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Abstract 
 

Guidelines for radiation shielding evaluation by Monte Carlo method was designed and 
developed for practical radiation shielding for radioactive material transport casks. The guidelines 
consist of current technical advancement on estimating the dose equivalent rates around the 
surface of a transport cask. The guidelines have two unique features: one is that the procedure of 
the radiation shielding analyses is illustrated as flow charts, which can be used as check sheets to 
validate the analyses. By following the flow charts, the applicant can perform the radiation 
shielding analyses properly and the regulatory agency can check whether the analyses performed 
by the applicant are proper or not. The other is that the guidelines provide documentation of the 
details of results of benchmark analyses for transport casks by Monte Carlo method including 
measurements, modeling descriptions for the analyses, results of analyses and evaluation. The 
guidelines could be useful to validate the procedure and the results of radiation shielding analyses 
for transport casks. 
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(79)

 海上技術安全研究所報告　第 13 巻　第 1号 　（平成 25 年度）　研究調査資料 79

NRC

 

( )

 

 

(3)  

CEA TRIPOLI AEA

MCBEND  

2008

WNTI,AREVA  “Technical Guide Package 

Design Safety Reports for the Transport of Radioactive Material”

 

ASN Nuclear Safety Authority “Applicant's guide 

related to applications for shipment approval and certificate of package design or radioactive 

materials for civil usage transported by public roads, by water or by railroad” the 

Transport Container Standardisation Committee “Transport of Radioactive Material Code of 

Practice - Design of Transport Packaging for Radioactive Material”

“Transport of Radioactive Material Code of Practice - 

Design of Transport Packaging for Radioactive Material”

MCBEND

MCNP TRIPOLI MORSE (5)  

AEA ANSWERS

ANSWERS

 

 

( ) 

(1)  

 2006) , 2006 

(2) U.S. Nuclear Regulatory Commission, Standard Review Plan for Dry Cask Storage Systems 

Final Report (NUREG-1536), 1997 

(3) U.S. Nuclear Regulatory Commission, Standard Review Plan for Dry Cask Storage Systems 
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Draft Report for Comment (NUREG-1536 Revision 1A), 2009 

(4) U.S. Nuclear Regulatory Commission, Standard Review Plan for Transportation Package for 

Radioactive Material (NUREG-1609), 1999 

(5) Transport Container Standardisation Committee, “Transport of Radioactive Material Code of 

Practice - Design of Transport Packaging for Radioactive Material,”TCSC-1042, 2002 
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MCNP

 

 

(b)  

(a)

MCNP ” ”

5.3.1-2  

5.3.1-2 MCNP

MCNP

 

 

 

( ) 

(1) J. F. Briesmeister (Ed.), "MCNP - A General Monte Carlo N-Particle Transport Code 

Version 4A," LA-12625-M (1993) 
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(c)  

 

 

 

(d)  

Alireza Haghighat John C.Wagner

CADIS CADIS
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: MCNP  

: MCNP  

( 5.3.1-3 )  
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5.3.1-3 Adjoint Forward
(3) 

 

( ) 

(1) J. C. Wagner and A. Haghighat, "Automated Variance Reduction of Monte Carlo Shielding 

Calculations Using the Discrete Ordinates Adjoint Function," Nucl. Sci. Eng., 128, 

pp.186-208 (1998). 

(2) SCALE: A Modular Code System for Performing Standardized Computer Analyses for 

Licensing Evaluation," ORNL/TM-2005/39, Version 6, Vols. I-III (January,2009). 

(3) A. Haghighat, "Monte Carlo Methods and Variance Reduction Techniques," Private 

Communication. 

  

sH =ψ

∫=
p

d dpppR )()( ψσ

dH σψ =++

∫ +=
p

dpppqR )()( ψ

)ˆ,,( Ω≡ Erp

冒

r

,

1

¥

“

I

 

•• 
、

.
Jダ

,＇’ ＇ ， 
,．
 9, 

．ー
1

-

1
,
 

，
 

.＇ 
ー
I
 

I
 

“¥． 
f
 

一

～
 

＿「

一

-
—
-
ど
.
-
，

g
-
l
-

l
 

．
 

J
 

-i-

r-s
 

l
-

r, _-
f
 
.. 

冒

'J,

、-

'

、

-

,．
 

,．
 

，
 

，
 

‘
 

、

r_|_1,＇ 

for¥l,iard 

Si-——
-L 

□
〗

-r1、'.

J-r 

f
 

一a

-
l
 

-i 

-｝ 

detector 

_1. 

.

.

_

 

．．
 し．

/． 

.' 

¥]ー
'¥.,9,
＼

“

―

―

-

．

-＿-一-＿- 一
~

色―
-

~
 -

＿
ょ
．
．

．．
 

―
-
l
 

r.-
．
 

．
 n―

l

＿
 

只

＿

―

＿

-
'~ 

-_. 
...-

9.f~ 

,

’

J

¥

』

-

．

．

．

 

＼． ．．
 9, 

r

_

,
＇ 

-F 

改 liOInt
{I mportance:| 

疇

一——_

--......＿＿一．＼．～ー、ロ
detector 



100

(100)

(e)  

20 50%  

 

 

4 5.3-4

0.5

1

4 S 4

S

5.3-3

5.3-4 3

 

× ( )

5.3-4

0.5

0.5 2.5

 

 

 

  



(101)

 海上技術安全研究所報告　第 13 巻　第 1号 　（平成 25 年度）　研究調査資料 101

5.3-3 5.3-4 3 (1) 

 

 

5.3-4 4 3 (1) 

 (

Cell-1 1 Cell-2 3,4 Cell-4 6

Cell-1 1 Cell-2 0.25+0.25=0.5

Cell-4 0.5 Cell-1 7 Cell-2 7 Cell-4 7

Cell-1 0.25 Cell-2 0.25 Cell-4 0.25

Cell-1 0.25/1=0.25 Cell-2 0.25/0.5=0.5 Cell-4 0.25/0.5=0.5

 

( )

(1) Thomas E. Booth, “A Sample Problem for Variance Reduction in MCNP,” Los Alamos National 
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Lab. Report: LA-10363-MS, 1985. 
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5.3.2-1 5.3.2-2

8 16 18

16-18

5.3.2-4

 

 

 

5.3.2-1  

 (MeV) (p/s/MTU) 
 

(%) 
MCNP  
(p/s/MTU) 

1 1.00E-02 6.17E+15 25.31  0.0 
2 2.50E-02 1.43E+15 5.87  0.0 
3 3.75E-02 1.49E+15 6.12  0.0 
4 5.75E-02 1.26E+15 5.15  0.0 
5 8.50E-02 8.50E+14 3.49  0.0 
6 1.25E-01 9.08E+14 3.72  0.0 
7 2.25E-01 7.31E+14 3.00  0.0 
8 3.75E-01 4.18E+14 1.72  0.0 
9 5.75E-01 8.24E+15 33.79  8.24E+15 

10 8.50E-01 2.42E+15 9.91  2.42E+15 
11 1.25E+00 4.32E+14 1.77  4.32E+14 
12 1.75E+00 1.98E+13 8.12E-02 1.98E+13 
13 2.25E+00 1.76E+13 7.21E-02 1.76E+13 
14 2.75E+00 4.78E+11 1.96E-03 4.78E+11 
15 3.50E+00 6.08E+10 2.49E-04 6.08E+10 
16 5.00E+00 2.35E+07 9.64E-08 0.0 
17 7.00E+00 2.71E+06 1.11E-08 0.0 
18 9.50E+00 3.12E+05 1.28E-09 0.0 
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(1) . . 2007.  

(2) ICRP Publication 74 
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239Pu

60Co  

10  

Discrete Ordinate Sn (ANISN DOT DORT)

( )
60Co 5.3.2-4  

 

( ) 

(1) , “ ,” 

, 2006. 

 

5.3.2-2 ( ) (1) 

( 1/4 ) 

 
 (cm) 

g/cm3   

 2.2 7.2 4.9 

 7.86 14 1.4 

 1.0 4.9 9.6 

 0.92 4.6 10 

 11.34 194 0.87 
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(c)  

( 5.3.2-6)  

 

 
5.3.2-6  

 

(d)  

(a)(b)(c)

(1)  

 

(a)(b)(c)

( )

等しい
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( 5.3.2-7 )

(e)  

( ) 

(1) X-5 Monte Carlo Team. MCNP-A General Monte Carlo N-Particle Transport Code, Version 5. 

Los Alamos National Laboratory. 2003, LA-UR-03-1987. 
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5.3.1(1) 5.3.1(2)(c)

 

 

  

2)  

 

5.3.2-6

 

 

( ) 

(1) S. Sato, H. Iida, and T. Nishitani, “Evaluation of Shutdown Gamma-ray Dose Rates 

around the Duct Penetration by Three-Dimsntional Monte Carlo Dacay Gamma-ray 

Transport Calculation with Variance Reduction Method,” J. Nucl. Sci. Technol., 39, 1237, 
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(114)

(2002). 

(2) , . 

. , 2007, Vol. 6, No. 1, p. 

5-9. 
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5.3.2-3  

  1  
 

2  
 

3  
 

 (MeV) (p/s) (p/s) (p/s) (p/s) 
9 5.75E-01 8.24E+15   8.24E+15 

10 8.50E-01 2.42E+15   2.42E+15 
11 1.25E+00 4.32E+14   4.32E+14 
12 1.75E+00 1.98E+13  1.98E+13 1.98E+13 
13 2.25E+00 1.76E+13  1.76E+13 1.76E+13 
14 2.75E+00 4.78E+11 4.78E+11 4.78E+11 4.78E+11 
15 3.50E+00 6.08E+10 6.08E+10 6.08E+10 6.08E+10 

  1.11E+16 5.39E+11 3.79E+13 1.11E+16 
 

(4)  

 

  

 

4m

( )

 

 

  

( ,n)

( 5.3.2-7 )  
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5.3.2-7 CADIS  
(1) 

( ) 

 

FP

CADIS

( )

 

 

( ) 

(1) R. J. Sheu, et. al., “Shielding Calculations for a Spent Fuel Storage Cask: A Comparison of 

Discrete Ordinates, Monte Carlo, and Hybrid Methods,” Nucl. Sci. Eng. 159, 23-36, (2008). 
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5.4  

2

 

 

5.4.1 (1) 

MCNP

5.4.1-1

( F2:)

( F4:) ( F5:)  

5.4.1-1  
 
    

Fn *Fn +Fn 
F1: 

Surface and 
Cell Tallies 

 Particles MeV - 
F2:  Particles/cm2 MeV/cm2 - 
F4:  - 
F6  MeV/g jerks/g - 
F7  - 
F5: 

Detector Tally 

 

Particles/cm2 MeV/cm2 

- 
FIP5: Pinhole Image Tally - 
FIR5:  - 
FIC5:  - 

F8 Pulse Height 
Tally  Pulses MeV charge

 

(1)  

1  

   

 

 

 

 

 

 

(2) ( ) 
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(3)  ( ) 

 

   

 

 

 

 

 

 

 

( ) 

(1) X-5 Monte Carlo Team. MCNP-A General Monte Carlo N-Particle Transport Code, Version 5. 

Los Alamos National Laboratory. 2003, LA-UR-03-1987. 
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5.4.2  

m

 

(1)  

 

1000 3%  

 

 

MCNP

 

 

 

(2)  ( ) 
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3%  

 

 

MCNP (1)

 

 

(3) ( ) 
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2

 

 

 

(4)  

6

50

(point)

 

6 TN-12 3

100cm2 400cm2 2

10cm 7cm 5cm

 

(point)

(point) 1 3

2

 

( ) 
(1) X-5 Monte Carlo Team. MCNP-A General Monte Carlo N-Particle Transport Code, Version 5. 
Los Alamos National Laboratory. 2003, LA-UR-03-1987.
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MCNP 6.1-1 10

 

 

5.5 MCNP  

MCNP 10 (1)

6.1-1 (mean) (R) Variance of the Variance(VOV) Figure of 

Merit(FOM) (PDF) 5  

 

6.1-1  

 

  

 1 
 

 
2 

0.1 ( ( ) 0.05
)  

3 :
4  

VOV 
5 VOV 0.1  
6 VOV  
7 VOV  

FOM 
8 FOM :  

9 
FOM :

 

PDF 10 
: 3

 

 

口 D
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(1)  

:

:

:

( : (PDF))

:  

  (1) 

:

:

 

  (2) 

(2)

:

 

:

 

  (3) 

 

  (4) 

 

  (5) 

: :

: :

 

 

(2)  

(Relative Error):

 

  (6) 
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  (6) 

 

 

 

MCNP  

 

  

  

  

  

 (

( ) ) 

 (

( )) 

(5) (6) : :

:

 

: 2  

 : :  

 :  

:

(

)  

: : 2 ( 2.1-1 )  

  (7) 

  (8) 

  (9) 
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2.1-1 (1) 

 

: :  
:  ( ) 

( )

:

1) : 2)

:  

 

(3) Variance of the Variance 

(precision) : �
(accuracy) :

(VOV) VOV  

  (10) 

 

VOV : 3 4

: ( )

VOV

(10) VOV MCNP VOV

MCNP VOV

0.1  

 

(4) Figure of Merit (FOM) 

Figure of Merit (FOM)  

I 

TRUTH 

s宝窓ニ

／ 
I 

E[X] 
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  (11) 

(min.)

FOM :

(5)(6) 1 FOM

FOM

 

 

(5)  

MCNP

:

3  

 ( )  

 

FOM (Tally 

Fluctuation Chart TFC) : FOM

 

 : FOM VOV

:  

(Central Limit Theorem) : :

MCNP

 

:

 

  (12) 

(VOV

MCNP )  
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2

:

MCNP

 

MCNP 200

( )

Pareto :  

  (13) 

SLOPE( )  

  (14) 

MCNP Pareto

 

(10% )

( )  

 

(6)  

(a) ( 6.1-2) 

MCNP :

(SHIFT) ( )

MCNP  

 

(b) ( 6.1-2) 

MCNP MCNP

VOV
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6.1-2  

 

 

(c) 10  

MCNP 6.1-1 10

 

 

MCNP 6.1-1

:

10 (

) MCNP

6.1-2 6.1-3 6.1-2

(F2) ( )(F5)

F2

10

FOM 2

VOV SLOPE 10

(SLOPE

)  

F5 VOV FOM

F5

F5 SLOPE  

5000

F2( >0.2) F5(

<0.06)

F2  

F2 F5 6.1-3 F5

F2
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6.1-3(a) (2) 

( 106 107 ) 

 

6.1-3(b) ( )  

( 106 107 )(2) 

( ) 

(1) X-5 Monte Carlo Team. MCNP-A General Monte Carlo N-Particle Transport Code, Version 5. 

Los Alamos National Laboratory. 2003, LA-UR-03-1987. 

(2) J. K. Shultis, “An MCNP Primer,” Kansas State University, 2006.  
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5.6  

MCNP

6 1

MCNP

MCNP  

(precision) (accuracy)

1 1 1

1  

MCNP

(

10 )

(accuracy)

 

3 ( 6.2-1 )  

 

 

 

 

 

6 1
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6.  

1
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1  

[ ](1) 

 

 

 

 

 

[ ](2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

[ ] 

 (particle weight) 

( )

1
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 (variance reduction method):  

( )

( ) (

)

( )

 

 (bias) 

(

)  

 (analog Monte Carlo) 

 

(non-analog Monte Carlo) 

 

(importance sampling) 

 

( )(implicit capture) 

 

(score) 

 

 (history) 

 

(splitting) 

( )

 

(Russian roulette) 

 

 (MFP: mean free path) 
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( )  

 (cell importance) (7) 

1

1  

 (weight window) (7) 

( )

 

 (empirical formula) (3) 

 

 

   

 

 

( ) 

 

 

 

 

 

 

 (density reduction method)(4) 

 

 (mono-energy neutron attenuation curve method)(5) 
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 Weight 

Window  

   

( )  

 (adjoint flux method) 

 

CADIS (consistent adjoint driven importance sampling)(6) 

 

 

[ ](7) 

(Tally ( ) ) 

 

 (Estimator, ) 

( )

 

 (track length estimator):  

 

   

 

 

 

 

 (surface crossing estimator):  

1  
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 (next event estimator):  

 

   

 

 

 

 

 

 

 (exclusion radius):  

( )

 

 

[ ] 

 (FSD:fractional standard deviation):  

FSD

( FSD

) 
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VOV (variance of variance) 

FSD FSD (accuracy)

 

 

 

VOV : 3 4

:FSD ( )

VOV  

FOM (figure of merit) 

 

 

(min.) 

