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To reduce the neutron exposure dose for workers during the replacement works of the
startup neutron sources of the High Temperature Engineering Test Reactor, calculations of the
exposure dose in case of temporary neutron shielding at the bottom of fuels handling machine were
carried out by the PHITS code. As a result, it is clear that the dose equivalent rate due to neutron
radiation can be reduced to about an order of magnitude by setting a temporary neutron shielding at
the bottom of shielding cask for the fuels handling machine. In the actual replacement works, by setting
temporary neutron shielding, it was achieved that the cumulative equivalent dose of the workers was
reduced to 0.3 man'mSv which is less than half of cumulative equivalent dose for the previous

replacement works; 0.7 man-mSv.

Keywords : HTTR, Startup Neutron Source, 2%2Cf, Shielding Calculation, PHITS Code,
Transportation Cask, Fuels Handling Machine
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Table 1.1 ?*°Cf source data

Items Values
Half-life 2.645 (v)
Specific activity 536.3 (Ci/g)
Decay (a ) 96.908 (%)
a (6.0756 MeV) 15.2* (%)
a (6.1181 MeV) 81.6* (%)
Decay (Spontaneous Fission) :D, 3.092 (%)
Neutron multiplicity : N, 3.768 (n/fission)
Neutron emission rate : N, 2.31X10'  (neutrons/g/s)
Photon emission rate : P,, 1.32X 10"  (photons/g/s)
Neutron emission (D, X N_) : N, 11.7* (%)
Photon emission (P,, / N,. X N,) : 66.7* (%)

Table 2.1 Decay of ?*2Cf sources

* : per decay (per Bq)

Date 20Cf sources (GBq)

(year/month/day) Source A Source B Source C total
2015/1/1 3.80 3.74 3.76 11.3
2015/3/25 3.58 3.52 3.54 10.7
2015/7/16 3.30 3.25 3.27 9.82




Table 2.2
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Measurement and calculation results of neutron dose

(Transportation cask for startup neutron sources)

at Total sources :11.1GBq

Cask surface

1m from cask surface

Direction (u Sv/h) (u Sv/h)

M/C*[x,y,z]* M/C*'[x,y,z]*
Front 315/328+19% [0.41,0.0,0.59] 40/27459% [1.41,0.0,0.59]
Left 247/400=+18% [0.0,-0.41,0.59] 33/3+64% [0.0,-1.41,0.59]
Back 276/477=+18% [-0.41,0.0,0.59] 38/361=44% [-1.41,0.0,0.59]
Right 253/493+18% [0.0,0.41,0.59] 33/4+88% [0.0,1.41,0.59]
Upper 42/65=39% [0.0,0.0,1.15] 8.6/12+55% [0.0,0.0,2.15]
Lower 20/0.8%59% [0.0,0.0,0.0] 5.0/0.01%85% [0.0,0.0,~1.0]

*1: M: measurement, C: calculation
*2: Position in model, Unit : m
Table 2.3 Measurement and calculation results of photon dose
(Transportation cask for startup neutron sources)
at Total sources :11.1GBq
Cask surface 1m from cask surface
Direction (u Sv/h) (u Sv/h)

M/C*[x,y,z]* M/C*[x,y,z]*
Front 100/56 6% [0.41,0.0,0.59] 7.9/3.1£15% [1.41,0.0,0.59]
Left 94/69+ 7% [0.0,-0.41,0.59] 8.4/5.5+34% [0.0,-1.41,0.59]
Back 89/71+6% [-0.41,0.0,0.59] 7.3/2.7+17% [-1.41,0.0,0.59]
Right 84/74+8% [0.0,0.41,0.59] 7.9/5.1315% [0.0,1.41,0.59]
Upper 35/16%=9% [0.0,0.0,1.15] 3.7/1.7%24% [0.0,0.0,2.15]
Lower 19/5.7+37% [0.0,0.0,0.0] 2.1/0.2£32% [0.0,0.0,~-1.0]

*1: M: measurement, C: calculation
*2: Position in model, Unit : m
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Table 3.1 Measurement and calculation results at

shielding cask surface of fuels handling machine

at Total sources :3.52GBq

Direction

Neutron dose Photon dose
(u Sv/h) (u Sv/h)
M/C*[x,y,z]* M/C*[x,y,z]*

Front
Left
Back

Right

4.0/6.4+26% [1.51,0.0,0.24] 4.0/1.8+23%[1.51,0.0,0.24]
7.0/6.5231% [0.0,-1.25,0.24] 20/6.6+16% [0.0,-1.25,0.24]
7.0/20+82% [-1.73,0.0,0.24] 26/9.4+22% [-1.73,0.0,0.24]

2.0/0.8 +44% [0.0,1.25,0.24] 8.0/3.4+17%[0.0,1.25,0.24]

*1: M: measurement, C: calculation
*2: Position in model, Unit : m
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Fig. 2.2 3D calculation model of transportation cask for startup neutron sources
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Fig. 2.9 Comparison of measurements and calculations for neutron dose

(Transportation cask for startup neutron sources)
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Fig. 3.2 3D Calculation model of shielding cask for fuels handling machine
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[Title]

Cf neutron source cask shielding

[Parameters]

iecntl = 0
maxcas = 200
maxbch = 100000

# (D=0) 3:ECH 5:NOR 6:SRC 7,8:GSH 11:3DSH 12:DUMP
# (D=10) number of particles per one batch
# (D=10) number of batches

# for nuclear data, cut—off and data max. energy (MeV)

emin(2) = 1.000000000E-10
dmax(2) = 20.0000000
emin(12) = 1.000000000E-03
dmax(12) = 1000.00000
emin(14) = 1.000000000E-03
dmax(14) = 1000.00000

# only for cut—off energy (MeV)
emin(1) = 1.000000000E-03
emin(13) = 1.000000000E-03
emin(15) = 1.000000000E-03
emin(16) = 1.000000000E-06
emin(18) = 1.000000000E-03

# forlowE d-—>Be
esmin = 1.000000000E-06
esmax = 3.000000000E5

# neutron cut—off

# neutron data max.
# electron cut—off

# electron data max.
# photon cut—off

# photon data max.

# proton

# positron
# deuteron
# triton

# alpha

# min energy of range calculation for charged particle (MeV)
# max energy of range calculation for charged particle (MeV)

einclmin= 1.000000000E-03 # (D=1.0) cut-off energy of INCL model (MeV)

#
igamma = 1 # (D=0) 0:No, 1:01d, 2:EBITEM, 3:EBITEM+Isomer
ipnint = 1 # (D=0) photonuclear GDR
# Shielding : e-mode =0
e—mode = 0 # (D=0) 0: Normal, 1: Event generator mode, 2: New event generator mode
nedisp =0 # (D=0) 0: no, 1: with e straggling, 10: ATIMA
nspred = 1 # (D=0) 0: no, l:orig. 2:first Moliere, 10: ATIMA
#
file(6) = phits.out # (D=phits.out) general output file name
file(7) = /Users/ishi/phits/data/xsdir.jnd # (D=xdirs) nuclear data input file name
file(14) = /Users/ishi/phits/data/trxcrd.dat # (D=trxcrd.dat) photon data input file name
itall = 1
# istdev =—1

[Source]
totfact = 1.752
{source> = 5.07

s—type = 1 # cylinder type source, 15.2/3, ———(No.1)-—-
proj = alpha # kind of incident nucleus, from Cf-252
e0=1.519 # energy of beam [MeV/ul , 6.0756/4
x0 =0.00 # min position of x—axis [cm]
y0 = -2.30 # min position of y—axis [cm]
z0 = 59.01 # min position of z—axis [cm]
z1 =59.09 # max position of z—axis [cm]
r0=0.139 # radious [cm]
r1=0.00 # inner radious [cm]
dir = all # angle of z—direction
{source> = 27.2
s—type = 1 # cylinder type source, 81.6/3
proj = alpha # kind of incident nucleus, from Cf-252
e0 =1.530 # energy of beam [MeV/ul , 6.1181/4
x0 = 0.00 # min position of x—axis [cm]
y0 =-2.30 # min position of y—axis [cm]
z0 = 59.01 # min position of z—axis [cm]
z1 =59.09 # max position of z—axis [cm]
r0=0.139 # radious [cm]
r1=0.00 # inner radious [cm]
dir = all # angle of z—direction
{source> = 3.9
s—type = 4 # cylinder type source, 11.7/3
proj = neutron # kind of incident nucleus, from Cf-252
x0 =0.00 # min position of x—axis [cm]
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y0 =-2.30
z0 = 59.01
z1 =59.09
r0=0.139
r1=0.00
dir = all
e—type =1
ne = 62
0.00 0.00
0.02 4.36
0.12 6.46
0.15 8.55
0.15 12.03
0.21 15.41
0.28 17.84
0.33 20.70
0.34 22.85
0.43 25.22
0.45 28.14
0.54 30.35
0.73 32.94
0.90 35.67
1.02 39.46
1.13 43.97
1.23 48.22
1.30 53.00
1.36 58.21
1.52 62.80
1.58 66.93
1.66 69.76
1.73 72.29
1.82 74.47
1.91 75.67
2.11 74.41
2.25 71.69
2.35 67.82
2.51 63.44
2.59 60.28
2.62 56.75
2.71 53.16
2.84 49.45
2.94 45.80
3.14 42.10
3.32 38.43
3.53 34.49
3.73 31.26
3.99 28.04
4.23 24.84
4.51 21.41
4.77 18.70
5.04 15.49
5.24 12.39
5.57 9.52
5.84 7.01
6.08 5.12
6.45 4.34
6.76 4.33
7.12 3.44
7.49 2.39
7.89 1.39
8.35 0.81
8.99 0.82
9.53 0.93
9.98 0.93
10.41 0.93
10.84 0.93
11.25 0.81
11.76 0.64
12.21 0.64
12.61 0.31
12.96
{source> = 22.23
s—type = 4
proj = photon
x0 = 0.00

