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Overview of the ITER TBM program
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Abstract  The tritium breeding blanket (TBB) technology is one of the key technologies to be solved and also one
of three major issues in the development of fusion reactor in the future. The international thermonuclear experimental
reactor (ITER) will be the first nuclear fusion experimental reactor in the world whilst ITER test blanket module
(TBM) program is the only way to test and validate the tritium breeding blanket technologies under a real fusion
environment at present. The successful implementation of ITER TBM program will provide a solid scientific and
engineering foundation for fusion energy development. This paper briefly introduces the content, necessity, strategy,
organizing and implementation of ITER TBM program, and summarizes the development status and achievement of
test blanket system (TBS) made by the participants of ITER members. Prospects of the TBS research activities for the
next phase and subsequent research focuses are presented. It is expected to provide valuable references for tritium
breeding blanket design and development of China fusion engineering test reactor (CFETR), as well as the
development of the TBB technologies.
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Table 1 The concepts of the ITER TBM program
ITER AT W& e LS
ITER member Conception Type Characteristic
H Helium-Cooled Ceramic ~ Z/A&[H & ST BEIRIR A TR 70 Tk BB g A 48 e 71
China Breeder (HCCB) TBM Helium-cooled  Coolant: helium, multiplier: Be pebbles, breeder: Li,SiO, pebbles
solid breeder
WK Helium-Cooled ERGES RV AN BERAR R 7 R 77 Rk R AR R B D S R
European Pebble-Bed (HCPB) TBM  Helium-cooled ~ Coolant: helium, multiplier: Be pebbles, breeder: Li,SiO, or
Union solid breeder Li,TiO, pebbles
Helium-Cooled Lithium — ZUA 44 ST WS B T T A S AT T SR
Lead (HCLL) TBM Helium-cooled Coolant: helium, multiplier/breeder: Pb-16Li
lithium lead
H A Water-Cooled Ceramic IR [ 2 IKAH B ERR N T 37, kR A N A B 5 7
Japan Breeder (WCCB) TBM Water-cooled Coolant: H,O, multiplier: Be pebbles, breeder: Li,TiO, pebbles
ceramic breeder
L] Helium-Cooled Ceramic /A& [H 7 ZRA D FEROR A G A BRER A A TG B A, A SR R
Korea Reflector (HCCR) TBM Helium-cooled  Coolant: helium, multiplier: Be pebbles, breeder: Li,TiO, pebbles,
solid breeder reflector: graphite
El Lithium-Lead Ceramic R FRAH WS, M B hE 77
India Breeder (LLCB) TBM Lithium lead Coolant: helium, multiplier: Pb-16Li, breeder: Pb-16Li & Li,TiO,
ceramic breeder  pebbles
&2 TBMBEOVIERESR
Table 2 The arrangement on the initial port allocation for TBM
WH RS ZlM& KR LEds)
Port cell ITER member Conception Type Characteristic
165 K WCLL TBM IRV HA TRV WA DA - 7R R G B 7
#16 European Union Water-cooled Coolant: H,O, multiplier/breeder: Pb-16Li
lithium lead
¥ B & e Helium-Cooled Solid &7 [ TN IR R 51
European Union & Breeder (HCSB) TBM* Helium-cooled Coolant: helium, multiplier: Be pebbles
Korea solid breeder
1855 HCCB TBM AR VRV EN BRI O b 7 1 77 , Ak R A S 1 5 77
#18 China Helium-cooled Coolant: helium, multiplier: Be pebbles, breeder:
solid breeder Li,SiO, pebbles
EES WCCB TBM Ik KA SRR o T, KRR )
Japan Water-cooled Coolant: H,0, multiplier: Be pebbles, breeder:

ceramic breeder

Li, TiO, pebbles

T * B G5E GE TBM, H AT A & SR T &

Note: * HCSB is jointly procured by European Union and Korea, but now it has not yet been decided which concept could be adopted
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I BRI I TTER TBM A5 B R C 2 ) 4 Bh
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Port #16
TBS-1: WCLL TBS
TBS-2: HCSB TBS