 

FOM

FOM

FOM  

 

 

 (liner congruential generator) 

 

 

 

(modulus)

(

)  

( )  (accuracy) 

( )  

 (precision) 
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 (response function) 

 

   

( )  

 

[ ] 

Discrete-Ordinates Sn  

N Segment Discrete-Ordinates Sn

 

 

( )  

(1) IAEA : (TS-R-1). . 

2005. 

(2) . . 2007.  

(3) . . 

. 1999, Vol. 41, No. 6, p. 614-617. 

(4) , . 

. , 2007, Vol. 6, No. 1, p. 5-9. 

(5) , . 

. , 2009, Vol.4, No.2, p. 172-176. 

(6) J. C. Wagner and A. Haghighat, "Automated Variance Reduction of Monte Carlo Shielding 

Calculations Using the Discrete Ordinates Adjoint Function," Nucl. Sci. Eng., 128, pp.186-208 

(1998).  

(7) X-5 Monte Carlo Team. MCNP-A General Monte Carlo N-Particle Transport Code, Version 5. 

Los Alamos National Laboratory. 2003, LA-UR-03-1987. 

  



(141)

 海上技術安全研究所報告　第 13 巻　第 1号 　（平成 25 年度）　研究調査資料 141

2

 

( 53 57

) 19 21

2 5 (

) 41

 

( )-D  

 

D.1  

 

 

D.2  

 

D.2.1  

 

 

D.2.2  

 

 

D.3  

D.3.1  

(

)

 

 

D.3.2  
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3

 ( ) 

Los Alamos National Laboratory Thomas E. Booth “MCNP Variance 

Reduction Examples(2004)”

5

 

 

 

 

 

 

 

  

1  

 
1  

 

1 1

Case.0

∞−

( ) ( )0,0,0,, =zyx

∞+

),( zx

y+
！ → 
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1 Case.0  
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1 Data Card Case.0  
  Data Card  

 1 imp:n  1 19r 0 0 

 
1 wgt=1 

 
1 wwg   1 1 .5 

Cell 1 
Weight Window 0.5 

 

Case.0 2 3  

 

2 Cell Tracks Entering ( Case.0) 

 
 

Cell Cell 18 Cell

Cell 20 (f1) 1

0 ( WWLB)

3 WWLB 0  

 

3 Case.0 WWLB 

 

,＇ 
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(NPS) 10 (CTME) 10

( Case.1 ) Case.1 4 5  

 

4 Cell Tracks Entering ( Case.1) 

 
 

5 Case.1 WWLB 

 

Case.1 Case.0 10 Cell 20

WWLB

WWLB

 

 

  

Case.0

b) 

1/2 WWLB

＇ 
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WWLB

WWLB

( Case.2 ) Case.2

6 7  

 

6 Cell Tracks Entering ( Case.2) 

 
 

7 Case.2 WWLB 

 
 

Case.2 WWLB

Case.3 Case.3 8 9  
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8 Cell Tracks Entering ( Case.3) 

 
 

9 Case.3 WWLB 

 
 

WWLB

WWLB 1/2 WWLB

1/3 2/3 3/3

 

 

  

-

Case.4

(f11:n 11 100cm

)

WWLB [imp:n  1 9r 0 1 8r 0 0]

Case.0 WWLB

10  
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10 Case.4 WWLB 

 
 

WWLB Surface 11 Surface 11 WWLB

0 Cell 11 -1 Cell 

11 Cell 11 -1 0

( 11)  

 

11 10 Cell 11 WWLB  

 
 

11 WWLB (Case.5) WWLB 12  

 

12 Case.5 WWLB 

 
 

10 12 Cell 1 Cell 10 WWLB

11 21 11

21  

Case.6 Case.4 Cell 11 0

Case.6 [imp:n  1 19r 0 0] Case.4

Case.6 WWLB ( 13)  

 

  

一

一
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13 Case.6 WWLB 

 
 

13 Cell 10 WWLB Cell 10 WWLB

WWLB Case.5 Surface 11( ) Surface 

21( ) Russian Roulette

Surface 11( ) WWLB

 

 

  

Case.6 1 WWLB

8 (<0.1MeV 0.3MeV 1MeV 2MeV 3MeV 5MeV 8MeV 16MeV)

WWLB Case.5

8 WWLB 14 ( Case.7

)  

WWLB WWLB 0

0 WWLB

WWLB WWLB

WWLB (0 )
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14 Case.5  

8 (Case.7) WWLB 
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 0  

Case.21

28  

 

15 14 WWLB  

 
 

40000 Figure of Merit(FOM)

MCNP (FOM )

 

FOM

 

 

(42000 )  

 

Case.7 118372  

 

Case.8 rand dbcn  

 
Case.8 Case.7 118372

42000 -1 (118372+42000-1=160371) Case.8

Case.7 42000

．．
 

一
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y

200cm( y ) (nch)“escape” 16  

16 Case.8 (y=200, nch=escape ) 

 

一
一 一一
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16 (erg) 3MeV

3MeV

0 ( 17 )  

 

17 Case.8 WWLB 

 

7-9

157 160 npa ( 18 )

(npa=4 5:1 1 track 4 )  

Cell 1 6 2 3MeV 0

(progenitor track) Cell 1(nrn=105) Cell 7

Cell 7

8.333 Cell 7 0.0272

5×0.0272 Cell 7 61 (=8.333/(5×0.0272))

2.375MeV 556

nrn=105

(

)  
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18 Case.8 ( ) 

 

 

0 0

 

 

 

 

 

 WWLB  
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14 (8 16MeV) WWLB

factor-2 (0

0.1MeV) WWLB factor-10

 

Cell WWLB WWLB

WWLB=0

WWLB factor-2 factor-2

WWLB 19 WWLB 500000 (Case.9 )

WWLB 20 Case.9 21  
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19 factor-2 WWLB(Case.9) 
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20 Case.9 WWLB 

 

 

21 Case.9  
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factor-2 factor-3 factor-3 WWLB 22

WWLB 500000 (Case.10 ) WWLB

23 Case.9 24 Case.9

10  

 

22 factor-3 WWLB(Case.10) 
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23 Case.10 WWLB 

 
 

24 Case.10  

 

 

0.1 90

0.01 99

0.1 0.01 9%
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factor-10
102 Case.10

WWLB Case.9 WWLB  

 

( ) 

(1) Thomas E. Booth, “MCNP Variance Reduction Examples”, Los Alamos National Laboratory, 

2004.  
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4  

ICRP

30 MADE

ANSI/ANS6.1.1-1977

ICRP1977 ICRU30cm 1cm

1

ICRP Publication 51

ICRP 1990

ICRP Publication 74

 

 

[1 ] 

1 ICRP1990

1

 

RI

1

1

 

IAEA

 

1m

1

 

1

1

AP( - )
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10eV 20eV 20MeV

1

2  

ICRP Publication74 DLC23/CASK

1

1 2  

 

( ) 

(1) : : 2010(AESJ-SC-R002: 

2010),  

(2) , 

JAERI-Data/Code 2000-044 

 

1 DLC23/CASK  

(H*(10))  ( )(1) 

 
 

 
 

 
 

 
 

[( Sv h-1)/(cm-2 s-1)] 

 (MeV) (MeV) (E) 
 

H*(10)  
1 1.000E+01 8.000E+00 0.0701 0.0848 
2 8.000E+00 6.500E+00 0.0621 0.0724 
3 6.500E+00 5.000E+00 0.0531 0.0612 
4 5.000E+00 4.000E+00 0.0461 0.0519 
5 4.000E+00 3.000E+00 0.0396 0.0443 
6 3.000E+00 2.500E+00 0.0335 0.0380 
7 2.500E+00 2.000E+00 0.0292 0.0333 
8 2.000E+00 1.660E+00 0.0253 0.0290 
9 1.660E+00 1.330E+00 0.0219 0.0252 

10 1.330E+00 1.000E+00 0.0181 0.0210 
11 1.000E+00 8.000E-01 0.0148 0.0174 
12 8.000E-01 6.000E-01 0.0120 0.0141 
13 6.000E-01 4.000E-01 0.00887 0.0105 
14 4.000E-01 3.000E-01 0.00632 0.00756 
15 3.000E-01 2.000E-01 0.00452 0.00541 
16 2.000E-01 1.000E-01 0.00272 0.00323 
17 1.000E-01 5.000E-02 0.00154 0.00192 
18 5.000E-02 1.000E-02 0.000950 0.00263 
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2 DLC23/CASK  

(H*(10))  ( )(1) 

 
 

 
 

 
 

 
 

[( Sv h-1)/(cm-2 s-1)] 

 (MeV) (MeV) (E) 
 

H*(10)  
1 1.492E+01 1.220E+01 1.79 1.81 
2 1.220E+01 1.000E+01 1.80 1.64 
3 1.000E+01 8.180E+00 1.79 1.51 
4 8.180E+00 6.360E+00 1.76 1.46 
5 6.360E+00 4.960E+00 1.72 1.45 
6 4.960E+00 4.060E+00 1.68 1.46 
7 4.060E+00 3.010E+00 1.60 1.48 
8 3.010E+00 2.460E+00 1.52 1.49 
9 2.460E+00 2.350E+00 1.47 1.50 

10 2.350E+00 1.830E+00 1.40 1.51 
11 1.830E+00 1.110E+00 1.21 1.53 
12 1.110E+00 5.500E-01 0.903 1.40 
13 5.500E-01 1.110E-01 0.469 0.808 
14 1.110E-01 3.350E-03 0.103 0.0980 
15 3.350E-03 5.830E-04 0.0517 0.0282 
16 5.830E-04 1.010E-04 0.0517 0.0316 
17 1.010E-04 2.900E-05 0.0532 0.0355 
18 2.900E-05 1.070E-05 0.0543 0.0386 
19 1.070E-05 3.060E-06 0.0540 0.0427 
20 3.060E-06 1.120E-06 0.0519 0.0466 
21 1.120E-06 4.140E-07 0.0477 0.0485 
22 4.140E-07 1.000E-08 0.0308 0.0414 
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5  

MCNP

MCNP

 

 

  

( )

0 1

(Pseudorandom number)  

Lehmer (linear 

congruential method)

 

 

 (1) 

 

 

 

0 ( 5=13 

( )) (modulus)

0 1

( )
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[ ] 

  
  

 4 4  

[ ] 

 

( ) 

2

1

2

 

[ ] 

 

 

[ ] 

 

 

 

  

1

2 MCNP  

 

 

 

  

(2) 63
DIEHARD ( 2) (3)  
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5. MCNP

MCNP

 

1 (2) 

 ( )    

MCNP5  

 

 

9219741426499971445

2806196910506780709

3249286849523012805

0 

1 

1 

1 

 

 

 

 

MVP ver.2  9219741426499971445 1  

MCNP4   0  

MVP ver.1  32771 1234567891  

MORSE   0  
c.f. EGS5 RANLUX (luxury random numbers) 

10171 1-231

(4)(5)  

 

2 DIEHARD  
DIEHARD Statistical Tests 

Birthday spacings test  
Overlapping 5-permutation test  
Binary rank test for 31x31 matrices  
Binary rank test for 32x32 matrices  
Binary rank test for 6x8 matrices  
Bitstream test  
Overlapping pairs sparse occupancy  
Overlapping quadruples sparse occupancy  
DNA test  
Count the 1 s in a stream of bytes  
Count the 1 s for specific bytes  
Parking lot test  
Minimum distance test  
3D spheres test  
Squeeze test  
Overlapping sums test  
Runs test  
Craps test  

 

 (6) 
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( ) 16

PC PC

PC

 

MCNP rang()

MCNP Fortran Compiler

Lahey/Fujitsu Fortran-95-R.5.00f

4  

 238U(n, )  

  

  

  

 

4

1

(MCNP ) ( )

MCNP

MCNP

 

 

1   

ZIヽ

巳ヽ
巳

m

m

m

n

o

m

m

 

F
ヒ『
39ミ
I
代

3
5
日
zos心
f

国

27鼻
09E"聞l 1.0E•OI 

．̀“”◆・・ •9 Hitory 
●_oeべ tIEq91 



170

(170)

( ) 

(1) Brown, F.; “Fundamentals of Monte Carlo Particle Transport,” LA-UR-05-4983 (2005) 

(2) L’Ecuyer, P.; “Tables of Liner Congruential Generators of Different Sizes and Good Lattice 

Structure,” Math. Comp., Vol.68, p.249-260(1999). 

(3) Brown, F.B. and Nagaya, Y.; “The MCNP5 Random Number Generator,” Trans. Am. Nucl. Soc., 

Vol.87, p.230-232(2002) 

(4) M. Lüscher, "A portable high-quality random number generator for lattice field theory 

calculations", Computer Physics Communications, Vol.79 (1994) p.100-110. 

(5) F. James, "RANLUX: A Fortran implementation of the high-quality pseudo-random number 

generator of L uscher", Computer Physics Communications, Vol.79 (1994) p.111-114. 

(6) , “

(II),” JAERI-Review 2000-027, (2000), p32. 
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6  

1. 50ton  

1.1.  

1.1.1. 50ton  

1-1

1-2  

 
 40cm  
 100cm  
 1cm  

 

50ton  

  

  

  

 

 

 
1-1 (1) 
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1-2 50ton (1) 

 

1.1.2.  

1-1 252Cf  

 

1-1 (1) 

  

 1.026mg 

 2.4×109n/sec (1980/11/30) 

 1mg 80  

( 25cm 50cm 3.5mm) 

 

1.1.3.  

Studsvik 2202D( 1-3

212mm×h232mm)

mrem/hr

(cps/(mrem/hr))  

 ( 15.5%)3) 
5cm (1)

( ) 252Cf  
 

1.1.4.  

ICRP-21(‘71)(3)

1-4 ICRP-21

'̀” •30 

”̀̀ 

貪 N
Fl慮

ー一 ― ― 藝蘊 ー 9 9ー・・- ．．．．． 
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1-2

10keV 3.5±1.1 15MeV

0.5

 

 
1-3 (2) 

1-2 ICRP-21 (3)  

 
ICRP-21(3)

/(ICRP-21

)

 

 
* 

MeV (mrem/hr)
/(n/cm2 s) - (mrem/hr) 

/(n/cm2 s) 
2.50E-08 3.85E-03 0.54±0.20 2.08E-03 
1.00E-07 4.17E-03 0.6 2.50E-03 
1.00E-06 4.55E-03 0.65 2.96E-03 
1.00E-05 4.35E-03 1.0 4.35E-03 
1.00E-04 4.17E-03 1.44 6.00E-03 
1.00E-03 3.70E-03 2.0 7.40E-03 
1.00E-02 3.57E-03 3.5±1.1 1.25E-02 
1.00E-01 2.08E-02 1.3±0.3 2.70E-02 
5.00E-01 7.14E-02 1.05±0.1 7.50E-02 
1.00E+00 1.18E-01 1.0±0.1 1.18E-01 
2.00E+00 1.43E-01 0.95±0.1 1.36E-01 
5.00E+00 1.47E-01 0.8±0.08 1.18E-01 
1.00E+01 1.47E-01 0.6±0.09 8.82E-02 
2.00E+01 1.54E-01 0.45±0.09 6.93E-02 

*  

  

＂’.鴫1••

＇•-・ニ］

- --- ~ • ー・ ・ 』
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1-4 (3) 

 

( ) 

(1) , “ ( 1) -50

- :381034,” (1982 5 ) 

(2) Benny Majborn, “The response of a neutron rem counter to thermal, to intermediate- energy, and 

to fast neutrons,” Risø National Laboratory, Risø-M-1994 (1978). 

