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Abstract ,
Main themes in nuclear design of DT fusion reactors are radiation shielding design,

blanket nuclear design, induced radioactivity evaluation and irradiation damage evalua-
tion. Key subjects, design and evaluation methods, and typical design and evaluation ex-
amples are presented for every theme in this Chapter. In these explanations, it is empha-
sized that nuclear design plays an important role in reactor design and has an indispens-
able position in iteration for decision on reactor construction.
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Fig. 2.1 Overall view of ITER basic machine [1].
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‘Table 21 Design criteria in radiation shielding
[1 12] .
design
items criteria
" Superconductive magnet R
nuclear heating in winding pack 1-5 mW/cm
total nuclear heating in TFC 20 kw

Insulator dose )
displacement per atom in copper
neutron fluence in winding pack

50 MGy
1x1072 dpa
1x10'° n/cm®

Radiation damage

He production in welding part 1 appm
Biological exposure

for workers in control area 25 -uSv/h

for public 100 uSvly

electromagnetic, structure, thermal
and hydrodynamic analyses

[ selection of materials for vacuum vessel,

blanket and first wall, and .
arrangement of these component structures

— —shielding design-— —————— —f
modeling for transport calculation
-estimation of neutron source intensity

neutron and gamma-ray
transport cross section set
FUSION~J3, FUSION-40;
ISSTDL, FSXLIB-J3

neutron and gamma-ray transport calculation
(ANISN, DOT3.5, MCNP, MORSE)

. G\eutron and gamma-ray flux distributio@

KERMA factor set,
dpa cross section set,
He and H production
gcross section set

nuclear response calculation
nuclear heating rate, absorbed dose rate,
dpa, He and H production rates

Y

|

|

|

|
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|
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{In the case of superconductive magnet ) |
nuclear heating rate in winding pack, |
insulator dose rate, ' |
|

|

|

!

I

!

I

I

|

I

copper displacement per atom,
fast neutron fluence

" No
uclear responses < design criteria

Yes

decision of materials for vacuum vessel,
blanket and first wall, and
arrangement of these component structures

Fig. 2.2 Radiation shielding design flow chart.
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Fig. 2.3 Total neutron flux distribution in upper half
poloidal cross section of ITER calculated
by 2D-RZ model with DOT3.5 code [19].
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. 2.4 Skyshine gamma-ray dose rate distribution

in the environment around the reactor
building with one segment hung in the
room from the ceiling one day after shut
down (unit in uSv/y) [gamma-ray source in-
tensity is 6.44 X 10"7y/s for the first wall
neutron fluence of 3MWa/m?] [21].
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Fig. 2.5 Total neutron flux contour for the NBI duct
with gaps during reactor operation at an
average neutron first wall loading of
1MW/m? [23].
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Decision of the combination and the
arrangement of the blanket materials

Fig. 2.6 Blanket nuclear design procedure.
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Fig. 213 Time evolutions in induced activities of
nuclides per unit fusion power after one
year continuous operation in the steady
state tokamak power reactor SSTR [24] .
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Fig. 214 Displacement per atom distributions in
stainless steel and copper after
3MWa/m? operation on the mid-plane of
the ITER-CDA by a one dimensional mod-
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AR DELAR

FREFIR ¢ T EA TR & BLA R EAE T

' A% (n/cm?s).

HT8BE : A< ObF) DHALRRE % AL
e L2383 2 B 3L (/cm’s).

B—BEhMF AR  ERBEMATEA Y 2 0 AN
§ % 14MeV T OE % BRI 27 b
DB AN F—THRE L 72/E MW/m?).

REFIIVID R plEFREMEEZ EO LN
72 W RIS B8 5 8% (n/cm?).

BRERE T BIOF vl WEOHENE

1001

2. BEEHIZBT G

A, B
FICEWR AT B 8T AV F— (W/emd).
BEMEHR(KERMA 77 7 4 —) : T B L O

i REWE OB WREAET S8
IANF -l RBEIUT Vv BEROR
BOBRTELEE (-cm?).

RIERE : WHE kg 2RI T 5 AV F— () =
Z DY kg DBFEEIE (Gy).

HEHUBE B L oM EEH THRFETH
KEkEZTAHZLIZEBAEETEF YYD
&l LT &R (dpa: dlsplacement per
atom).

FEMHEE  PHT EWEHORIB TER IR
TR EA R I HET 5% (Bq,
IHEALTIX C) .

BEYE : 2&Alke U720 ORPGRE ISR ERE
DEFeE R, ZRAVF-—RHORET
BIOHEER 1D LOBEMN 1 ok F1X10, %
DO BN T1320, BEFHETIE2.3, =4
V=D L RPETFIZOVTEEL AN
F—IHLTEDON-H] 2FU/-HE
(Sv). ‘

AbhU—23
ﬁﬁﬁﬁﬁb JEPR X D RIS

F5H%.

Zﬁ(/#(/ ﬁﬁ#%ﬁméh#ﬁ%ﬁﬁk
RICBHFHEL SN T ELoBEYER
252 581%.

MU Fy LHEGER (TBR) @ DT BRL& RS T4
BEN-HEF 1S CEESRS MY
Fo AOMB (10 DT KIS Tk 1EO b
U F o AHHEE SN TUEO R A3 E K
nN5DT, BEY A 2 VoL S TBR X
1UERETHS.)

PEFROBRER  BEITHETF R e 12BD
5 BHE (cm) 2B, AKX TRRHPETE
B31/2~1/eis "B T L HME % HICHE
ELLTHALTYS.
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