and 

correct average 
+0.022 +0.024 +0.023 +0.023 486 

Set to average NC*2 NC*2 NC*2 NC*2 - 

Set to zero and 

correct average 

and outgoing 

(Ref.) 

0.99060 0.98665 0.98771 0.98496 605 

*1: Relative difference to the reference [%] 

*2: Not converged 
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5. 3 MINISTRI  
 

MINISTRI Ver. 1.1
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MINIHEX MINISTRI 5

 
1 "No operation"  
2 "Set to zero"  
3

"Set to zero and correct average" (5.1-9)
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4 +

(5.1-18) "Set to zero and correct average and 
outgoing" "Set flux to zero and correct (Flux fix-up)" 

 
5 "Set to 

average" "Step"  

(5.1-12)  
 

5 6 KNK-II
Table 5.1-1

"Set to zero and correct average and outgoing" "No 
operation" "Set to average" 0.06%
0.10%

"Set to zero" "Set to zero and correct average"
0.03% 0.02%

5 KNK-II
"Set to zero and correct 

average and outgoing" "Set to zero and correct average" "Set to zero"
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5.2  

MINIHEX -Z
-Z MINISTRI

6 24 54 96 Fig. 5.2-1
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Table 5.1-1  Comparison in eigenvalue and calculation time among negative flux measures 
in MINISTRI for the KNK-II core 

Measure All rods out 
Rods 

half-in 
Rods in 

Average 

time [min]

No operation +0.000*1 +0.044*1 +0.103*1 10 

Set to zero +0.000 +0.018 +0.026 11 

Set to zero and 

correct average 
+0.000 +0.014 +0.021 11 

Set to average -0.000 +0.029 +0.055 10 

Set to zero and 

correct average 

and outgoing 

(Ref.) 

1.09451 0.98283 0.87960 11 

*1: Relative difference to the reference [%] 
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Fig. 5.1-1  Parameters used in the basic formula of MINISTRI 
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Fig. 5.2-1  Mesh numbering within a subassembly in MINISTRI 
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6. 3  
 
6.1  

NSHEX MINISTRI
MINIHEX

GMVP22)  
 
(1)  

Fig. 6.1-1 KNK-II14) Fig. 6.1-2
Monju 15, 16) Fig. 6.1-3 SPX 17, 18)

"All rods out" "Rods half-in" "MCR 
half-in" "MCR" "Main Control rod"

"Rods in" "MCR in" "BCR in" "BCR" "Backup Control rod"
10B KNK-II 40% MCR 40%

BCR 90% SPX MCR BCR 90%  
 
(2)  

3 SPX

19) FBR 20)

21)

0.1% 2%

KNK-II
 

 
(3)  

MINISTRI

MINISTRI SPX
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2 NSHEX
MINISTRI S12

 
KNK-II SPX

Table 6.1-1 6.1-3 S4 0.14%
S8 0.02%

S12 S8

0.1%
6 MINISTRI  

SPX Table 6.1-4
6.1-5 S4 S8

0.2% SPX "All rods out"
S8 S4 0.8%

"MCR in" S4 S8 0.6%
S12

S8 0.6%
 

KNK-II Table 6.1-6 S4

1 0.6% S8 0.1%
S8  

S8

Table 6.1-7 NSHEX SPX "MCR in"
2.0

10-4 4.0 10-4  
 
6.2  
6.2.1 KNK-II  

NSHEX MINISTRI Table 6.2-1
6.2-2 NSHEX 4

MINISTRI
24

54 2.5cm

NSHEX
GMVP

MINISTRI GMVP
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NSHEX 4 MINISTRI 24 2.5cm
1 NSHEX  

NSHEX MINISTRI
Table 6.2-3 6.2-4 NSHEX 2 GMVP

"Rods in"
4 2

4
Fig. 6.2-1 6

2

MINISTRI 6

 
 
6.2.2  

NSHEX MINISTRI Table 6.2-5
6.2-6 NSHEX

MINISTRI 6 5cm
"MCR in" "BCR in"

2.5cm
"BCR in"
24

NSHEX GMVP
MINISTRI NSHEX 2 GMVP 3  

NSHEX MINISTRI
Table 6.2-7 6.2-8 "All rods out" "MCR half-in" NSHEX

0.4% MINISTRI 0.5%
"MCR in" "BCR in" NSHEX MINISTRI

 
 
6.2.3 SPX  

NSHEX MINISTRI Table 6.2-9
6.2-10 NSHEX 2 "MCR in"

4
GMVP

MINISTRI
6 5cm "MCR 
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half-in" "MCR in" "MCR in"
 

NSHEX MINISTRI
Table 6.2-11 6.2-12 NSHEX "All rods 
out" "MCR half-in" 1.9% GMVP

MINISTRI
 

 
6.3  

NSHEX MINISTRI
KNK-II

NSHEX
MINISTRI

KNK-II
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Table 6.1-1  Angular discretization effects in eigenvalue by NSHEX for the KNK-II core 
Angular 

quadrature set 
All rods out 

Rods 

half-in 
Rods in 

S4 +0.012*1 +0.075*1 +0.140*1 

S8 +0.004 +0.012 +0.018 

S12 (Ref.) (Ref.) (Ref.) 

*1: Relative difference to the reference [%] 

 
Table 6.1-2  Angular discretization effects in eigenvalue by NSHEX for the Monju core 

Angular 

quadrature set 
All rods out 

MCR 

half-in 
MCR in BCR in 

S4 +0.023*1 +0.043*1 +0.061*1 +0.059*1 

S8 +0.003 +0.005 +0.007 +0.007 

S12 (Ref.) (Ref.) (Ref.) (Ref.) 

*1: Relative difference to the reference [%] 

 
Table 6.1-3  Angular discretization effects in eigenvalue by NSHEX for the SPX core 

Angular 

quadrature set 
All rods out 

MCR 

half-in 
MCR in BCR in 

S4 +0.037*1 +0.046*1 +0.074*1 +0.029*1 

S8 +0.003 +0.005 +0.020 +0.004 

S12 (Ref.) (Ref.) (Ref.) (Ref.) 

*1: Relative difference to the reference [%] 
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Table 6.1-4  Angular discretization effects in power distribution by NSHEX for the Monju 
core 

Angular 

quadrature set 
All rods out 

MCR 

half-in 
MCR in BCR in 

S4 0.10*1 0.12*1 0.15*1 0.18*1 

S8 0.01 0.02 0.02 0.02 

S12 (Ref.) (Ref.) (Ref.) (Ref.) 

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

 
Table 6.1-5  Angular discretization effects in power distribution by NSHEX for the SPX 
core 

Angular 

quadrature set 
All rods out 

MCR 

half-in 
MCR in BCR in 

S4 0.84*1 0.20*1 0.66*1 0.22*1 

S8 0.01 0.04 0.55 0.09 

S12 (Ref.) (Ref.) (Ref.) (Ref.) 

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

 
Table 6.1-6  Angular discretization effects in absorption reaction rate in the control rod 
region by NSHEX for the KNK-II core 

Angular 

quadrature set 
All rods out 

Rods 

half-in 
Rods in 

S4 - -0.38*1 -0.47*1 

S8 - -0.08 -0.06 

S12 - (Ref.) (Ref.) 

*1: Relative difference to the reference [%] 
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Table 6.1-7  Calculation criteria and conditions for verification tests 

Item 
Criteria and conditions 

NSHEX MINISTRI 

Angular quadrature set S8 � 

Spatial treatment in the 

radial direction 

Polynomial expansion with 

up to sixth order 

Triangle mesh division (6, 

24, 54, 96 meshes) within 

Subassembly 

Spatial treatment in the axial 

direction 

Polynomial expansion with 

up to sixth order 
Finer mesh division 

Node or mesh width in the 

axial direction 
Around 20cm Around 5.0 cm or 2.5cm 

Fission source convergence 

criteria for each node 
Less than 1.0×10-4 � 

Eigenvalue convergence 

criteria 
Less than 1.0×10-5 � 

High order moments 

calculation condition 
Greater than 2.0×10-4 *1 Nothing 

Neutron energy group 
4 (KNK-II), 18 (Monju and 

SPX) 
� 

*1: Set 4.0×10-4 for "MCR in" case of the SPX core 
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(Radial view) 

 
(Axial view) 

 
Fig. 6.1-1  Layout of the KNK-II core 
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Fig. 6.1-2  Layout of the Monju core 
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Fig. 6.1-3  Layout of the Super Phenix (SPX) core 
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Table 6.2-1  Relative difference in eigenvalue and calculation time by NSHEX for the 
KNK-II core 

Maximum 

polynomial order 
All rods out Rods half-in Rods in 

Average time 

[min] 

2nd +0.070*1 -0.017*1 -0.123*1 7 

4th +0.047 +0.037 +0.022 8 

6th +0.048 +0.038 +0.022 9 

GMVP (Ref.) 
1.09527 0.98349 0.87966 

287 
±0.024*2 ±0.026*2 ±0.026*2 

*1: Relative difference to the reference [%] 

*2: Statitical uncertainty (1�) [%] 

Underlined means exceeding of the target accuracy 

 
Table 6.2-2  Relative difference in eigenvalue and calculation time by MINISTRI for the 
KNK-II core 

Radial 

mesh*1 

Axial 

mesh*2 
All rods out Rods half-in Rods in 

Average time 

[min] 

6 5.0cm -0.190*3 -0.310*3 -0.483*3 9 

6 2.5cm -0.158 -0.258 -0.455 20 

24 5.0cm -0.072 -0.123 -0.123 36 

24 2.5cm +0.042 -0.012 -0.042 71 

54 5.0cm -0.042 -0.071 -0.020 77 

54 2.5cm +1.196 NC*5 NC*5 211 

96 5.0cm -0.008 -0.041 +0.027 140 

96 2.5cm NC*5 NC NC - 

GMVP (Ref.) 
1.09527 0.98349 0.87966 

287 
±0.024*4 ±0.026*4 ±0.026*4 

*1: Number of radial meshes per subassembly 

*2: Axial mesh size 

*3: Relative difference to the reference [%] 

*4: Statitical uncertainty (1�) [%] 