JAEA-Technology 2016-033

# min position of y—axis [cm]
# min position of z—axis [cm]
# max position of z—axis [cm]
# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution

# cylinder type source, 66.7/3
# kind of incident nucleus, Cf~252
# min position of x—axis [cm]
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y0 =-2.30 # min position of y—axis [cm]
z0 = 59.01 # min position of z—axis [cm]
z1 =59.09 # max position of z—axis [cm]
r0=0.139 # radious [cm]
r1=0.00 # inner radious [cm]
dir = all # angle of z—direction
e—type =1 # energy distribution
ne = 48
0.00 0.00
0.03 20.38
0.05 47.70
0.09 76.00
0.11 113.57
0.14 144.61
0.18 176.39
0.20 212.92
0.23 252.03
0.28 290.40
0.35 335.71
0.37 376.52
0.44 411.96
0.46 443.50
0.52 471.07
0.58 499.69
0.66 525.66
0.72 549.45
0.81 568.13
0.94 574.96
1.02 561.90
1.06 530.50
1.12 498.67
1.15 467.02
1.18 436.53
1.21 408.24
1.25 373.65
1.28 337.55
1.31 298.58
1.37 264.17
1.40 232.77
1.44 201.91
1.49 172.70
1.58 141.54
1.71 113.35
1.87 91.45
2.00 75.30
2.17 53.65
2.34 36.64
2.52 23.40
2.75 13.22
3.00 11.21
3.25 9.57
3.52 6.64
3.78 5.12
4.04 4.57
4.35 4.08
4.57 5.49
4.91
{source> = 5.07
s—type = 1 # cylinder type source, 15.2/3, ———(No.2)-———clockwise
proj = alpha # kind of incident nucleus, from Cf-252
e0=1.519 # energy of beam [MeV/ul , 6.0756/4
x0=-1.8 # min position of x—axis [cm]
v0 =1.10 # min position of y—axis [cm]
z0 = 59.01 # min position of z—axis [cm]
z1 =59.09 # max position of z—axis [cm]
r0=0.139 # radious [cm]
r1=0.00 # inner radious [cm]
dir = all # angle of z—direction
{source> = 27.2
s—type = 1 # cylinder type source, 81.6/3
proj = alpha # kind of incident nucleus, from Cf-252
e0 =1.530 # energy of beam [MeV/ul , 6.1181/4
x0=-1.8 # min position of x—axis [cm]
y0=1.10 # min position of y—axis [cm]
7z0 = 59.01 # min position of z—axis [cm]
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z1 =59.09

r0=0.139

r1=0.00

dir = all

{source> = 3.9
s—type = 4

proj = neutron

x0 =-1.8

y0 =1.10

z0 = 59.01

z1 =59.09

r0=0.139

r1=0.00

dir = all
e—type =1
ne = 62
0.00 0.00
0.02 4.36
0.12 6.46
0.15 8.55
0.15 12.03
0.21 15.41
0.28 17.84
0.33 20.70
0.34 22.85
0.43 25.22
0.45 28.14
0.54 30.35
0.73 32.94
0.90 35.67
1.02 39.46
1.13 43.97
1.23 48.22
1.30 53.00
1.36 58.21
1.52 62.80
1.58 66.93
1.66 69.76
1.73 72.29
1.82 74.47
1.91 75.67
2.11 74.41
2.25 71.69
2.35 67.82
2.51 63.44
2.59 60.28
2.62 56.75
2.71 53.16
2.84 49.45
2.94 45.80
3.14 42.10
3.32 38.43
3.53 34.49
3.73 31.26
3.99 28.04
4.23 24.84
4.51 21.41
4.77 18.70
5.04 15.49
5.24 12.39
5.57 9.52
5.84 7.01
6.08 5.12
6.45 4.34
6.76 4.33
7.12 3.44
7.49 2.39
7.89 1.39
8.35 0.81
8.99 0.82
9.53 0.93
9.98 0.93
10.41 0.93
10.84 0.93
11.25 0.81

JAEA-Technology 2016-033

# max position of z—axis [cm]
# radious [cm]

# inner radious [cm]

# angle of z—direction

# cylinder type source, 11.7/3

# kind of incident nucleus, from Cf-252
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution
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11.76
12.21
12.61
12.96

0.64
0.64
0.31

{source> = 22.23

s—type = 4
proj = photon
x0 1.8
y0 =1.10
z0 = 59.01
z1 =59.09
r0=0.139
r1=0.00
dir = all
e—type
ne = 48
0.00 0.00
0.03 20.38
0.05 47.70
0.09 76.00
0.11 113.57
0.14 144.61
0.18 176.39
0.20 212.92
0.23 252.03
0.28 290.40
0.35 335.71
0.37 376.52
0.44 411.96
0.46 443.50
0.52 471.07
0.58 499.69
0.66 525.66
0.72 549.45
0.81 568.13
0.94 574.96
1.02 561.90
1.06 530.50
1.12 498.67
1.15 467.02
1.18 436.53
1.21 408.24
1.25 373.65
1.28 337.55
1.31 298.58
1.37 264.17
1.40 232.77
1.44 201.91
1.49 172.70
1.58 141.54
1.71 113.35
1.87 91.45
2.00 75.30
2.17 53.65
2.34 36.64
2.52 23.40
2.75 13.22
3.00 11.21
3.25 9.57
3.52 6.64
3.78 5.12
4.04 4.57
4.35 4.08
4.57 5.49
4.91
{source> = 5.07
s—type = 1
proj = alpha
e0 =1.519
x0 = 1.80
y0 =1.10
z0 = 59.01
z1 =59.09
r0=0.139
r1=0.00
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# cylinder type source, 66.7/3
# kind of incident nucleus, Cf~=252
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution

# cylinder type source, 15.2/3, ———(No.3)——-
# kind of incident nucleus, from Cf-252

# energy of beam [MeV/u] , 6.0756/4

# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]
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dir = all
{source> = 27.2
s—type = 1
proj = alpha
e0 = 1.530
x0 = 1.80
y0 =1.10
z0 = 59.01
z1 =59.09
r0=0.139
r1=0.00
dir = all
{source> = 3.9
s—type = 4
proj = neutron
x0 = 1.80
y0 =1.10
z0 = 59.01
z1 =59.09
r0=0.139
r1=0.00
dir = all
e—type =1
ne = 62
0.00 0.00
0.02 4.36
0.12 6.46
0.15 8.55
0.15 12.03
0.21 15.41
0.28 17.84
0.33 20.70
0.34 22.85
0.43 25.22
0.45 28.14
0.54 30.35
0.73 32.94
0.90 35.67
1.02 39.46
1.13 43.97
1.23 48.22
1.30 53.00
1.36 58.21
1.52 62.80
1.58 66.93
1.66 69.76
1.73 72.29
1.82 74.47
1.91 75.67
2.11 74.41
2.25 71.69
2.35 67.82
2.51 63.44
2.59 60.28
2.62 56.75
2.71 53.16
2.84 49.45
2.94 45.80
3.14 42.10
3.32 38.43
3.53 34.49
3.73 31.26
3.99 28.04
4.23 24.84
4.51 21.41
4.77 18.70
5.04 15.49
5.24 12.39
5.57 9.52
5.84 7.01
6.08 5.12
6.45 4.34
6.76 4.33
7.12 3.44
7.49 2.39
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# angle of z—direction

# cylinder type source, 81.6/3

# kind of incident nucleus, from Cf-252
# energy of beam [MeV/ul , 6.1181/4
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# cylinder type source, 11.7/3

# kind of incident nucleus, from Cf-252
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution
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7.89 1.39
8.35 0.81
8.99 0.82
9.53 0.93
9.98 0.93
10.41 0.93
10.84 0.93
11.25 0.81
11.76 0.64
12.21 0.64
12.61 0.31
12.96
{source> = 22.23
s—type = 4

proj = photon

x0 = 1.80

y0 =1.10

z0 = 59.01

z1 =59.09

r0=0.139

r1=0.00

dir = all
e—type =1
ne = 48
0.00 0.00
0.03 20.38
0.05 47.70
0.09 76.00
0.11 113.57
0.14 144.61
0.18 176.39
0.20 212.92
0.23 252.03
0.28 290.40
0.35 335.71
0.37 376.52
0.44 411.96
0.46 443.50
0.52 471.07
0.58 499.69
0.66 525.66
0.72 549.45
0.81 568.13
0.94 574.96
1.02 561.90
1.06 530.50
1.12 498.67
1.15 467.02
1.18 436.53
1.21 408.24
1.25 373.65
1.28 337.55
1.31 298.58
1.37 264.17
1.40 232.77
1.44 201.91
1.49 172.70
1.58 141.54
1.71 113.35
1.87 91.45
2.00 75.30
2.17 53.65
2.34 36.64
2.52 23.40
2.75 13.22
3.00 11.21
3.25 9.57
3.52 6.64
3.78 5.12
4.04 4.57
4.35 4.08
4.57 5.49
4.91
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# cylinder type source, 66.7/3
# kind of incident nucleus, Cf~252
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution
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[Materiall

