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1) 2)
3)

ITER?(International Thermonuclear Experimental Reactor)

(F82H) DEMO

(RAF/M) sic/siC
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Tablel ITER ( 3 )
Surface heat Load 0.25 MW /m?
Neutron wall load 0.78 MW /m?
Discharge duration 400—2000 sec
Duty cycle <03
Number of discharges min. 30,000 cycles
Average Neutron fluence 0.3 MWa/m?
ITER Tablel Y
0.3MWa/m’ 1/20
IEA

Materials Irradiation Facility

IFMIF International Fusion
Figl.1

ITER Broad Approach

EVEDA(Engineering Validation and Engineering Design

4 IFMIF
[
]
Activity)
IFMIF 2
D-Li
DEMO
IFMIF
50MeV

(50MeV

d+Li

““14MeV~~
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Elastic Scattering>

Inelastic Scattering>

Y
Radioactive Capture>
Y
Y
Charged-Particle Reaction>
(n,p)(n,c0)(n,t)
(n,2n)(n,3n)
Fission>
235U 239Pu 238U 233-|-h 1MeV
252Cf
2 2~3 \V4



2-2-2 Yy )

Y
3 ( )
Y
The photoelectric effect>
(photoelectron)
Y
E. =hv-E, (2-1)
(=
A4 X
Z
Z
T xZ n/Ej‘5 (2-2)
n \V4 4 5
Z n \Y4
The Compton scattering>
\V4 1
Y (S



&=h—vcos¢+ pcosé
C C

thsinqﬁ: psinéd

hv +m,c* = hv'+\/(m0c2)2 + p?c?

(2-3), (2-4), (2-5)

hy' = hv
hv
1+ 5
m,c°(L—coso)
hw hwv’
moC2
z

< Pair production>
v 1.02MeV

MeV

1.02Me

(2-3)

(2-4)

(2-5)

(2-6)
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2-3-2

(Fig2.1 + = + )
KERMA
2-3-3 KERMA

H(r)
K(En)

H(r) = [K(E,)x ¢(E,, r)dE,

KERMA
En

K(En)

17)

(E,r)

dm

(KERMA
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K(E,) = [[(Ec +Ep)* o™ (Eq 6,00 )decdO
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LAB

(2-8) Ec Ep Etotal

C)_x(ER)

oy (Ex) =[[05 (Er ¢, 6, )dz.00

” E ol * (7>(<:NI (Er,&c,0:)de dQ,

E =
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total
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2-3-4 PHITS

Heating number
(KERMA ) Heating number
3 PHITS 20MeV MCNP4C

. - dv
Heating, , = Agj!lH(E)(D(r,E,t)dEdtT (2-12)
Pa= (atoms/barn-cm)
Py = (grams/cm®)

H(E)= heating response

H(E)
H(E) = Oy X Hoyg (E) (2-13)
Havg(E) Heating number
Hoo(E) =E— Y P (E)Eau(E) +Q —E, (E) 10
OT=
E =
E, = i Y
Pi(E) = |
EOUt I
Qi= i Q
Heating number(MeV/collision) i
KERMA K(E) MCNP
H(E)=K(E) (2-15)
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Y (Photon)

(KERMA ) heating number

Hag (E) = 2 Py (E)*(E -

1
w N =

[
Heating number
PHITS
KERMA

KERMA

( PHITS-KERMA
PHITS

( MeV )

EOUt) (2'16)
ionization loss
KERMA
PHITS
) KERMA 5
ionization loss
Photon
KERMA
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3-1
IFMIF  HFTM Fig.3.1
Fig.3.2 Fig.3.2
Fig.3.1 125mA,40MeV 2
Li(d,xn) Li(d.xy)
FZK K
XZ 10=
M Delicious 9
Li (
) (5><20cm?)
HFTM  20>5>5(cm’)
Eurofer 6.24g/cm®
Eurofer 80 HFTM
table3.1 HFTM Eurofer
HFTM Medium
Flux Test Module(MFTM)
( )
Li Target Back Plate ( BP ) Li 20
><5cm? 0.18cm HFTM Eurofer
7.8g/cm?®
FZK
LA150
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Table 3.1