(3) ICRP Publication 21, Pergamon Press (1973). 

 

1.2.  

 
1.2.1.  

1-3  
  

II駈 J

ヽ
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1-3  

 
( ) 

 
 

  
 

 
10 10-11(MeV) 

 
1MeV, 

5MeV, 10MeV, 16MeV 
(Implicit Capture) 

 

, 1 (2)  
 

1.2.2.  
( )

(1)  

 

 

 

 

 

( )  

 
1.2.3.  

 
 

1.2.4.  
1-1
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1.2.5.  
1-4  

 
1-4 (1) ( atom/barn cm) 

Material 
 

Element 
Water 

Stainless 
Steel 

(SUS304) 
Lead Resin 

Fin-region
(homogen

ized) 
Fin-region* Air 

Ordinary 
Concrete

Hydrogen 6.675E-02  5.909E-02   1.195E-02

Carbon 3.181E-04 3.435E-02   5.917E-02

Nitrogen  2.703E-04 3.811E-05  3.964E-05 

Oxygen 3.338E-02  1.330E-02 1.026E-05  1.067E-05 4.201E-02

Magnesium    1.412E-03

Aluminum  3.715E-03   1.898E-03

Silicon 1.700E-03   7.340E-03

Sulphur    1.315E-04

Potassium    6.162E-05

Calcium    8.745E-03

Chromium 1.837E-02   

Manganese 1.739E-03   

Iron 5.722E-02   2.804E-04

Nickel 8.134E-03   

Copper  3.758E-03 4.246E-02  

Lead  3.296E-02   

*  
 

 
(1) , “ ( 1) -50

- :381034,” (1982 5 ) 
(2) X-5 Monte Carlo Team: “MCNP-A General Monte Carlo N-Particle Transport Code, Version 5”, 

LA-UR-03-1987, Los Alamos National Laboratory (2003) 

 
1.3.  
1.3.1.  

1-5  
  

＼ 
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1-5 MCNP  
   

Cell Card Cell SUS304: 1cm 
: 0.5cm 

: 4cm 
:  

 

Surface Card Cell   

Material Card  JENDL-3.3 

  

Source Card  227 5cm
 

25cm 50cm 3.5mm
( 1-1 ) 

 252Cf Watt  

Tally Card  (TLE)  
( 10cm) 

 ICRP-21
 

 
( ) 

1.0 10-11 

 1.0 106 

 
( ) ( ) 

 

1M, 5M, 10M, 16MeV 

 
1.3.2.   

1-6

1-7

1-8
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1-6  

   
( ) 

 
( ) 

 atom/(burn cm) atom/(burn cm) 

 
 

H-1 6.674E-02
1.001E-01 H-2 1.001E-05

O-16 3.338E-02

 
(SUS304) 

C-12 3.181E-04

8.748E-02 

Si-28 1.568E-03
Si-29 7.939E-05
Si-30 5.270E-05
Cr-50 7.982E-04
Cr-52 1.539E-02
Cr-53 1.745E-03
Cr-54 4.345E-04
Mn-55 1.739E-03
Fe-54 3.319E-03
Fe-56 5.248E-02
Fe-57 1.259E-03
Fe-58 1.602E-04
Ni-58 5.537E-03
Ni-60 2.134E-03
Ni-61 9.272E-05
Ni-62 2.956E-04
Ni-64 7.532E-05

 
 

(Lead) 

Pb-204 4.614E-04

3.296E-02 
Pb-206 7.943E-03
Pb-207 7.284E-03
Pb-208 1.727E-02

 
 

(Resin) 

H-1 5.908E-02

1.107E-01 

H-2 8.864E-06
C-12 3.435E-02
N-14 2.693E-04
N-15 9.893E-07
O-16 1.330E-02
Al-27 3.715E-03

 
+  
Cu+Air 

N-14 3.797E-05

3.806E-03 
N-15 1.395E-07
O-16 1.026E-05
Cu-63 2.599E-03
Cu-65 1.159E-03

 
N-14 3.949E-05

5.031E-05 N-15 1.451E-07
O-16 1.067E-05

 
(Cu) Cu-63 5.874E-02 8.492E-02 
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1-7  

  ( barn=10 24cm2) 

 0-1keV 1k-1MeV 1M-5MeV 5M-10MeV 10M-16MeV 16M-20MeV

H 20.00 4.30 1.60 0.95 0.60 0.46

O 3.75 5.00 1.20 1.30 1.60 1.65

C 4.70 2.60 1.20 1.20 1.50 1.50

Si 2.20 3.40 2.70 1.90 1.85 1.90

Cr 4.80 3.60 3.80 2.90 2.25 2.20

Mn 15.00 3.50 3.60 3.35 2.65 2.30

Fe 10.00 3.00 3.70 3.10 2.40 2.25

Ni 16.00 3.00 3.60 3.25 2.65 2.50

Pb 11.00 5.20 7.40 5.20 5.70 6.00

B 8.00 2.00 1.70 1.35 1.33 1.30

N 9.00 1.70 1.20 1.30 1.58 1.55

Al 1.40 3.00 2.30 1.75 1.75 1.80

Cu 6.00 3.30 3.80 3.50 2.70 2.50

: BNL-325(2) 
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1.3.3.  
( )

 
 

(1)  
( )

1-5  
181.5cm C/E

1.34[mrem/h]/1.42[mrem/h]=0.94  
 
(2)  

1-6  
127.5cm (

=101.5cm) C/E 0.43[mrem/h]/0.53[mrem/h]=0.82  
 

 
1-5  
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1-6  ( =231.5cm) 
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1-7  (  
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1-8  
( ( ) ) 

 
(9) ( )  

( )
1-9

 
 

1-9  
( ( ) ) 

x (cm) y (cm) z (cm)  mrem/hr Error 
101.5 101.5 227.5 0.5 2.02 3.03E-03 
101.5 101.5 227.5 0.5 1.27 2.03E-03 
231.5 231.5 227.5 0.5 0.50 6.44E-04 
231.5 231.5 227.5 0.5 0.45 5.83E-04 
101.5 101.5 227.5 5.0 2.02 3.03E-03 
101.5 101.5 227.5 5.0 1.27 2.03E-03 
231.5 231.5 227.5 5.0 0.50 6.44E-04 
231.5 231.5 227.5 5.0 0.45 5.84E-04 

  

0

1

10

100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0

N
eu

tr
on

 D
os

e 
R

at
e 

(m
re

m
/h

ou
r)

Distance from the Cask Axis (cm)

MCNP5(TLE, r=5.0cm) MCNP5(TLE, r=2.5cm)
MCNP5(TLE, r=1.0cm)

-.... 

"‘ 

――
 

....... 



186

(186)

1.3.4.  
(1)  

1-10  
 

1-10 MCNP  
   

Cell Card Cell SUS304: 1cm 
: 0.5cm 

: 4cm 
:  

 

Surface Card Cell   

Material Card  JENDL-3.3 

  

Source Card  152.5cm
 

25cm 50cm 3.5mm
 

 252Cf Watt  

Tally Card   
( 5cm, 2.5cm ) 

 ICRP-90  

 
( ) 

 

 1.0 106 

 
( ) 

 
( ) 

 
( )  

1M, 5M, 10M, 16MeV 
 

( )  

16MeV 
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(2)  

16MeV

( 1-11)  
1-11  

 
( ) 

 
 

  
 

 
10 10-11(MeV) 

 

1MeV, 5MeV, 10MeV, 
16MeV 
( ) 

16MeV 

 

 
(3)  

(
)  

  
(+z )

1-9
C/E 1.11 1.25  

  
( )

152.5cm
1-10

C/E 0.84 1.12  
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1-9 (z=152.5cm) +z  
(2 )  ( r=93.5cm) 
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(2 ) ( (z=152.5cm)) 

―――― 
―――― 

―――― 
u"""＂＂"屯

Cl --

==~==., 

＝ー7 | 9 9 

’’ ’’ ’’ ’’ ’’ = =='J 

、t..
~ .. ... 

.. 
,.. 

....... 

崖`

..` 

....... 

． 「 .... 

｀ 
一 l ミ ..... 3 ヽ

一

-ミ... 
ード~ヽ--

一

ヽ`‘• 
-••こ

.... 
1- → •こ

Eヽ ヽ層

`` 
こ

｀ ` 
；̀： 

｀ 
てヽ
胃

.• “ 

一
r 

一し＿し――



(189)

 海上技術安全研究所報告　第 13 巻　第 1号 　（平成 25 年度）　研究調査資料 189

1.3.5.  
50ton

(10B )

 

NS-4-FR

1.0 10-13 1.0 10-12 1.0 10-11 1.0 10-10 1.0 10-9 1.0 10-8

1.0 10-7 1.0 10-6[MeV]

1.0 10-6 1.0 10-9 [MeV]

1-11  ( =101.5cm) 1-12

 

1.0 10-8 [MeV]

(C/E=0.94 1.02) 1.0 10-6 [MeV] C/E=0.90

9.94

1.0 10-8 [MeV]  

 

 

1-11  
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1-12  ( =101.5cm) 
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1.4. DOT3.5  

1.4.1.  

(1)  

2 n DOT3.5 

: DLC-23F(1)( 22 18 )( 1-12 ) 

: SFCX-J33-n50g18(2)( 50 18 ) 

SFCX-J33-n50g18 JENDL-3.3 VITAMIN-B6 ( 199 , 

42 ) VITAMIN-J33 50 , 18

1-13  

(2)  

MCNP5

DOT3.5 ( 1-13 ) 1-13

1cm 3cm

5cm

147, 183  

(3)  

50cm, 50cm 1

2.4×109 n/s
252Cf Watt DLC-23F SFCX-J33-n50g18

1.0

 

(4)  

MCNP5 DLC-23F

Sulphur SFCX-J33-n50g18 Manganese

 

(5) Pl  

DOT3.5 96 160 Pl

P3  

(6)  

ICRP Publ.21

( 1-2)  

DLC-23F SFCX-J33-n50g18

Log Log ( 1-14 )  
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1.4.2.  

1.4.1 DOT3.5 MCNP5

DOT3.5 ( : DLC-23F, SFCX-J33-n50g18, : S96 , S160

) 1-15

DOT3.5 MCNP5

MCNP5 DOT3.5

 

 

( ) 

(1) "CASK - 40 Group Coupled Neutrons and Gamma-Ray Cross-section Data", DLC-023, RSIC 

Data Library Collection (1973) 

(2)  , “252Cf 

SFCX-J33 ,” 

, 7 , 3 ( 19 ) 
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1-12 DLC-23F  

 
  

（上限値）

DLC23F 

群番号 中性子線 群番号 Y籾
(MeV) (MeV) 

1 1.492E+01 23 1.00E+Ol 

2 1.220E+01 24 8.00E+OO 

3 1.000E+Ol 25 6.SOE+OO 

4 8.180E+OO 26 5.00E+OO 

5 6.360E+OO 27 4.00E+OO 

6 4.960E+OO 28 3.00E+OO 

7 4.060E+OO 29 2.50E+OO 

8 3.0lOE+OO 30 2.00E+OO 

， 2.460E+OO 31 1.66E+OO 

10 2.350E+OO 32 1.33E+OO 

11 1.830E+OO 33 1.00E+OO 

12 1.110E+OO 34 8.00E-01 

13 5.500E-01 35 6.00E-01 

14 1.110E-01 36 4.00E-01 

15 3.350E-03 37 3.00E-01 

16 5.830E-04 38 2.00E-01 

17 1.0lOE-04 39 1.00E-01 

18 2.900E-05 40 5.00E-02 

19 1.070E-05 

20 3.060E-06 

21 1.120E-06 

22 4.140E-07 
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1-13(1/3) VITAMIN-J33  
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1-13(2/3) VITAMIN-J33  
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1-13(3/3) VITAMIN-J33  
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1-13 DOT3.5  
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1-14  

 
1-15(1/4) DOT3.5MCNP5 
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1-15(2/4) DOT3.5MCNP5 

((: 101.5cm)) 

 
1-15(3/4) DOT3.5MCNP5 

((: 146.5cm)) 

1.0E02

1.0E01

1.0E+00

1.0E+01
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(m
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252Cf
Source
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1-15(4/4) DOT3.5MCNP5 

((: 231.5cm)) 
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2. TN-12  

2.1.  

TN-12 ( TN-12 )

(1) 

MCNP5

 

 

 

2.2.  

12 TN12 TN12

2-1

2-2 2-4

 

 

2.3. TN12  
TN12 2-2 2-4

2-1 2-5

2-2 2-4  
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2-1(a) TN-12  

 

e11lon 

Fue9 ass⇔Iy 

，
 

Batt0● shock absorblnc cover 



(203)

 海上技術安全研究所報告　第 13 巻　第 1号 　（平成 25 年度）　研究調査資料 203

 
2-1(b) TN-12 ( ) 
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2-2 TN-12 ( ) 
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2-3 TN-12  
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2-5  
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2-1  

 

M3terial 
Location 

底 scription m mi:osit ion ％切 weight
底 nsity

(See figures 1 ard 2) （'2/cm3) 

1 

Containar l:ody Stee I e quiva lent to Fe 968 785 

Closure reat ASTM-350 grade LF5 steel Ni 1 4 

Srock a知 rおrst-ells Mn Misc 1 2 

巳ョsl<etskJrt 06 

2 Copi:er fin ard resin smear 4 7 3% p:i lyeste r resin mated Cu 1① 0 893 

with silimna 52 7% Cu (by⑲ ss) 

Resin 

2a CopfEr fin ard resin srrear 48 5% ro lyeste r resin② ated with H 51 

silicons 51 5% Cu (by tlBss) C 423 

゜
211 

Cl 141 

Al 72 1 40 

Ni 1 4 

B 1 0 

Sb 57 

Zn 21 

3 Copper fin ard air smaar 12 6% Cu 87 4% air by vol urns Cu 1COO 893 

3a Copi:er fin ard air smョar 12 2% Cu 87 8% air by vol umョ

4 S趾rtsuppJrts 81 2% steel (AJSI 316) 18.8% air Steel 

(by volu咋） Fe 674 

Cr 170 

Ni 120 
7 85 

枷 25 

Mn 20 

Misc 11 

5 S upi:o rt shims 1 4 5% stee l(AJSt 304 L氾45% air Steel 

(by volurre) Fe 678 

Cr 190 

Ni 100 785 

Mn 20 

Misc 1 2 

6 S upr:o rt shi rm均s如t 13 4% steel(AJSI 3図 L)366 % air 
琴

sup~rt feet (by volu匹）

7 C ruci lo rm structure 1 4 5% stee I (mixture of AJSl3C9 Steel 

安阻ratingほs杷tstructure & 316L 85 5% air (by volurre) Fe 61 4 

Cr 222 

Ni 135 
785 

枷 1 7 

Mn 02 

Misc 1 0 

8 63si<et ZOrES Aluminium alloy Al 863 

Si 122 

Fe 05 

Misc 1 0 

8a Bョsl<etzonョs 9ffi AI a I loy,1⑯ steel(AISI31 6) 

(by volu咋l， 底 S担twalls ・reinforCBd with 50 3% Al alloy 26.2% B,C-Cu, B4C--cu 

stainless stee I grids a rd 23 5% stee I (AJSI321) Cu 657 

B4C℃ u plates (by weight) 巳 275 

C 66 

Misc 02 

9a Bs尼twalls reinforoョdwith 37 ill, Al alloy, 23 4％B,C--cu, Steel 

stainless stee I grids a rd 39 6% stee I (A1Sl321) Fe 704 

B4C-cu plates （切 weight) Cr 179 

Ni 93 

Mn 1 5 

Misc 09 

10 已 l翠 woodinside slu ck B|李 店〇 025 

a函 rl:ers

Co mi:osit ion L.Eed by Ui<(AEA) a rd H 65 02(UK) 

西tgjuminn図 tculatioぽ

゜
402 025（西lg)

C 533 
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2-2  
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2-3  

 

Number per Massper 
枷 te『ial(see table) 

assembly assembly（囮
SKEL日 ON

Top rozzle f¥bzzle 1 6500 Z2---cN1810 

Fla窄 S 2 0258 Z2---GN 1810 

Fla窄 screws 2 0020 Z5--cN1810 

Spri窄 4 0960 Inmn| 71 8 

Spring screws 4 0132 !noコrel600 

BJttom 
f¥bzzle 1 

rozzle 560J Z2---c::N1810 

S uppJ rt screws 24 0180 Z5--cN1810 

Mixing grids Straps 6 3660 !noコnョ1718
Slee⑮ S 0795 Z5--CN1810 

Top grid Stra芦 1 0510 !noコrel718 

Sleeves 0290 Z2---cN1810 

和 ttom宮id Straf=G 1 0510 !noコnョ1718
In苓！rts 0310 Z2--CN1810 

Tubョs Guides 24 9 216 Zircaloy 4 

In弐rurrentat ion 1 0380 ZirG3loy 4 

饂

Clads f¥bzzle 264 1C66CO Zircaloy 4 

Erd p|頃 BJttom 264 1 637 ZirC3loy 4 

Top 264 1 584 ZirG3loy 4 

FLEI店 llets 523 4CO U02 

Spri国 264 5 016 Z5--cN 2011 
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2-4  

 
  

Material Co rnm:3itio n §;: b•,"’\•',ieight De nsit•9孔 g/crn3)

Z2 CN 1 8 1 |：］ ＆ Z5 |：: N 
Fe 72 0 

1 B 1 lごl

Cr 1 8 C] 7 85 

Ni(＋|2o) 1 O C] 

じ•一 iこl Cl 1 

Z5 c r・9」2011 Fe 8 9 C] 

Cr 200 
マ/ 仁L9IEし•9

Ni(＋1こ：o） 1 1 C] 
し.―.．9，Iごl 01 

Inco ne I 71 E: Fe 29 0 

Cr 1 9 C] 
8 40 

Nil:＋|：二：CI:| 52 0 

C1こl Cl i3 

InCEl「―le| 6C)Cl Fe E: 0 

c:r 1 tうl:：|
8 4lごl

N i(＋1ご：o） 7t5 c:| 

Co Cl :3 

Zr-4 Fe lごl2 

Cr Cl 1 
日・-只＇ー．只＇ー・

Ni(＋1ごo) 9:3 2 
じ•一 iこl 1 5 
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2.4.  