JAEA-Technology 2016-033

(density=1.2E-03 g/cm3)

ize color
pink
pastelpink
lightgray
pastelviolet
pastelyellow
pastelgreen
pastelcyan

2]

O = b

-2.3 0.14
0.14

ml  # Pd (12.02 g/cm3)
102Pd 0.01
104Pd 0.1097
105Pd 0.222
106Pd 0.273
108Pd 0.267

m2  # SUS316 (7.98 g/cm3)
52Cr 0.17
56Fe 0.685
58Ni 0.12
92Mo 0.004
94Mo 0.002
95Mo 0.004
96Mo 0.004
97Mo 0.002
98Mo 0.006
100Mo 0.002
m3  # SUS304 (7.93 g/cm3)
52Cr 0.19
56Fe 0.72
58Ni 0.09
m4 # W (18.1 g/cm3)
180W 0.0012
182W 0.265
183W 0.1431
184W 0.3064
186W 0.2643
mb5  # Paraffin+tB4C (0.911 g/cm3)
1H 0.625
12C 0.322
10B 0.010
11B 0.042
m6 #Pb(11.34 g/cm3)
204Pb 0.014
206Pb 0.241
207Pb 0.226
208Pb 0.523
m7 # Air
14N 8
160 2
[ Mat Name Color ]
mat name
1 Pd
2 SUS316
3 SUS304
4 W
5 Para+B4C
6 Pb
7 Air
[Surface]
1 o) 500.
10 Dz 0.0
15 Pz 0.8
20 Dz 2.8
25 pz 9.8
30 pz 11.8
35 pz 50.7
40 pz 52.7
45 pz 55.0
47 pz 55.01
48 Pz 55.02
50 pz 59.0
55 Pz 59.1
60 pz 61.0
65 Pz 67.5
70 pz 69.5
75 Pz 112.2
80 pz 114.2
85 pz 115.0

100  c¢/z 0.0

105 c¢/z -1.8

110 c¢/z 1.8

—
— —

0.14
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115 c¢/z 0.0
120 c¢/z -1.8
125 c¢/z 1.8
130  cz 4.0
135 cz 6.0
140 cz 8.0
145  cz 38.2
150 cz 40.2
155  cz 41.0
200 c¢/x 0.0
205  c¢/x 0.0
210  px 41.0
215 px 43.0
220 px 44.2
225 px -41.0
230  px -43.0
240  px -44.2
300  pz -20.0
310  pz -40.0
320  pz -60.0
330  pz -80.0
340  pz -100.0
350  pz 140.0
360 pz 160.0
370  pz 180.0
380 pz 200.0
390  pz 220.0
400 Sz 59.0
500 cz 60.0
510 cz 80.0
520 cz 100.0
530 cz 120.0
540 cz 140.0
[Cell]

5 -1

10 1 -12.02

12 1 -12.02

14 1 -12.02

20 2 -7.98

22 2 -7.98

24 2 -7.98

30 7 -1.2E-03

40 4 -18.1

42 4 -18.1

44 4 -18.1

62 6 -11.34

64 6 -11.34

52 5 -0.911

50 5 -0.911

54 5 -0.911

56 5 -0.911

72 3 -7.93

60 6 -11.34
#42  #44  #52  #54

70 3 -7.93
#30 #40 #42  #44

80 7 -1.2E-03

82 7 -1.2E-03

84 7 -1.2E-03
-205))

86 7 -1.2E-03
-205))

88 7 -1.2E-03
-220  -205))

90 7 -1.2E-03
-1
[ importance ]

part = neutron photon

reg

(10 12 14)

(20 22 24)

30

(40 42 44)

—

JAEA-Technology 2016-033
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-2.3 1.4
1 1.4
1 1.4
31.0 22.9
31.0  23.99
30.0
1
50 -55 -100
50 -55 -105
50 -55 -110
48 -60 -115  #10
48 -60 -120  #12
48 -60 -125 #14
47 -65 -130 #10 #12  #14  #20 #22 #24
45 =70 -135 #10 #12 #14 #20 #22 #24 #30
35 -40 -140
25 -30 -140
210  -215  -200
230  -225  -200
-400 -200 #42
-400 205 #10  #12  #14  #20  #22 #24  #30 #40
20 =75  —145 205 400
225 -210 -200 400 #42  #44  #52
240  -220 -205 #42 #44  #52  #56 #62  #64
15 -80 -150 #50 #10 #12 #14 #20 #22 #24  #30 #40
#56  #62 H#H64 #72
10 -85 —-155 #60  #50  #10  #12  #14  #20 #22 #24
#52 #54 #56  #62 H64 #72
300 -350 -500 #((10 -85 -155):(240 220 -205))
310 -360 -510 #80 #((10 -85 -155):(240 -220 -205))
320 =370 -520 #82 #80 #((10 -85 -155):(240 -220
330 -380 -530 #84 #82 #80 #((10 -85 -155): (240 -220
340 -390 -540 #86 #84 #82 #80 #((10 -85 —155): (240
#88  #86  #84 #82 #80 #((10 -85 -155):(240 -220 -205))
imp
2.5%%0
2.5%k]
2.5%%2
2.5%%3
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(50 52) 2.5%%4
(54 56) 2.5%%5
(60 62 64) 2.5%%6
(70 72) 2.5%%7
80 2.5%%8
82 2.5%%9
84 2.5%k10
86 2.5%%11
88 2.5%%12
90 2.5%%13

[T-3Dshow]
title = Cf neutron source cask shielding

output = 3
material = -1
7
x0= 0.0
yO= 0.0
z0 = 59.0
e-the = 90 # eye
e—phi= 45
e—dst = 180
I-the =  80.0 # light
I-phi = 40.0
I-dst = 150
w—wdt = 100 # window
w—hgt = 100
w—dst = 70
heaven = =z
mirror = 0
line = 1
shadow = 1
resol =5
file = 3Dshow.dat
epsout = 1
box =1
box 0 0 -1
200 0 -1
0 200 -1
200

[T-Gshow]
title = Cf neutron source cask shielding
mesh = xyz
x—type = 2
nx = 100
xmin = —50.0
xmax = 50.0
y-type = 1
ny = 1
-0.1 0.1
z—type = 2
nz = 100
zmin = 0.0
zmax = 120.0
axis = xz
output = 6
file = gshowxz1.dat
epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source cask shielding

mesh = xyz
x—type = 2
nx = 100
xmin = —200.0
xmax = 200.0
y-type = 1
ny = 1
-0.1 0.1
z—type = 2
nz = 100
zmin = -100.0
zmax = 300.0
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axis = xz
output = 6
file = gshowxzlw.dat
epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source cask shielding

mesh = xyz
x—type = 2
nx = 100
xmin = —10.0
xmax = 10.0
y—type = 1
ny = 1
1.09 1.11
z—type = 2
nz = 100
zmin = 50.0
zmax =  70.0
axis = xz
output = 6
file = gshowxz2.dat
epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source cask shielding

mesh = xyz
x—type = 2
nx = 100
xmin = 0.0
xmax = 4.0
y—type = 1
ny = 1
1.09 1.11
z—type = 2
nz = 100
zmin = 55.0
zmax =  60.0
axis = xz
output = 6
file = gshowxz3.dat
epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source cask shielding

mesh = xyz
x—type = 2
nx = 100
xmin = —50.0
xmax = 50.0
z—type = 1
nz = 1
59.0 59.1
y—type = 2
ny = 100
ymin = =50.0
ymax = 50.0
axis = xy
output = 6
file = gshowxyl.dat
epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source cask shielding

mesh = xyz
x—type = 2
nx = 100
xmin = —5.0
xmax = 5.0
z—type = 1
nz = 1

_38_



JAEA-Technology 2016-033

59.0 59.1
y-type = 2
ny = 100

ymin = —5.0

ymax = 5.0
axis = xy
output = 6

file = gshowxy2.dat
epsout = 1
gslat = 1

[T-Product]
title = N source energy (Cf neutron source cask shielding )

mesh = reg
reg = 10
part = neutron
e—type = 2
ne = 100
emin = 0.
emax = 20.
axis = eng
output = source
unit = 1
file = Nsource—energy.dat
epsout = 1

[T-Product]
title = P source energy (Cf neutron source cask shielding )

mesh = reg
reg = 10
part = photon
e—type = 2
ne = 100
emin = 0.
emax = 20.
axis = eng
output = source
unit = 1
file = Psource—energy.dat
epsout = 1

[T-Product]
title = Source check geometry (Cf neutron source cask shielding )
mesh = xyz

x—type = 2
nx = 100
xmin = —10.0
xmax = 10.0
z—type = 1
nz =1
59.0 59.1
y-type = 2
ny = 100
ymin = —10.0
ymax = 10.0
e—type = 1
ne =1
0. 20.
axis = xy
output = source
unit = 1
file = source—geometry.dat
epsout = 1

[T-Product]
title = Nuclear geometry (Cf neutron source cask shielding )

mesh = xyz
x—type = 2
nx = 100
xmin = —50.0
xmax = 50.0
z—type = 1
nz =1
59.0 59.1
y-type = 2
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ny = 100
ymin = —50.0
ymax = 50.0
e—type = 1
ne =1
0. 20.
axis = xy
output = nuclear
unit = 2
file = nuclear—geometry.dat
epsout = 1
[T-Cross]
mesh = reg
reg =6
r-in r-out area
10 20 2.11E-01
20 30 6.51E+01
30 40 4.14E+02
40 50 7.72E+02
50 60 3.56E+04
60 70 3.88E+04
e—type = 3
ne = 100
emin = 1E-10
emax = 10.0
axis = eng
unit = 1
output = flux

part = alpha  neutron  photon
file = cross.dat
epsout = 1

[T-Track]
title = x-z neutron dose (Cf neutron source cask shielding )
mesh = xyz
x—type = 2
nx = 100
xmin = —-100.0
xmax = 100.0

zmax = 200.0
axis = xz
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
file = Nxz.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1

all (1.0 -102)