*5: Not converged 

Underlined means exceeding of the target accuracy 
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Table 6.2-3  Relative difference in absorption reaction rate in the control rod region by 
NSHEX for the KNK-II core 

Maximum 

polynomial order 
All rods out Rods half-in Rods in 

2nd - +0.34*1 +0.86*1 

4th - +0.01 +0.23 

6th - +0.00 +0.22 

Uncertainty of 

GMVP 
- 0.14*2 0.10*2 

*1: Relative difference to the reference (GMVP) [%] 

*2: Statitical uncertainty (1�) [%] 

 
Table 6.2-4  Relative difference in absorption reaction rate in the control rod region by 
MINISTRI for the KNK-II core 

Radial 

mesh*1 

Axial 

mesh*2 
All rods out Rods half-in Rods in 

6 5.0cm - +1.34*3 +1.65*3 

6 2.5cm - +1.35 +1.88 

24 5.0cm - +0.72 +0.47 

24 2.5cm - +0.59 +0.47 

54 5.0cm - +0.61 +0.15 

54 2.5cm - NC*5 NC*5 

96 5.0cm - +0.82 +0.08 

96 2.5cm - NC NC 

Uncertainty of 

GMVP 
- 0.14*4 0.10*4 

*1: Number of radial meshes per subassembly 

*2: Axial mesh size 

*3: Relative difference to the reference (GMVP) [%] 

*4: Statitical uncertainty (1�) [%] 

*5: Not converged 
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Table 6.2-5  Relative difference in eigenvalue and calculation time by NSHEX for the 
Monju core 

Maximum 

polynomial order 
All rods out 

MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

2nd +0.019*1 -0.013*1 +0.013*1 +0.009*1 329 

4th +0.016 -0.004 +0.031 +0.028 389 

6th +0.015 -0.004 +0.031 +0.028 422 

GMVP (Ref.) 
1.03861 0.98551 0.93493 0.95665 

306 
±0.010*2 ±0.010*2 ±0.010*2 ±0.010*2 

*1: Relative difference to the reference [%] 

*2: Statitical uncertainty (1�) [%] 

 
Table 6.2-6  Relative difference in eigenvalue and calculation time by MINISTRI for the 
Monju core 

Radial 

mesh*1 

Axial 

mesh*2 
All rods out 

MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

6 5.0cm -0.039*3 -0.093*3 -0.105*3 -0.107*3 384 

6 2.5cm +0.001 -0.057 -0.070 -0.076*5 858 

24 5.0cm +0.157*5 +0.073*5 +0.124*5 +0.130*5 - 

GMVP (Ref.) 
1.03861 0.98551 0.93493 0.95665 

306 
±0.010*4 ±0.010*4 ±0.010*4 ±0.010*4 

*1: Number of radial meshes per subassembly 

*2: Axial mesh size 

*3: Relative difference to the reference [%] 

*4: Statitical uncertainty (1�) [%] 

*5: Converged in eigenvalue only 

Underlined means exceeding of the target accuracy 

 
  



JAEA-Data/Code 2011-018 

Table 6.2-7  Relative difference in power distribution by NSHEX for the Monju core 

Maximum 

polynomial order 
All rods out 

MCR 

half-in 
MCR in*3 BCR in*3 

2nd 0.35*1 0.42*1 0.59*1 0.55*1 

4th 0.37 0.42 0.61 0.45 

6th 0.37 0.42 0.61 0.45 

Uncertainty of 

GMVP 
0.21*2 0.22*2 0.23*2 0.23*2 

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

*2: Statitical uncertainty (1�) [%] 

*3: Out of parameters for verification 

 
Table 6.2-8  Relative difference in power distribution by MINISTRI for the Monju core 

Radial 

mesh*1 

Axial 

mesh*2 
All rods out 

MCR 

half-in 
MCR in*6 BCR in*6 

6 5.0cm 0.34*3 0.53*3 0.63*3 0.65*3 

6 2.5cm 0.31 0.51 0.79 NC*5 

24 5.0cm NC*5 NC*5 NC*5 NC*5 

Uncertainty of 

GMVP 
0.21*4 0.22*4 0.23*4 0.23*4 

*1: Number of radial meshes per subassembly 

*2: Axial mesh size 

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

*4: Statitical uncertainty (1�) [%] 

*5: Not converged  

*6: Out of parameters for verification 
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Table 6.2-9  Relative difference in eigenvalue and calculation time by NSHEX for the SPX 
core 

Maximum 

polynomial order 
All rods out 

MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

2nd -0.005*1 -0.018*1 -0.113*1 -0.005*1 748 

4th -0.005 +0.011 -0.050 -0.001 820 

6th -0.005 +0.010 -0.050 -0.001 927 

GMVP (Ref.) 
1.02256 0.97474 0.93021 1.01278 

269 
±0.005*2 ±0.006*2 ±0.006*2 ±0.005*2 

*1: Relative difference to the reference [%] 

*2: Statitical uncertainty (1�) [%] 

Underlined means exceeding of the target accuracy 

 
Table 6.2-10  Relative difference in eigenvalue and calculation time by MINISTRI for the 
SPX core 

Radial 

mesh*1 

Axial 

mesh*2 
All rods out 

MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

6 5.0cm -0.072*3,*5 -0.071*3 -0.156*3 -0.084*3,*5 1488 

6 2.5cm -0.057*5 -0.083*5 -0.178*5 -0.067*5 - 

24 5.0cm NC*6 NC*6 NC*6 NC*6 - 

GMVP (Ref.) 
1.02256 0.97474 0.93021 1.01278 

269 
±0.005*4 ±0.006*4 ±0.006*4 ±0.005*4 

*1: Number of radial meshes per subassembly 

*2: Axial mesh size 

*3: Relative difference to the reference [%] 

*4: Statitical uncertainty (1�) [%] 

*5: Converged in eigenvalue only 

*6: Not converged 

Underlined means exceeding of the target accuracy 
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Table 6.2-11  Relative difference in power distribution by NSHEX for the SPX core 

Maximum 

polynomial order 
All rods out 

MCR 

half-in 
MCR in*3 BCR in*3 

2nd 1.49*1 1.84*1 4.18*1 2.81*1 

4th 1.44 1.78 4.09 2.92 

6th 1.45 1.78 4.39 2.92 

Uncertainty of 

GMVP 
0.22*2 0.22*2 0.22*2 0.21*2 

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

*2: Statitical uncertainty (1�) [%] 

*3: Out of parameters for verification 

 
Table 6.2-12  Relative difference in power distribution by MINISTRI for the SPX core 

Radial 

mesh*1 

Axial 

mesh*2 
All rods out 

MCR 

half-in 
MCR in*6 BCR in*6 

6 5.0cm NC*5 0.98*3 1.55*3 NC*5 

6 2.5cm NC NC*5 NC*5 NC 

24 5.0cm NC NC NC NC 

Uncertainty of 

GMVP 
0.22*4 0.22*4 0.22*4 0.21*4 

*1: Number of radial meshes per subassembly 

*2: Axial mesh size 

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

*4: Statitical uncertainty (1�) [%] 

*5: Not converged  

*6: Out of parameters for verification 
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Fig. 6.2-1  Comparison of the 4th group neutron flux distribution calculated by NSHEX 

around the control rod region for the KNK-II core 
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7. 3  
 
7.1  

6

Fig. 7.1-1 Fig. 7.1-2 NSHEX

Fig. 7.1-3 Fig. 7.1-4 MINISTRI

"Completely symmetric"
"Even condition" 23)

TWOTRAN 24) "Reference"
"Level condition" 23)

S4

6
Table 7.1-1 NSHEX

Table 7.1-2 MINISTRI
"Reference"

 
"Reference" S4

S4

 
 
7.2  

NSHEX MINISTRI MINIHEX
GMVP22)  

 
(1)  

6 KNK-II
SPX Fig. 7.2-1 MK-I Joyo MK-I

25) Fig. 7.2-2 BFS-62-3A26) MK-I
SPX "All rods 

out" "MCR half-in" "MCR in" "BCR in" 4 MK-I "MCR"
"BCR" B-10 90% BFS-62-3A "All rods 
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out" 1 "Central MCR in" "Off center MCR in"
"1 BCR in" 4 BFS-62-3A "MCR" "BCR"

B "BCR" "MCR"
2.5  
 
(2)  

5 SPX MK-I
6

0.1% 2%

 
 
(3)  

Table 7.2-1 5
MINISTRI MINIHEX

Table 7.2-2  

SN

SN

 
S4

0.1% k

 
 
7.3  

KNK-II BFS-62-3A
MINISTRI MINIHEX

 
 
7.3.1 KNK-II  

NSHEX
Fig. 7.3-1 MINISTRI MINIHEX Fig. 
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7.3-2 S4

S4

NSHEX 2
2 MINISTRI

MINIHEX S4

 
NSHEX 2 S4

2  
MINISTRI 2.5cm 6.1cm2

S4

2.5cm
 

Table 7.3-1  
NSHEX MINISTRI

MINISTRI NSHEX 10 GMVP
 

 
7.3.2  

NSHEX
Fig. 7.3-3 MINISTRI MINIHEX Fig. 

7.3-4  
NSHEX 2

S4

2  
MINISTRI 2.2cm 4.8cm2

S4 4.4cm
19cm2 S4

4.4cm
5.0cm  

Table 7.3-2
Fig. 7.3-5 8 Table 7.3-3  

NSHEX 0.07%
MINISTRI 0.06% NSHEX MINISTRI

NSHEX MINISTRI GMVP
 

"All rods out" "MCR half-in" GMVP
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NSHEX MINISTRI GMVP 0.5%
"MCR in" "BCR 

in" 0.7% GMVP
 

 
7.3.3 SPX  

NSHEX
Fig. 7.3-9 MINISTRI MINIHEX Fig. 