Port #18
TBS-3: WCCB TBS
TBS-4: HCCB TBS

1 TBS7EITER 3B A& E

Fig.1 Overall view of the four TBSs located in various rooms
of the Tokamak
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BT 1EIE 4T I LI E 1) TBM KA 58304 o
BARHEE 2 HE W 3 B s . MR ITER 2% B 84k ia
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Phase Delivery
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Fig.3 The schedule of the ITER TBM program
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5 2% 5 B Eh w1 O, 350 A W 1 AR & Al B
WA PTG R AT HEFES UL ES 5T,
BARA L Sy 75 it — e, it %, TBM
HE 2%/Dummy TBM. & i 7k M & 4 Bh % 2% %0
TBM Port Cell 4£47 T B = # 7> 5 % TBS #& {4 3t f&F
FEAR—F TBM A E iy T H T T 2027 558 il fix
KV PE , 2034 A AT ITER BLig ; 46 T
7 P AE ITER & 5UA [ 48 = 5 b5 18], ¥ AE 2023
SEVIZEATITER Bl .
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6.1 HCCB TBM(H[EFE)

FE F 2003 £ I 452 5 ITER TBM #H K75
01,2009 “E#f & UL HCCB TBM 1E A #%.[E 2 5 ITER
TBM i1 R 1 2 il M &, 3£ T 2014 4-47] 5 ITER 4421
ZEVT T O S T A5 B B A SE A AL 2 R G HE DML
(CN HCCB TBS TBMA) . 2015 4 , 1 [§ HCCB
TBS 5 M & ¥ v IR 38 i ITER 4H 208 & % 11
PEE . HAET,HCCB TBS #1125 it B3 A4k, o [
TBM It H M B\ IE 7& & & ¥ 2P & i Wl oF &
(Preliminary Design Workshop , PDRW) A 2% T/ , i
T F 2025 5 K 58 A B £ % 1F U B (Final Design
Review) .

HCCB TBM % i1 DAyl i 2= SO A )L IE
Fiek R (L1, S10,) B 88 BR PR Sy i 386 B 751 4 B Bk R
FHR TR ) RIS A B R AR IR (RAFMs) N
SERIMTRL s AR S5 W) N VA EE I AR AR 4544, B
4 TR BRI B2 AR R ) K A2 R s B
TR 2 — BE A HIR S B BRR L T A I ER
PR eSS M H .. HCCB TBM R ¥t £ E %
Hanp 4 fR 3 s

TELE MR R R J7 TH » [ P9 &% HCCB TBM JF
KT WA IR S5 KA R - i Tl o4 mE M BT T
R CLF-1 40 F0 i Hp [ R} 2% B A REA S0F 55 e T &
1) CLAM 4 , H Hii P45 i 16 45 44 A4 6L 35 & s T
5000 kg 2% (1) Tk A7, IEH 797 B TR E
TAE.

TE D Re MBI R 7 T, B R Tl 3 48 v T 4 3
FNER G T2, 58] 10 kg AT BE )T 24
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4 HCCB TBM 45# ¥ 11 (a) fil TBM T He 45 4 %11 (b))
Fig.4 Structure design of HCCB TBM (a) and structure design of HCCB TBM sub-module (b) ™

%3 HCCBTBM £Eigit&H
Table 3 Main design parameters of HCCB TBM

Z/X. Helium

5 —EE (First Wall, FW): 300 °C/~390 °C

T (sub-module): ~390 °C/500 °C

8 MPa

1.04 kg-s™

HAEETIREG T (A A 0.1%) Helium with 0.1% H,
= (Room Temperature, RT)/500 °C

17 Coolant
73 F1/H R Inlet/outlet temperature

J% 77 Pressure
Vi & Flow rate
PSS AE Purge gas

HEC/H R Inlet/outlet temperature

J£ 77 Pressure 0.3 MPa

JiL 2 Flow rate 3gs

RIS (RS Tritium breeder (single size) Li,Si0,/NEk Li,SiO, pebbles
Li-6 & & Li-6 enrichment 90%