[T-Track]
title = x—z photon dose (Cf neutron source cask shielding )
mesh = xyz
x—-type = 2
nx = 100
xmin = —100.0
xmax = 100.0
y-type =1
ny =1
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-0.1 0.1
z—type = 2
nz = 100
zmin = 0.0
zmax = 200.0
axis = xz
part = photon
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
file = Pxz.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1
all (1.0 —-114)

[T-Track]
title = x—y neutron dose (Cf neutron source cask shielding )
mesh = xyz
x—type = 2
nx = 100
xmin = —100.0
xmax = 100.0
z—type = 1
nz = 1
59.0 59.1
y-type = 2
ny = 100
ymin = -100.0
ymax = 100.0
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
axis = xy
file = Nxyb9.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D—-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = neutron
emax = 1000.0
mat msetl
all (1.0 -102)

[T-Track]
title = x—y photon dose (Cf neutron source cask shielding )
mesh = xyz
x—type = 2
nx = 100
xmin = —100.0
xmax = 100.0
z—type = 1
nz = 1
59.0 59.1
y-type = 2
ny = 100
ymin = —100.0
ymax = 100.0
part = photon
e—type = 1
ne=1
0 20.0
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unit = 1 # unit is [1/cm’2/source]
axis = xy
file = Pxy59.dat

epsout = 1

angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1
all (1.0 -114)
[T-Track]
title = X axis neutron dose (Cf neutron source cask shielding )
mesh = xyz
x—type = 2
nx = 200
xmin = —200.0
xmax = 200.0
z—type = 1
nz = 1
58.0 60.1
y-type = 1
ny =
-1.0 1.0
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm"2/source]
axis = x
file = Nx59.dat
epsout = 1

angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)
[T-Track]
title = X axis photon dose (Cf neutron source cask shielding )
mesh = xyz
x—type = 2
nx = 200
xmin = —200.0
xmax = 200.0
z—type = 1
nz = 1
58.0 60.1
y—type = 1
ny =1
-1.0 1.0
part = photon
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm 2/source]
axis = x
file = Px59.dat
epsout = 1

angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group

part = photon
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emax = 1000.0
mat mset1
all (1.0 -114)
[T-Track]
title = Y axis neutron dose (Cf neutron source cask shielding )
mesh = xyz
y-type = 2
ny =200
ymin = —200.0
ymax = 200.0
z—type = 1
nz = 1
58.0 60.1
x—type = 1
nx =1
-1.0 1.0
part = neutron
e—type = 1
ne=1
0 20.0
unit = 1 # unit is [1/cm"2/source]
axis =y
file = Nyb9.dat
epsout = 1

angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)
[T-Track]
title = Y axis photon dose (Cf neutron source cask shielding )
mesh = xyz
y-type = 2
ny =200
ymin = —200.0
ymax = 200.0
z—type = 1
nz = 1
58.0 60.1
x—type = 1
nx =1
-1.0 1.0
part = photon
e—type = 1
ne=1
0 20.0
unit = 1 # unit is [1/cm 2/source]
axis =y
file = Py59.dat
epsout = 1

angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, b:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1
all (1.0 -114)
[T-Track]
title = Z axis neutron dose (Cf neutron source cask shielding )
mesh = xyz
z—type = 2
nz = 200
zmin = —200.0
zmax = 300.0

_43_



JAEA-Technology 2016-033

y-type = 1
ny = 1
-1.0 1.0
x—type = 1
nx = 1
-1.0 1.0
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
axis = z
file = Nz.dat
epsout = 1

angel = cmin[2.E-10] cmax[2.E-01]

z—txt = E [uSv/h]
2D—-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat

multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)

[T-Track]
title = Z axis photon dose (Cf neutron source cask shielding )
mesh = xyz
z—type = 2
nz = 200
zmin = -200.0
zmax = 300.0
y—type = 1

-1.0 1.0
part = photon
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm"2/source]
axis = z
file = Pz.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1
all (1.0 -114)
[END]
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PR B 27 DA ST — 4

[Title]

Cf neutron source fuel excange shielding with PE (0.22+3.3GBq@2015/7/16)

[Parameters]

iecntl = 0
maxcas = 1000
maxbch = 10000

# (D=0) 3:ECH 5:NOR 6:SRC 7,8:GSH 11:3DSH 12:DUMP
# (D=10) number of particles per one batch
# (D=10) number of batches

# for nuclear data, cut—off and data max. energy (MeV)

emin(2) = 1.000000000E-10
dmax(2) = 20.0000000
emin(12) = 1.000000000E-03
dmax(12) = 1000.00000
emin(14) = 1.000000000E-03
dmax(14) = 1000.00000

# only for cut—off energy (MeV)
emin(1) = 1.000000000E-03
emin(13) = 1.000000000E-03
emin(15) = 1.000000000E-03
emin(16) = 1.000000000E-06
emin(18) = 1.000000000E-03

# forlow E d-——>Be
esmin = 1.000000000E-06
esmax = 3.000000000E5
einclmin= 1.000000000E-03

#
igamma =
ipnint
# Shielding :
e-mode =
nedisp =
nspred =

#
file(6)

D =

-mode =0

—_—o o

= phits.out

# neutron cut—off

# neutron data max.
# electron cut—off

# electron data max.
# photon cut—off

# photon data max.

# proton

# positron
# deuteron
# triton

# alpha

# min energy of range calculation for charged particle (MeV)
# max energy of range calculation for charged particle (MeV)
# (D=1.0) cut—off energy of INCL model (MeV)

# (D=0) 0:No, 1:01d, 2:EBITEM, 3:EBITEM+Isomer
# (D=0) photonuclear GDR

# (D=0) 0: Normal, 1: Event generator mode, 2: New event generator mode
# (D=0) 0: no, 1: with e straggling, 10: ATIMA
# (D=0) 0: no, l:orig. 2:first Moliere, 10: ATIMA

# (D=phits.out) general output file name

file(7) = /Users/ishi/phits/data/xsdir.jnd # (D=xdirs) nuclear data input file name
file(14) = /Users/ishi/phits/data/trxcrd.dat # (D=trxcrd.dat) photon data input file name
file(20) = /Users/ishi/phits/XS/egs # (D=/phits/XS/egs) EGS data folder name

itall = 1
istdev =—1

[Source]
totfact = 1.752

# ———(new Cf-252 source, 3.3GBq)———

# 15.2%[3.3/(3.3+0.22)GBq]=14.3

{source> = 14.3

s—type = 1

proj = alpha
e0 =1.519
x0 = -68.4
y0 = -24.2
z0 = 82.0
z1 =82.1
r0=0.139
r1=0.00
dir = all

# 81.6%[3.3/(3.3+0.22)GBgl]=76.5

{source> = 76.5

s—type = 1

proj = alpha
e0 =1.530
x0 = -68.4
y0 = -24.2
z0 = 82.0
z1 =82.1
r0=0.139
r1=0.00
dir = all

# 11.7%[3.3/(3.3+0.22)GBg]=11.0

{source> = 11.0
s—type = 4
proj = neutron
x0 = -68.4

# cylinder type source

# kind of incident nucleus, from Cf-252
# energy of beam [MeV/u] , 6.0756/4
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# cylinder type source

# kind of incident nucleus, from Cf-252
# energy of beam [MeV/ul , 6.1181/4
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# cylinder type source
# kind of incident nucleus, from Cf-252
# min position of x—axis [cm]
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y0 = -24.2

z0 = 82.0

z1 =82.1

r0=0.139

r1=0.00

dir = all
e-type =1
ne = 62
0.00 0.00
0.02 4.36
0.12 6.46
0.15 8.55
0.15 12.03
0.21 15.41
0.28 17.84
0.33 20.70
0.34 22.85
0.43 25.22
0.45 28.14
0.54 30.35
0.73 32.94
0.90 35.67
1.02 39.46
1.13 43.97
1.23 48.22
1.30 53.00
1.36 58.21
1.52 62.80
1.58 66.93
1.66 69.76
1.73 72.29
1.82 74.47
1.91 75.67
2.11 74.41
2.25 71.69
2.35 67.82
2.51 63.44
2.59 60.28
2.62 56.75
2.71 53.16
2.84 49.45
2.94 45.80
3.14 42.10
3.32 38.43
3.53 34.49
3.73 31.26
3.99 28.04
4.23 24.84
4.51 21.41
4.77 18.70
5.04 15.49
5.24 12.39
5.57 9.52
5.84 7.01
6.08 5.12
6.45 4.34
6.76 4.33
7.12 3.44
7.49 2.39
7.89 1.39
8.35 0.81
8.99 0.82
9.53 0.93
9.98 0.93
10.41 0.93
10.84 0.93
11.25 0.81
11.76 0.64
12.21 0.64
12.61 0.31
12.96

# 66.7%[3.3/(3.3+0.22)GBq]=62.5
{source> = 62.5
s—type = 4
proj = photon

JAEA-Technology 2016-033

# min position of y—axis [cm]
# min position of z—axis [cm]
# max position of z—axis [cm]
# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution

# cylinder type source
# kind of incident nucleus, Cf~=252
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x0 = -68.4

y0 = -24.2

z0 = 82.0

z1 =82.1

r0=0.139

r1=0.00

dir = all
e—type =1
ne = 48
0.00 0.00
0.03 20.38
0.05 47.70
0.09 76.00
0.11 113.57
0.14 144.61
0.18 176.39
0.20 212.92
0.23 252.03
0.28 290.40
0.35 335.71
0.37 376.52
0.44 411.96
0.46 443.50
0.52 471.07
0.58 499.69
0.66 525.66
0.72 549.45
0.81 568.13
0.94 574.96
1.02 561.90
1.06 530.50
1.12 498.67
1.15 467.02
1.18 436.53
1.21 408.24
1.25 373.65
1.28 337.55
1.31 298.58
1.37 264.17
1.40 232.77
1.44 201.91
1.49 172.70
1.58 141.54
1.71 113.35
1.87 91.45
2.00 75.30
2.17 53.65
2.34 36.64
2.52 23.40
2.75 13.22
3.00 11.21
3.25 9.57
3.52 6.64
3.78 5.12
4.04 4.57
4.35 4.08
4.57 5.49
4.91
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# min position of x—axis [cm]
# min position of y—axis [cm]
# min position of z—axis [cm]
# max position of z—axis [cm]
# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution

# ————(old Cf-252 source, 0.22GBqg)———-

# 15.2%[0.22/(3.3+0.22)GBq]=0.95
{source> = 0.95

s—type = 1

proj = alpha
e0 =1.519
x0 =-29.1
y0 = -37.4
z0 = 82.0
z1 =82.1
r0=0.139
r1=0.00
dir = all

# 81.6%[0.22/(3.3+0.22)GBq]=5.1
{source> = 5.1
s—type = 1
proj = alpha

# cylinder type source

# kind of incident nucleus, from Cf-252
# energy of beam [MeV/ul , 6.0756/4
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# cylinder type source
# kind of incident nucleus, from Cf-252
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e0 =1.530
x0 =-29.1
y0 =-37.4
z0 = 82.0
z1 =82.1
r0=0.139
r1=0.00
dir = all

#11.7%[0.22/(3.3+0.22)GBq]=0.73
{source> = 0.73

s—type = 4
proj = neutron

x0 =-29.1

y0 =-37.4

z0 = 82.0

z1 =82.1

r0=0.139

r1=0.00

dir = all
e—type =1
ne = 62
0.00 0.00
0.02 4.36
0.12 6.46
0.15 8.55
0.15 12.03
0.21 15.41
0.28 17.84
0.33 20.70
0.34 22.85
0.43 25.22
0.45 28.14
0.54 30.35
0.73 32.94
0.90 35.67
1.02 39.46
1.13 43.97
1.23 48.22
1.30 53.00
1.36 58.21
1.52 62.80
1.58 66.93
1.66 69.76
1.73 72.29
1.82 74.47
1.91 75.67
2.11 74.41
2.25 71.69
2.35 67.82
2.51 63.44
2.59 60.28
2.62 56.75
2.71 53.16
2.84 49.45
2.94 45.80
3.14 42.10
3.32 38.43
3.53 34.49
3.73 31.26
3.99 28.04
4.23 24.84
4.51 21.41
4.77 18.70
5.04 15.49
5.24 12.39
5.57 9.52
5.84 7.01
6.08 5.12
6.45 4.34
6.76 4.33
7.12 3.44
7.49 2.39
7.89 1.39
8.35 0.81
8.99 0.82
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# energy of beam [MeV/ul , 6.1181/4
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# cylinder type source

# kind of incident nucleus, from Cf-252
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution
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9.53 0.93
9.98 0.93
10.41 0.93
10.84 0.93
11.25 0.81
11.76 0.64
12.21 0.64
12.61 0.31
12.96

# 66.7%[0.22/(3.3+0.22)GBqJ=4.2

{source> = 4.2

s—type = 4
proj = photon
x0 = -29.1
y0 =-37.4
z0 = 82.0
z1 =82.1
r0=0.139
r1=0.00
dir = all
e—type =1
ne = 48
0.00 0.00
0.03 20.38
0.05 47.70
0.09 76.00
0.11 113.57
0.14 144.61
0.18 176.39
0.20 212.92
0.23 252.03
0.28 290.40
0.35 335.71
0.37 376.52
0.44 411.96
0.46 443.50
0.52 471.07
0.58 499.69
0.66 525.66
0.72 549.45
0.81 568.13
0.94 574.96
1.02 561.90
1.06 530.50
1.12 498.67
1.15 467.02
1.18 436.53
1.21 408.24
1.25 373.65
1.28 337.55
1.31 298.58
1.37 264.17
1.40 232.77
1.44 201.91
1.49 172.70
1.58 141.54
1.71 113.35
1.87 91.45
2.00 75.30
2.17 53.65
2.34 36.64
2.52 23.40
2.75 13.22
3.00 11.21
3.25 9.57
3.52 6.64
3.78 5.12
4.04 4.57
4.35 4.08
4.57 5.49
4.91
[Materiall]
ml  # Pd (12.02 g/cm3)
102Pd 0.01
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# cylinder type source

# kind of incident nucleus, Cf~=252
# min position of x—axis [cm]

# min position of y—axis [cm]

# min position of z—axis [cm]

# max position of z—axis [cm]

# radious [cm]

# inner radious [cm]

# angle of z—direction

# energy distribution
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# Carbon IG-110 (1.75 g/cm3)

(0.96 g/cm3)

(density=1.2E-03 g/cm3)

ize

2]

= = O

(0.48 g/cm3)

color

red

gray
pastelgreen
lightgray
pastelyellow
pastelcyan
pastelviolet
magenta
orangeyellow

0.0828 -1

104Pd 0.1097
105Pd 0.222
106Pd 0.273
108Pd 0.267
m2  # SUS316 (7.98 g/cm3)
52Cr 0.17
56Fe 0.685
58Ni 0.12
92Mo 0.004
94Mo 0.002
95Mo 0.004
96Mo 0.004
97Mo 0.002
98Mo 0.006
100Mo 0.002
m3
12C 100.0
m4  # SF440A (7.86 g/cm3)
28Si 0.001
56Fe 0.9915
55Mn 0.0075
mb  # Polyethylene
1H 0.667
12C 0.330
m6  # Air
14N 8
160 2
m7 #Pb(11.34 g/cm3)
204Pb 0.014
206Pb 0.241
207Pb 0.226
208Pb 0.523
m8  # ICRU soft tissue (1.0 g/cm3)
1H 6.082e-02
12C 5.570e-03
14N 1.118e-03
160 2.868e—02
m9  # Polyethylene
1H 0.667
12C 0.330
[ Mat Name Color ]
mat name
1 Pd
2 SUS316
3 Carbon
4 SF440A
5 PEthylene
6 Air
7 Pb
8 Soft-tissue
9 IPEthylene
[Surface]
1 SO 1000.
10 pz 0.0
11 Dz 10.0
12 pz 24.0
15 Dz 53.0
20 pz 78.0
22 Dz 79.0
25 pz 82.0
30 pz 82.1
35 Pz 84.0
37 pz 89.0
40 Pz 111.0
45 pz 264.5
50 Pz 312.5
55 pz 332.5
60 pz 420.0
65 pz 584.0
70 Pz 775.5
75 pz 838.0
100 kz 584.0
200 c/z -68.4

-24.2

0.14
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210  c¢/z
220  c¢/z
222 c¢/z
224  c¢/z
226 c/z
230  cz
240 cz
245  cz
250  cz
260 cz
300 c¢/z
310 c¢/z
320 c¢/z
330 c¢/z
340 py
350 py
360 pz
370 Dz
400 pz
410 pz
420 pz
430 pz
440 pz
500 pz
510 pz
520 pz
530 pz
540 pz
550 pxX
551 px
552 px
554 pX
556 pxX
558 px
560 py
562 p
564 py
566 p
567 py
568 py
570 p
580 p
600 c/z
610 c/z
620 c/z
630 c/z
640 c/z
650 c/z
700 S
710 S
720 S
730 S
800 S
810 S
820 S
830 S
[Cell]
5
10 1
15 1
20 2
25 2
30 3
35 3
40 6
42 6
55 6
53 4
50 4
60 5
62 9
64 9
52 4
54 4

-68.4
-68.4
-29.1
-29.1
-29.1
22.5
24.0
37.5
78.0
168.0
-38.5
-38.5
-38.5
-38.5
-40.0
40.0
55.0
90.0
-20.0
-40.0
-60.0
-80.0
-100.0
340.0
360.0
380.0
400.0
420.0
57.5
58.0
86.3
115.5
140.5
150.5
44.5
150.5
-44.5
150.5
57.5
-57.5
140.5
140.5
-38.5
-38.5
-38.5
-38.5
-38.5
46.3
-168.2
-38.5
91.2
-38.5
-268.5
-38.5
191.5
-38.5

-1
-12.02
-12.02
-7.98
=7.98
-1.75
-1.75
-1.2E-03
-1.2E-03
-1.2E-03
-7.86
-7.86
-0.96
-0.48
-0.48
-7.86
-7.86

-24.2
—-24.2
-37.4
-37.4
-37.4

cooo
[eNeNeNe)

67.5

coocococoo |
oo o
cococococo9Y 3
oo 1

25
25
20
20
15
15
15
15
11
10
15
12
10
10
45
10
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1.40
20.5
0.14
1.40
20.5