Reflector's Part Size(xxyxz), [ Volume] Density,
(cm) (cm’) | (gfom)
Top Plate 20%x10x15 3000 4.58
Bottom Plate 20x10x15 3000 4.58
Left Plate 10x25x%15 3750 7.02
Right Plate 10x25%15 3750 7.02
Rear Plate (MHTM) 20x5x10 1000 6.24
sum 145000
3-2
MCDelicious D-Li TTY
Fig.3.3 FZK 2002
FZK 18)
()2002 FZK (4-1
) XZ +10° ()
yz +10< ( )
3-3
3-3-1 PHITS
PHITS™ (Particle and Heavy
lon Transport Code System) PHITS ORNL NMTC
GeV JAM 20MeV
lkeV 1GeV MCNP4C
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PHITS (1)MCNP

( )
(2) QMD(Quantum Molecular Dynamics )
IFMIF  D-Li
3)
PHITS 19)20)
PHITS
3-3-2
PHITS 15)21)
PHITS HFTM
LA150
150MeV
3-3-3 PHITS
Fig.3.4  PHITS PHITS
(source) (materials)
(geometry)
Track, Heat Dpa
Track Track Length Flux
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Fig.3.1 HFTM

19



Dbenm-1

Db emn-2
Fig.3.2 3 (y
)

. . 0 degree
Q —— 20 degree
S g —— 40 degree
2 —— 60 degree
D —— 80 degree
= ol —— 100 degree]
S 3
—

=1

[¢B) L i
&£ 0.01f 5
[

o [

8 1E-3 E E
= E . | . . . . ]

0 10 20 30 40 50
Neutron Energy (MeV)
Fig.3.3 M°CDelicious ( TTY )

20



INPUT QUTPUT | Tallies

Vanous parameters \ Meutron, Photon flux
Source term Heating
T2 pHITS
Geometry / \ DPA
materials Gas Production
etc.

Fig.3.4 PHITS
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(HFTM)
FZK 2002 PHITS
HFTM
4-1 PHITS
4-1-1
I[FMIF 2 125mA,40MeV 3-2
( ) +10° +10= 2
HFTM
(Fig.4.1 )
+10< 250mA
+10 <= (125mA) F, -10°
(125mA) F, PHITS
[1/neutron]
F =F, (4.2)
250mA
F,+F =2F (4.3)
I4A] [sec] Na[1/sec]
N [V/sec] = 1.6><I;([)é]9[C] @D
FZK g 0.072
Ng><0.072><F,F;
4-1-2 FzZK
FZK HFTM
Fig.4.2 10 25MeV PHITS
FZK Table4.1
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HFTM  Lithium target Back Plate(BP)
DPA 10 FZK 10
Li
PHITS [FMIF

Table 4.1 Nuclear Parameter on HFTM

Parameter | Value(FZK work)| Value(present work)
Lithium Target Back Plate(BP)
Size 20x5x0.18cm’
Volume 18cm’
Material Eurofer(Fe-88.9%, Cr-9.6%, C-4.9%.,...)
Material Density 7.8g/ cm’
Average Neutron Flux 11.7x10"*n/em®/s | 14.1x10"*n/cm®/s
Average Neutron Energy 8.1MeV
Average Gamma-ray Flux 2.22x10"y/em®/s | 2.74x10"*y/ecm’/s
Average dpa-rate 54dpa/tpy
Total Heat Production 414W 505W
Average Heat Production Densit 23W/em’ 28W/cm3
High Flux Test Module(HFTM)
Size 20%x5%0.18cm3
Volume 500cm’
Material Eurofer(Fe-88.9%, Cr-9.6%, C-4.9%.,...)
Material Density 6.24g/cm’

Average Neutron Flux 5.86x10""n/cm*/s|  6.40x10'*n/cm’/s
Average Neutron Energy ™MeV eV
Average Gamma-ray Flux 2.33x 1014y/cm2/ s | 2.63x 1014y/ cm’/s

Average dpa-rate 29dpa/tpy 31dpa/fpy
Total Heat Production 7.0kW 7.5kW
Average Heat Production Densit) 14W/cm’ 15W/cm3

23




4-2

HFTM
z Fig.4.3
Fig.4.3
HFTM
HFTM
\V4 HFTM
3 DPA
0.5cm HFTM y
Fig4.4
Fig.4.5 Figd.6 DPA 3
z=0,2.5,5 2 Xy
27TW
2 HFTM
DPA
DPA
4-3
HFTM z (
) X,y
HFTM
lem 10
Fig.4.7
Table4.2
Fig.4.8
z w