(3He 12cm
252Cf )

ANSI 2-5  

 

2-5  

 
  

・ANSI Di雰 IIごaIlご；1＿」|ated

Emax Emin Co r1¥iB rsio n facto r R琴；f：onsefur心tion

(松 5•\i.f’「 h)/( 「―|」r」· cm信：） |：，,し,I_：三：・＇0'-/h)/(nl'「crn2s) 

14,:-j 1 Cl (） 1 450 1 31CI 

10 0 56 1 450 1 31CI 

5 6 ,,―_ー,, n L ・ 1 450 1 45Cl 

32 1 8 1 400 1 530 

1 ::: 1 (） 1 45(） 1 420 

1 Cl 5 tうl:］E-|31 1 2l:：l(） 1 1 9Cl 

5 EiOE-01 :3 2l3E-l31 l3 800 n ―—― o―一― c―—i· l̂ •_· l 

3 20E-01 1 8l3E-l31 l3 5:：応I I-ヽ.，•7'7' 「ゞl 

1 ：三：（）E-01 1 0l3E-|31 |3 3€i() () （3(）l3 

7,::iOE-01 5 60E-|32 0 250 0 480 

5 EiOE-02 :::: 20E-02 l:，14CI 13 46Cl 

3 20E-02 1 8|3E-132 0 1,:-；1() C) 43CI 

1 ：三：OE-02 1 (）l]E-l32 Cl C)65 (：) 31;lCl 

1,：心E-02 5 6l3E-l33 n ・-(,l・ご・-仁-； 13 38Cl 

5 EiOE-03 :3 2l3E-l33 93 (）42 C) 38Cl 

:3 2(:）E-（：）:：：: 1 ：三：OE-03 Cl (）41 (：) 34Cl 

1 ：三：（）E-0:3 1 OOE-03 Cl C)41 0 340 

1 OOE-03 5 6l3E-l34 Cl (:，4CI 13 33Cl 

5 60E-04 3 2l3E-|34 lこl(）4() (） 32Cl 

3 20E-04 1 8l3E-|34 Cl C)4(） C) 31Cl 

1 ::⑭E-04 1,:・Il3E-l34 l:I C:，4CI 13 29Cl 

1 OOE-04 5 6l3E-135 0 040 C) 2了l3

5 f:iOE-05 :::: 20E-05 Cl C)4(：) (：) 27Cl 

3 20E-05 1 8l3E-l35 93 (）：39 C) 26Cl 

1 :::OE-05 1 (）l3E-l35 l3 (:1：:::9 C) 23Cl 

1,:：l(）E-（）5 5 6l3E-Cl(3 lこI():::8 (） 22Cl 

5 60E-06 :3 2l3E-136 13 (）:38 C) 2(）13 

3.20E-06 1.BOE-06 0.038 0.190 

1 BOE-06 1.00E-06 0038 0150 

1 OOE-06 5.60E-07 0037 0150 

5 60E-07 3.20E-07 0037 0130 

3.20E-07 1.BOE-07 0.036 0.130 
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2.5.  

1

2

3 5

90 2-6

2-6  

 
2-6 TN-12  

 

2-6  

 
  

00 

口仁l
l 

270°-t 。ロロ：ロロ-----------1-90゚ ⇒ 中性子の測定位匿

ロロ［］口
□：□］ 

1贔o

周囲方向
キャスク表面 キャスク底面

測定値
評価点 からの距離 からの距離

(8) (r: cm) (z: cm) （必Sv/h)

1 90° 15 5 47 5 35 0 

2 90° 15 5 467 0 59 3 

3 90° 15 5 271 9 52 9 

4 90° 100 271 9 28 6 

5 90° 181 5 271 9 19 0 
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2.6.  
2.6.1.  
TN-12 12  
(1) 2-7 3

647  
 

2-7 ( ) 

Cycle Beginning End Full Power Equivalent days 

    

1 8-Dec-77 6-Jul-79 445 

    

2 14-0ct-79 9-Aug-80 280 

    

3 5-0ct-80 29-Aug-81 282 

    

Measurement 7-Jun-83 7-Jun-83  

    

  
Cooling time  

647 days 
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(2) 12 2-8

36000MWD/ U 5

7  

 

2-8 ( ) 

Assembly End of Cycle 1 End of Cycle 2 End of Cycle 3 

    

1 14080 25209 34896 

2 14080 25209 34896 

3 15740 26829 36596 

4 15740 26829 36582 

5 14080 25498 35230 

6 15740 26829 36581 

7 14080 25498 35232 

8 14080 25498 35532 

9 15740 26829 36596 

10 14080 25209 34897 

11 15740 26828 36675 

12 14080 25497 35148 

 

(3) 2-9 2-11
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2-9 1 ( ) 

 

  

Position 1 2 3 4 5 6 7 8 ， 10 11 12 

Top 41● 畑ど’・ し121() ぬ r... 巫ぷ 細．99 “r＆ら1 如 12:r ~1拭蛉 ↓以21 ぷ凶 心..,

紐た 心():> 螂 S1 r11&X 心 39 7117．涎 ら瓜10 ＆沿 叫鯰 む出総 ”逸お 紐｝

＆●1 傘 13. 認 19'.1(!; 匹ぷ 心 OO 如必 凶 9玲 細 a 恥公 3131玲 碑 8 81必 19.

57 Values 99払玲 蕊総 1002:l心 10.:.た沿．1 ふ文1B 1().”a 1:".!. 幻 ．必 心 29 1し叫泣 ふ蛤 1碑蛉 ふ t凶

Coorespond ing 1OO1&Sr 1四“ 11総な 11磁 S,1 1函 118 11砥と 1咲以＆ぶt 10滋 1r 11泌 も 1畑 OO 11S-17．ぶ 1().がな.4-2.

to regular 111~ 1 14 111滋じ 1王蹄 12-ぃ•＆拉 1114r．糾 1公池0..:, 11111 15 111茂 3 1碑 99 11@.1(!: 1 U. 12.1'0 11むKと

intervals 
11泌 .:,r 111:!:14.必 1認 1しOO 1訊 19 11邑 OO 1碑 14 11紐 3r 11ら143r 1必俎，， 11紐と 1碑戎 11ぷ硲．ふr

1碑 31 1吟お 14gr 14芯 中 1碑泣 14沿r．泌 1年 18 1碑"' 1螂＆ 1さ惑ふ 1紐 ．，， 1碑 r.1r 

1涎沌1蛉 1傘 1S 1ぶ”1埠 1紐ぷ『 1滋7ふ涎 1畑．ふ5 1紐 99 1奴111~ 1ぷ双勾 捻砥1.:, 1忍 r1 1なくふr4

1~1'l.<W- 1畑 11 1ぷ沿r．匁 1硲 2 1心 1泣 1吟必 1吟，， 14-鯰ふ~1 1~1ふ141 1位 'l1匁 1心必 14:11 o. tl'i 

1如 94 ↑494&3心 1幽戎 1らr沌涎 1必 rr．おi： 1らrrr.11 1虹鯰 1心 1＆な 1虹涎 1吟ぷ 1紐 11 14.泣 沿

1ふ1色11ふ 1ぷ必必 捻滋ふr 111()1必 1.:.1枇位 111b1 1ふ 1氾必 1ふ1躁 11 1虹必 1紐 1i 111ぷU1 1巡公

1ぷ沿．1仝 1ふ 1しら1 1螂カ 1溢 1．し 1ぷ捻1::i.1 1吟 g 1 ぶ凶． 1~ 1ぷ 1() 111必 3 1碑 1g., 1心必 1.:.1:'.!-:..涵

14た＆認 1S1池 凶 1＆滋公 1蛉 1＆冗 1細総 1総 1&oo 1叫 a 1心 gr 1OOri.OO 1471ふ紐 1紐 11 14た＆．泌

1心沌唸 1螂 32. 1ぶ硲3 1忍 r.OO 1“m1t, 1紐 3 1硲,. 1憚心 1~107.!§!; 1蛤 12:1 1紐％’・ 1ょ芯99

1ふ 1し 1＆杜ふ蛤 1”*M沿． "環玲 1&生 "必公 1＆紐ぶ 1ふ給7.27 "41&と 1ぷ迩1() 1代13.31 1S11OO 

1~沿． 9S 1知泌 19ぶは約 1唸 品 1S泌1紐 1咬 1必 1~7．ぶ 1ぶ心Si. 17函．1S- 1ふ心3 1 四•1a1e 131ふ沿

1eo19.14 詑匹蕊 1”3＆玲 1年鉛 1畑 rr 1殴 9.u 1畑 2r 1f:!.1D.＆心 1沿1&＆ 1ぶ没とふ 1e.1公摂 1.:&122.1 

1碑 OO 1畑 ．29 1恣 a 1e.1沿．も 1ら1:::!.r.1:::!. 1S1年9.0.:. 1臼翠31 1e,12-2,42: 1摂心ぷ！ 1吟 OO 1年,. 1吟 ．i:r

1OOれ、ふ↓ 1鯰 r＆認 1没．石糾 1妬誂虻 1ら1S18r 1な邸11 1紐 r.2:1 1し139.4r 1摂 111 1年蛉 1裟お＆ぶ！ 1巫 S

1碑r.ai• 1蜘 1.:. 1 rr.:,r．公 1姻 13-:, 1OORi” 1姻 'l.:i'1 1畑沿 1(!:1ぷ 91 1匹必 1Srr.12 1e. 14-:-.必 1吟 ．，，

1ぷ 1蛉 1SOO 1代虹，， 19似凶 1ふ OO "似a 1.:.1ふ:涎 1ふ泣心 1匹ふ 1ぷ1~e:.:. 19磁，， 1ぷ澳r.と

14mOO 1~2'1 1~1 (!:.:と 1紐 11 1吟 1:i' 1e.:..:4. 1 r 14心 な 1艇 r．鉛 1e,..i.14. 1e. 1如沿 1総 'l.R 14'112. 1@: 

1巡ば＇ ・ 1吟 13. 1rぷ心．し 1泌 1必 1泌 ir 1函 'l.12- 1必 11.tt 1ふ滋3 111心包 1ふ幻1位 1沿 1{!: 1ぷ 1~

1白逸ざ 1~1匁~1 1泌 r.し 1泣沌ば 1紐 ir 1紐 r1Sr 1吟 11 1心な 詑11'l.11 1ぷ凶．1埠 1畑 gl 1泌総

1e. 111箕 1ど必必 1~1逸沿 1叫蛉 1i;i:1:'.!.1終 1叫沿 1蛤池ふ 1e:1戎糾 1畑咲 1吟 e:1 1~1() 1吟 1i

11'!1ね '.:!:r 1裟 r4.ぷ 1ぶ函 94 1細 37 1ら1'lふ総 1細虻 1'-!:121 4-:, 1血，，， 19心 必 1沿戎辺ふ 1蕊 1:11 1訟 1公

1~1M..社 1鯰 r&31 1細 s 1叩 2:1 18'1~.:,., 1碑 ．41 怜112:.04 1位 12:.硲 1匹ぶ 1ぶ滋9., 1螂 2:1 1匹 11

1OO19.7ふ 1螂 12. 1~1~9'7 1&ur．池 1OO沌 oo 1＆也匁 1四“ 1し1公し7ふ 1訟 7．ぶ 1ぶ岱．1a 1＆父＆34 1S忍 14

1ふ 1&1ふ 1~17． む］． "むr．紐 ＂沌； 1．必t 1＆メぶ ＂だと必 1＆お心も 1ふ哭＆2r 1花12:.OO 1ぷ 1位 1唸ら 1＆瓜も

1必 r13r 1四 3r 1叫し 1~r泣咲 1螂し 1~r4r.S-1 141ぶ．＆ 1応 OO 1蜘％ 1唸 99 1紐 1() 1船池1D

1碑＆ 1.:.:.r4. r4 1r滋 9r 1泌 心} 1傘＆ 1碑玲 1ど心鯰 1↓泌．笠 1沿1&rr 1ふ 1位 詑1認総 1:.:,r 

1皿＆↓ 1~1e:4. ;rO 1心が 1塁 7.2:1 1ら1柊 U 18:追:2.2:r 1年 OO 1し1ぬ＆ 1凶 r.oo 1ぷ ．幻 1&“公ら1 1ぼ心と“

1細 7.14 1繹 113 12-1ぷKOO 1＆澤ど 1ぶ怠8r 1硲 1柊 1年ど 1螂糾 1む3r＆沿 1e:1祖心 1傘公 1ら1%↓

1螂 12- 1色沌 1ぷ ．41 1叫 14 1ぬ 1浪 1砕．ふ 1蛤 rr．汎 1糾沿ふ心 1Mな S 1吟お 1吟 44 1年虹

1心 c 1匹 J., 1凶 1叫 1紐 !lO 1西さ 1翠 1牛 1伍蛤 1心 r1 1Mr4.総 1他玲 1吟 21 1蜘 113.