65.0

114.7
124.7
134.7

79.0
79.0

79.0

79.0
220.0
240.0
260.0
280.0
300.0
40.0
82.0
82.0
82.0
82.0
82.0
82.0
82.0
82.0

=30
=30
-35
=35
-40
-40
=70
-45
-15
-22
-45
-45
-12
=37
=50
-15

150.5
150.5

140.5
140.5

Crororor ot o1t o1t ol
SO ODODOoOOoOoO

-200
-222
-210
-224
-220
-226
-230
=300
551
550
300
310
320
552
-320
=320
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67.5 0.0
-67.5 0.0
57.5 0.0
—-57.5 0.0
%10
#15
#10  #20
#15  #25
#10 #15  #20
-554 564
=556  —570
-310 #53
=320 #53
-330 #53
-558 -566
#10 #15  #20
#53  #55  #60

67.5
67.5

57.5
57.5

#25

-560
-580

#55
#55

-562

#25

90.0
-90.0

80.0
-80.0

#30
#55

#53

#30

79.0
79.0

79.0
79.0

#35

#55
#35

#40

#40



56 4 -7.86 50 -55 -250  #40
57 4 -7.86 55 -60 -100  #40

58 4 -7.86 60 =70 230 -245

59 4 -7.86 70 -75 -230

80 6 -1.2E-03 400 -500 -600 #10 #15 #20 #25 #30 #35 #40 #42 #50 #52
#53 #54 #55 #56 H#57 H#60 #62 #64

82 6 -1.2E-03 410 -510 -610  #((400 -500 -600): (55 -60 —100))
84 6 -1.2E-03 420 -520 -620 #((410 -510 -610): (55 -60 -100))
86 6 -1.2E-03 430 -530 -630 #((420 -520 -620): (55 -60 -100))
88 6 -1.2E-03 440 -540 -640 #((430 -530 -630): (55 -60 -100))
90 6 -1.2E-03  #((440 -540 -640): (60 -70 -245)) #59 -1

[ importance ]

part = neutron photon

reg imp

(10 15) 2.5%%0

(20  25) 2.5%%0

(30 35) 2.5%%0)

(40  42) 2.5%x1

(50 52 54) 2.5%%2

(55 56 60) 2.5%%3

(53 62 64 57) 2.5%%4

(80 82) 2.5%%4

84 2.5%%4

86 2.5%%k4

88 2.5%%4

90 2.5%%k4

[T-3Dshow]
title = Cf neutron source fuel excange shielding with PE

JAEA-Technology 2016-033

output = 3
material = -1
6
x0= 0.0
y0= 0.0
z0 = 300.0
e—the = 80 # eye
e-phi = 40
e—dst = 600.0
I-the = 80.0 # light
I-phi = 40.0
I-dst = 200.0
w-wdt = 600 # window
w—hgt = 600
w—dst = 100
heaven = z
mirror = 0
line = 1
shadow =1
resol =5
file = 3Dshow.dat
epsout = 1
box =1
box 0 0 -1
200 0 -1
0 200 -1
600

[T-Gshow]
title = Cf neutron source fuel excange shielding with PE
mesh = xyz
x—type = 2
nx = 400
xmin = — 450.0
xmax = 450.0
y—type = 1
ny = 1
-0.1
z—type = 2
nz = 400
zmin =
zmax =
axis = xz
output = 6
file = gshowxz1.dat

0.1

0.0
900.0

_52_



JAEA-Technology 2016-033

epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source fuel excange shielding with PE
mesh = xyz

x—type = 2
nx = 100
xmin = —90.0
xmax = —10.0
y-type = 1
ny = 1
-24.19 -24.21
z—type = 2
nz = 100
zmin = 40.0
zmax = 120.0
axis = xz
output = 6
file = gshowxz2.dat
epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source fuel excange shielding with PE
mesh = xyz

x—type = 2
nx = 100
xmin = —=74.0
xmax = —64.0
y-type = 1
ny = 1
-24.19 -24.21
z—type = 2
nz = 100
zmin = 77.0
zmax = 87.0
axis = xz
output = 6
file = gshowxz3.dat
epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source fuel excange shielding with PE
mesh = xyz

x—type = 2
nx = 100
xmin = —200.0
xmax = 200.0
z—type = 1
nz = 1
82.0 82.1
y-type = 2
ny = 100
ymin = —200.0
ymax = 200.0
axis = xy
output = 6
file = gshowxyl.dat
epsout = 1
gslat = 1

[T-Gshow]
title = Cf neutron source fuel excange shielding with PE
mesh = xyz

x—type = 2
nx = 100
xmin = —200.0
xmax = 200.0
z—type = 1
nz = 1
30.0 30.1
y-type = 2
ny = 100
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ymin = -200.0
ymax = 200.0
axis = xy
output = 6
file = gshowxy2.dat
epsout = 1
gslat = 1

[T-Product]
title = N source energy (Cf neutron source fuel excange shielding with PE )

mesh = reg
reg = 10
part = neutron
e—type = 2
ne = 100
emin = 0.
emax = 20.
axis = eng
output = source
unit = 1
file = Nsource—energy.dat
epsout = 1

[T-Product]
title = P source energy (Cf neutron source fuel excange shielding with PE )

mesh = reg
reg = 10
part = photon
e—type = 2
ne = 100
emin = 0.
emax = 20.
axis = eng
output = source
unit = 1
file = Psource—energy.dat
epsout = 1

[T-Product]
title = Source check geometry (Cf neutron source fuel excange shielding with PE )

mesh = xyz
x—type = 2
nx = 100
xmin = -100.0
Xmax = 100.0
z—type = 1
nz =1
82.0 82.1
y-type = 2
ny = 100
ymin = —-100.0
ymax = 100.0
e—type = 1
ne = 1
0. 20.
axis = xy
output = source
unit = 1
file = source—geometry.dat
epsout = 1
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat

[T-Product]
title = Nuclear geometry (Cf neutron source fuel excange shielding with PE )

mesh = xyz
x—type = 2
nx = 100
xmin = —200.0
xmax = 200.0
z—type = 1
nz =1
82.0 82.1
y-type = 2
ny = 100
ymin = -200.0
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ymax = 200.0
e—type = 1
ne =1
0. 20.
axis = xy
output = nuclear
unit = 2
file = nuclear—geometry.dat
epsout = 1
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
[T-Cross]
mesh = reg
reg =6
r-in r-out area
10 20 2.11E-01
20 30 6.51E+01
30 42 9.98E+03
42 50 1.38E+05
50 60 2.35E+05
60 80 2.86E+05
e—type = 3
ne = 100
emin = 1E-10
emax = 10.0
axis = eng
unit = 1 # unit is [1/cm’2/source]

output = flux
part = alpha  neutron  photon
file = cross.dat

epsout = 1

[T-Track]
title = x—z neutron dose (Cf neutron source fuel excange shielding with PE )
mesh = xyz
x—type = 2
nx = 100
xmin = —200.0
xmax = 200.0

zmax =  400.0
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm"2/source]
axis = xz
file = Nxz.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)

[T-Track]
title = x-z photon dose (Cf neutron source fuel excange shielding with PE )
mesh = xyz
x—type = 2
nx = 100
xmin = —200.0
xmax = 200.0
y-type = 1
ny =1
-0.1 0.1
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z—type = 2
nz = 100
zmin = 0.0
zmax =  400.0
part = photon
e—type = 1
ne =1
0 10.0
unit = 1 # unit is [1/cm’2/source]
axis = xz
file = Pxz.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]
2D—-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat

multiplier = all # number of material group
part = photon
emax = 1000.0
mat msetl
all (1.0 -114)

[T-Track]
title = x~y neutron dose (Cf neutron source fuel excange shielding with PE )
mesh = xyz
x—type = 2
nx = 300
xmin = —300.0
xmax = 300.0
z—type = 1
nz = 1
24.0 25.0
y-type = 2
ny = 300
ymin = —300.0
ymax = 300.0
part = neutron
e—type = 1
ne=1
0 20.0
unit = 1 # unit is [1/cm 2/source]
axis = xy
file = Nxy24.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)

[T-Track]
title = x—y neutron dose (Cf neutron source fuel excange shielding with PE )
mesh = xyz
x—type = 2
nx = 300
xmin = —300.0
xmax = 300.0
z—type = 1
nz = 1
82.0 83.0
y-type = 2
ny = 300
ymin = —=300.0
ymax = 300.0
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
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axis = xy
file = Nxy82.dat
epsout = 1

angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)

[T-Track]
title = x—y photon dose (Cf neutron source fuel excange shielding with PE )
mesh = xyz
x—type = 2
nx = 300
xmin = —=300.0
xmax = 300.0
z—type = 1
nz = 1
24.0 25.0
y-type = 2
ny = 300
ymin = —=300.0
ymax = 300.0
part = photon
e—type = 1
ne =1
0 10.0
unit = 1 # unit is [1/cm"2/source]
axis = xy
file = Pxy24.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1

all (1.0 -114)

[T-Track]
title = x—y photon dose (Cf neutron source fuel excange shielding with PE )
mesh = xyz
x—type = 2
nx = 300
xmin = —-300.0
xmax = 300.0
z—type = 1
nz = 1
82.0 83.0
y-type = 2
ny = 300
ymin = —300.0
ymax = 300.0
part = photon
e—type = 1
ne=1
0 10.0
unit = 1 # unit is [1/cm"2/source]
axis = xy
file = Pxy82.dat
epsout = 1
angel = cmin[2.E-10] cmax[2.E-01]
z—txt = E [uSv/h]