7.3-10  
NSHEX 2 S4

2  
MINISTRI "All rods out" "MCR half-in" "BCR in" 3 6.8cm

47cm2 S4

"MCR in"
6.8cm 47cm2

S4

"MCR in" 3.4cm 12cm2 S4

"MCR in" 3.4cm
3.4cm

12cm2 "MCR in" 6.8cm
3.4cm 6.8cm

5.0cm  
Table 7.3-4

Fig. 7.3-11 14 MINISTRI 3.4cm Table 7.3-5
 

NSHEX 0.06%
MINISTRI 6.8cm "MCR in"

MINISTRI
3.4cm "MCR 

half-in"
NSHEX MINISTRI 6.8cm GMVP MINISTRI 3.4cm

4  
NSHEX "All rods out"

0.7% "MCR half-in" 1.8%
"MCR 

in" "BCR in" GMVP 4.2 3.1%
MINISTRI 3.4cm "MCR half-in"
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6.8cm GMVP 1.4%
"MCR in" "BCR in" GMVP 2%

 
"MCR in" NSHEX

2.0 10-4

4.0 10-4 GMVP MINISTRI
NSHEX

2
GMVP 2.4% 4.3%

GMVP NSHEX  
 
7.3.4 MK-I  

NSHEX
8.2cm

5cm
 

MINISTRI MINIHEX
Fig. 7.3-15 1.6cm 2.4cm2

S4

3.1cm 9.7cm2

3.1cm 2.5cm
 

Table 7.3-6
Fig. 7.3-16 19 Table 7.3-7  

MINISTRI 0.06 0.07%
MINISTRI GMVP

 
GMVP MINISTRI

GMVP 0.6%  
 
7.3.5 BFS-62-3A  

1 1.2 NSHEX  
MINIHEX MINISTRI

Fig. 7.3-20 4.7cm 23cm2

MINISTRI 4.7cm 5.0cm
 

Table 7.3-8 GMVP
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MINIHEX GMVP 0.01%
MINIHEX GMVP  

 
7.4  

TWOTRAN "Reference"

6 S8 S4

 
NSHEX 2 MINIHEX MINISTRI

2.5cm 5.0cm
MINISTRI MINIHEX

 
 

S4  

 [cm]  [cm] 

KNK-II 2.5 13.0 24 

Joyo MK-I 3.1 8.2 6 

Monju 4.4 11.6 6 

BFS-62-3A 4.7 5.1 1 

SPX 
6.8 

18.0 
6 

3.4 24 

 
KNK-II

NSHEX  
"Reference"

S4

KNK-II 2.5cm 5.0cm MINISTRI
Fig. 7.4-1 S4 KNK-II

0.235
"Reference"

0.3 0.2 0.4%
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Table 7.1-1  Relative difference of the flux and absorption reaction rate in the control rod 
region due to the change of the angular quadrature set and maximum polynomial order in 
NSHEX for "Rods half-in" case of the KNK-II core 

Condition change Group 1 Group 2 Group 3 Group 4
Absorption 

reaction rate

Angular quadrature set 

 (Even condition: S16 S4) 
+0.4*1 +0.2*1 +0.2*1 +0.4*1 +0.2*1 

Angular quadrature set 

 (Reference: S16 S4) 
-0.6 -0.4 -0.3 -0.1 -0.4 

Maximum polynomial order 

(6th 2nd) 
+0.0 +0.1 +0.6 +2.0 +0.4 

*1: Relative difference (%) 

 
Table 7.1-2  Relative difference of the flux and absorption reaction rate in the control rod 
region due to the change of the angular quadrature set and radial mesh width in 
MINISTRI for "Rods half-in" case of the KNK-II core 

Condition change Group 1 Group 2 Group 3 Group 4
Absorption 

reaction rate

Angular quadrature set 

 (Even condition: S16 S4) 
+0.5*1 +0.2*1 +0.2*1 +0.8*1 +0.3*1 

Angular quadrature set 

 (Reference: S16 S4) 
-0.6 -0.4 -0.4 -0.1 -0.4 

Radial mesh width 

(1.2 2.5cm) 
+0.3 +0.2 +0.1 +0.5 +0.2 

*1: Relative difference (%) 
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Fig. 7.1-1  Dependence of eigenvalue on three angular quadrature sets in NSHEX for 
"Rods half-in" case of the KNK-II core (2nd order polynomial expansion) 
 

 
Fig. 7.1-2  Dependence of eigenvalue on the maximum polynomial order in NSHEX for 
"Rods half-in" case of the KNK-II core (Angular quadrature set of S4) 
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Fig. 7.1-3  Dependence of eigenvalue on three angular quadrature sets in MINISTRI for 
"Rods half-in" case of the KNK-II core (Radially 24meshes/SA) 
 

 
Fig. 7.1-4  Dependence of eigenvalue on the radial mesh division in MINISTRI for "Rods 
half-in" case of the KNK-II core (Angular quadrature set of S4) 
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Table 7.2-1  Calculation criteria and conditions for the reference scheme 

Item 
Criteria and conditions 

NSHEX MINIHEX or MINISTRI 

Angular quadrature set S4 � 

Spatial treatment in the 

radial direction 

Polynomial expansion with 

up to sixth order 

No division or triangle mesh 

division (6, 24, 54, 96 

meshes) within SA 

Spatial treatment in the axial 

direction 

Polynomial expansion with 

the second order 
Finer mesh division 

Node or mesh width in the 

axial direction 
Around 20cm Around 5.0 cm or 2.5cm 

Fission source convergence 

criteria for each node 
Less than 1.0×10-4 � 

Eigenvalue convergence 

criteria 
Less than 1.0×10-5 � 

High order moments 

calculation condition 
Greater than 2.0×10-4 *1 Nothing 

Neutron energy group 
4 (KNK-II), 18 (Monju, SPX, 

Joyo MK-I, and BFS-62-3A)
� 

*1: Set 4.0×10-4 for "MCR in" case of the SPX core 
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Table 7.2-2  Comparison in effective radial mesh sizes among various cores 

Core Core size 
SA across flat 

length [cm] 

Number of radial 

meshes per SA 

Effective radial 

mesh size [cm] 

KNK-II Small 12.9900 

6 4.9 

24 2.5 

54 1.6 

96 1.2 

Monju Intermediate 11.5600 

6 4.4 

24 2.2 

54 1.5 

SPX Large 18.0190 
6 6.8 

24 3.4 

Joyo Small 8.1817 

1 7.6 

6 3.1 

24 1.6 

BFS 
Intermediate 

(BFS-62-3A) 
5.1000 

1 4.7 

6 1.9 
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Fig. 7.2-1  Layout of the Joyo MK-I core 
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Fig. 7.2-2  Layout of the BFS-62-3A core 
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Table 7.3-1  Relative difference in eigenvalue and calculation time by NSHEX and 
MINISTRI with the standard calculation condition for the KNK-II core 

Code All rods out 
Rods 

half-in 
Rods in 

Average 

time [min]

NSHEX +0.079*1 +0.046*1 -0.001*1 2 

MINISTRI (2.5)*3 -0.015 +0.023 +0.049 24 

GMVP (Ref.) 
1.09527 0.98349 0.87966 

287 
±0.024*2 ±0.026*2 ±0.026*2 

*1: Relative difference to the reference [%] 

*2: Statitical uncertainty (1�) [%] 

*3: Radial and axial mesh sizes [cm] 
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Table 7.3-2  Relative difference in eigenvalue and calculation time by NSHEX and 
MINISTRI with the standard calculation condition for the Monju core 

Code All rods out 
MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

NSHEX +0.039*1 +0.024*1 +0.067*1 +0.062*1 93 

MINISTRI (4.4)*3 -0.021 -0.059 -0.053 -0.056 117 

GMVP (Ref.) 
1.03861 0.98551 0.93493 0.95665 

306 
±0.010*2 ±0.010*2 ±0.010*2 ±0.010*2 

*1: Relative difference to the reference [%] 

*2: Statitical uncertainty (1�) [%] 

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction) 

 
Table 7.3-3  Relative difference in power distribution by NSHEX and MINISTRI with the 
standard calculation condition for the Monju core 

Code All rods out 
MCR 

half-in 
MCR in BCR in 

NSHEX 0.33*1 0.40*1 0.64*1 0.53*1 

MINISTRI (4.4)*3 0.24 0.52 0.67 0.54 

Uncertainty of 

GMVP 
0.21*2 0.22*2 0.23*2 0.23*2 

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

*2: Statitical uncertainty (1�) [%] 

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction) 
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Table 7.3-4  Relative difference in eigenvalue and calculation time by NSHEX and 
MINISTRI with the standard calculation condition for the SPX core 

Code All rods out 
MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

NSHEX +0.029*1 +0.022*1 -0.059*1 +0.021*1 232 

MINISTRI (6.8)*3 -0.018 -0.036 -0.107 -0.025 411 

MINISTRI (3.4)*3 +0.018 -0.010*4 +0.018 +0.018 1426 

GMVP (Ref.) 
1.02256 0.97474 0.93021 1.01278 

269 
±0.005*2 ±0.006*2 ±0.006*2 ±0.005*2 

*1: Relative difference to the reference [%] 

*2: Statitical uncertainty (1�) [%] 

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction) 

*4: Converged in eigenvalue only 

Underlined means exceeding of the target accuracy 

 
Table 7.3-5  Relative difference in power distribution by NSHEX and MINISTRI with the 
standard calculation condition for the SPX core 

Code All rods out 
MCR 

half-in 
MCR in BCR in 

NSHEX 0.72*1 1.82*1 4.23*1 3.11*1 

MINISTRI (6.8)*3 0.73 1.42 1.46 1.76 

MINISTRI (3.4)*3 0.58 NC*4 1.02 1.29 

Uncertainty of 

GMVP 
0.22*2 0.22*2 0.22*2 0.21*2 

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

*2: Statitical uncertainty (1�) [%] 

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction) 

*4: Converged in eigenvalue only 
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Table 7.3-6  Relative difference in eigenvalue and calculation time by NSHEX and 
MINISTRI with the standard calculation condition for the Joyo MK-I core 

Code All rods out 
MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

NSHEX NC*4 NC*4 NC*4 NC*4 - 

MINISTRI (3.1)*3 -0.062*1 -0.065*1 -0.063*1 -0.067*1 53 

GMVP (Ref.) 
1.00958 0.98635 0.96253 0.91733 

118 
±0.011*2 ±0.010*2 ±0.011*2 ±0.011*2 

*1: Relative difference to the reference [%] 