1と泣沿 1巡 OO 1螂 .:-1 1畑泣 1紐~1 1e..:.沿．以 1虻ふ 1畑ぷ 19“l' 18'1.:.1応 1紐的 1凶 r．涎

1螂ふ 1色100.ぷ『 1池ぷK5., 1饂没 1ぶ 1r.1~ 1紐し 1ぷ叫41 1ぶ必2& 1戎．池極 1メ立土必 1紐蛤 1必池泌

1ぬ 'l.M 1幽 ．r1 1蛉 1:'.!...OO 1細 2 1必 1もよ 1を 1” 1吟~1 1泣鯰 1~l 冷． i:1 1吟し 1蛉沌41 1恥凶

181逸 ::!-1 1.:.泌心 1沿 r．糾 1畑ぶ 13硲 13. 1匹1~ 1~1().()4 1ぷl.~ 詑1~'l．鯰 1滋 r．ふ 1叫緑 1.:,r'li)_必

1畑 ．1仝 1色叫泣 1匹凶 1知 91 1鯰 1人総 1訟 9ふ 1虻 OO 1螂 :'.!-1 1年＆ 1~11 r．ぷ 1吟 OO 1~111鯰

1磁 1t, 1細 " 1か脳力 1grぷ蛉 1ら捻匁 1Sr.:.1 :'.!4. 1色紐箕 1螂 さ 1碑鉛 1心ふ1 1S2.1D.~1 1紐糾

1&3た公 1ら逸心 1＆紀えな 1が 1&” 1色給1OO 1蕊 11~ 1匹 紐 1紐 1．乃 1紐船 1螂＄ 1認元心8. 1ビ泣お

1＆ぅ1＆oo 1螂 OO 1必 r.12- 詑冷1Yi 1以 1r．匁 1g”3．糾 1年ら1 1＆岨糾 1螂~1 1位 14.玲 1紐践 1幽 r．汲

1e::i. 1＆認 1ど鴎ぽ 1認 r.22- 1函 r.89 1螂お 1細 rr 1(!;1総 1D 1巫鉛 1叫蹄 1知凶 1叫し 1訟 1OO

1ふ OO 1疫 r．ぷr 1沌12:.34 1心，， 1以凶 1如 ．冗 1＆笠総 1泌鯰 "戎9．む］． 1ふ硲．r1 1沼分43r 1＆おもお］．

1~14...:& 1紐メ 1巫ぬ 1紐 r．泣 1山泊公 1し逸蛉 1舶 1OOi 14泌 ．g1 1~1色位 1中齢．()1 1砥泌 1 邸~.,

1ふ OO 1碑 rr 1幽位 1戎逸必 1ぶ皿給 1紐紐 1.:.1ぶと泣 1ぶ必ぶ ＂心 r．給 1必 1ふ公 ＂泊 111 1匹 19.

1ぷ Dr 1ふむ立ぷ "'かim 19ふ必 1ぷ？ふ必 ＂ぷ rr 1ぷ凶給 1ぷ 1ふ匁 1r-!.r.:..色 1磁伐 1””立1 1.:.1:'.lO.必

1感必 1S1()1ぷ 10:た＆．さ 1碑 公 1心 19.OO 1ror1公 1蝉 n. 1紐 t 1紐 S? 14心 公 171moo 149沌 1S

1位 12:.D1 1↓滋鉛 1畑 m 1四 r.1C, 1邸と 1紐 ．ぷ 1ぶ史ふ以 1認 r．必 1碑蛤 141ぶ S 1紐玲 1419'1池

1と以泌 1~沿131 1匹 1o:l::l- 1ぷ1~71 1し 1&” 1S迄1ら1 1＆パふ立 1碑糾 1"匁．1S- 1む又心総 1S兇 94 1畑ツ

12:1泣咬 12:m鉛 1紐＆ 1匁 1uoo 12410.蹄 1&1&oo 1むぶ心．1D 1あ也尺 1~泣” 1巫 s 1函 1郊 1巫む

1U父 ．94 11313.89 112.茂 S(l. 1巫必 1U心 1年 41 1U1Uよ 1OOr4心 ＂盛埠 1OO1U12 121::!.1ぶ 1じ r．埠

S.71＆必 細．玲 s-ror.よ 紐凶 巫お 紐ぷ 沃 OO s-11.:..::i..:. 紐↓ ぶ没し 沿 1＆必i’ 碑冷

に元ふ：＇ H.14.蛤 心 1↓r 9ぶ出．41 螂"' ＂心 r．蛉 心 13 叫，， 虚，， I;!:r芯．OO ,..,.，， •芯泣

Bottom •心．泌 知 4 巫 1● 匹送！• 心，， 裟逸 忍凶 砂尖 81内 I):, 螂ン 訟 'l.19' ぬ r.2-1
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2-10 2 ( ) 

 

Position I 2 3 4 5 B 7 8 g ID 11 12 

Top 紐 OL 可 L5’ l叩せ L;JJ沼るEL 鴎 l靱 '"""甚l'
四 8 l匹・T l叩 l7叫 危双 l寧岱 叩}

LJeW -tl l;:1-l咽 4T L滉 L9的 L叩 lL叫 l:J-lli:i-~ l匹次 L::J.l肉丙 L:J;L9 l~ l凍叫 ~l l叩双 l匹屯 L:Jl l~ 烈

lで胚 I双沿4演 Lでm 芯 L 7fi.Z.L 4,J. l吹でな L T,J.LS'切 L勁L~ L咬渇e≪ l T,J,J. l T,J. lり7'.l~ LT四 9L l"Tで

57 Values l四叩 L&L;JJ. ;J4 四 lr.J.以 芯 T●T l~lill- H ジでi’ l四窃 Lぬl~況 ど芯芯己 l四閲 ジ涵,.. ぼl7l: 

Cooresponding to ~LL烈践 ~L L沢ぶ 四 7.. と切84芯 ~LL叩 74 U4:Ll W ~l ぼ•T” るL;J-LLW み 10 ひ l切 屯 7即 るLL切で

regular 
~l以全も荘 ~l和 Tl ~l~や 匹切 ~LiW り l とら匹冥'’ ~l71梵~ ぷ a9lり烈 とほ¢ とL6T9l 四 ＂ ~l而l l9 

intervals 
と加中t 五加閲 四 m;＇ ”而芯 玉 TT切 と寧 l• 切 I呪 と応で こ匹3L ~l砥 lfi. 匹TI咬’・ と芯呪

21呼％ 坤い 寧 TL9L 平 7U 匹 LL ン下演！~ 亨 E 匹駁！ と T と 匹 7 匹 ぉ 碑L~ l~ 

UfP了丙 双fET氾
aT悌'"' ~TTL:J-:J-:J- 四洟’・ る而n；咲＇ 叩 TET 在.¥2t9.T: と冗切 u孤沢’・ るTm4LC """'問

び寧 L4 蕊 L4芯 四 L,. a ” 平 l叩 匹引L 匹m~ こ血8T 匹 ” 匹 l!;{..況 蕊 L&;J& 匹で茂％

叩 11 こ示己 窃T岱む 己吻9L ;T刃411 如 TT閲 出芯 L5 こでlB籾 a充や双 己 74 己碑呪 召匹 l9

るn m; る石域と7 叩と 己叩・T とm p;• 四 LWL~ ぷ初 L4 ""霜靱 ~L屈 L& 坤 L4ぷ 匹 糾 ぷ初閲

と 可4広 ;芯”', ~l~も 平叩 とでL咽 四叩 五唸I"1 臼匹肉 匹 T.. が 9T 己沼況" 五匹 LL

匹 l*” 3TL3 4L 屯杞 蕊 l44F!i び函召 四” 四 I四 び渇む｝中も a r  匹 l&x 召吟り1 匹7"'TT

臼"' 改閲 びゆと ;TL郊 l~ 益Elぷ am  改T l3 己・T と苓切切 却L~閲 ;TLL4己 改 暢

と匹・7 が l5’ 改ゃ 四l41:釈 とで以 四肉 五匹む aT  H 以 葬 匹四“ 四L屈 ~L る7侶 n

こ而LLl~ こ四●1 区畑匹 叩・L ~l籾 ~T 己喝双、＇ 双四 困 TT4> 匹下駁 乙字 IT 己 lE ひl5TO 
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keff=0.15

2-11 1
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4.25

4.05

%  

 

2-12  

 1 2 

 5 7 

(MWd/tU) 36,606 35,118 

(n/sec/tU) 5.464E+08 4.600E+08 

keff 0.15 

(kg/ ) 461.4 

(n/sec/ ) 3.231E+09 

 

 

(2)  
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2-13

TN-12

1.1

2-13

Sv/h

 

 

2-13 IMP ( ) 

 

 Point ( Sv/h) Volume(TLE) ( Sv/h) 

 15.5cm fsd 100cm fsd 181.5cm fsd 15.5cm fsd 100cm fsd 181.5cm fsd 

imp=16 73.98  0.95 34.40  0.22 20.61  0.11 76.98  3.33 33.30  2.11 22.13  1.92 

imp=1 72.22  0.31 34.23  0.09 20.56  0.06 72.33  0.80 36.43  1.29 21.25  0.98 

imp=128 72.51  0.65 34.16  0.15 20.50  0.08 77.87  2.35 34.53  1.53 22.42  1.38 

 51.03  0.34 24.51  0.09 15.06  0.06 52.25  0.78 24.21  0.65 15.17  0.59 

 52.9 - 28.6 - 19 - 52.9 - 28.6 - 19 - 

 

(3)  

2-14 TN-12

2 3

FSD 2-14

 

 

2-1 2

( 0.25 /cm3)

2-14

 

TN-12 2-1

90
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2-14 TN-12  

 Point ( Sv/h) Volume(TLE) ( Sv/h) 

 15.5cm fsd 15.5cm fsd 

 imp=16 110.80  1.34  110.00  6.94  

  91.29  0.34  89.76  0.48  

  59.30  - 59.30  - 

 imp=16 27.23  0.33  25.90  0.36  

  35.00  - 35.00  - 

 

2.8.  

 

 

( ) 

(1) H.F. Locke, “Summary of the Results of the Comparison of Calculations and Measurements for 

the TN12 Flask Carried Out under the NEACRP Intercomparison of Shielding Codes”, 

NEACRP-L-339, March 1992 
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2.9. DOT3.5  

2.9.1.  

(1)  

2 n DOT3.5 

: DLC-23F(1)( 22 18 )( 1-11 ) 

: SFCX-J33-n50g18(2)( 50 18 ) 

SFCX-J33-n50g18 JENDL-3.3 VITAMIN-B6 ( 199 , 

42 ) VITAMIN-J33 50 , 18

1-12  

(2) 3.2  

MCNP5

DOT3.5  

2006 (4)

2-15

 

FP Co

2 DOT3.5 2-11 FP

2-12 Co 2-13  

2-11 2-13

1cm 3cm

 

FP 135

189 Co

135 186  
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2-11 DOT3.5  
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| | 
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2-13 DOT3.5 Co  
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(3)  

  

 

AEA-RS-1063 2-16  

AEA

 

FP  

FP AEA FP 2-17

 

Co  

Co AEA FP

2-18  

 

   

 

AEA-RS-1063 Table.6 Watt

DLC-23F SFCX-J33-n50g18

1.0  

DLC-23F 2-19

SFCX-J33-n50g18 2-20

 

 

 

FP AEA-RS-1063(Table.2) FP

DLC-23F SFCX-J33-n50g18

Co 60Co DLC-23F

SFCX-J33-n50g18

FP 2-21 Co 2-22  
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2-16 

 
 

2-17 FP  
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2-18 Co  

 

2-19 (DLC-23F) 
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2-20 (SFCX-J33-n50g18) 
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(4)  

DLC-23F Cl,Co,Zn,Pb SFCX-J33-n50g18 Cl,Mn,Co,Zn,Mo,Sn,Pb

DLC-23F 2-23 SFCX-J33-n50g18

2-24  
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(5) Pl  

DOT3.5 96 160 Pl

P3  

 

(6)  

AEA-RS-1063 Diop (5)(Table.9) DLC-23F

SFCX-J33-n50g18 DLC-23F 2-25

SFCX-J33-n50g18 2-26  

AEA-RS-1063

:2004 (6)(AESJ-SC-R002:2004)

7.5 DLC23/CASK 1cm

( 2-27 )  

 

2-25 (DLC-23F) 
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2-26 (SFCX-J33) 
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2-27 1cm DLC23/CASK  

 
 

2.9.2.  
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2.9.3.  

TN-12 DOT3.5 S160

C/E DLC23F SFCX-J33-n50g18

C/E MCBEND C/E

C/E MCBEND C/E MCBEND

DOT3.5 1cm

 

 

( ) 

(1)“NEACRP Intercomparison of Codes for the Shielding Assessment of Transport 

packeaged-Solution for the TN12 Benchmark Problem by Mrs H.Locke,”AEA-RS-1063, June 

(1991). 

(2)“CASK-40 Group Coupled Neutrons and Gamma-Ray Cross-section Data”, DLC-023, RSIC Data 

Library Collection, (1973). 

(3)  ,“252Cf

SFCX-J33 ,”

, 7 , 3 , (2007). 

(4) ,“

2006”, AESJ-SC-F006:2006, (2006). 

(5)“Detector Response Function for the Neutron Case Note to NEACRP participants from C M Dio 

CEA”,(1990). 

(6) , “ 2004”,AESJ-SC- 

R002:2004 
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3. NH-25  

3.1.  

3.1.1. NH-25  

NH-25 3-1 PIE

1 2 PWR

1  

NH-25 3

( EG )

 

 

 

 

 

3.1.2. MCNP  

3-2 3-1

1) 2)  

 

 0.6 1.75cm 

 3cm 

 EG 1cm 
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3.2.  

3.2.1.  

(1)  

PIE 3-2(3) 5.5 UO2

NH-25 1050

ORIGEN2

3-3  

 

3-2 5.5  

 (n/s/cm3) 

 4.05×103 

 4.87×103 

 4.69×103 

 

 

3-3 ORIGEN2(82)  

 5.5  1050   

ORIGEN2  

(n/s/MTU) 
2.929E+08 3.275E+08 1.118 

  (n/s/cm3)  

 

 4.05E+03 4.528E+03  

 4.87E+03 5.445E+03  

 4.69E+03 5.244E+03  

 

(2)  

(4) 0.613

 

 

 

 

 

 

 

3-4  
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3-4 1050  

 (n/s/cm3) 

 1.17E+04 

 1.41E+04 

 1.36E+04 

 

(3)  

(1)

(3)

(1) 232Th(n,f)Reaction 

Rate  

24 (3) 3

 

(3) 6 (1)
232Th(n,f)Reaction Rate 3-3  

3-5 UO2

 

V= /4× 2×L×  

 

V UO2 (cm3) 

d 0.93 cm 

L 364.2 cm 

n 179  

 

V= /4×0.932×364.2×179 44284 cm3 

 

  



250

(250)

 

3-5  

  

(n/s/cm3) 

 

2-3  

 

(n/s/ ) 

1/24 2.925E+03 1/4 5.398E+06 

2/24 5.851E+03 1/2 1.080E+07 

3,4/24 1.170E+04  4.318E+07 

5 7/24 1.355E+04  7.501E+07 

8 17/24 1.407E+04  2.596E+08 

18 20/24 1.355E+04  7.501E+07 

21,22/24 1.170E+04  4.318E+07 

23/24 5.851E+03 1/2  1.080E+07 

24/24 2.925E+03 1/4  5.398E+06 

   5.284E+08 
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3.2.2.  