7S [A ¥ Packing factor 62%

390~900 °C
4 /NBR Beryllium pebbles

I B3 [l Temperature range
HHF 195 (B8R ~)) Neutron multiplier (single size)

JAFEHT- Packing factor 62%

5 JE Vi Temperature range 300~650 °C

ZEFIF K] Structure material RAFM (CLAM or CLF-1)
I K R VFE Maximum allowable temperature 550 °C

P 5B R R K 255 kT 3 B R O R R
(Li,SiO)/NERAEF= 1225, 3@k 5 Bt 58 R i ik, H
Al H E HCCB TBM 1 = 2% F 45 il s 55 1 i) 4% 1
FEFR AR /IR, A 58 AR VIE TAE IETEF o

FEBETE I T, 56 T 00 E S 1 i, 7 7 TBM I
H BIBAIT & T b 72 BT A RG2S TR
AV PRAL 3 — 22440 T HCCB TBM [ %t
FLFEAH A L RIS FLEN A E RGBT 5 2
BEiE T2, i — P R G T2 8Kk, B,
HCCB TBM I 5 i SR A [ 4 .

B i T 2090, R T 5 B R ST OGS R A

(R i, EL 45 28— B A EN R L JEEAR 3 B 5T XL
JEETESE, AT T RSFRCI L K A A 1 5
TFRE T TBM /MEHURI - JF AR AR (1 )3E 5K,
TBM f e il it B9 7 Fe ke,

H#7, HCCB TBM 2 W& B AT | VZ I 7
Bl F0AFT AT 75 B B A A E 1R DR 7 B, 2 10 e Ak
2 BRSO A H R RSO E SR, 56
TR e B 3R AT, A ] G ARk FE sk A e e 55 i)
s ANAFAE SO 0 7K 5 3 5 A Bl 7 R 3G R R
LI RTRE , 22 A VA B s A SRR R 1AL
AR W TH /N, A R T2 = HCCB TBM 1 77 w14
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e o PR BTG T AR AR AR R RLER A1)
AL A A R S L2 B P R e . TR
BRI B TE A & T DATE AR R M AN [ 7 85 e 45 440 1%
TH, R4 2 AT LSRR (0 H R, B R T4
AR RATHE I 2 B

HCCB TBS W & CL¥ A T B #4 (1 4 R K e #%
2 ABATIAFAE — SR AR PR -

1) 85 84 R IE o AE 8 3T R B4 K,
RAFM N 7E TBM A% I 7 23R 15 45 Kk 04 ) fik o
(PMA/NPMA). HHi, CLF-1 X1 CLAM %X & £\ 52
BT AAE =  AH L T SE 1 DA K R IR T 2
B

D il T EMEHAEN . T HCCB TBM A
BT R ERFR A, i 5 T2,
HEXE LLTT R TCAASIN , i S v R bR o 25K, T T
JE KB IR TAE.

ERRFEA . BRIAR{E N HCCB TBM ff 3= E 1)
RE 4 i), HotE e A AR 1 2 (% HCCB TBM IE % Af
FEBATMRIE. HurW FERIEARE A ERIK MR8
(I R A7 AE KR AN 2, R ) A2 7E 4% B 25 1 T Bk
PR B B P T Ak - 2 25 B B

HOTBMIEITSH VRN & . NIIE TBM 5K
ISR B R AR, 75 7E R P T4 ORI SR
WS, W& TBM P b7l i 5 ae il il A
T IR ESIE 4T S50, IX S BN = T IE B RHER
6.2 WCCB TBM(HZA)

H 7 % F§ WCCB TBM %% 2 5 ITER TBM il
K. WCCB TBM Hi 56 ™5 43 ¥ &8 38 (1) 42 7] 3]
MR TR SRR VA E) AR AR S5 2H B, DL H AT R I
RAFM 9 (F82HD /E N 45 ¥ i1k}, e P 040 5 i 3G
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