*2: Statitical uncertainty (1�) [%] 

*3: Mesh size in the radial direction [cm] (2.5cm in the axial direction) 

*4: Not converged 

 
Table 7.3-7  Relative difference in power distribution by NSHEX and MINISTRI with the 
standard calculation condition for the Joyo MK-I core 

Code All rods out 
MCR 

half-in 
MCR in BCR in 

NSHEX NC*4 NC*4 NC*4 NC*4 

MINISTRI (3.1)*3 0.35*1 0.60*1 0.54*1 0.54*1 

Uncertainty of 

GMVP 
0.18*2 0.19*2 0.19*2 0.19*2 

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

*2: Statitical uncertainty (1�) [%] 

*3: Mesh size in the radial direction [cm] (2.5cm in the axial direction) 

*4: Not converged 
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Table 7.3-8  Relative difference in eigenvalue and calculation time by MINIHEX with the 
standard calculation condition for the BFS-62-3A core 

Code All rods out 
Central 

MCR in 

Off-center 

MCR in 
1 BCR in 

Average 

time [min] 

MINIHEX (4.7)*3 +0.001*1 +0.007*1 +0.006*1 -0.004*1 486 

GMVP (Ref.) 
0.99081 0.98682 0.98788 0.98523 

1546 
±0.003*2 ±0.003*2 ±0.003*2 ±0.003*2 

*1: Relative difference to the reference [%] 

*2: Statitical uncertainty (1�) [%] 

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction) 
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(Angular discretization effect) 

  

(Distribution treatment effect) 
Fig. 7.3-1  Effects of polynomial expansion and angular discretization by NSHEX for the 

KNK-II core 
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(Angular discretization effect) 

  

(Distribution treatment effect) 
Fig. 7.3-2  Effects of spatial mesh and angular discretization by MINISTRI for the KNK-II 

core 
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(Angular discretization effect) 

  

(Distribution treatment effect) 
Fig. 7.3-3  Effects of polynomial expansion and angular discretization by NSHEX for the 

Monju core 
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(Angular discretization effect) 

  

(Distribution treatment effect) 
Fig. 7.3-4  Effects of spatial mesh and angular discretization by MINISTRI for the Monju 

core 
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Fig. 7.3-5  Percentage relative difference in radial power distribution by NSHEX and 
MINISTRI with the standard calculation condition for "All rods out" case of the Monju core 
 

 

Fig. 7.3-6  Percentage relative difference in radial power distribution by NSHEX and 
MINISTRI with the standard calculation condition for "MCR half-in" case of the Monju core 
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Fig. 7.3-7  Percentage relative difference in radial power distribution by NSHEX and 
MINISTRI with the standard calculation condition for "MCR in" case of the Monju core 

 

 

Fig. 7.3-8  Percentage relative difference in radial power distribution by NSHEX and 
MINISTRI with the standard calculation condition for "BCR in" case of the Monju core 
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(Angular discretization effect) 

  

(Distribution treatment effect) 
Fig. 7.3-9  Effects of polynomial expansion and angular discretization by NSHEX for the 

SPX core 
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(Angular discretization effect) 

  

(Distribution treatment effect) 
Fig. 7.3-10  Effects of spatial mesh and angular discretization by MINISTRI for the SPX 

core 
  

0.0

0.1

0.2

0.0 0.2 0.4 0.6 0.8 1.0 1.2

An
gu

la
r d

is
tre

tiz
at

io
n 

ef
fe

ct
 [

%
]

24 / N / (N+2)

All rods out

MCR half -in

MCR in

BCR in

S4

S8
S12

-0.2

-0.1

0.0

0 10 20 30 40 50

Sp
at

ia
l m

es
h 

ef
fe

ct
 [

%
]

Mesh area [cm^2]

All rods out

MCR half -in

MCR in

BCR in

- S4 ef fect 6.8cm mesh

3.4cm mesh

All rods out, BCR in

MCR half-in

MCR in



JAEA-Data/Code 2011-018 

 

Fig. 7.3-11  Percentage relative difference in radial power distribution by NSHEX and 
MINISTRI with the standard calculation condition for "All rods out" case of the SPX core 

 

 

Fig. 7.3-12  Percentage relative difference in radial power distribution by NSHEX and 
MINISTRI with the standard calculation condition for "MCR half-in" case of the SPX core 
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Fig. 7.3-13  Percentage relative difference in radial power distribution by NSHEX and 
MINISTRI with the standard calculation condition for "MCR in" case of the SPX core 

 

 
Fig. 7.3-14  Percentage relative difference in radial power distribution by NSHEX and 

MINISTRI with the standard calculation condition for "BCR in" case of the SPX core 
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(Angular discretization effect) 

 

(Distribution treatment effect) 
Fig. 7.3-15  Effects of spatial mesh and angular discretization by MINISTRI for the Joyo 

MK-I core 
  

-0.1

0.0

0.1

0.2

0.0 0.2 0.4 0.6 0.8 1.0 1.2

An
gu

la
r d

is
tre

tiz
at

io
n 

ef
fe

ct
 [

%
]

24 / N (N+2)

All rods out

MCR half -in

MCR in

BCR in

S4

S8S12

-0.3

-0.2

-0.1

0.0

0 2 4 6 8 10 12

Sp
at

ia
l m

es
h 

ef
fe

ct
 [

%
]

Mesh area [cm^2]

All rods out

MCR half -in

MCR in

BCR in

- S4 ef fect

3.1cm mesh

1.6cm mesh

1.0cm 
mesh

All rods out
MCR half-in
MCR in

BCR in



JAEA-Data/Code 2011-018 

   
Fig. 7.3-16  Percentage relative difference in radial power distribution by MINISTRI with 

the standard calculation condition for "All rods out" case of the Joyo MK-I core 
 

  
Fig. 7.3-17  Percentage relative difference in radial power distribution by MINISTRI with 

the standard calculation condition for "MCR half-in" case of the Joyo MK-I core 
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Fig. 7.3-18  Percentage relative difference in radial power distribution by MINISTRI with 

the standard calculation condition for "MCR in" case of the Joyo MK-I core 
 

  
Fig. 7.3-19  Percentage relative difference in radial power distribution by MINISTRI with 

the standard calculation condition for "BCR in" case of the Joyo MK-I core 
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(Angular discretization effect) 

 

(Distribution treatment effect) 
Fig. 7.3-20  Effects of spatial mesh and angular discretization by MINIHEX and 

MINISTRI for the BFS-62-3A core 
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(For  minimum of 0.2 through 0.3) 

 
(For  minimum of around 0.25) 

 
Fig. 7.4-1  Dependence of relative difference of eigenvalue to the reference on the angular 

quadrature set of S4 for the KNK-II core 
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1 NSHEX  
 

NSHEX  
 

.NSHEX  
# 1      READ  
# 2      WRITE  
# 6       WRITE  
# 8       READ  
# 9       WRITE  
#12   WRITE  
#20 IOP7=1   READ & WRITE  
#21 20+NGMX 

IOP6=1 * READ & WRITE  
#21, 22 IOP6=2 * READ & WRITE  

 
*: IOP6=1

IOP6=2 21 22
IOP6=1  
 

.Variable Dimension  
NSHEX Variable Dimension( VD)

VD main000.f  
 

PARAMETER (LIMIT=######, LIMIT2=####) 
 

LIMIT LIMIT2
VD

LIMIT LIMIT2
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NSHEX  
3 1 : Ver.10A.1 : Ver.10B.1  

 
3 1

 
 
 JOINT Card 0  
Card 0-1: NSHEX (A5)  
  NSHEX: "NSHEX"  
Card 0-2: INCORE,SLAROM (A6, 4X, A6) 
  INCORE: PDS  
  PDS FORMAT  
  SLAROM: "SLAROM"  
Card 0-3: ITOT (I5)  
  ITOT: t  
   1, 2 t= transport 
   0 t= total 
   -1 t=1/3Dav 
   -2 t=1/3D  
   -3 t=1/3D  
   -4 t=2/3(D +D ) 
   -5 t=1/(2D +D ) 
   -6 t=1/(D +2D ) 

 

�
-.

.// �������
gg

ggsgagtggs ,,,,  

 
Card 1: ISTART, IRET, CONFCT (2I12, F12.5) 
  ISTART:  
   0 #1  
   1  
  IRET:  
  CONFCT: 1.0 2.0 
    
 
Card 2: NLAY, NGMX, MAPMX, NSN (4I12) 
  NLAY:  
  NGMX:  
  MAPMX:  
  NSN: SN 2 16  
 
Card 3: IDUMP, IBR, NODR (3I12) 
  IDUMP:  
   SDUMP  
   0 YES  
   1 NO 
   2 YES  
     
   3 YES  
     
  IBR:  
   0 1/3  
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   1 1/3  
   2  
  NODR: 6 2  
 
Card 4: KMX, KCM, IBT, IBB (4I12) 
  KMX:  
  KCM:  
  IBT/IBB: /  
   0  
   1  
 
Card 5: IOP1, IOP2, IOP2D (3I12) 
  IOP1: 3 5  
   0 0  
    CONCR2  
     
   1 0 CONCR2 
    IOP1  
     
  IOP2: 0  
   0 1  
   1 1  
  IOP2D:  
    0  
   0  
   1 2 QLA  
 
Card 6: IOP3, IOP4, IOP5, IOP6, IOP7 (5I12) 
  IOP3: 0  
   0 YES IOP3  
   0 NO 
  IOP4: -1  
   -1  
   0  
   1  
   2 Card 12  
  IOP5:  
   0  
   1  
   2  
  IOP6:  
   0  
   1 1  
   2 1  
  IOP7:  
   0  
   1  

 
 
Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5) 
  CONCR: 5.0E-4  
  CONCR2: 2 CONCR IOP1  
  CONCRI: CONCR  
  CONCRE: 1.0E-5  
  FACT:  
   >0 f  
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   <0 f  
 
Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN, ACUT, CONIFD (2I12, 3F12.5, E12.5) 
  ITINMX:  
  ITOUTMX:  
  TIMOUT:  [ ] 
  EIGEN: 1.0  
  ACUT:  
   0.0 IOP2D=0  
  CONIFD: 2.0E-2  
 
Card 9: (IHK(KC), KC=1, KCM) (25I3) 
  IHK(KC): KC  
 
Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5) 
  ZC(KC):  [cm]  
   KC ZC(KC) Z ZC(KC+1)  
 
Card 11: HP (E12.5) 
  HP:  [cm] 
 
Card 12: (IMJ(MP), MP=1, MAPMX) (25I3) IOP4=2  
  IMJ(MP): MP  
   0  
   1  
 
Card 13: MAP(N, KC) (Free Format) 
  MAP(N, KC):  
   PLANE KCM 
   Fig. A.1-1 5 JOINT 80  
    
 
 JOINT  
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): NR NG a 
  XFIS(NG, NR): NR NG f 
  XSGF(NG, NR): NR NG f 
  XTRA(NG, NR): NR NG t 
  XSCT(NG, NN, NR): NR NG NN  
   s(ng nn) 
  NGMX MAPMX  
 
 JOINT  
Card 14-1: XS@ (A4) 
  XS@: "XS@ "  
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6) 
  MEMBER1: PDS  
  SLAROM: "SLAROM"  
  Card14-2 MAPMX  
 

 

�
-.