2D-type = 3 # 1:Cont, 2:Clust, 3:Color, 4:xyz, 5:mat, 6:Clust+Cont, 7:Col+Cont
gshow = 1 # 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
multiplier = all # number of material group
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part = photon

emax = 1000.0
mat mset1
all (1.0 -114)

[T-Track]
title = X axis neutron dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz
z—type = 1
nz =1
24.0 25.0
y—type = 1
ny =
-0.5 0.5
x—type = 2
nx = 200
xmin = =300
xmax = 300.
axis = x
part = neutron
e—type = 1
ne=1
0 20.0
unit = 1 # unit is [1/cm"2/source]
file = Nx24.dat
epsout = 1

y-txt = E [uSv/h]

multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)

[T-Track]
title = X axis neutron dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz
z—type = 1
nz =1

82.0 83.0

xmin = —300.
xmax = 300.
axis = x
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm 2/source]
file = Nx82.dat
epsout = 1
y—txt = E [uSv/h]

multiplier = all # number of material group
part = neutron
emax = 1000.0
mat msetl
all (1.0 -102)
[T-Track]

title = X axis photon dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz

z—type = 1
nz =1
24.0 25.0
y—type = 1
ny =
-0.5 0.5
x—type = 2
nx = 200
xmin = =300
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xmax = 300.
axis = x
part = photon
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
file = Px24.dat
epsout = 1

y—txt = E [uSv/h]

multiplier = all # number of material group
part = photon
emax = 1000.0
mat msetl

all (1.0 -114)

[T-Track]
title = X axis photon dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz
z—type = 1
nz =1
82.0 83.0
y—type = 1
ny =
-0.5 0.5
x—type = 2
nx = 200
xmin = —300.
xmax = 300.
axis = x
part = photon
e—type = 1
ne=1
0 20.0
unit = 1 # unit is [1/cm"2/source]
file = Px82.dat
epsout = 1

y-txt = E [uSv/h]

multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1
all (1.0 -114)
[T-Track]

title = Y axis neutron dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz
z—type = 1

nz =1

24.0 25.0

-76.5 -T77.5

ymax = 400.
axis =y
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
file = Ny24.dat
epsout = 1
y—txt = E [uSv/h]

multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)
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[T-Track]
title = Y axis neutron dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz
z—type = 1
nz =1

82.0 83.0

=76.5 -77.5

ymax = 400.
axis =y
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
file = Ny82.dat
epsout = 1
y-txt = E [uSv/h]

multiplier = all # number of material group
part = neutron
emax = 1000.0
mat msetl

all (1.0 -102)

[T-Track]
title = Y axis photon dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz
z—type = 1
nz =1
24.0 25.0
x—type = 1
nx =1
-76.5 -77.5
y-type = 2
ny = 200
ymin = —400.
ymax = 400.
axis =y
part = photon
e—type = 1
ne=1
0 20.0
unit = 1 # unit is [1/cm"2/source]
file = Py24.dat
epsout = 1
y-txt = E [uSv/h]

multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1

all (1.0 -114)

[T-Track]
title = Y axis photon dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz
z—type = 1
nz =1

82.0 83.0

=-76.5 -77.5

ymax = 400.
axis =y
part = photon
e—type = 1
ne =1
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0 20.0
unit = 1 # unit is [1/cm 2/source]
file = Py82.dat
epsout = 1

y=txt = E [uSv/h]

multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1
all (1.0 —-114)

[T-Track]
title = Z axis neutron dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz
y-type = 1

-164.0 -165.0
z—type = 2
nz = 200
zmin = —100.
zmax = 500.
axis = z
part = neutron
e—type = 1
ne =1
0 20.0
unit = 1 # unit is [1/cm’2/source]
file = Nz.dat
epsout = 1
y—txt = E [uSv/h]

multiplier = all # number of material group
part = neutron
emax = 1000.0
mat mset1
all (1.0 -102)

[T-Track]
title = Z axis photon dose (Cf neutron source fuel excange shielding with PE)
mesh = xyz

y-type = 1
ny =1
-0.5 0.5
x—type = 1
nx =
-164.0 -165.0
z—type = 2
nz = 200
zmin = —100.
zmax = 500.
axis = z
part = photon
e—type = 1
ne=1
0 20.0
unit = 1 # unit is [1/cm"2/source]
file = Pz.dat
epsout = 1

y-txt = E [uSv/h]

multiplier = all # number of material group
part = photon
emax = 1000.0
mat mset1
all (1.0 -114)
[END]

_61_



JAEA-Technology 2016-033

A3 IR AT L7 3EAmX

BN IR R SO TR A I - L7236/ % Fig. A3.1 12T, F7-. BB A Hakie
W v A7 OFARAINAEH U= 55X % Fig. A3.2 & O\ Fig. A3.3 {7,

_62_



JAEA-Technology 2016-033

wo: yun

$90Jn0s dnjaels UOIINSU JOj }SBO UOlIRIIodsURI) JO s[RI '€V "SI
SummeI(] Py 0D AISNPU] AUOJ WO,
A\ N/
. o1 )
zo, eV 0'ly
» X
82 80
L1
CX. A W | = H 86
. " 4 o [~ wo .D
511 wzm X o'g+uiyered . i
e o o |6 o
SEEEE - ¢ VAV 0'LE
= |© | (oo |oe
R R 2916 ‘M ~ voesns [2L
o [{=]
X
I L'0S
R o 128
N : 0SS ——
. woz'ad 0’19 )
529
569
i
09 uwozad w
. WoZ'M \ oed
oL
£0 v
i C o'g+uyeied
19L€SNS
\ cee! zen e
oz wog0voesns (IEY:
7 ¢
7 A2 X ‘ Z1
- h . l-
€ 0l 0% \ £z-'0)
2
8z

posem—.,
.

02z'004-"0v14
002'08-'0Z}4
081°09-'00}4
0910084
0v1'02-'094

e )
.

(L1 'gL)
\
8z'0d

<

0'g¢

-

w -
e o = lu;uun\-\

_63_



JAEA-Technology 2016-033

auryorw Sul[puey s[enj Ioj }sed SuIp[aIys JO S[Iela(]

gev 81

wWE~TL SR 5 _ 8914

ors| TR W 605 3UNCS ) IR AN
98 AT TS
et TEWIEE) 8
eswe THNENCTEIS WO WHT B ¢ 0tz
voure| TR0 T O W R Qel
0wt TRI0TS TR 0T N TR :
weve| s wrsorwe| O/ ESNS woN&Ih e
wWwe '. o,

Cm e 2z

M-ORRCRHES

(%) WE=0C00-USL=WH «

‘e

v AMEIITLHOUES

THSy| TW6T | TrT | O¥S~0vr TRISIZ| VOPPIS

(W GW d RERIE CFHN) NEANROVOrYS

AYISE0'0 A WI0E0°0 0Z"1~0E°0 05'0~5T°0 41090

JWoQL ‘AL T (13

v 5is

=T > X 46 SShhg
——LL __ 5.5 SSH gog)

Asa

082
0'6L

S'v9C

L 2 i
(% : Thm) &WOVOrPsS

"ELMAC ERBOIVSTISOR "L EGRABTSLENLOLEGAMUE
TFEEW U CLLASUSHRLNIAESLOLE "LFTUBIERLY
ASUSYLCTILROITIYE "IN 1T "L ENNNEETIVOrrdS

ABE0TMOTHOT0T

(F® "G3 "8 "WHH ‘2
WiG) MIME?EEO (THEEINT) Vorbds

o/ ] [}
r - SZLE
L gzee
0Z¥'004-'0v2!
= 00%'08-'+Z2!
A 00zy —
- 08£'09-'002!
O ~ ST0Y B
/ . 09€‘0¥-'081
T sz b T
- - 0bE'02-"0L1]

Aus)=

0=(U-Z)(yilalz %)

BHl-d-1012-10 v El EAyLARL | L
L=d-1012-20 El LAVMLART | 9
-d-1010-10 1y Xl GRCRB | §
|S01-d-1812-200 VOYYaAS|¥El HWEL| ¥
[Su-a-1enz-1m | vorrds|¥l HET| €
C0l-2-1C12-200| 01 ¥4SNS|¥] VEhg| ¢
WI-i-1812-208 R EHETD EEQAVCG4| 1
* ¥ (B #E T NS % % 25
Pt ke
=4I HIF
1® a3 0= @=2p= Lo 2N TNz o
1% a4 LD BT .
e oe oma-mu- i Twx o
17 J34y en.uus.-mslb’mn‘é' HATINZ ¥ |
1% g3dx 0= (6~ A=~ + 6 - Op LI A AN
1¥ 2347 0= (¥ = XM= (3 =3) + (£ = ON Lhh o1 X »id X%

¥8S

wo: yun

LYMAAEL —

BEEm ~ 04

_64_



JAEA-Technology 2016-033

0'S2-0'v¢=Z
0'€8-0'2¢8=Z
|9A8| uonen|eAs

(z'vz-'v'89-)6epee

(1ed wo130q) suryorw Sulpuey s[onj Joj yseo SuIp[eIys JO s[reId(]

>

G'8€
0L~ G'8E-

T R
€L

N

i

(¥ 26-'1"62-)68pH0L

€'eV "8l

_65_

00 ‘5'.G ‘G'0pL=ZAXx
0'6Z ‘S'2S ‘G OVL=2A'X

0'6. '§*§6=08HSZ VTt ‘G LG=2A'X

008



This 1s a blank page.




