ZAN—RBRICBEA SN SR HYH R
| 5 D IGT 1% A PR %18 O 5 15 5 il

Characterization of radioactive nuclides

generated from impurity seeding gases for
divertor radiative cooling in fusion DEMO

[FRIFERET SRR F — LA
Joint Special Design Team for Fusion DEMO

EIMRREREIEAN &7 RPN TR KRS

National Institutes for
Quantum and Radiological Science and Technology







KA X—Z R E A S D AR
H A e O e ME AR B FE O R E LA

IR R A R — 4

gets R FHA Rk

SERR 30 A5 10 H



B4 23— 5 IS S 2% AR A . 3D B R R O e AT

JR AR R G AR T — L

e L THAE Tk

BZR G JRAYF CIE A A AN — ZEBICE T T 2B AM AT 5720, A7 2 (Ne,
Ar, Kr, Xe %) OEAZBEFT L TWD0, FFNTOHRMEFREICE D 2o b
D LY — A H — DL ) BT e EOREIC 72 D ATREME DN B D AR T,
F BT D T L B T A AN B i S U721 = R L X — R - B RE A5 = — 1 (DCHAIN-SP)
Z T, A RBUR OIEER S 2 48 LM T A 0 & AR S 3 D U PR O
% T LT, BETOFER, Ne 20 B4R S5 R IC B WL, 224 BRI L 72
DB RBIREEICE L2V, Ar iI2 oW T, AN FREE B2 LD Za EEE 72
% Ar—39 CEIEIY : 269 4F) O3Bl R 28T 5 0E N H 5, —77.
Kr, Xe (Z2W UL, R SN2 BURTEARUEEREN 2 < | B S 2 B FRITIR EE R L 2
252 M6, Ke O FRFIC X B R O il [RSCIEN - AR 2 O xR 2 5 34223 &
%o Xe IZOWTIE, FIHEIZ X o TRRHF Z I Lo < DRSO @ O U R
(2 URFRNLR, BT ARMER E) BAERSNDMHEANH V@A 3T 5 & Th
D,



Characterization of radioactive nuclides generated from impurity seeding
gases for divertor radiative cooling in fusion DEMO

Joint Special Design Team for Fusion DEMO

Youji Someya, Kazuhiro Tanji

Impurity gases such as Ne, Ar, Kr or Xe are injected to the main chamber of a fusion reactor to
reduce the heat load to the divertor plate. Part of these noble gases are activated in the divertor
area and can potentially be a risk of mobilization and release to the environment in case of an
accident. This paper describes the assessment of the radioactive nuclides generated from the
impurity gases. In the assessment, the neutron energy spectrum calculated from a three-
dimensional MCNP-5 model is used to determine the induced radioactivity of the gases using a
DCHAIN-SP code with the nuclear library FENDL/A-2. It is found that under practical irradiation
condition, Ne and Ar can be used as impurity gases without a safety constraint. When using Kr, it
is necessary to limit the irradiation time in the vacuum vessel, and/or take measures for radioactive
decay by the recovery and storage of used activated gases. Xe is not recommended to use as an
impurity gas for divertor radiative cooling because of toxic nuclides production.
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2 0-19 J0E+I0 MNa—24 25E-06 C-14 1.1E-06 C-14 1.1E-06 C-14 11E-06
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10 K-42 1.1E-03 K—42 3a6E-03 K—42 GoE-03 K-42 1.4E-02




3.3 7V by (Kr) HSROBURMARBRE
Kr & KIKEE (Kr-78(0. 36%) . Kr—-80(2.29%) . Kr-82(11.59%) ., Kr-83(11.50%) ., Kr-
84(56.99%) . Kr-86(17.28%)) A A > 7> FEME L, BT K0 AR S 1 5 B2 A 2R
Ref] & 210k 3-5 (ZEAREM AR 10 B5FR) 1R, I BIT, F A — XIS
L] (RATRER]) % 100 #0172, 1 Refdfe. 8 Fefifc. | Hik, 1 EM%Z (T B, 1 Ak
(30 Hf%) . 3 A% (90 A%, P45 (0.5 44%) ., 1 14 L LT-RED Kr OB A Rl E
(PERCE AN ALY 72 10 ) 23K 3-6 [T T,

2 3-5 1 ARt O Kr B3k D FicH A= ok Fil

E@E’J%f;% i BERNE Tﬁggj‘%ﬁf? ﬁ@%ﬁ%g_fggﬁi% - BEEHE 7&;35‘ _ﬁ i% - BEEHE Tﬁi;;i%@#