.// �������
gg

ggsgagtggs ,,,,  
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 JOINT  
Card 15: (CHI(NG), NG=1, NGMX) (6E12.5) 
  CHI(NG): NG  
   1.0  
 
 JOINT  
Card 15: MEMBER2, SLAROM (A6, 4X, A6) 
  MEMBER2: PDS  
   1  
  SLAROM: "SLAROM"  
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Fig. A.1-1  3 1 NSHEX  

 

 
Fig. A.1-2  3 1 NSHEX  

 

 
Fig. A.1-3  3 1 NSHEX  
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Fig. A.1-   NSHEX  

 

 
Fig. A.1-5  NSHEX  
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2 NSHEX  
 

HOW TO USE NSHEX 
 
1. INTERFACE UNIT ID 
 # 1: Restart file       (READ) 
 # 2: Restart file       (WRITE) 
 # 6: Monitor output      (WRITE) 
 # 8: Input       (READ) 
 # 9: Standard output      (WRITE) 
 #12: Dump of intra-node flux and node-boundary flux  (WRITE) 
 #20: Work file of the response matrices (Required when IOP7=1) (READ & WRITE) 
 #21 through 20+NGMX 
      : Work file of the angular flux (Required when IOP6=1)* (READ & WRITE) 
 #21 and 22 
      : Work file of the angular flux (Required when IOP6=2)* (READ & WRITE) 
 
  *: When IOP6=1, the interface units or work files are occupied every energy group. When 
IOP6=2, the interface units 21 and 22 are occupied one after the other every outer iteration. 
In the case when IOP6=1, less file volume but more interface units are required. 
 
2. TREATMENT OF THE VARIABLE DIMENSION 
  For a computation memory economy most of dimensions are allocated by single variable 
dimension, and the sizes of the variable dimensions are specified by the following 
statement in the main routine (main000.f):. 
 
      PARAMETER (LIMIT=######, LIMIT2=####) 
 
  The value LIMIT specifies the size of the real-type (R) variable dimension and the value 
LIMIT2 that of the integer-type (I) one. They must be greater than required sizes, 
otherwise calculation stops. You can check required sizes of the variable dimensions in the 
monitor output (Unit # 6). 
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NSHEX INPUT MANUAL 
(Ver.10A.1 for one third core and Ver.10B.1 for whole core) 

 
    There are 2 subversions of NSHEX, which are 1/3 core and whole code subversions. 
Inputs for boundary condition and map specification are different. 
 
 <Card 0 is necessary only when JOINT is used.> 
Card 0-1: NSHEX (A5)  
  NSHEX: Control character (Just specify "NSHEX") 
Card 0-2: INCORE,SLAROM (A6, 4X, A6) 
  INCORE: Representative member name of the PDS file 
  (For the specification of the PDS file format) 
  SLAROM: Code name for the cross sections (Specify "SLAROM") 
Card 0-3: ITOT (I5)  
  ITOT: Option for the total cross sections 
   1, 2 =Transport cross sections 
   0 =Total cross sections 
   -1 =1/3Dav  (Averaged diffusion coefficients) 
   -2 =1/3D(Benoist's perpendicular) 
   -3 =1/3D(Benoist's parallel) 
   -4 =2/3(D(B's perpendicular)+D(B's parallel)) 
   -5 =1/(D(B's perpendicular)+2D(B's parallel)) 
   -6 =1/(2D(B's perpendicular)+D(B's parallel)) 
REMARK: Within-group scattering cross sections are redefined by following equation: 

    �
-.

.// �������
gg

ggsgagtggs ,,,,  

 
Card 1: ISTART, IRET, CONFCT (2I12, F12.5) 
  ISTART: Calculation option 
   0 Restart calculation (File #1 is required.) 
   1 New calculation 
  IRET: Maximum retrial counts 
  CONFCT: Relaxation factor of convergence criterions (Automatically set  
   2.0 if specified less or equal to 1.0) 
 
Card 2: NLAY, NGMX, MAPMX, NSN (4I12) 
  NLAY: Number of the radial nodes (Number of layers) 
  NGMX: Number of energy groups 
  MAPMX: Number of regions (materials) 
  NSN: SN order (2 through 16 and even number) 
 
Card 3: IDUMP, IBR, NODR (3I12) 
  IDUMP: Dump option for the intra-node flux and node-boundary flux to  
   file #12 (Format is referred to the subroutine "SDUMP") 
   0 YES (Node-average flux only) 
   1 NO 
   2 YES (Node-average flux and intra-node high order flux 
    moment) 
   3 YES (Node-average flux, intra-node high order flux  
    moment and node-boundary flux) 
  IBR: Boundary condition in the radial direction 
   0 Periodic (1/3 core version only) 
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   1 Reflective (1/3 core version only) 
   2 Vacuum 
  NODR: Expansion order of the intra-node flux (Maximum: 6, Normal: 2) 
Card 4: KMX, KCM, IBT, IBB (4I12) 
  KMX: Total number of axial nodes (planes) 
  KCM: Number of axial regions 
  IBT/IBB: Boundary condition in the axial direction (Top / Bottom) 
   0  Vacuum 
   1  Reflective 
 
Card 5: IOP1, IOP2, IOP2D (3I12) 
  IOP1: Calculation option for the high order flux moments (Normally 3  
   through 5) 
   0 Calculation stopped when maximum iteration error of  
    node average (0th order) flux becomes less than  
    CONCR2. 
   >0 Calculation performed every IOP1 times of outer  
    iteration after maximum iteration error of node average  
    (0th order) flux becomes less than CONCR2. 
  IOP2: Calculation option for the high order transverse leakage moments  
   (Normally 0) 
   0 Once before all inner iterations 
   1 Once after all inner iterations 
  IOP2D: Calculation method for the high order axial leakage moments in  
   the radial sweep (Normally 0) 
   0 Scalar flux interpolation method 
   1 Quadratic leakage approximation (QLA) 
 
Card 6: IOP3, IOP4, IOP5, IOP6, IOP7 (5I12) 
  IOP3: Application of the acceleration methods (Normally 0) 
   >0 YES (Rebalance applied in inner iterations every IOP3  
    times) 
   0 NO 
  IOP4: Parameters for the convergence judgment in outer iteration  
   (Normally -1) 
   -1 Fission source (Node average) 
   0 Flux (Node average) 
   1 Fission source (Node average and node boundaries) 
   2 Flux (Node average) in the specified regions by Card 12 
  IOP5: Calculation mode 
   0 Real 
   1 Adjoint 
   2 Adjoint with fixed eigenvalue 
  IOP6: Option for the work files of the angular flux 
   0 Not used 
   1 Used (1 unit per every energy group) 
   2 Used (1 unit per every other outer iteration) 
  IOP7: Option for the work file of the response matrices 
   0 Not used 
   1 Used 
See "HOW TO USE NSHEX" 
 
Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5) 
  CONCR: Convergence criterion on flux in outer iteration (Normally  
   1.0E-4) 
  CONCR2: Calculation condition on the high order flux moments  
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   (Normally 2 CONCR, See the description on IOP1) 
  CONCRI: Convergence criterion on flux in inner iteration  
   (Normally same as CONCR) 
  CONCRE: Convergence criterion on eigenvalue (Normally 1.0E-5) 
  FACT: Normalization factor 
   >0 By neutron production 
   <0 By fission source 
 
Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN, ACUT, ITOUTFD (2I12, 3F12.5, E12.5) 
  ITINMX: Maximum number of inner iteration 
  ITOUTMX: Maximum number of outer iteration 
  TIMOUT: CPU time limit [minute] 
  EIGEN: Initial Eigenvalue (Normally 1.0) 
  ACUT: Axial leakage calculation condition in radial sweep 
 (Normally 0.0,  
   only if IOP2D=0) 
  CONIFD: Convergence criterion on the initial finite difference calculation  
   (Normally 2.0E-2) 
 
Card 9: (IHK(KC), KC=1, KCM) (25I3) 
  IHK(KC): Number of axial nodes (planes) in axial region KC  
   (From bottom to top) 
 
Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5) 
  ZC(KC): Coordinates of the radial region boundaries [cm]  
   (From bottom to top) (Axial region KC exists in the extent of  
   ZC(KC) through ZC(KC+1)) 
 
Card 11: HP (E12.5) 
  HP: Radial node across flat length [cm] 
 
Card 12: (IMJ(MP), MP=1, MAPMX) (25I3) (Required only when IOP4=2) 
  IMJ(MP): Convergence judgment flag of region MP 
   0 Considered 
   1 Ignored 
 
Card 13: MAP(N, KC) (Free Format) 
  MAP(N, KC): Region (material) numbers (Region map) 
   Specify them for every axial plane and repeat KCM times from  
   bottom to top. See Fig. A.2.1-1 through 5. When JOINT is used,  
   this card should be specified within 80 columns. 
 