(1)  

ORIGEN2 3-5

(PF)

ORIGEN2 3-6 PF  

 

 

3-6 PF 

  PF 

1/24 1/4 0.813 

2/24 1/2 0.942 

3,4/24  1.092 

5 7/24  1.127 

8 17/24  1.136 

18 20/24  1.127 

21,22/24  1.092 

23/24 1/2 0.942 

24/24 1/4 0.813 

 

 

(2)  

ORIGEN2 3-7  

ORIGEN2

1 8 16 18

MCNP  
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(252)

 

3-7 1050  

 

 

 

e  

(photons/s/ ) 

1/24 2/24 3,4/24 5 7/24 
18 20/24

24/24 23/24 21,22/24 18 20/24 

1 0.01 9.75E+13 1.15E+14 2.71E+14 4.22E+14 1.42E+15

2 0.025 2.26E+13 2.67E+13 6.31E+13 9.81E+13 3.30E+14

3 0.0375 2.32E+13 2.73E+13 6.45E+13 1.00E+14 3.37E+14

4 0.0575 1.99E+13 2.35E+13 5.56E+13 8.64E+13 2.91E+14

5 0.085 1.36E+13 1.61E+13 3.81E+13 5.92E+13 1.99E+14

6 0.125 1.47E+13 1.74E+13 4.14E+13 6.44E+13 2.17E+14

7 0.225 1.17E+13 1.39E+13 3.31E+13 5.14E+13 1.73E+14

8 0.375 6.72E+12 8.00E+12 1.90E+13 2.97E+13 9.98E+13

9 0.575 1.01E+14 1.25E+14 3.08E+14 4.84E+14 1.63E+15

10 0.85 2.64E+13 3.54E+13 9.40E+13 1.50E+14 5.07E+14

11 1.25 4.86E+12 6.37E+12 1.66E+13 2.62E+13 8.86E+13

12 1.75 2.75E+11 3.48E+11 8.82E+11 1.39E+12 4.70E+12

13 2.25 3.64E+11 4.21E+11 9.72E+11 1.50E+12 5.05E+12

14 2.75 7.35E+09 9.27E+09 2.34E+10 3.69E+10 1.24E+11

15 3.5 9.24E+08 1.17E+09 2.96E+09 4.67E+09 1.58E+10

16 5.0 8.60E+04 1.75E+05 7.01E+05 1.22E+06 4.22E+06

17 7.0 9.91E+03 2.01E+04 8.09E+04 1.41E+05 4.86E+05

18 9.5 1.14E+03 2.31E+03 9.29E+03 1.61E+04 5.59E+04

 1.20E+16 

mcnp  5.01E+15 
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3.3.  

3.3.1.  

(1)  

(1) 3-4 3-5 3-8 3-11

 

 

(2)  
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3-13  
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3-9  

No. 3-1  (cm)

40 -235 18 

41 -455 40 

 

3-10  

No. 

3-1 3-2 

No.   
 

11 

7 

3727  A 200 

42 3727  E 200 

43 3727  F 200 

37 3727  G 200 

44 3727  H 200 

 

3-11  

No. 

3-1 3-2 

No.   
 

32 3 1794  G 200 

37 7 3727  G 200 

19 3 1794  A 1000 

 

3-12  

  

  

 
10cm  

 

 
ICRP Pub.215)

3-6  
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3-13  

MeV  

ICRP Pub.21

 

(mrem/h)/(n/cm2/s) 

  

( Sv/h)/(n/cm2/s) 

2.50E-08 3.85E-03 0.54 2.08E-02 

1.00E-07 4.17E-03 0.6 2.50E-02 

1.00E-06 4.55E-03 0.65 2.96E-02 

1.00E-05 4.35E-03 1.0 4.35E-02 

1.00E-04 4.17E-03 1.44 6.00E-02 

1.00E-03 3.70E-03 2.0 7.40E-02 

1.00E-02 3.57E-03 3.5 1.25E-01 

1.00E-01 2.08E-02 1.3 2.70E-01 

5.00E-01 7.14E-02 1.05 7.50E-01 

1.00E+00 1.18E-01 1.0 1.18E+00 

2.00E+00 1.43E-01 0.95 1.36E+00 

5.00E+00 1.47E-01 0.8 1.18E+00 

1.00E+01 1.47E-01 0.6 8.82E-01 

2.00E+01 1.54E-01 0.45 6.93E-01 
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3.3.2.  

(1)  

1) 3-14  

 

(2)  

3-15  

3-16 ICRU REPORT 47

1(nR cm2) 3600×10-6(mR/h)/(photons/cm2/s)  

 

3-14  

No. 

3-1 3-2 

No.

3-1 3-2 

No. 
 

 No. 
  

 

1 -3 -1000 

A, 

C, 

E, 

G 

0 

14 -3 -1000 

A, 

C, 

E, 

G 

100 

2 -2 -400 15 -2 -400 

3 -1 0 16 -1 0 

4 0 450 17 0 450 

5 1 827 18 1 827 

6 2 1310  19 2 1310  

7 3 1794  20 3 1794  

8 4 2277  21 4 2277  

9 5 2760  22 5 2760  

10 6 3244  23 6 3244  

11 7 3727  24 7 3727  

12 8 4210  25 8 4210  

13 9 4620  26 9 4620  

 

3-15  

  

 ( ) 

 0.5cm 
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3-16  

MeV  
ICRU REPORT 47  

(nR cm2) mR/h / photons/cm2/s  

1.00E-02 0.848 3.05E-03 

1.50E-02 0.357 1.29E-03 

2.00E-02 0.192 6.91E-04 

3.00E-02  0.0823 2.96E-04 

4.00E-02  0.0489 1.76E-04 

5.00E-02  0.0369 1.33E-04 

6.00E-02  0.0330 1.19E-04 

8.00E-02  0.0350 1.26E-04 

1.00E-01  0.0424 1.53E-04 

1.50E-01 0.069 2.48E-04 

2.00E-01 0.098 3.53E-04 

3.00E-01 0.157 5.65E-04 

4.00E-01 0.216 7.78E-04 

5.00E-01 0.271 9.76E-04 

6.00E-01 0.324 1.17E-03 

8.00E-01 0.422 1.52E-03 

1.00E+00 0.509 1.83E-03 

1.50E+00 0.699 2.52E-03 

2.00E+00 0.857 3.09E-03 

3.00E+00 1.127 4.06E-03 
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3.4.  

3.4.1.  

(1)  
239Pu

MCNP Watt  

 

(2)  

JENDL3.3  

 

(3) FSD  

WWG WW  

 

3.4.2.  

(1)  

3-7 ORIGEN2  

 

(2)  

MCPLIB02  

 

(3) FSD  

WWG WW  

3-7 8 3

 

WWG WW 60 80% 100%
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3.5.  

3.5.1.  

(1)  

3-17 3-20 3-6 3-9

1mrem/h 10 Sv/h  

239Pu  

 

270° (G)

180°(E) 360°(A)  

 

(2)  

3-21 3-22

3-10 3-12 FSD

5MeV 0.1
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3-17  (A) ( Sv/h) 

No.  FSD 1) C/E No.  FSD 1) C/E 

1 2.52E-01 0.0351 1.95E-01 1.294 14 3.23E-01 0.0584 2.29E-01 1.409 

2 5.71E-01 0.0187 3.39E-01 1.683 15 4.63E-01 0.0445 4.31E-01 1.073 

3 1.11E+00 0.0195 8.42E-01 1.319 16     

4 1.74E+00 0.0247 1.26E+00 1.379 17 1.19E+00 0.0394 9.80E-01 1.218 

5 5.46E+00 0.0223 4.14E+00 1.319 18     

6 7.18E+00 0.0185 5.60E+00 1.282 19 2.35E+00 0.0333 2.08E+00 1.131 

7 6.22E+00 0.0186 5.05E+00 1.231 20     

8 5.34E+00 0.0193 4.44E+00 1.202 21     

9 4.78E+00 0.0199 3.84E+00 1.246 22 2.13E+00 0.0350 2.02E+00 1.056 

10 4.23E+00 0.0180 3.51E+00 1.204 23     

11 3.79E+00 0.0184 3.23E+00 1.174 24 1.50E+00 0.0438 1.33E+00 1.127 

12 2.14E+00 0.0287 1.72E+00 1.241 25     

13 7.66E-01 0.0306 7.87E-01 0.973 26 6.30E-01 0.0356 6.57E-01 0.958 

 

3-18  (G) ( Sv/h) 

No.  FSD 1) C/E 

27     

28 7.28E-01 0.0154 6.87E-01 1.060 

29 1.07E+00 0.0228 8.03E-01 1.330 

30 1.78E+00 0.0175 9.74E-01 1.823 

31 5.16E+00 0.0152 4.94E+00 1.045 

32 6.71E+00 0.0121 6.46E+00 1.039 

33 6.06E+00 0.0139 5.77E+00 1.050 

34     

35 4.76E+00 0.0142 4.25E+00 1.120 

36 4.23E+00 0.0132 3.73E+00 1.134 

37 3.78E+00 0.0125 2.98E+00 1.269 

38 2.23E+00 0.0146 1.52E+00 1.468 

39 7.34E-01 0.0215 6.35E-01 1.155 
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3-19  ( Sv/h) 

No.  FSD (1) C/E 

40 3.28E-01 0.0138 2.72E-01 1.206 

41 2.51E-01 0.0180 1.91E-01 1.316 

 

3-20  ( Sv/h) 

No.  FSD (1) C/E 

11(A) 3.79E+00 0.0184 3.23E+00 1.174 

42(E) 3.79E+00 0.0184 3.50E+00 1.083 

43(F) 3.73E+00 0.0173 3.20E+00 1.166 

37(G) 3.78E+00 0.0125 2.82E+00 1.269 

44(H) 3.73E+00 0.0173 2.98E+00 1.252 

) No.42 No.11 No.43 No.44  
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3-21  (n/s/cm2) 

 
 

 
MeV  

No. 
32 G  37 G  19 A  
 FSD  FSD  FSD 

1 1.0E-08 6.30E-02 0.077 3.30E-02 0.0906 2.39E-02 0.1325
2 1.0E-07 4.77E+00 0.0126 2.27E+00 0.0163 1.63E+00 0.0193
3 1.6E-07 9.04E-01 0.0201 4.32E-01 0.0293 3.00E-01 0.0334
4 2.5E-07 2.53E-01 0.0496 1.11E-01 0.0684 7.31E-02 0.0675
5 4.0E-07 8.51E-02 0.0627 4.18E-02 0.1014 3.21E-02 0.1358
6 6.3E-07 8.62E-02 0.0743 4.11E-02 0.0991 2.39E-02 0.1115
7 1.0E-06 9.68E-02 0.0827 4.51E-02 0.0860 2.75E-02 0.1240
8 1.6E-06 8.98E-02 0.0611 5.14E-02 0.0876 2.76E-02 0.0982
9 2.5E-06 9.12E-02 0.0680 4.53E-02 0.0807 3.69E-02 0.1059
10 4.0E-06 8.72E-02 0.0728 4.95E-02 0.0705 3.74E-02 0.1085
11 6.3E-06 9.76E-02 0.0715 4.39E-02 0.0686 3.29E-02 0.1253
12 1.0E-05 1.06E-01 0.0608 5.06E-02 0.0761 3.58E-02 0.1051
13 1.6E-05 1.04E-01 0.0624 7.34E-02 0.2118 3.53E-02 0.1146
14 2.5E-05 9.80E-02 0.0670 6.71E-02 0.3061 2.86E-02 0.1131
15 4.0E-05 9.55E-02 0.0684 4.93E-02 0.0608 3.23E-02 0.1167
16 6.3E-05 9.01E-02 0.0649 5.47E-02 0.0916 4.04E-02 0.1073
17 1.0E-04 9.19E-02 0.0667 4.30E-02 0.0661 3.21E-02 0.1077
18 1.6E-04 1.06E-01 0.0631 5.73E-02 0.0745 3.41E-02 0.0948
19 2.5E-04 1.13E-01 0.0681 5.89E-02 0.1072 3.68E-02 0.1254
20 4.0E-04 5.10E-02 0.0901 3.17E-02 0.0983 1.73E-02 0.1646
21 6.3E-04 9.73E-02 0.0800 4.64E-02 0.0756 3.45E-02 0.1356
22 1.0E-03 9.39E-02 0.0701 5.35E-02 0.1153 3.45E-02 0.1086
23 1.6E-03 1.07E-01 0.0813 4.66E-02 0.0717 3.71E-02 0.1282
24 2.5E-03 8.74E-02 0.0687 4.10E-02 0.0728 2.94E-02 0.1445
25 4.0E-03 9.60E-02 0.0762 5.53E-02 0.0861 3.37E-02 0.1259
26 6.3E-03 7.36E-02 0.0745 3.11E-02 0.0677 2.48E-02 0.1186
27 1.0E-02 5.55E-02 0.0974 2.80E-02 0.1084 1.73E-02 0.1586
28 1.6E-02 9.58E-02 0.0620 5.55E-02 0.0723 3.52E-02 0.1107
29 2.5E-02 1.57E-01 0.0644 1.00E-01 0.0810 5.40E-02 0.1236
30 4.0E-02 1.24E-01 0.0687 6.83E-02 0.0799 4.25E-02 0.1065
31 6.3E-02 1.74E-01 0.0570 8.71E-02 0.0628 5.60E-02 0.0901
32 1.0E-01 2.24E-01 0.0614 1.14E-01 0.0630 7.89E-02 0.0883
33 1.6E-01 3.31E-01 0.0495 1.62E-01 0.0545 8.81E-02 0.0755
34 2.5E-01 3.73E-01 0.0642 1.86E-01 0.0488 1.24E-01 0.0701
35 4.0E-01 5.94E-01 0.0387 3.22E-01 0.0421 2.13E-01 0.0768
36 6.3E-01 6.92E-01 0.0311 3.71E-01 0.0371 2.27E-01 0.0856
37 1 9.70E-01 0.0365 5.44E-01 0.0335 3.33E-01 0.0438
38 1.5 9.26E-01 0.0296 5.68E-01 0.0357 3.34E-01 0.0491
39 2 6.93E-01 0.0546 3.81E-01 0.0485 2.43E-01 0.0543
40 3 8.00E-01 0.0426 4.70E-01 0.0349 3.07E-01 0.0510
41 4 2.99E-01 0.0568 1.82E-01 0.0552 1.04E-01 0.0986
42 5 2.11E-01 0.0691 1.50E-01 0.0686 7.38E-02 0.0989
43 6 1.99E-01 0.1146 1.19E-01 0.0888 7.53E-02 0.1141
44 7 1.09E-01 0.1151 9.12E-02 0.1059 4.32E-02 0.1613
45 8 4.53E-02 0.2154 3.50E-02 0.1307 1.68E-02 0.3150
46 9 2.62E-02 0.2392 2.53E-02 0.2084 1.42E-02 0.3038
47 10 1.45E-02 0.4510 7.86E-03 0.3347 7.89E-03 0.6857
48 11 2.13E-03 0.5572 4.58E-03 0.4959 7.81E-04 0.6756
49 12 2.75E-04 1.0000 6.08E-04 0.7115 1.19E-04 1.0000
50 13 1.82E-03 0.8971 4.68E-05 1.0000 7.41E-04 1.0000
51 15 6.12E-03 0.6687 8.26E-04 0.7277 0.00E+00 0.0000
52 20 1.66E-03 1.0000 4.66E-04 1.0000 0.00E+00 0.0000
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3-22 (1) (n/s/cm2/MeV) 

MeV  
No.