Mo A= BRI TEri=RE TRedmlE BEE=ES
i (By/ec) g (Bu/ec) g (Bo/ec) iz (Br/fec) g (By/ec)
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2 Kr—83m 6 7E+02 K.r—79 238E+01 Kr—79 16E+00 Rb—26 23E-01 Se—73 26E-02
3 Kr—81m 1 7E+02 Kr—83m 1.6E+01 Rb—86 3 4E-01 Rb—54 22F-01 H-3 92FE-03
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1 Kr—85 28E+ Kr—85 2BE+01 Kr—85 1.8E+01 kr—83 A.1E+00 Kr—85 1 4E+00
2 H-3 4 7E-03 H-3 42E-03 H-3 3.2E-03 Fr—81 1.68E-03 Fr—81 16E-03
3 K81 16E-03 K81 16E-03 K21 16E-03 H-3 1.0E-03 H-3 J3E-04
4 Se—73 J7E-04 Se—73 3 4E-06 Se—79 1.5E-07 Se—79 1.5E-07 Se—79 1 5E-07
a Se—78 1507 Se—78 13E-07 Se—78 14E-10 Rb-87 40E-11 Rbh-87 40F-11
g Fb—83 6.1E-09 Rb—87 40E-11 Eb—87 40E-11 Y90 28E-16 ¥-80 18E-16
7 Kr—83m 9.0E-09 Eb—83 17E-11 Y50 46E-16 Sr00 289E-16 Sr-00 18E-16
2 Ge—73m 1 8E-09 Kr—83m 14E-11 Sr=80 46E-16 Ni-63 93E-19 MNi-63 81E-19
8 As—73 1.3E-09 Ge—73m 24E-12 Rb-83 72E-18 Br—82 48E-23 Br—82 49E-23
10 Sr-85 1 2E-00 As=T73 24E-12 Kr—23m SOE-18 Se—82 A8E-23 Se—32 49E-23
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1 Kr—81m 1 7E+02 Kr—83m 4 3E+02 Kr—83m 1.5E+03 Kr—83m 1.4E+03 Kr—83m 14E+03
2 Kr—83m 1 4E+01 Kr—81m 1.7E+02 Kr—29m 4 8E+02 Kr—29m 65E+02 Kr—839m A 7E+02
3 Kr—79m 9 5E+00 Kr=88m 9 6E+01 Kr=81m 17E+02 Kr—=81m 17E+02 Kr=81m 17E+02
4 K.r—803m 2 9E+00 Kr=79m 1.3E+01 Kr=79m 1.3E+01 Kr—79 17E+01 Kr—79 4 4E+01
] Er—79m 11E+00 Br—84m J5E+00 Kr=79 6EE+00 Kr=79m 1.3E+01 Kr=79m 1.3E+01
g Br—286 1 .0E+00 Er—24 2 4E+00 Br—83 45E+00 Br—383 J5E+00 Br—23 a5E+00
7 Er—84m 61E-01 Br—82m 2 4E+00 Br—24m 35E+00 Er—24m 3 5E+00 Br—g2 4 6E+00
2 Er—82m 41E-01 Br=77m 1.9E+00 Br—84 32E+00 Er—34 32E+00 Er—384m J5E+00
9 E—77m 25E-01 Er—78 1.5E+00 Kr=87 2 7E+00 Kr—87 2 8E+00 Br=77 J.3E+00
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B A = H GEIR T OBAFHEII DO 72 DIZFEA SN D R 7 A (Ne, Ar, Kr, Xe) Dfilcht
LR % 20 U, B SURREEY & L COBRBEMUINIRESS, 7 1 V& — 4B #% O FihH % [
KBEZE & L C DS IKA Z kit LTz, 35— 1 1024 13 B4~ & B AR Al o0 e i
BT,

Ne (ZOWTITHBIR MRS OIREEHR OBLR N DL ERE L R D REITEL RN &
DIy oTe, Ar (2 2V T, Ar-39 (CFIEH @ 269 ) 13 EBEEEY) OB R OBl
O LR L 72 573, AR (RSTIFRH]) 23835 Z LIk v RERELITICT S
ZEMNAEREE E X NS, — I, Kr, Xe lZOW T, B SN D AR REN S L L R
S NS FRITIRERE 2B 2 5, K DWW CIXPRETIF O/l R<CEIIY « PR ZE DX R % it
FTHERD D, Xe IZOWTIE, HEICL > TREFEZIEELLT < & FOBZHEO B

SHPERRE DS MR CAER S D T2 OB HITRET 5~ & Th 2,

7 5-1 AT A (Ne. Ar, Kr, Xe) HRDHUIITEA BT O R
A#iYy | BELEEBRIT XXM - Ji67 /4]
IR (R RH X

C-14 (5700 4F) AR SN A O S I ELRERMEETH Y L 1
Ne Na—22 (2.6027 4F) FERI ORI T HK 1 B DB EIIR 2% O

Na—-24 (14.997 FEEfH) U, A BRI e DRI,

Ar DRINAEEFREN AR S5, Ar-39 1% 1B L

Ar-39 (269 4£) .

FORRSCHEEEIREE B 2 D, M AR

Ar-41 (109. 61 %y)

Ar ) PDEVWAICHFRZICHR T 2MERDH D, -, AN

C1-36 (3.01X10°4F)

S-35 1% 1 BRI LMK CIRERE 2B X, 34

S-35 (87.37 H)

D HIIRA 2R CEREE B S FTRRIC 72 B,
Kr OFINAEREN AR SN D, EIREIEEIZ K-

Sr-90 (28.9 ) 83m, Kr-85m 7% 9 % 58, Kr—85m 75 DT

Se-75 (119.79 H) Kr—85 73 ERk S5, IR Kr-85 1%, 1
Kr Kr-79 (35. 04 FERH) HUL O RS CHEEIRE A 2 5 DT, BRETHIR YA

Kr-85 (10. 752 4F) RIRETHNENRD S, £, [EUEL AL L

Rb-84 (32.82 H) TWBR, BOHIROREEHRRLET 0 EH

H)T7RuN,

1-129 (1.57 X 1074F) FIRIZAFHET D Xe DRI 9 5 & o> Rty

Cs—137 (30. 08 4F) HALEY %L ZOEOIT S L A S h
Xe 1-129 % T ORI HEERENRS O, Fio. b NORBSZMHEO ST X

Xe—125 2D Xe DRINAR | BENSEEARSNABEANRH 0, 6 HiLEET

Cs—137 ZD Cs DFRIK | B,
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