 <When JOINT is not used> 
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): Absorption cross sections of energy group NG in region  
   NR 
  XFIS(NG, NR): Production cross sections of energy group NG in region NR 
  XSGF(NG, NR): Fission cross sections of energy group NG in region NR 
  XTRA(NG, NR): Total cross sections of energy group NG in region NR 
  XSCT(NG, NN, NR): Scattering cross sections from energy group NG to  
   NN in region NR 
  (Repeat NGMX times, and repeat MAPMX times) 
 
 <When JOINT is used> 
Card 14-1: XS@ (A4) 
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  XS@: Control character (Just specify "XS@ ") 
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6) 
  MEMBER1: Member name of the PDS file 
  SLAROM: Code name for the cross sections (Specify "SLAROM") 
  (Repeat Card14-2 MAPMX times) 
 
REMARK: Within-group scattering cross sections are redefined by following equation: 

    �
-.

.// �������
gg

ggsgagtggs ,,,,  

 
 <When JOINT is not used> 
Card 15: (CHI(NG), NG=1, NGMX) (6E12.5) 
  CHI(NG): Fission spectrum (Releasing fraction to energy group NG.  
   Normalized so as to set sum of them equal to 1.0.) 
 
 <When JOINT is used> 
Card 15: MEMBER2, SLAROM (A6, 4X, A6) 
  MEMBER2: Member name of the PDS file including the one  
   representative fission spectrum 
  SLAROM: Code name for the cross sections (Specify "SLAROM") 
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Fig. A.2-1  Configuration of the 1/3 rotational core 

 

 
Fig. A.2-2  Node addressing of the NSHEX 1/3 core version (NLAY=8) 

 

 
Fig. A.2-3  Relationship between the node addressing and the map input format of the 

NSHEX 1/3 core version (NLAY=8) 
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Fig. A.2-4  Node addressing of the NSHEX whole core version (NLAY=4) 

 

 

Fig. A.2-5  Relationship between the node addressing and the map input format of the 
NSHEX whole core version (NLAY=4) 
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3 MINIHEX  
 

MINIHEX  
 
1.  

MINIHEX BFS-2
Hex-Z SN  

BFS-2 5.1cm

 
 

 
2.  
2-1. MINIHEX  

     READ  
     WRITE  

     WRITE  
     WRITE  

      READ  
      WRITE  

   WRITE  
 
2-2. Variable Dimension  

MINIHEX Variable Dimension( VD)
VD main000.f  

 
PARAMETER (LIMIT=######, LIMIT2=####) 

 
LIMIT LIMIT2

VD
LIMIT LIMIT2
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MINIHEX  
Ver.2.1  

 
 

 
 JOINT Card 0  
Card 0-1: NSHEX (A5)  
  NSHEX: "NSHEX"  
Card 0-2: INCORE,SLAROM (A6, 4X, A6) 
  INCORE: PDS  
  PDS FORMAT  
  SLAROM: "SLAROM"  
Card 0-3: ITOT (I5)  
  ITOT: t  
   1, 2 t= transport 
   0 t= total 
   -1 t=1/3Dav 
   -2 t=1/3D  
   -3 t=1/3D  
   -4 t=2/3(D +D ) 
   -5 t=1/(2D +D ) 
   -6 t=1/(D +2D ) 

JOINT NSHEX NSHEX  
 

�
-.

.// �������
gg

ggsgagtggs ,,,,  

 
Card 1: ISTART (I12) 
  ISTART:  
   0 #1  
   1  
 
Card 2: NLAY, NGMX, MAPMX, NSN (4I12) 
  NLAY:  
  NGMX:  
  MAPMX:  
  NSN: Sn 2 16  
 
Card 3: IDUMP, IBR, NODR (3I12) 
  IDUMP:  
  IBR:  
  NODR:  
 
Card 4: KMX, KCM, IBT, IBB (4I12) 
  KMX:  
  KCM:  
  IBT/IBB: /  
 
Card 5: IOP1, IOP2, NODRL (3I12) 
  IOP1: 1  
   <0  
   =0  
   =1  
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   >1  
     
     
  IOP2:  
  NODRL:  
 
Card 6: IOP3, IOP4, IOP5, IOP6, Integer*6 (4I12, 6I3) 
  IOP3:  
   0  
   1  
  IOP4:  
   0  
   1  
   2 Card 12  
  IOP5:  
   0  
   1  
   2  
  IOP6:  
  NSTA_OUTACC:  
  MXODR_OUTACC:  
  INOFF_OUTACC:  
   INOFF_OUTACC  
    
  IOP_RECAL_FISSEIGEN:  
   0  
   1  
  IOP_CHEB1: 1  
  IOP_CHEB2: 1  
 
Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5) 
  CONCR: 1.0E-4  
  CONCR2:  
  CONCRI: CONCR  
  CONCRE: 1.0E-5  
  FACT:  
   >0 f  
   <0 f  
 
Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN (2I12, 2F12.5) 
  ITINMX:  
  ITOUTMX:  
  TIMOUT:  [ ] 
  EIGEN: 1.0  
 
Card 9: (IHK(KC), KC=1, KCM) (25I3) 
  IHK(KC): KC  
 
Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5) 
  ZC(KC):  [cm]  
   KC ZC(KC) Z ZC(KC+1)  
 
Card 11: HP (E12.5) 
  HP:  [cm] 
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Card 12 (IMJ(MP), MP=1, MAPMX) (25I3) IOP4=2  
  IMJ(MP): MP  
   0  
   1  
 
Card 13: MAP(N, KC) (Free Format) 
  MAP(N, KC):  
   PLANE KCM 
   Fig. A.3-1 2 MAPMX  
   Black absorber JOINT  
   80  
 
 JOINT  
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): NR NG a 
  XFIS(NG, NR): NR NG f 
  XSGF(NG, NR): NR NG f 
  XTRA(NG, NR): NR NG t 
  XSCT(NG, NN, NR): NR NG NN  
     s(ng nn) 
 NGMX MAPMX  
 
 JOINT  
Card 14-1: XS@ (A4) 
  XS@: "XS@ "  
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6) 
  MEMBER1: PDS  
  SLAROM: "SLAROM"  
  Card14-2 MAPMX  
 

 

�
-.

.// �������
gg

ggsgagtggs ,,,,  

 
 JOINT  
Card 15: (CHI(NG), NG=1, NGMX) (6E12.5) 
  CHI(NG): NG  
   1.0  
 
 JOINT  
Card 15: MEMBER2, SLAROM (A6, 4X, A6) 
  MEMBER2: PDS  
   1  
  SLAROM: "SLAROM"  
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Fig. A.3-1  MINIHEX  

 

 
Fig. A.3-2  MINIHEX  
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4 MINISTRI  
 

MINISTRI  
 
1.  

MINISTRI NSHEX
Tri-Z SN  

 
 
2.  
2-1. MINISTRI  

     READ  
     WRITE  

     WRITE  
     WRITE  

      READ  
      WRITE  

   WRITE  
 
2-2. Variable Dimension  

MINISTRI Variable Dimension( VD)
VD  

 
PARAMETER (LIMIT=######, LIMIT2=####) 

 
LIMIT LIMIT2

VD
LIMIT LIMIT2
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MINISTRI  
Ver.1.1  

 
 

 
 JOINT Card 0  
Card 0-1: NSHEX (A5)  
  NSHEX: "NSHEX"  
Card 0-2: INCORE,SLAROM (A6, 4X, A6) 
  INCORE: PDS  
  PDS FORMAT  
  SLAROM: "SLAROM"  
Card 0-3: ITOT (I5)  
  ITOT: t  
   1, 2 t= transport 
   0 t= total 
   -1 t=1/3Dav 
   -2 t=1/3D  
   -3 t=1/3D  
   -4 t=2/3(D +D ) 
   -5 t=1/(2D +D ) 
   -6 t=1/(D +2D ) 

JOINT NSHEX NSHEX  
 

�
-.

.// �������
gg

ggsgagtggs ,,,,  

 
Card 1: ISTART (I12) 
  ISTART:  
   0 #1  
   1  
 
Card 2: NLAY, NGMX, MAPMX, NSN (4I12) 
  NLAY:  
  NGMX:  
  MAPMX:  
  NSN: Sn 2 16  
 
Card 3: IDUMP, IBR, NTMX (3I12) 
  IDUMP:  
  IBR:  
  NTMX: 6 24 54 96  
 
Card 4: KMX, KCM, IBT, IBB (4I12) 
  KMX:  
  KCM:  
  IBT/IBB: /  
 
Card 5: IOP1, IOP2, NODRL (3I12) 
  IOP1: 2  
   <0  
   =0  
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   =1  
     
   =2  
     
     
     
   =5 Step  
  IOP2: 0  
   0  
   1  
   2  
  NODRL:  
 
Card 6: IOP3, IOP4, IOP5, IOP6, Integer*6 (4I12, 6I3) 
  IOP3: 1  
   0  
   1 IOP2 2  
   2 IOP2 1  
  IOP4:  
   -1  
   0  
   1  
   2 Card 12  
  IOP5:  
   0  
   1  
   2  
  IOP6:  
  NSTA_OUTACC:  
  MXODR_OUTACC:  
  INOFF_OUTACC:  
   INOFF_OUTACC  
    
  IOP_RECAL_FISSEIGEN:  
   0  
   1  
  IOP_CHEB1: 1  
  IOP_CHEB2: 1  
 
Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5) 
  CONCR: 1.0E-4  
  CONCR2:  
  CONCRI: CONCR  
  CONCRE: 1.0E-5  
  FACT:  
   >0 f  
   <0 f  
 
Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN (2I12, 2F12.5) 
  ITINMX:  
  ITOUTMX:  
  TIMOUT:  [ ] 
  EIGEN: 1.0  
 
Card 9: (IHK(KC), KC=1, KCM) (25I3) 
  IHK(KC): KC  
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Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5) 
  ZC(KC):  [cm]  
   KC ZC(KC) Z ZC(KC+1)  
 
Card 11: HP (E12.5) 
  HP:  [cm] 
 
Card 12 (IMJ(MP), MP=1, MAPMX) (25I3) IOP4=2  
  IMJ(MP): MP  
   0  
   1  
 
Card 13: MAP(N, KC) (Free Format) 
  MAP(N, KC):  
   PLANE KCM 
   Fig. A.4-1 2 MAPMX  
   Black absorber JOINT  
   80  
 
 JOINT  
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): NR NG a 
  XFIS(NG, NR): NR NG f 
  XSGF(NG, NR): NR NG f 
  XTRA(NG, NR): NR NG t 
  XSCT(NG, NN, NR): NR NG NN  
     s(ng nn) 
 NGMX MAPMX  
 
 JOINT  
Card 14-1: XS@ (A4) 
  XS@: "XS@ "  
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6) 
  MEMBER1: PDS  
  SLAROM: "SLAROM"  
  Card14-2 MAPMX  
 

 

�
-.