32 G 37 G 19 A  
   

2 2.18E+00 2.56E+00 9.55E-01 1.14E+00 4.86E-01 7.47E-01
2.2 1.88E+00 2.06E+00 8.17E-01 9.12E-01 4.70E-01 5.57E-01
2.4 1.58E+00 1.75E+00 6.69E-01 7.74E-01 3.93E-01 4.71E-01
2.6 1.35E+00 1.51E+00 5.60E-01 6.69E-01 3.38E-01 4.06E-01
2.8 1.18E+00 1.32E+00 4.90E-01 5.87E-01 3.00E-01 3.60E-01
3 1.03E+00 1.17E+00 4.40E-01 5.23E-01 2.71E-01 3.22E-01

3.2 8.90E-01 1.04E+00 3.95E-01 4.66E-01 2.42E-01 2.86E-01
3.4 7.66E-01 9.03E-01 3.48E-01 4.09E-01 2.12E-01 2.50E-01
3.6 6.59E-01 7.78E-01 3.03E-01 3.56E-01 1.84E-01 2.16E-01
3.8 5.74E-01 6.79E-01 2.65E-01 3.11E-01 1.61E-01 1.90E-01
4 5.17E-01 6.11E-01 2.36E-01 2.77E-01 1.46E-01 1.71E-01

4.2 4.86E-01 5.69E-01 2.18E-01 2.54E-01 1.36E-01 1.59E-01
4.4 4.69E-01 5.43E-01 2.05E-01 2.37E-01 1.30E-01 1.50E-01
4.6 4.53E-01 5.19E-01 1.94E-01 2.22E-01 1.22E-01 1.40E-01
4.8 4.25E-01 4.82E-01 1.79E-01 2.04E-01 1.11E-01 1.27E-01
5 3.80E-01 4.30E-01 1.60E-01 1.81E-01 9.77E-02 1.11E-01

5.2 3.26E-01 3.68E-01 1.38E-01 1.56E-01 8.31E-02 9.48E-02
5.4 2.72E-01 3.06E-01 1.15E-01 1.30E-01 6.93E-02 8.03E-02
5.6 2.25E-01 2.54E-01 9.54E-02 1.08E-01 5.76E-02 6.86E-02
5.8 1.89E-01 2.13E-01 7.96E-02 9.22E-02 4.86E-02 5.91E-02
6 1.62E-01 1.83E-01 6.78E-02 8.12E-02 4.17E-02 5.17E-02

6.2 1.42E-01 1.61E-01 5.97E-02 7.31E-02 3.58E-02 4.60E-02
6.4 1.27E-01 1.44E-01 5.41E-02 6.57E-02 3.09E-02 4.14E-02
6.6 1.14E-01 1.30E-01 4.91E-02 5.92E-02 2.67E-02 3.75E-02
6.8 1.01E-01 1.18E-01 4.29E-02 5.42E-02 2.31E-02 3.41E-02
7 9.00E-02 1.07E-01 3.64E-02 4.96E-02 2.02E-02 3.10E-02

7.2 7.99E-02 9.61E-02 3.09E-02 4.46E-02 1.78E-02 2.79E-02
7.4 7.08E-02 8.52E-02 2.65E-02 3.94E-02 1.58E-02 2.49E-02
7.6 6.15E-02 7.55E-02 2.29E-02 3.43E-02 1.40E-02 2.22E-02
7.8 5.22E-02 6.72E-02 2.00E-02 2.97E-02 1.23E-02 1.96E-02
8 4.40E-02 5.98E-02 1.74E-02 2.58E-02 1.07E-02 1.73E-02

8.2 3.76E-02 5.31E-02 1.52E-02 2.25E-02 9.12E-03 1.52E-02
8.4 3.27E-02 4.72E-02 1.33E-02 1.97E-02 7.70E-03 1.33E-02
8.6 2.90E-02 4.19E-02 1.17E-02 1.71E-02 6.56E-03 1.16E-02
8.8 2.61E-02 3.74E-02 1.03E-02 1.49E-02 5.72E-03 1.02E-02
9 2.39E-02 3.36E-02 9.25E-03 1.32E-02 5.14E-03 9.27E-03

9.2 2.24E-02 3.05E-02 8.35E-03 1.20E-02 4.81E-03 8.84E-03
9.4  4.74E-03 8.77E-03
9.6  4.87E-03 8.90E-03
9.8  5.12E-03 9.05E-03
10  5.29E-03 9.14E-03

10.2  5.24E-03 9.07E-03
10.4  4.87E-03 8.71E-03
10.6  4.24E-03 7.95E-03
10.8  3.50E-03 6.70E-03
11  2.76E-03 5.07E-03
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3-7 G  
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3-10 G No.32  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-11 G No.37  
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3-12 A No.6  
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3.5.2.  

(1)  
1) 3-23 3-26

3-13 3-16  

C,G C/E 2

 

1m

C/E 1.2 1.4

 

 

(2)  

3-27 3-17  

5-11 C/E A,E

C/E 1.22

 

C/E (1)

1.22 3-18 3-21  

 

1m
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3-23 G mR/h  

No. 

 
1) C/E 

  
 

 FSD  FSD     

1 7.11E-03 0.0421 1.37E-03 0.0138 8.48E-03 0.205 0.146 0.041 0.058 

2 7.90E-03 0.0367 2.75E-03 0.0107 1.06E-02 0.247 0.171 0.043 0.062 

3 2.74E-02 0.0480 2.44E-03 0.0330 2.99E-02 0.568 0.536 0.053 0.056 

4 5.08E-02 0.0927 1.36E-02 0.0472 6.44E-02 1.01 0.955 0.064 0.067 

5 7.59E-01 0.0314 1.51E-01 0.0648 9.10E-01 1.14 1.21 0.798 0.752 

6 3.00E+00 0.0380 5.56E-01 0.0194 3.56E+00 2.03 2.31 1.754 1.541 

7 3.19E+00 0.0298 7.11E-01 0.0130 3.90E+00 2.39 2.65 1.632 1.472 

8 2.93E+00 0.0242 6.28E-01 0.0134 3.56E+00 2.32 2.28 1.534 1.561 

9 2.14E+00 0.0315 3.82E-01 0.0239 2.52E+00 1.78 1.51 1.415 1.668 

10 2.76E+00 0.0400 3.95E-01 0.0181 3.15E+00 2.09 1.75 1.508 1.801 

11 2.60E+00 0.0336 3.70E-01 0.0382 2.97E+00 1.95 1.51 1.521 1.965 

12 2.10E+00 0.0331 2.07E-01 0.0166 2.31E+00 1.75 1.21 1.318 1.906 

13 2.56E-01 0.0398 3.43E-02 0.0408 2.91E-01 0.510 0.33 0.57 0.881 

 

3-24 G 1m mR/h  

No. 

 
1) C/E   

 
 FSD  FSD 

14        

15 3.38E-02 0.0100  1.39E-02 0.0137  4.77E-02 0.209 0.228 

16 7.91E-02 0.0157  2.57E-02 0.0121  1.05E-01 0.356 0.295 

17 2.05E-01 0.0117  5.04E-02 0.0170  2.55E-01 0.501 0.509 

18 4.32E-01 0.0091  7.89E-02 0.0109  5.11E-01 0.589 0.867 

19 7.54E-01 0.0086  1.22E-01 0.0099  8.76E-01 0.764 1.146 

20 8.84E-01 0.0070  1.47E-01 0.0201  1.03E+00 0.847 1.217 

21 9.00E-01 0.0083  1.49E-01 0.0097  1.05E+00 0.828 1.267 

22 8.44E-01 0.0059  1.35E-01 0.0107  9.79E-01 0.751 1.303 

23 8.16E-01 0.0062  1.18E-01 0.0111  9.34E-01 0.664 1.407 

24 7.35E-01 0.0072  9.46E-02 0.0154  8.30E-01 0.608 1.365 

25 5.33E-01 0.0071  6.54E-02 0.0149  5.98E-01 0.457 1.308 

26 2.81E-01 0.0081  4.15E-02 0.0134  3.23E-01 0.258 1.250 
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3-25 A,E mR/h  

No. 

 1) C/E 
  

 
 FSD  FSD     

1 5.23E-03 0.0324  1.12E-03 0.0124  6.35E-03 0.174 0.184 0.036 0.034 

2 5.28E-03 0.0285  1.68E-03 0.0163  6.96E-03 0.165 0.222 0.042 0.031 

3 5.49E-03 0.0264  1.74E-03 0.0447  7.23E-03 0.187 0.274 0.039 0.026 

4 1.05E-01 0.0351  1.93E-02 0.0213  1.25E-01 2.190 1.510 0.057 0.083 

5 7.82E-01 0.0374  1.41E-01 0.0139  9.23E-01 1.300  0.710  

6 3.27E+00 0.0264  5.60E-01 0.0186  3.83E+00 2.510 2.430 1.524 1.574 

7 3.28E+00 0.0297  7.02E-01 0.0107  3.98E+00 2.960 2.710 1.345 1.469 

8 3.28E+00 0.0303  6.49E-01 0.0185  3.93E+00 2.830 2.590 1.387 1.516 

9 2.38E+00 0.0314  3.90E-01 0.0180  2.77E+00 2.440 1.940 1.137 1.430 

10 2.63E+00 0.0252  3.98E-01 0.0154  3.03E+00 2.300 1.970 1.316 1.537 

11 2.75E+00 0.0273  3.61E-01 0.0134  3.11E+00 2.350 1.660 1.323 1.873 

12 2.29E+00 0.0338  2.08E-01 0.0166  2.49E+00 1.830 1.620 1.363 1.540 

13 4.65E-01 0.4518  3.62E-02 0.0470  5.01E-01 0.490 0.510 1.022 0.982 

 

3-26 E 1m mR/h  

No. 

 
1) C/E   

 
 FSD  FSD 

14        

15 3.81E-02 0.0151 1.42E-02 0.0167 5.23E-02 0.240 0.218 

16 8.39E-02 0.0111 2.64E-02 0.0150 1.10E-01 0.390 0.283 

17 2.14E-01 0.0101 5.05E-02 0.0141 2.65E-01 0.549 0.482 

18 4.60E-01 0.0096 7.94E-02 0.0098 5.39E-01 0.635 0.849 

19 7.96E-01 0.0097 1.20E-01 0.0093 9.16E-01 0.767 1.194 

20 9.40E-01 0.0070 1.50E-01 0.0110 1.09E+00 0.902 1.209 

21 9.41E-01 0.0072 1.53E-01 0.0122 1.09E+00 0.905 1.209 

22 8.81E-01 0.0069 1.32E-01 0.0090 1.01E+00 0.827 1.226 

23 8.52E-01 0.0090 1.16E-01 0.0107 9.68E-01 0.770 1.257 

24 7.73E-01 0.0085 9.36E-02 0.0210 8.66E-01 0.693 1.250 

25 5.67E-01 0.0085 6.27E-02 0.0123 6.30E-01 0.486 1.295 

26 3.00E-01 0.0089 4.10E-02 0.0197 3.41E-01 0.271 1.257 
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3-27  

Z(mm) 
 

MCNP  C/E 
A-line E-line 

990 1.18E+04 1.19E+04 1.64E+04 1.39  

1240 1.84E+04 1.91E+04 2.32E+04 1.24  

1490 1.99E+04 2.15E+04 2.39E+04 1.15  

1740 1.96E+04 2.16E+04 2.39E+04 1.16  

1990 1.95E+04 2.17E+04 2.44E+04 1.18  

2240 1.97E+04 2.17E+04 2.49E+04 1.20  

2490 1.95E+04 2.11E+04 2.47E+04 1.22  

2740 1.93E+04 2.14E+04 2.46E+04 1.21  

2990 1.96E+04 2.12E+04 2.48E+04 1.22  

3240 1.97E+04 2.06E+04 2.46E+04 1.22  

3490 2.04E+04 2.08E+04 2.41E+04 1.17  

3740 2.06E+04 2.03E+04 2.40E+04 1.18  

3990 1.95E+04 1.89E+04 2.29E+04 1.20  

4240 1.49E+04 1.34E+04 1.83E+04 1.29  

    1.22  
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( ) 

(1) “ (1) PWR

” JAERI-M 82-201 

(2) “ (3) BWR

” JAERI-M 84-019 

(3) “ (5) PWR

” JAERI-M 84-227 

(4) “SHIELDING EXPERIMAENTS FOR A SHIELDING 

SAFETY EVALUATION CODE SYSTEM OF SPENT FUEL TRANSPORT CASK”

PROCEEDINGS OF THE SIXTH INTERNATIONAL CONFERENCE ON RADIATION 

SHIELDING, 1983 

(5) ICRP Pub.21 
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4. NFT-38B  

4.1.  

NFT-38B ( NFT-38B )

MCNP5

 

 

4.2.  

4.2.1.  

BWR 38 NFT-38B

NFT-38B 4-1

90° 0°

1.3m 2

( )

1m 4-2

4-3  

 

4-1 NFT-38B  ( ) 

゜
。

゜
。
。
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4-2 NFT-38B  

 

4-3 NFT-38B ( ) 

 

 

4.2.2.  

(1)  

 

 

(2)  
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 NaI

5  

 

4.2.3.  

(0 ) (90 )

5 (90 ) 5

4-1 4-4

4-1 4-2

11.5cm

1m

1m  

 
4-4 NFT-38B  ( ) 

 

  

99“--..., 

1) 
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4-1 NFT-38B  ( : Sv/h) 

 

4-2 NFT-38B  ( : Sv/h) 

 

 

4.3.  

4.3.1.  

NFT-38B 38  

(1) 42500 45000MWd/tU

44000MWd/tU

1503 3.5%  

(2) 4 28 5

10 4

 

(3) 24  

4 5

0°

90°

4 43200MWd/tU 5 42900MWd/tU 2

ORIGEN-ARP  
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4.3.2.  

 
244Cm

 

13.1cm

 

(TLE)

10cm

4-1 4-4  

 

4.3.3.  

ENDF/B- MCNPDATA

 

PC CPU CORE i5 2.53GHz

 

 

4.4.  

4.4.1.  

(1)  

ORIGEN-ARP 4-3 1

keff=0.65 ORIGEN-ARP

4-4

1 2 4.6

%  
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4-3  

   

 28 10 

MWd/ U) 43,200 42,900 

n/sec/tU) 5.23E+08 4.97E+08 

keff 0.65 

kg/  171.5 

(n/sec/  9.53E+9 

 

4-4 BWR  

 

1 0.6 

2 0.9 

3 1.1 

4 1.2 

5 1.27 

 

(2) FP  

ORIGEN-ARP 4-3

1 2 4-4

ORIGEN ARP 4-5  
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4-5  

(a) 1  

 
 

(b) 2  

 
 

(3)  
59Co

 

 

(4)  

( , )

 

 

4.4.2.  

(1)  
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4-5

BWR

4-6

BWR

MCNP

 

 
4-5 NFT-38B  

( ) 

 

4-6 (2)  

制1訓春

⑦⑨⑨⑨RR⑨⑦  

((((®(®€ 
⑥④②①①③R⑤  

⑤②①①Rて只百も

R②①R①①②R  

⑤② ③①00RR 
RR②①RRRR  
⑦⑥⑤④④⑤⑥⑦  

一

E

_

7

-

D

_

6

 

-

c

-

5

 

-

B

-

c

_

4
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[ご如

燃料棒

ウォータロッド

チャンネルポックス

ガドリニア
含有燃料



288

(288)

 

 

4-6

2

 

 

 

keff  

 

 

 

4-6 NFT-38B  ( Sv/h) 

 

 

(2)  

 

4-7 2

 

1.25  

FP

 

FP 106Rh
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59Co

 

 

4-7 NFT-38B  ( Sv/h) 

 

 

4.4.3.  

4-8 NFT-38B

 

 

4-8 NFT-38B  ( Sv/h) 

 

 

 

4.5.  

(1)  



290

(290)

 

 

 

(2)  

 

 

( ) 

(1) , “ 20 ,” (2008). 

(2) 15 7 .73 
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5. NFT-14P  

5.1. MCNP  

(1)  

NFT-14P 3

MCNP NFT-14P 5-1

NFT-14P 5-1

 

 

5-1 NFT-14P  
 MCNP ( ) 

 P.F.= 0.52 0.90 
 P.F.= 1.07 

 239Pu  
(Watt ) 

ORIGEN2  
 1  

  
  
 

 
  

  
  

  
 ( ) 
  

  
  

  
 ( ) 
  

  
  

 1%  
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5-1 NFT-14P MCNP  (x-z ) 

  

 

 

 

 

 

 

 

 

 

 

 

x 

z 
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5-1 NFT-14P MCNP  (y-z ) 
  

 

 

 

 

 

y 

z 

口
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(2)  

a.  

5-2 5-2  

 

b.  

5-3  

 

5-2  

 

 (kg) 

 

(%) 

 

(MWd/MtU) 

 

( ) 

#1 

461.1 4.1 

33000 1532  

#2 40000 1059  

#3 40000 1059  

#4 45000 1059  

#5 41000 843  

#6 43000 843  

#7 45000 1059  

#8 42000 1059  

#9 45500 843  

#10 45500 843  

#11 42000 1059  

#12 36000 843  

#13 42000 843  

#14 36000 843  

 

  

| 

| 

| 

| 

| 
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c.  

