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Merits and demerits of models

- WSG1 : He-Cooled Ceramic Breeder
- WSG2 : Lithium Lead
- WSG3 : Water-Cooled Ceramic Breeder
- WSG4 : Liquid Lithium
- WSG5 : Molten Salt
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Merits and demerits of models
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TBM concepts of ITER parties

o Lt 20| 2= &7t=0] 271 0|2 =&ZS AS57| flet A=l
7HX 2 U=,
2 7t TBM 7H 2E = A7
Solid Helium Cooled Solid Breeder CLAM Li,SiO,
s = o Dual Cooled Lithium Lead or ,
Liquid , o CLAM PbLi
Quasi-Static Lithium Lead
fU Solid Helium Cooled Pebble Bed EUROFER Li,SiO, (Li,TiO3)
Liquid Helium Cooled Lithium Lead EUROFER Pb-17Li
_ Water Cooled Solid Breeder -
Solid _ _ F82H Li,TiO;
Helium Cooled Solid Breeder
2= Li Self Cooled w/o Be*
Liquid Dual Cooled Lithium Lead*
Flibe Self Cooled*
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TBM concepts of ITER parties
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Solid Ceramic Helium Cooled FS 9CrMoVNDb Li,SiO,
2 Al Of

Liquid Lithium Self Cooled V-Cr-Ti Li

o = Solid Helium Cooled Ceramic Breeder* F82H Li,SiO, (Li,TiOy)
Liquid Dual Cooled Lithium Lead F82H Pb-17Li
Solid Helium Cooled Ceramic Breeder LAFM Li,SiO, (Li,TiO;y)

oL - LAFM _
Liquid _ Pb-17Li

(Li-V)

s 2 Solid Helium Cooled Solid Breeder ** LAFM Li,SiO,

o
Liquid Helium Cooled Molten Lithium LAFM Li
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TBM concepts of Korea
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Solid type: Common principles

TBM Parameters CH EU JA JA RF us KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB* HCSB
) Breeder Out i ) .
Breeding Zone (BZ) i BOT with BOT with |BIT (Breeder BOT with
) ) Tube (BOT) [BOT with BUs BOT
configuration ) parallel beds|parallel beds| In Tube) parallel beds
with Cells
910x1490x
. . 664 x890 x 495
TBM dimension 1270x740x | 1290x760x | 530x1740x [510x840x750 ) )
~630 402x710x600| (version with
W x H x D (mm) ~700 ~600 ~600 1/4 port
1/4 port 100mm
frame)
Power deposition 760 kW 950 kW 1162 kW 1088 kW 446 kW 330 kW 1455 kW
Tritium production 1.08 0.98
1.18 1.16 0.92 2.93
(peak) (Mg/s) (TM module) | (TM module)
BZ(CB+BE+Refl) 29 cm 40 cm 8.1 cm 6.4 cm 50 40 cm 9(2/3/4) cm
thickness (total) (total)
He pressure drop in 0.008/0.0014
~0.29 ~0.3 ~0.1 ~0.1 ~0.1 TBD

TBM (MPa)

(FW/BZ)

(a) The data refer to the EU PI-TBM.
(b) Basic technology is established. now under irradiation test
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Solid type: Structural material

TBM Parameters CH EU JA JA RF us KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB* HCSB
. Ferritic steel
Material EUROFER EUROFER F82H F82H RAFS LAFM
9CrMoVNb
Operational temp. | 300-550°C | 300-550°C | 280-550°C | 280-550°C | 300-550°C | 300-550°C | 300-550°C




Solid type: Coolant

TBM Parameters CH EU JA JA RF us KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB* HCSB
Coolant medium He He He P. Water He He He
Pressure 8 MPa 8 MPa 8 MPa 15 MPa 8 MPa 8 MPa 8 MPa
Operational temp. | 300-500°C | 300-500°C | 300-500°C | 280-325°C | 300-500°C | 300-500°C | 300-500°C
He velocity in
69/18 85/35 35/14 19/7 TBD 29/10
FW/BZ (m/s) / / / / /
pH= 6 8
Conductivit
TBD, base v
- ) <0.1
condition is )
microS/cm
10-100 Pa H,O: Dew )
H20 point -700C | D% M2 =
Chemical 25 35 cc/kg
. TBD 100-500 Pa | O,: 0.1vpm ) TBD TBD TBD
composition dis. O, <
H2 H,: 10vpm
0.1 ppm
other < TBD | N,: 0.5vpm cl <
CO, etc:
2 0.001 ppm
10vpm .
Mineral <
0.005 ppm
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Solid type: Ceramic breeder

TBM Parameters CH EU JA JA RF us KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB* HCSB