.// �������
gg

ggsgagtggs ,,,,  

 
 JOINT  
Card 15: (CHI(NG), NG=1, NGMX) (6E12.5) 
  CHI(NG): NG  
   1.0  
 
 JOINT  
Card 15: MEMBER2, SLAROM (A6, 4X, A6) 
  MEMBER2: PDS  
   1  
  SLAROM: "SLAROM"  
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Fig. A.4-1  MINISTRI  

 

 
Fig. A.4-2  MINISTRI  
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(5)  

Constant 1 2
1 1 A

2 2 B
C D 1 A KNK-II

SPX NSHEX Table 5.1-7
4 GMVP  

Table A.5-1 A.5-3  
Table A.5-1 KNK-II

0.1
1 2

2 A
D "Rods in" 0.1

1  
Table A.5-2

KNK-II "MCR in" "BCR in" 0.1%

1
A  

Table A.5-3 SPX
KNK-II "MCR half-in" "MCR 
in"

"MCR in" 1
A 2 C 1

 
1 A 2

C
1  

1 2
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Fig. A.5-1  Node parameters for calculating the node vertex fluxes 
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Table A.5-1  Comparison in eigenvalue among treatments of the radial leakage for the 
KNK-II core 

Radial leakage 

treatment [Method] 
All rods out Rods half-in Rods in 

Average time 

[min] 

Constant +0.123*2 +0.149*2 +0.216*2 7 

First*1 [A] +0.047 +0.037 +0.022 8 

Second*1 

[A] +0.044 -0.016 -0.125 9 

[B] +0.046 +0.015 -0.038 9 

[C] +0.050 +0.029 -0.003 9 

[D] +0.047 -0.006 -0.097 9 

GMVP (Ref.) 
1.09527 0.98349 0.87966 

287 
±0.024*3 ±0.026*3 ±0.026*3 

*1: Polynomial expansion order of the radial leakage 

*2: Relative difference to the reference [%] 

*3: Statitical uncertainty (1�) [%] 

 
Table A.5-2  Comparison in eigenvalue among treatments of the radial leakage for the 
Monju core 

Radial leakage 

treatment [Method] 
All rods out 

MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

Constant +0.035*2 +0.035*2 +0.099*2 +0.099*2 314 

First*1 [A] +0.016 -0.004 +0.031 +0.028 389 

Second*1 

[A] +0.017 -0.016 +0.004 +0.001 429 

[B] +0.016 -0.009 +0.020 +0.017 438 

[C] +0.019 -0.003 +0.032 +0.027 414 

[D] +0.017 -0.010 +0.016 +0.012 428 

GMVP (Ref.) 
1.03861 0.98551 0.93493 0.95665 

307 
±0.010*3 ±0.010*3 ±0.010*3 ±0.010*3 

*1: Polynomial expansion order of the radial leakage 

*2: Relative difference to the reference [%] 

*3: Statitical uncertainty (1�) [%] 

 
  



JAEA-Data/Code 2011-018 

Table A.5-3  Comparison in eigenvalue among treatments of the radial leakage for the 
SPX core 

Radial leakage 

treatment [Method] 
All rods out 

MCR 

half-in 
MCR in BCR in 

Average 

time [min] 

Constant +0.014*2 +0.076*2 +0.077*2 +0.031*2 676 

First*1 [A] -0.005 +0.011 -0.050 -0.001 820 

Second*1 

[A] -0.007 -0.008 -0.099 -0.006 899 

[B] -0.006 +0.005 -0.069 -0.003 875 

[C] -0.004 +0.014 -0.047 +0.001 928 

[D] -0.005 +0.004 -0.071 -0.002 882 

GMVP (Ref.) 
1.02256 0.97474 0.93021 1.01278 

269 
±0.005*3 ±0.006*3 ±0.006*3 ±0.005*3 

*1: Polynomial expansion order of the radial leakage 

*2: Relative difference to the reference [%] 

*3: Statitical uncertainty (1�) [%] 
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Table A.6-1
TWOTRAN

"Reference" 24) "Even moment condition"
"Even condition" 23) "Level 

moment condition" "Level condition" 23) "Index"
X w Fig. A.6-1

"Reference" "Level moment condition"
 

 
3 8 3
12
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Fig. A.6-1  Definition of indices for the angular quadrature sets 
 
 

� �

6

5

1 4
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2 1

1

7

3 6

2 5

1 4

3

2

4 1

3

2

1 8

7

6

5 5

4 4

3 3

2 2

1 1

(S16)

w

2

1 2 3 4 4 3 2 1

2 5 6 7 6 5

3 6 8 8 6 3

4 6 6 4

4 7 8 7 4

1

(S14)

1

2 2

3 5 3

1 2 3 4 3 2

2 5 6 6 5 2

4 6 6 4

3 6 7 6 3

(S12)

1

2 2

3 5 3

1 2 3 3 2 1

3 5 5 3

2 4 5 4 2

1

2 2

3 4 3

w

1

1 1

(S4)

1

(S2)

1

(S8)

1

2 2

1 2 1

(S6)

(S10)

1

2 2

2 3 2

1 2 2

2

1 2 3 2 1

1

2 2

3 4 3

2 4 4
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Table A.6-1  Comparison of angular quadrature sets for the discrete ordinates method 
Angular 

quadrature set 

Reference Even moment condition Level moment condition 

� w � w � w 

S2 1 0.57735027 1.00000000 0.57735027 1.00000000 0.57735027 1.00000000

S4 
1 0.30163878 0.33333333 0.35002117 0.33333333 0.29879685 0.33333333

2 0.90444905 - 0.86889030 - 0.90633376 - 

S6 

1 0.23009194 0.16944656 0.26663540 0.17612613 0.22702927 0.17005970

2 0.68813432 0.16388677 0.68150773 0.15720720 0.68864276 0.16327363

3 0.94557676 - 0.92618094 - 0.94705619 - 

S8 

1 0.19232747 0.11678847 0.21821789 0.12098765 0.19033876 0.11716461

2 0.57735027 0.09325523 0.57735027 0.09074074 0.57735027 0.09317489

3 0.79352178 0.09010320 0.78679579 0.09259259 0.79400115 0.08945683

4 0.96229948 - 0.95118973 - 0.96308998 - 

S10 

1 0.16962228 0.08984204 0.18932133 0.08930315 0.16712436 0.08941160

2 0.50714192 0.06728871 0.50888176 0.07252915 0.50693455 0.06731572

3 0.69686020 0.05578007 0.69431889 0.04504377 0.69716191 0.05575763

4 0.84500612 0.05313381 0.83975996 0.05392811 0.84562806 0.05353267

5 0.97080202 - 0.96349098 - 0.97166810 - 

S12 

1 0.15395746 0.07332178 0.16721265 0.07076259 0.15074906 0.07228677

2 0.45769112 0.05266740 0.45954763 0.05588110 0.45726372 0.05279200

3 0.62869660 0.04161495 0.62801910 0.03733767 0.62885208 0.04139769

4 0.76225828 0.03895667 0.76002101 0.05028190 0.76277112 0.03974576

5 0.87568027 0.03249018 0.87227054 0.02585129 0.87646141 0.03292142

6 0.97600932 - 0.97163772 - 0.97701046 - 

S14 

1 0.14238965 0.06217163 0.15198586 0.05799704 0.13840299 0.06065293

2 0.42048076 0.04332570 0.42215698 0.04890080 0.41981467 0.04354652

3 0.57735027 0.03321761 0.57735027 0.02354750 0.57735027 0.03283231

4 0.69990185 0.03183706 0.69889209 0.03790526 0.70030158 0.03155849

5 0.80398498 0.03048632 0.80222626 0.03659115 0.80468086 0.03152217

6 0.89605866 0.02454512 0.89369110 0.02734734 0.89699512 0.02509682

7 0.97951538 0.01998445 0.97662715 0.00374577 0.98065755 0.01994529

S16 

1 0.13344572 0.05415425 0.13895688 0.04898724 0.12866550 0.05222585

2 0.39119433 0.03679653 0.39228926 0.04132960 0.39027815 0.03713534

3 0.53689687 0.02777273 0.53709656 0.02123263 0.53673015 0.02721805

4 0.65075610 0.02580284 0.65042645 0.02562065 0.65103109 0.02544962

5 0.74746822 0.02494275 0.74675057 0.03604859 0.74806665 0.02613194

6 0.83302700 0.01962325 0.83199656 0.01445893 0.83388604 0.02023875

7 0.91058181 0.01879762 0.90928550 0.03449579 0.91166230 0.01950839

8 0.98203079 0.01544801 0.98050088 0.00851811 0.98330584 0.01538363
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国際単位系（SI）

乗数　 接頭語 記号 乗数　 接頭語 記号

1024 ヨ タ Ｙ 10-1 デ シ d
1021 ゼ タ Ｚ 10-2 セ ン チ c
1018 エ ク サ Ｅ 10-3 ミ リ m
1015 ペ タ Ｐ 10-6 マイクロ µ
1012 テ ラ Ｔ 10-9 ナ ノ n
109 ギ ガ Ｇ 10-12 ピ コ p
106 メ ガ Ｍ 10-15 フェムト f
103 キ ロ ｋ 10-18 ア ト a
102 ヘ ク ト ｈ 10-21 ゼ プ ト z
101 デ カ da 10-24 ヨ ク ト y

表５．SI 接頭語

名称 記号 SI 単位による値

分 min 1 min=60s
時 h 1h =60 min=3600 s
日 d 1 d=24 h=86 400 s
度 ° 1°=(π/180) rad
分 ’ 1’=(1/60)°=(π/10800) rad
秒 ” 1”=(1/60)’=(π/648000) rad