(a)  

ORIGEN2.2-UPJ 5-3

keff 0.66  

( )=( )/(1-keff) 

MCNP Watt
239Pu  

 

 

 

 

(MeV) 

 

5-3  (neutrons/s) 

 

 
1 2 3 21 22 23 24  

#1 1.022E+06 4.949E+06 2.029E+08 4.949E+06 2.216E+06 4.222E+05 2.165E+08

#2 2.642E+06 1.263E+07 5.046E+08 1.263E+07 5.827E+06 1.057E+06 5.394E+08

#3 2.642E+06 1.263E+07 5.046E+08 1.263E+07 5.827E+06 1.057E+06 5.394E+08

#4 4.601E+06 2.125E+07 8.338E+08 2.125E+07 9.917E+06 1.783E+06 8.926E+08

#5 3.256E+06 1.485E+07 5.811E+08 1.485E+07 6.935E+06 1.332E+06 6.223E+08

#6 4.208E+06 1.878E+07 7.222E+08 1.878E+07 8.808E+06 1.758E+06 7.745E+08

#7 4.626E+06 2.155E+07 8.313E+08 2.155E+07 1.001E+07 1.868E+06 8.909E+08

#8 3.311E+06 1.564E+07 6.224E+08 1.564E+07 7.293E+06 1.317E+06 6.656E+08

#9 6.457E+06 2.568E+07 9.568E+08 2.568E+07 1.276E+07 2.912E+06 1.030E+09

#10 6.457E+06 2.568E+07 9.568E+08 2.568E+07 1.276E+07 2.912E+06 1.030E+09

#11 3.311E+06 1.564E+07 6.224E+08 1.564E+07 7.293E+06 1.317E+06 6.656E+08

#12 1.825E+06 8.317E+06 3.322E+08 8.317E+06 3.895E+06 7.570E+05 3.553E+08

#13 3.777E+06 1.697E+07 6.573E+08 1.697E+07 8.037E+06 1.581E+06 7.046E+08

#14 1.825E+06 8.317E+06 3.322E+08 8.317E+06 3.895E+06 7.570E+05 3.553E+08

    1 (neutrons/s/ ) 9.283E+09
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(b)  

ORIGEN2.2-UPJ 5-4 1 8

16 18 5-5 #1  

 

 

5-4  (photons/s) 

 1 2 
3

21 
22 23 24  

#1 7.530E+13 1.221E+14 2.964E+15 1.221E+14 9.530E+13 5.718E+13 3.436E+15

#2 1.201E+14 2.026E+14 5.009E+15 2.026E+14 1.558E+14 8.915E+13 5.779E+15

#3 1.201E+14 2.026E+14 5.009E+15 2.026E+14 1.558E+14 8.915E+13 5.779E+15

#4 1.441E+14 2.433E+14 6.029E+15 2.433E+14 1.864E+14 1.057E+14 6.952E+15

#5 1.463E+14 2.488E+14 6.168E+15 2.488E+14 1.900E+14 1.077E+14 7.110E+15

#6 1.411E+14 2.408E+14 5.964E+15 2.408E+14 1.831E+14 1.040E+14 6.874E+15

#7 1.336E+14 2.268E+14 5.588E+15 2.268E+14 1.734E+14 9.919E+13 6.447E+15

#8 1.293E+14 2.183E+14 5.408E+15 2.183E+14 1.680E+14 9.577E+13 6.238E+15

#9 1.276E+14 2.171E+14 5.395E+15 2.171E+14 1.655E+14 9.421E+13 6.217E+15

#10 1.276E+14 2.171E+14 5.395E+15 2.171E+14 1.655E+14 9.421E+13 6.217E+15

#11 1.293E+14 2.183E+14 5.408E+15 2.183E+14 1.680E+14 9.577E+13 6.238E+15

#12 1.200E+14 2.025E+14 5.017E+15 2.025E+14 1.556E+14 8.851E+13 5.786E+15

#13 1.359E+14 2.320E+14 5.753E+15 2.320E+14 1.772E+14 1.002E+14 6.630E+15

#14 1.200E+14 2.025E+14 5.017E+15 2.025E+14 1.556E+14 8.851E+13 5.786E+15

    1 (photons/s/ ) 8.549E+16
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5-5  (#1 ) 

 
Energy 

(MeV) 
1 2 

3

21 
22 23 24

1 1.00E-02 2.871E-01 2.714E-01 2.629E-01 2.714E-01 2.797E-01 2.952E-01

2 2.50E-02 6.457E-02 6.127E-02 5.944E-02 6.127E-02 6.302E-02 6.623E-02

3 3.75E-02 6.641E-02 6.308E-02 6.119E-02 6.308E-02 6.485E-02 6.808E-02

4 5.75E-02 5.710E-02 5.422E-02 5.260E-02 5.422E-02 5.576E-02 5.851E-02

5 8.50E-02 3.689E-02 3.512E-02 3.413E-02 3.512E-02 3.605E-02 3.779E-02

6 1.25E-01 3.510E-02 3.376E-02 3.294E-02 3.376E-02 3.449E-02 3.573E-02

7 2.25E-01 3.138E-02 3.001E-02 2.923E-02 3.001E-02 3.074E-02 3.206E-02

8 3.75E-01 1.666E-02 1.605E-02 1.570E-02 1.605E-02 1.638E-02 1.695E-02

9 5.75E-01 3.369E-01 3.478E-01 3.539E-01 3.478E-01 3.420E-01 3.314E-01

10 8.50E-01 5.741E-02 7.482E-02 8.446E-02 7.482E-02 6.559E-02 4.866E-02

11 1.25E+00 9.229E-03 1.121E-02 1.217E-02 1.121E-02 1.019E-02 8.147E-03

12 1.75E+00 5.008E-04 5.532E-04 5.773E-04 5.532E-04 5.267E-04 4.707E-04

13 2.25E+00 7.332E-04 6.843E-04 6.578E-04 6.843E-04 7.100E-04 7.584E-04

14 2.75E+00 1.348E-05 1.494E-05 1.567E-05 1.494E-05 1.419E-05 1.266E-05

15 3.50E+00 1.686E-06 1.883E-06 1.983E-06 1.883E-06 1.782E-06 1.575E-06

16 5.00E+00 7.621E-11 2.546E-10 4.506E-10 2.546E-10 1.385E-10 3.810E-11

17 7.00E+00 8.769E-12 2.934E-11 5.195E-11 2.934E-11 1.595E-11 4.375E-12

18 9.50E+00 1.006E-12 3.369E-12 5.967E-12 3.369E-12 1.831E-12 5.017E-13

 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00
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(3)  

a.  

5-6 5-4

 

 

5-6  
 

No. 
 

No. 
 
 

  
No. No. 

 
 

 
 

 

1 UT-00-C 0°  

115mm  

17    1m 
2 UT-00-3 18    
3 L-00-4  19    
4 BT-00-1 20    
5 BT-00-C 21    
6 UT-90-C 90°  22    
7 UT-90-3 23    
8 L-90-1  24    
9 L-90-2  25    

10 L-90-3  26    
11 L-90-4  27    
12 L-90-5  28    
13 L-90-6  29    
14 L-90-7  30    
15 BT-90-1 31    
16 BT-90-C  32    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-4  
 

1
1
.
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.
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b.  

5-7 5-5

 

 

5-7  

 

No. 

 

No. 

 

 

 

No. No. 

 

  

1 UT-90-C 90°  

115mm

12    1m

2 UT-90-3 13    

3 L-90-1  14    

4 L-90-2  15    

5 L-90-3  16    

6 L-90-4  17    

7 L-90-5  18    

8 L-90-6  19    

9 L-90-7  20    

10 BT-90-1 21    

11 BT-90-C  22    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-5  
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(4)  

(5) ICRP Pub.74 (H*(10))  

 

(6) MCNP  

MCNP 5-8

( )  

 

5-8 MCNP  
  

MCNP  MCNP version5 

 
 fsxlb331 

MCPLIB02 

 
( ) 
: 10cm  

  
 ORIGEN2  

 Watt Fission Spectrum (239Pu) 

 
ICRP Pub.74 (H*(10))  
( log-log ) 

  

 

5.2.  

(1)  

5-9 5-6 5-9 0°

 

0° 1m

 

90°

 

90° 1m

90°

 

 

| 
| 
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5-9  

 
No. 

 
No.  

 
( ) 

 FSD C/E  FSD C/E 
1 UT-00-C 

 

0.816 2.274 0.0535 2.79 2.100 0.0119 2.57 
2 UT-00-3 0.796 2.304 0.0413 2.89 2.623 0.0197 3.30 
3 L-00-4 2.099 3.079 0.0515 1.47 2.892 0.0159 1.38 
4 BT-00-1 2.954 4.270 0.0231 1.45 3.950 0.0130 1.34 
5 BT-00-C 4.991 7.470 0.0357 1.50 7.708 0.0092 1.54 
6 UT-90-C 0.813 1.676 0.0588 2.06 1.595 0.0117 1.96 
7 UT-90-3 0.949 1.925 0.0446 2.03 2.098 0.0179 2.21 
8 L-90-1 1.518 2.128 0.0529 1.40 2.154 0.0175 1.42 
9 L-90-2 2.494 3.367 0.0458 1.35 3.448 0.0145 1.38 

10 L-90-3 2.994 3.727 0.0421 1.24 3.804 0.0139 1.27 
11 L-90-4 3.217 3.780 0.0384 1.18 3.851 0.0148 1.20 
12 L-90-5 3.305 4.041 0.0435 1.22 3.906 0.0150 1.18 
13 L-90-6 3.185 3.887 0.0186 1.22 3.740 0.0144 1.17 
14 L-90-7 3.113 3.478 0.0405 1.12 3.341 0.0142 1.07 
15 BT-90-1 5.489 6.243 0.0346 1.14 6.049 0.0124 1.10 
16 BT-90-C 6.400 8.298 0.0323 1.30 8.441 0.0074 1.32 
17 UT-00-C 

1m

0.478 0.592 0.0402 1.24 0.647 0.0120 1.35 
18 UT-00-3 0.595 0.842 0.0441 1.42 0.809 0.0130 1.36 
19 L-00-4 1.196 1.232 0.0323 1.03 1.266 0.0123 1.06 
20 BT-00-1 1.283 1.372 0.0410 1.07 1.419 0.0112 1.11 
21 BT-00-C 1.383 2.485 0.0300 1.80 2.412 0.0070 1.74 
22 UT-90-C 0.623 0.605 0.0801 0.97 0.621 0.0113 1.00 
23 UT-90-3 0.773 0.807 0.0427 1.04 0.842 0.0119 1.09 
24 L-90-1 1.087 1.027 0.0406 0.94 1.062 0.0114 0.98 
25 L-90-2 1.397 1.402 0.0315 1.00 1.417 0.0127 1.01 
26 L-90-3 1.613 1.580 0.0292 0.98 1.600 0.0094 0.99 
27 L-90-4 1.873 1.670 0.0276 0.89 1.704 0.0087 0.91 
28 L-90-5 1.887 1.710 0.0365 0.91 1.716 0.0093 0.91 
29 L-90-6 1.838 1.654 0.0577 0.90 1.687 0.0089 0.92 
30 L-90-7 1.928 1.767 0.0631 0.92 1.663 0.0094 0.86 
31 BT-90-1 2.076 1.931 0.0365 0.93 1.805 0.0112 0.87 
32 BT-90-C 2.091 2.202 0.0272 1.05 2.097 0.0091 1.00 

 

 

  



(303)

 海上技術安全研究所報告　第 13 巻　第 1号 　（平成 25 年度）　研究調査資料 303 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5-6 0  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5-7 0 1m  

  

： 

n 



304

(304)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-8 90  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5-9 90 1m  

口



(305)

 海上技術安全研究所報告　第 13 巻　第 1号 　（平成 25 年度）　研究調査資料 305 
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2-10  ( ) 

 
No. 

 
No. 

 
 

 
( Sv/h) 

 

  
 

( Sv/h) 
C/E  

( Sv/h) 
FSD 

 
( Sv/h) 

FSD 

1 UT-90-C 

 

1.13  0.80 0.0485 0.05 0.0980  0.85 0.75 

2 UT-90-3 2.42  1.68 0.0355 0.08 0.0731  1.76 0.73 

3 L-90-1 6.20  8.53 0.0541 0.27 0.0749  8.80 1.42 

4 L-90-2 9.21 10.67 0.0446 0.46 0.0614 11.13 1.21 

5 L-90-3 9.68 11.45 0.0552 0.52 0.0615 11.97 1.24 

6 L-90-4 9.82 11.22 0.0585 0.55 0.0578 11.77 1.20 

7 L-90-5 9.19 11.03 0.0538 0.56 0.0658 11.59 1.26 

8 L-90-6 9.50 11.71 0.0627 0.51 0.0504 12.22 1.29 

9 L-90-7 9.32 11.04 0.0284 0.40 0.0483 11.44 1.23 

10 BT-90-1 2.31  6.92 0.0361 0.24 0.0384  7.16 3.10 

11 BT-90-C 1.82  5.15 0.0285 0.22 0.0446  5.37 2.95 

12 UT-90-C 

1m 

1.18  0.79 0.0380 0.05 0.0919  0.84 0.71 

13 UT-90-3 1.59  1.69 0.0296 0.09 0.0694  1.78 1.12 

14 L-90-1 2.65  3.81 0.0246 0.14 0.0521  3.95 1.49 

15 L-90-2 3.63  5.58 0.0274 0.22 0.0633  5.80 1.60 

16 L-90-3 4.10  5.93 0.0293 0.25 0.0490  6.18 1.51 

17 L-90-4 4.00  6.03 0.0236 0.26 0.0417  6.29 1.57 

18 L-90-5 4.11  6.14 0.0334 0.26 0.0503  6.40 1.56 

19 L-90-6 4.07  6.31 0.0363 0.23 0.0426  6.54 1.61 

20 L-90-7 3.66  5.44 0.0339 0.19 0.0470  5.63 1.54 

21 BT-90-1 2.61  4.33 0.0460 0.13 0.0513  4.46 1.71 

22 BT-90-C 1.68  3.25 0.0445 0.10 0.0623  3.35 1.99 
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5-11  ( ( )) 

 
No. 

 
No. 

 
 

 
( Sv/h) 

( ) 

  
 

( Sv/h) 
C/E  

( Sv/h) 
FSD 

 
( Sv/h) 

FSD 

1 UT-90-C 

 

1.13  0.84 0.0388 0.05 0.0116  0.89 0.79 

2 UT-90-3 2.42  1.57 0.0293 0.08 0.0397  1.65 0.68 

3 L-90-1 6.20  7.79 0.0380 0.28 0.0245  8.07 1.30 

4 L-90-2 9.21 10.36 0.0290 0.47 0.0135 10.83 1.18 

5 L-90-3 9.68 10.99 0.0432 0.52 0.0168 11.51 1.19 

6 L-90-4 9.82 10.65 0.0307 0.54 0.0206 11.19 1.14 

7 L-90-5 9.19 10.80 0.0328 0.54 0.0282 11.34 1.23 

8 L-90-6 9.50 11.00 0.0346 0.51 0.0161 11.51 1.21 

9 L-90-7 9.32 10.08 0.0297 0.43 0.0142 10.51 1.13 

10 BT-90-1 2.31  5.16 0.0319 0.22 0.0204  5.38 2.33 

11 BT-90-C 1.82  5.27 0.0218 0.22 0.0086  5.49 3.02 

12 UT-90-C 

1m 

1.18  0.84 0.0257 0.05 0.0094  0.89 0.75 

13 UT-90-3 1.59  1.84 0.0214 0.08 0.0089  1.92 1.21 

14 L-90-1 2.65  3.98 0.0210 0.15 0.0137  4.13 1.56 

15 L-90-2 3.63  5.53 0.0180 0.21 0.0066  5.74 1.58 

16 L-90-3 4.10  6.13 0.0276 0.25 0.0078  6.38 1.56 

17 L-90-4 4.00  6.09 0.0160 0.26 0.0074  6.35 1.59 

18 L-90-5 4.11  6.07 0.0171 0.26 0.0058  6.33 1.54 

19 L-90-6 4.07  5.78 0.0169 0.24 0.0065  6.02 1.48 

20 L-90-7 3.66  5.29 0.0201 0.20 0.0086  5.49 1.50 

21 BT-90-1 2.61  4.03 0.0230 0.14 0.0125  4.17 1.60 

22 BT-90-C 1.68  3.16 0.0248 0.10 0.0072  3.26 1.94 
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