: - Li4SiO4 - - - - - .
Ceramic Breeder Li,SiO, . Li,TiO5 Li,TiO5 Li,Si0,  |Li,SiO,/Li,TiO5 Li4SiO4

(Li,TiO5)
Li-6 enrichment (%) 80 40-90 ~90 ~90 30-90 40-70 40
Single Size
Typology Pebble Bed SS PB SS PB SS PB PB ? SS PB SS PB
(SS PB)
Operational temp. [ 400-950°C | 450-920°C | 280-900°C | 280-900°C [ 400-1000°C [ 450-920°C |450-900 °C




Solid type: Neutron multiplier

TBM Parameters CH EU JA JA RF us KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB* HCSB
Material Be Be Be/BeTi Be/BeTi Be Be Be
. SS PB or
BN(Binary)
Typology PB SS PB SS PB BN PB Porous body SS PB SS PB
(TBD)
280-600°C
Operational temp. | 400-620°C | 450-600°C | 280-600°C (BeTi= 400-550°C | 450-600°C | 570-680°C
280-900°C)




Solid type: Neutron reflector

TBM Parameters CH EU JA JA RF us KO
Label HCSB HCPB (a) HCSB wcsB CHC HCCB* HCSB
Material N/A N/A N/A N/A N/A N/A Graphite
Typology N/A N/A N/A N/A N/A N/A TBD
Operational temp. N/A N/A N/A N/A N/A N/A 530-750°C




Solid type: Purge flow

TBM Parameters CH JA JA RF us KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB* HCSB
Fluid He He He He He (Ne) He He
Pressure (MPa) 0.12 0.11 0.11 0.11 0.12-0.15 0.1 TBD
Mass flow H . H
" whe/ | 0.6g/sHe/ TBD TBD
tritium generation | 0.1g/day T
) 10 cm/s
Max. velocity 25 cm/s 20 cm/s 0.5-2 cm/s | 0.5-2 cm/s TBD (TBD) TBD
) He:H,= H,:0-100 Pa |H,:0-100 Pa
Chemical 0-200 Pa H2
. 1000:1 others: TBD | others: TBD TBD 1000 ppm H, TBD
composition Others<TBD
others<TBD (parameter) | (parameter)




Solid type: Tritium barriers

TBM Parameters CH EU JA JA RF us KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB* HCSB
Alumina Alumina
Al,O; layer . : . .
" ) with primer|with primer
Composition and TiC or none TBD

TIN coating on purge | on purge

gas side (b)|gas side (b)

20




Solid type TBM

First wall S

Manifolds

Support

Purge gas
Pipes

Exploded 3D View of CH HCSB

Be Pebble Bed Ceramic

Pebble Bed  Cell Box

Purge gas
Manifold

He inlet

He outlet

Purge Gas
Pipe

Cooling Manifold

Schematic View of
CH HCSB Sub-module




 Solid type TBM

Grid Back Plate -

Manifolds Attachment
system

Cap

Dimensions (in mm):

FW
F 1270 (tor) x 740 (pol)

Breeder Unit He Loop X 600 (rad)

Exploded 3D View of EU HCPB TBM

Schematic View of
EU HCPB Breeder Unit
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Solid type TBM

Side Wall
K 1 2 3 4 2 7 8 9 10
ey

Flexible
Support

l-casing: 2-breeder: 3-multiplier; 4-attachment elements for TBZ: 5-rod:
6-threaded bush: 7-pin: 8-spherical hinge: 9-bushing with hexagon socket
head: 10-cooling channel of casing

Coolant
Inlet Tube

3D View of RF CHC TBM

Instrumentation
Wire Tube

3D View of JA WCSB TBM
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Solid type TBM

7o

KO HCSB TBM Concept




/ Liquid type

CH CH EU us RF KOR
Li self-
Label DLL SLL HCLL DCLL HCML
cooled
Structural material CLAM CLAM EUROFER F82H V-Cr-Ti RAFM
Breeder PbLi PbLi Pb-17Li Pb-17Li Li Li
Module dimension 0.626x1.832|0.626x1.832|0.626x1.838|0.645x1.864| 0.514x1.72 | 0.514x1.72
W x HxD (m) x0.476 x0.476 x0.626 x0.413 x0.015 x0.443
Liquid breeder volume
i 0.244 0.285 0.292 0.28 0.022 <0.028
in TBM (m?3)
Compare to DEMO e e Nearly . .
i ) Similar Similar ) ) Similar Similar Unknown
configuration identical
Power deposition (MW) 0.92 0.89 0.93 1.34 0.65 0.793
Neutron multiplier N/A N/A N/A N/A Be N/A
Neutron reflector
o i / N/A N/A N/A N/A WC Graphite
shielding material