ヘクタール ha 1ha=1hm2=104m2

リットル L，l 1L=11=1dm3=103cm3=10-3m3

トン t 1t=103 kg

表６．SIに属さないが、SIと併用される単位

名称 記号 SI 単位で表される数値

電 子 ボ ル ト eV 1eV=1.602 176 53(14)×10-19J
ダ ル ト ン Da 1Da=1.660 538 86(28)×10-27kg
統一原子質量単位 u 1u=1 Da
天 文 単 位 ua 1ua=1.495 978 706 91(6)×1011m

表７．SIに属さないが、SIと併用される単位で、SI単位で
表される数値が実験的に得られるもの

名称 記号 SI 単位で表される数値

キ ュ リ ー Ci 1 Ci=3.7×1010Bq
レ ン ト ゲ ン R 1 R = 2.58×10-4C/kg
ラ ド rad 1 rad=1cGy=10-2Gy
レ ム rem 1 rem=1 cSv=10-2Sv
ガ ン マ γ 1γ=1 nT=10-9T
フ ェ ル ミ 1フェルミ=1 fm=10-15m
メートル系カラット 1メートル系カラット = 200 mg = 2×10-4kg
ト ル Torr 1 Torr = (101 325/760) Pa
標 準 大 気 圧 atm 1 atm = 101 325 Pa

1cal=4.1858J（｢15℃｣カロリー），4.1868J
（｢IT｣カロリー）4.184J（｢熱化学｣カロリー）

ミ ク ロ ン µ  1 µ =1µm=10-6m

表10．SIに属さないその他の単位の例

カ ロ リ ー cal

(a)SI接頭語は固有の名称と記号を持つ組立単位と組み合わせても使用できる。しかし接頭語を付した単位はもはや
　コヒーレントではない。
(b)ラジアンとステラジアンは数字の１に対する単位の特別な名称で、量についての情報をつたえるために使われる。

　実際には、使用する時には記号rad及びsrが用いられるが、習慣として組立単位としての記号である数字の１は明
　示されない。
(c)測光学ではステラジアンという名称と記号srを単位の表し方の中に、そのまま維持している。

(d)ヘルツは周期現象についてのみ、ベクレルは放射性核種の統計的過程についてのみ使用される。

(e)セルシウス度はケルビンの特別な名称で、セルシウス温度を表すために使用される。セルシウス度とケルビンの

　 単位の大きさは同一である。したがって、温度差や温度間隔を表す数値はどちらの単位で表しても同じである。

(f)放射性核種の放射能（activity referred to a radionuclide）は、しばしば誤った用語で”radioactivity”と記される。

(g)単位シーベルト（PV,2002,70,205）についてはCIPM勧告2（CI-2002）を参照。

（a）量濃度（amount concentration）は臨床化学の分野では物質濃度

　　（substance concentration）ともよばれる。
（b）これらは無次元量あるいは次元１をもつ量であるが、そのこと
 　　を表す単位記号である数字の１は通常は表記しない。

名称 記号
SI 基本単位による

表し方

秒ルカスパ度粘 Pa s m-1 kg s-1

力 の モ ー メ ン ト ニュートンメートル N m m2 kg s-2

表 面 張 力 ニュートン毎メートル N/m kg s-2

角 速 度 ラジアン毎秒 rad/s m m-1 s-1=s-1

角 加 速 度 ラジアン毎秒毎秒 rad/s2 m m-1 s-2=s-2

熱 流 密 度 , 放 射 照 度 ワット毎平方メートル W/m2 kg s-3

熱 容 量 , エ ン ト ロ ピ ー ジュール毎ケルビン J/K m2 kg s-2 K-1

比熱容量，比エントロピー ジュール毎キログラム毎ケルビン J/(kg K) m2 s-2 K-1

比 エ ネ ル ギ ー ジュール毎キログラム J/kg m2 s-2

熱 伝 導 率 ワット毎メートル毎ケルビン W/(m K) m kg s-3 K-1

体 積 エ ネ ル ギ ー ジュール毎立方メートル J/m3 m-1 kg s-2

電 界 の 強 さ ボルト毎メートル V/m m kg s-3 A-1

電 荷 密 度 クーロン毎立方メートル C/m3 m-3 sA
表 面 電 荷 クーロン毎平方メートル C/m2 m-2 sA
電 束 密 度 ， 電 気 変 位 クーロン毎平方メートル C/m2 m-2 sA
誘 電 率 ファラド毎メートル F/m m-3 kg-1 s4 A2

透 磁 率 ヘンリー毎メートル H/m m kg s-2 A-2

モ ル エ ネ ル ギ ー ジュール毎モル J/mol m2 kg s-2 mol-1

モルエントロピー, モル熱容量ジュール毎モル毎ケルビン J/(mol K) m2 kg s-2 K-1 mol-1

照射線量（Ｘ線及びγ線） クーロン毎キログラム C/kg kg-1 sA
吸 収 線 量 率 グレイ毎秒 Gy/s m2 s-3

放 射 強 度 ワット毎ステラジアン W/sr m4 m-2 kg s-3=m2 kg s-3

放 射 輝 度 ワット毎平方メートル毎ステラジアン W/(m2 sr) m2 m-2 kg s-3=kg s-3

酵 素 活 性 濃 度 カタール毎立方メートル kat/m3 m-3 s-1 mol

表４．単位の中に固有の名称と記号を含むSI組立単位の例

組立量
SI 組立単位

名称 記号

面 積 平方メートル m2

体 積 立法メートル m3

速 さ ， 速 度 メートル毎秒 m/s
加 速 度 メートル毎秒毎秒 m/s2

波 数 毎メートル m-1

密 度 ， 質 量 密 度 キログラム毎立方メートル kg/m3

面 積 密 度 キログラム毎平方メートル kg/m2

比 体 積 立方メートル毎キログラム m3/kg
電 流 密 度 アンペア毎平方メートル A/m2

磁 界 の 強 さ アンペア毎メートル A/m
量 濃 度 (a) ， 濃 度 モル毎立方メートル mol/m3

質 量 濃 度 キログラム毎立法メートル kg/m3

輝 度 カンデラ毎平方メートル cd/m2

屈 折 率 (b) （数字の）　１ 1
比 透 磁 率 (b) （数字の）　１ 1

組立量
SI 基本単位

表２．基本単位を用いて表されるSI組立単位の例

名称 記号
他のSI単位による

表し方
SI基本単位による

表し方
平 面 角 ラジアン(ｂ) rad 1（ｂ） m/m
立 体 角 ステラジアン(ｂ) sr(c) 1（ｂ） m2/m2

周 波 数 ヘルツ（ｄ） Hz s-1

ントーュニ力 N m kg s-2

圧 力 , 応 力 パスカル Pa N/m2 m-1 kg s-2

エ ネ ル ギ ー , 仕 事 , 熱 量 ジュール J N m m2 kg s-2

仕 事 率 ， 工 率 ， 放 射 束 ワット W J/s m2 kg s-3

電 荷 , 電 気 量 クーロン A sC
電 位 差 （ 電 圧 ） , 起 電 力 ボルト V W/A m2 kg s-3 A-1

静 電 容 量 ファラド F C/V m-2 kg-1 s4 A2

電 気 抵 抗 オーム Ω V/A m2 kg s-3 A-2

コ ン ダ ク タ ン ス ジーメンス S A/V m-2 kg-1 s3 A2

バーエウ束磁 Wb Vs m2 kg s-2 A-1

磁 束 密 度 テスラ T Wb/m2 kg s-2 A-1

イ ン ダ ク タ ン ス ヘンリー H Wb/A m2 kg s-2 A-2

セ ル シ ウ ス 温 度 セルシウス度(ｅ) ℃ K
ンメール束光 lm cd sr(c) cd

スクル度照 lx lm/m2 m-2 cd
放射性核種の放射能（ ｆ ） ベクレル（ｄ） Bq s-1

吸収線量, 比エネルギー分与,
カーマ

グレイ Gy J/kg m2 s-2

線量当量, 周辺線量当量, 方向

性線量当量, 個人線量当量
シーベルト（ｇ） Sv J/kg m2 s-2

酸 素 活 性 カタール kat s-1 mol

表３．固有の名称と記号で表されるSI組立単位
SI 組立単位

組立量

名称 記号 SI 単位で表される数値

バ ー ル bar １bar=0.1MPa=100kPa=105Pa
水銀柱ミリメートル mmHg 1mmHg=133.322Pa
オングストローム Å １Å=0.1nm=100pm=10-10m
海 里 Ｍ １M=1852m
バ ー ン b １b=100fm2=(10-12cm)2=10-28m2

ノ ッ ト kn １kn=(1852/3600)m/s
ネ ー パ Np
ベ ル Ｂ

デ ジ ベ ル dB       

表８．SIに属さないが、SIと併用されるその他の単位

SI単位との数値的な関係は、
　　　　対数量の定義に依存。

名称 記号

長 さ メ ー ト ル m
質 量 キログラム kg
時 間 秒 s
電 流 ア ン ペ ア A
熱力学温度 ケ ル ビ ン K
物 質 量 モ ル mol
光 度 カ ン デ ラ cd

基本量
SI 基本単位

表１．SI 基本単位

名称 記号 SI 単位で表される数値

エ ル グ erg 1 erg=10-7 J
ダ イ ン dyn 1 dyn=10-5N
ポ ア ズ P 1 P=1 dyn s cm-2=0.1Pa s
ス ト ー ク ス St 1 St =1cm2 s-1=10-4m2 s-1

ス チ ル ブ sb 1 sb =1cd cm-2=104cd m-2

フ ォ ト ph 1 ph=1cd sr cm-2 104lx
ガ ル Gal 1 Gal =1cm s-2=10-2ms-2

マ ク ス ウ ｪ ル Mx 1 Mx = 1G cm2=10-8Wb
ガ ウ ス G 1 G =1Mx cm-2 =10-4T
エルステッド（ ｃ ） Oe 1 Oe　  (103/4π)A m-1

表９．固有の名称をもつCGS組立単位

（c）３元系のCGS単位系とSIでは直接比較できないため、等号「　　 」

　　 は対応関係を示すものである。
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