EBREAL R (SI)

# 1. ST FEAHL F 2. FARHAL A FV TR S5 SIS BT O ] # 5. SI BEuzE
R T = P SIFHSTERfT T | 4% | s | m& | 4w | s
i T = ﬁ% ol 0 2 2 Y | 0 |7 ] a
E &[x =+ A m L BFHA— b m 102 [ | z 102 |& v F ¢
o - o % B|SL G A — R v mi P a lls .
21 BlF¥n s T L kg WX, E E|A— M AER -~ 10% |= 7 #| E 10. N Ul m
53 ] i s o H JE| A — N AR R m/s? 10% |2 %l P 108 |=A2znm|[ u
H w7 =7 A i | A — b o 102 |5 sl T 10° |+ A .
BAEEE s L E | K O, WRE EYesIAEIA— MY | kg/m® 100 [¥ # ¢ [w02|g = p
W OE EE 2| mol WO E EFRZTARELA—-MV | kegim® 108 [#  # M | 108 |7=ar| ¢
* gy v 7 5| od K * Ml A= rrfExr s 70 | mikeg wlx = x |welr 1 a
EOWR B ETUTEEFA-NV | A/m? 102 |~27 K n 102 |2 7 1| 2
e R o W S|TUTEA— L A/m 0 |= s 0% |2 2 ¢
BB E @, 9 EAETA— R mol/m® 2 z
B R’ E[xerssamilii—ba | kgm®
i BE|h o F 5 mEHA— v | cd/m? ) . "
B = O &FEo) 1 1 #6. SUCES 7223, STEPFH & 5 Hifr
% B ok ® GFEo) 1 1 5B o SI Hifizic L % i
(a) i (amount concentration) (ERFRFRALAED 5 CTIIETHEEE b min |1 min=60 s
(substance concentration) & & Lifh 5, — P
(b) 2 SElitd B VHYGE 1 & bR Tl B8, 20T & B b [1h =60 min=3600 s
B THHEFO 1 ILEFITRE LR, H d |1 d=24 h=86 400 s
. . B °  |1°=(#/180) rad
%3, [FHOAH L B TR SN DS N I
SI FHSZ AL 43 1’=(1/60)°=(=/10 800) rad
HANZ L o o | MOSTEALIC K5 [ STEABLIC X 5 i ? |17=(1/60)=(=/648 000) rad
' e #LK #L) ~J B ha |1 ha=1 hm?=10*m?
¥ i 2 797 ® | rad o wm Uy b | L 11171151 dmP=10%em?=10"m’
b AT ZIT sr¢ 1 m“/m L —103
= % =Nt s o ko t |1t=10°kg
Val —a—hv N m kg s
E A, s Hszan Pa N/m? m’kgs® ) y X ”
T RAF =, A, BB J Nm mPkg 5 £7. SICBERVAS, ST A SAS HIC, STHALT
HE®, TR, ks r W Ils mkg s RENDBEHPEBHI/EOND L O
1 5 & Blr—ny C SA Eis S ST Hifr TH S5 Hil
EhrE (|IE) , & & AR R v WI/A m’kg s3AT # o A L B eV |1eV=1.602 176 53(14)x10'%J
ﬁ% = i 7 o Cv m’kg's'A® % A b | Da |1Da=1.660538 86(28)x10%"kg
& £ # Hi|A— L Q VIA m?kg 9 A% AT EEEM u |1u=1Da
ERIN N A S DA 7S S ANV mZkg's®A? K X H 7] ua [1ua=1.495978 706 91(6)x10"'m
73 H == Wb Vs m’kg s?A’
73 H b i1 b T Wh/m? kg s?A?
A4 v Xy H v A~rU— H Whb/A m?kg s2A?
t AL v oy 2 R EeryemzEe| C K #£8. SITESZVA, SIEJHH Sh 2O AL
U A
b/ F— R Im cd sr® cd R A SI BN CH Sh 55l
- ( f))E o (d) x i mf cd N - Wl bar |1bar=0.1MPa=100 kPa=10°Pa
} ; Fl i 8 = -
TR PR AR O JA e g Vi 15iy s AKGHES U A — R mmHg| 1 mmHg~133.322Pa
TR, b= x ¥ —50 5. |, 2 2 . .
it g Gy Jikg m?s? Arv 7% hu—24 A |1A=0.1nm=100pm=10""m
2 i, 2 (o) ) o S s
iR A, AR~ T | SV Wiz m’s K= Y| b |1b=100fm’=(10%em)?=10%m?
i * {63 | 52— kat s mol J v K kn [1kn=(1852/3600)m/s
(SHEFFRAEA O & F & 785 & F ML L AR DETHATE 5, Lo UEIEZ L7z 0T 1350 R = 23| Np y -
SkE—L b TEAL, . STHAZ & DELAE A 722 BIFRIZ,
BT VT v AT T VT T O LISk 5 BALORBIAR4 T T, RICOWTONE S 2 5 diciibiu s, - & KPR D TE R AE
FEBKCIE, AT DRHCIFREBradk Vst VG D A28, B & L THSIEAL L L TORE Th 450 1135 > ¥ X ] dB
TRENRY,
@WHFETIIAT FTVT v VD AL i FsrZ PLOE LT OHIC, TOEEHREL TS,
@A~V IEHBRIC DN TR, X7 LB O EIBRIC DWW TORMER Sh 5,
@ BNV T REZFVE L OFRNRLTHT, EAVTRAREEZRT ZOIEAShS, BAVTIRELILEYD . . s e e
HEOKE SRFA—ThB, LitioT, MEACRENRELZEZTKINLE S ORI TELTHLRLTHS, D 03%.%&%099%’%1%%”‘ r—
ORFHEZREOHUHRE (activity referred to a radionuclide) (%, LIE LiEi - 7= 5k Tradioactivity” & i2 S5, 45 s SI Bifir T S 5 HE
(QHf > —~L b (PV,2002,70,205) 22\ TiXCIPMAE2 (CI-2002) % &M, ES v | erg |1 erg:10'7J
" - N , 4 A dyn |1 dyn=10'5N
A g R L Bl P ST B AL O 15 9 ;
K4 WEOBICHFTOMH L 7B % & LS B O] # 7 P |1 P=1dyn s cm®=0.1Pa s

ST AHZ Hif7

7
v
x
F — 27 %[ St |1St=lem’®s'=10"m?s’
7
k

HAST R o s | SIEARMIZED A i i
E% A F sb |1 sb=1cd cm?=10*d m™
picl 4 A % Pas m? kg st 7 * ph |1 ph=lcd sr em? =10%1x
h o ' — A v MM=a—brr—tn Nm m’kg s> bl V| Gal |1 Gal=lcm s?=10?ms?
* i} & Hl==z—bhofgEA— L N/m kg s ~ 7 A U = JU| Mx [1Mx=1Gcem’=10°Wb
14 ; S }f% T R rad/sq m m'i s'i:s'; H 74 Zl G |1 G=1Mxcm?=10"T
£ i i 7 o7 v ERED rad/s” mm’s?=s" - = o 1 (a) 3 -1
B om B, M B ED MEEEA— L Wi [kes® R
g ) > . a) 37ERDCGSHALR & SITHIEHEBE TE AV, H5 [ & )
ARE, = br b —|Pa— Iy JIK m’kg s2K! FEHISBIRE T b DO TH B,
HEER, oy hr E—|va—rmxarsamires (Jikg K)  |m?s?K?
b = x L ¥ —|Pa—nrEXursIs Jlkg m?s?
# I b H|U o MEA— ESAEY (W(mK)  |m kg s?K? #10. STZJE S 72 Z DAt AL D ]
M = x L X —|Ya—nAmilA— ML [Jm? m'kg s? EAa %3 SI HLAZLTF S5 HE
& R o B EEArEA-bL Vim mkgs®Al ¥ = U~ Ci |1Ci=3.7x10"Bg
& i # ey —w o fmszi A — 4 |Cm? m?®s A v v b 7 ¥ R [1R=2.58x10"Clke
?'f - %ﬁj fé,_ " ?’j Z’“ = /Eulgj - ;ﬂ/ C/mz m'z sA 7 K| rad |1 rad=1cGy=107°Gy
HOREE, XXM — kv |C/m m-sA _ 02
% & |77 5 1A= P F/m mP kg5 A2 ; 5 i o 1 reinl_l,rc_slv(ﬁg Sv
% 53 B~ Y —fFEA— Vv H/m m kg s?A? > - < ! 1 ;;/::__1 fm=10"m
E L T %X L F —(Pa—n@mEL J/mol m?kg s mol™ CMABHT ; _ \; ,T _ _ -4,
EATY h B E—, EABER| Y2 A e EY [Jmol B) [m?keg s K mol™ ARRC 1 A=MERTD S PElRgSEITis
WS (XERO, ) [7—nvmrnrsa Clkg T A . . U Torr |1 Torr = (101 325/760) Pa
W 0 P 5 =l it st Eo# Kk &K JE|[ atm |1 atm =101 325 Pa
58 & bzt BTy MEAT VT Vv Wisr m*m?kg s?=m’kg s” Vil =1 J || @ ||P A (L5Cy = V=), 4.1868]
& i i FE|7 o b A= iz 7 o7 |Wim2sy) [m? m?kg sP=kg s (MMsa Y =), 4.184d (BL2E B a Y —)
B 6 M S mr S A— b |katim®  m®s!mol S 7 2 v op | 1p=1um=10"m

(FH8HR, 20064F)