*without reactor auxiliary heating system

** 12% divertor area excluded, average in steady state regime o
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' Liquid type

CH CH EU us RF KOR
Li self-
Label DLL SLL HCLL DCLL HCML
cooled
. . . Metallic FCI
Flow channel insert SiC/SiC N/A N/A ) ) N/A N/A
or SiC/SiC
CaO, AIN,
MHD insulation N/A N/A N/A N/A Er,05,Y,0;, N/A
multi-layers
. ) Natural Natural
Tritium barrier Al,O4 Al,O, N/A N/A

oxide/Al,O5 oxide

Key power conversion

loops
Primary helium X X X X N/A X
Liquid breeder X N/A N/A X X N/A
Intermediate loop Helium N/A N/A Helium Organic N/A
Water/steam X X X X X X

FW heat flux, avg/peak

0.3/0.5 0.3/0.5 0.25/0.5 0.3/0.5 0.27/0.5 0.3/0.5
(MW/HIZ) / / / / / /
tr wall | | 0.78 peak 0.78 peak 0.78 peak 0.78 peak 0.78 peak 0.78 peak
( W/ 2) .7 p .7 p .7 P .7 P .7 p .7 p

—



/ Liquid type

CH CH EU us RF KOR
Li self-
Label DLL SLL HCLL DCLL HCML
cooled
Primary coolant
parameters
250-450/
He inlet/outlet 340/420 340/420 300/410 360/419 350-550 300/338
(°C) (He) (He) (He) Li @<0.5 (He)
MPa
He coolant operatin
perating 8 8 8 8 N/A 8
pressure (MPa)
He velocity in FW/SP/CP
53/49 67/62 50.8 N/A 45
(m/s)
Tmax, FW @ 0.5 MW/m? 508.7 @
546 547 550 549 ~675
(°C) 0.3 MW/m?
Tmax, multiplier (°C) N/A N/A N/A N/A =560 N/A
Tmax, reflector/primary
_ N/A N/A N/A N/A 650 <900
shield (°C)
He pressure drop
_ 0.88 1.07 0.29 0.81 N/A TBD
in module (MPa)
Pumping power (kW) 331 508 83 ~342 3.5 kWe TBD

27
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Liquid type
CH CH EU us RF KOR
Li self-
Label DLL SLL HCLL DCLL HCML
cooled
) 250-450/
Breeder inlet/outlet (°C) 480/700 ~/450 300/480 360/470%* 350-550 338/393
Breeder pressure (MPa) 1 - <1 2 0.5 TBD
Breeder Tmax (°C) 700 480 543 500 550 TBD
Breeder/structural
material interface 434 478 520 <470 590 <500
Tmax (°C)
Mass flow rate (kg/s) 5.2 0.1~1 0.33 ~1.6 1.07 TBD
Breeder flow max velocity )
0.162 0.03 0.08 in BU 0.0975 0.5 <.001-.002
(m/s)
Breeder coolant
0.1 ? <0.8 0.302 <0.5 TBD
pressure drop (MPa)
TBR 0.44 0.46 0.43 0.741 ? 0.79
Li-6 enrichment (%) 90 90 90 90 90 TBD
Disruption impact ? ? ? ? ? ?

28
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Liquid type TBM

First wall Cover
rpSP LiPb header
Back plates
LiPb
SiC channel sub-pipe
inserts
LiPb mainfold
‘(_rl type S 1
Attachments
“P type SP2
Shear Key
Support and

measure access
pol.

L
rad.

3D View of CH DLL TBM

He header

He mainfold

Cover

Stiffening grid
Breeder unit

Pb-17Li distribution
Back plate 1
Pb-17Liintemal pipes
Back plate 2
Back plate 3
Back plate 4

Pb-17Liinlet pipe+manifold
Vertical key way

He inlet pipe

Honzontal key way

Stiffening rod bolt

He inlet pipe

Pb-17Li outlet pipe+rmanifold

Stiffening wd
First wall

Exploded View of EU HCLL TBM
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Concept of KO HCML TBM

3D View of RF LSC TBM



Liquid type TBM

» He Inl let
Center Divider Top Plate pi;"Aes'ﬁ,‘,‘,'bﬁy

First Wall Plate Assembly Assembly

Assembly

Positi
‘ /°;in°n Top Plate
First Wall L
Support Inner Back Plate
Key \
Outer Back Plate
\_He Inlet/Outlet
Concentric Pipe
\ Pb-Li Inlet Pipe
Bottom Plate Outer Back Plate Pb-Li Inlet/Outlet - Pb-Li Outlet Pipe

_Pb-Li Inlet
Manifold

US DCLL TBM Sub-assemblies
2D Schematics of Pb-17Li Circuit

in the US DCLL TBM

31