lcm 10
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Table4.2

HFTM 18
Table 4.2
Retlector's Part Size(xxyxz), [ Volume] Density,|Heat Density] Heating,
cm cm3 g/cm3 W/em3 kW
Top Plate 20x10x15 3000 4.58 242 7.26
Bottom Plate 20x10x15 3000 4.58 1.72 5.16
Left Plate 10x25%15 3750 7.02 1.06 3.98
Right Plate 10x25%15 3750 7.02 1.06 3.97
Rear Plate (MHTM) 20x5x10 1000 6.24 5.66 5.66
HFTM 20>=<5x5 500 6.24| 17.8(+18%)[ 8.91(+18%)
%k
4-4 HFTM
4-4-1 Eurofer
Eurofer HFTM
Eurofer FZK 7.8(g/cm3) 80
100 50 10 0
Fig.4.8, Fig.4.9 Table4.3
Table4.3
[Heat(W) |
density 100% 90% 80% 70% 60% 50% 0%
total 991 8.73 7.56 6.41 5.29 42 0
neutron 401 3.68 3.33 2.98 2.6 2.21 0
photon 5.9 5.05 4.23 3.43 2.69 1.99 0
[ flux (n/cm2/s) |
density 100% 90% 80% 70% 60% 50% 0%
neutron 6.49E+14 6.46E+14 6.42E+14 6.38E+14 6.35E+14 6.30E+14 6.08E+14
photon 3.07E+14 2.87E+14 2.65E+14 2.42E+14 2.16E+14 1.86E+14 1.595E+13
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Fig.4.8 Fig.4.9 v

Fe 20MeV
7cm HFTM 5cm
HFTM
Y
photon Fe
Table4.3
table
Y
( Eurofer)
4-4-2
Li
Li
D-Li
Fig.4.10
Bp 0.5
Li ) FZK
Li
HFTM
D-Li
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5-1 KERMA
PHITS
PHITS 2
PHITS-KERMA(2 ) KERMA
KERMA
HFTM X,¥,Z
KERMA
5-1-1
HFTM
z ( )
MC®Delicious Eurofer
LA150 ()
Fig.5.1 1mm
PHITS-KERMA
IFMIF 1mm
5-1-2
HFTM  crosssection  200x 50(mm?) z
10mm 5 Imm 3
Fig.5.2 PHITS PHITS-KERMA
KERMA
KERMA
IFMIF (

7MeV) (Imm ) KERMA
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IFMIF
KERMA

5-1-3
IFMIF-HFTM

)
HFTM

5mm

Imm,5mm
IFMIF  HFTM
5-2
JENDL/HE-2004
Tableb.1
HFTM
Fig.5.5

heating number

z ( ) X,y (
Fig.5.3
5mm Imm
Imm
5mm
2
Y
KERMA
HFTM
LA150 NRG2003
HFTM
Fig.5.4
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LA150 JENDL/HE-2004
2 Fig.5.5
20 50MeV
3
20MeV Total heating number
50
( )
Tableb.1

nuclear datalibrary LA150 |JENDL-HE/2004 |NRG2003

total heating(kW) 7.6 11.2 8.4

neutron heating(kW) 34 6.7 4.4

photon heating(kW) 4.2 4.5 4

Ratio LA150 to 1 1.47 1.1
5-3

5-3-1

FZK Eurofer
IFMIF
Eurofer
Tableb.2
Fe 3
Table 5.2

atom C Si \Y Fe Nb W Pb
density(g/cm3 2.25 2.34 5.8 7.86 8.56 19.1 11.34
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Fe

LA150

Fig.

5.8

(ny )

LA150

Heating Number

5-3-2

Table5.4

Eurofer, F82H
VA4Ti4Cr

HFTM

HFTM
LA150

Fig.5.6

Eurofer
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Pb
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Table5.3
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Table 5.3

material (Density)|Cr W Vv Ta C S Mn |B N Ti Ni
F82H (7.53) 8.16] 194/ 0.2 0.092] 0.1} 0.1 0.13[4E-04] 0.001] 0.00] 0.01
Eurofer (7.8) 8.9 5
SUS304 (7.9) 18 20 1 2 8 11
material Cr Ti S Al Y C @) N H
VATIACr (5.77) 3.96] 399 0.46] 0.49] 0.2] 0.017] 0.029( 0.013] 0.004
SIC (2.33) ClSS =1 13

Table 5.4

material Eurofer [F82H |VATi4Cr |SUS304 |[SIC

Total heating(kV! 9.94 9.50 9.70 10.70] 6.10

neutron(kW) 4.05 3.93 6.33 471 5.48

photon(kW) 5.89 5.57 3.37 6] 0.62

Eurofer,F82H,V4Ti,Cr,SUS304 4 SiC

Fe

5-4-1
IFMIF

40

Fe

D-Li

39

SiC
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