n Reactor Technol

(459,761, 3 Credits)

Prof. Dr. Yong-Su Na
(32-206, Tel. 880-7204)




eactor Critical Is

lanket Concept 11, Tritium Fuel Dynami

. First Wall Loading, Impurity Effect, Radioac
9. Presentation |
ek 10. Blanket and Material Issues
eek 11-12. Types of Blanket in ITER and DEMO
eek 13. Plasma Facing Components

eek 14. Presentation 11l




ITER TBM

® TBMO| 7|22 ITER AFSES| TBWG(Test Blanket Working Group)E &5}0]
Zt =2 TBM A|dA=2lE dEStD, 2 A2l 7t Z7EE o5t HA
e[ A2,

® TBWGE ITER 20 ==0]| ITER & X|2| 37| equatorial port(#16,18,2)0]
2XE TBMe| S&F X Al& A=l Or#Est= A0l <y ZH Q.

(37h2| PortE 671 &7t=0| S+

* SUH ATt 2 Qi Ho=50| =AMg=Hs s TBM 72 &
ANEes L2 =2M TBM AHE 6712 S0|=0H 2oL,
AN TBM =Xt & & ZE FEHECH0| Oiet »e|7t O|F0{X|1 RS,

* TBWGE= =329 540| mef 5742 /7= 2/
57§ 2| Working Subgroups £11 %US.

- WSG1 : He-Cooled Ceramic Breeder

- WSG2 : Lithium Lead

- WSG3 : Water-Cooled Ceramic Breeder

- WSG4 : Liquid Lithium

- WSG5 : Molten Salt
 —————————————————————————




D B — r"_ » o v, l I v . N ‘—‘r— 2 {7: v, > l ‘ B
Merits and demerits of modeils
- WSGL1 : He-Cooled Ceramic Breeder
- WSG2 : Lithium Lead
- WSG3 : Water-Cooled Ceramic Breeder
- WSG4 : Liquid Lithium
- WSG5 : Molten Salt
IHA SEI HHA S
WSG1 WSG3 WSG2 WSG4 WSG5
JEH MEE e HE =3 oe L2 0j e
HEFL 2 o = o= == olg{= ==
M54 AE 25 25 e g 0 42
A5+A S4HIE S S = = Lo
A2 SO
T ool m ool m Do e e
=) HXH LS | E-Q- LS | E-Q- ERHAE o) ol o TBD
E-Q- =)
>
= Al = o) 0 o) o - Shail
SMI| == 30-90% 30-90% 90% 90% 6
=M = =
ZAITY ms
SAMI T o= o= N/A N/A N/A
HAHE H7| & = = HE e A=




» aasds | { g @ i — { =
Merits and demerits of models
- WSGL : He-Cooled Ceramic Breeder
- WSG2 : Lithium Lead
- WSG3 : Water-Cooled Ceramic Breeder
- WSG4 : Liquid Lithium
- WSGS5 : Molten Salt
oMY g UK S
WSG1 WSG3 WSG2 WSG4 WSG5
AFEFT| 3-4H 3-4H AEY7ts A 7ts A 7ts
TER 24 g 25 e e 02 42
MHDO]| 2|t 2= 25t N/A N/A ore. HE 7S E=)
OHx-" ELIxH §|E
I N/A N/A oz oz o2
X B
HH SAX g N/A N/A g 5 s

Eugr| 4

Suety| A7 =5
2| EN2rE | 25N e
LE |2+ LE |2t Sx ax Sxy
xnec SER2% ol 82k . . "
: o sig2s | sigex | dgec
(900 °Q) (900 °Q)
(0: o= as e as e
2= =TT =TT 7|.i 7|.i 7|.i
S) S) ) j



TBM concepts of ITER parties
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TBM concepts of ITER parties
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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 . . .
Breeding Zone (BZ) . BOT with BOT with |BIT (Breeder BOT with
) ) Tube (BOT) |IBOT 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 Hx D (mm) ~700 ~600 ~600 1/4 port
1/4 port 100mm
frame)
Power deposition 760 kW 950 kw 1162 kW 1088 kW 446 kKW 330 kW 1455 kW
Tritium production 1.08 0.98
1.18 1.16 0.92 2.93
(peak) (ug/s) (TM module) | (TM module)
BZ(CB+BE+Refl) 8.1 cm 6.4 cm
. 29 cm 40 cm 50 40 cm 9(2/3/4) cm
thickness (total) (total)
. To Be
He pressure drop in 0.008/0.0014 .
~0.29 ~0.3 ~0.1 ~0.1 ~0.1 Determined
TBM (MPa) (FW/BZz)
(TBD)

(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 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
Conductivity
TBD, base
L <0.1
condition is )
microS/cm
10-100 Pa H,O: Dew )
) Dis. H, =
. H20 point -70°C
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:
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

: I Li4SiO4 - - I I - A
Ceramic Breeder Li,SiO, . Li,TiO4 Li,TiO4 Li,Sio,  |Li,SIiO,/Li,TiO4 Li4SiO4

(Li, TiOg)
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 EU JA JA RF usS KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB>* HCSB
Material Be Be Be/BeTi Be/BeTi Be Be Be
SS PB or
Typology BN PB SS PB SS PB SN (Is:gnary) 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 TRl 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 EU JA JA RF usS 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 He / 0.6 g/s He/
. . 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
i 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)




Solld type tritium barriers

TBM Parameters EU JA JA RF us KO
Label HCSB HCPB (a) HCSB WCSB CHC HCCB* HCSB
Alumina Alumina
Al,O; layer ) ) . )
o ) with primer|with primer
Composition and TiC or none TBD
. . on purge on purge
TiN coating ) )
gas side (b)|gas side (b)
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Solid type TBM

First wall Cap

i Manifolds

Support

Purge gas
Pipes

Exploded 3D View of CH HCSB
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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):
1270 (tor) x 740 (pol)
He Loop x 600 (rad)

FV‘,{' /-
F Breeder Unit

Exploded 3D View of EU HCPB TBM

Schematic View of
EU HCPB Breeder Unit
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Solid type TBM

Slot

3rd Multiplie
Layer

Side Wall

Key 7 8 9 10
Flexible

Support 1-casing: 2-breeder: 3-mulfiplier; 4-attachment elements for TBZ: 5-rod:

6-threaded bush: 7-pin: 8-spherical hinge: 9-bushing with hexagon socket

Coolant head: 10-cooling channel of casing

Inlet Tube

3D View of RF CHC TBM

Instrumentation
Wire Tube

3D View of JA WCSB TBM
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Solid type TBM

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 Hx D (m) X0.476 X0.476 X0.626 x0.413 x0.015 x0.443
Liquid breeder volume
; 0.244 0.285 0.292 0.28 0.022 <0.028
in TBM (m?3)
Compare to DEMO o o Nearly o o
) ) 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 ) 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
—
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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 i _ N/A N/A
or SIiC{/SiC
CaO, AIN,
MHD insulation N/A N/A N/7A N/7A Er,03,Y,05 N/A
multi-layers
. ) Natural Natural
Tritium barrier Al,O4 Al,O4 ) . N/A N/A
oxide/Al,O4 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, ave/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/m?)
Neutron wall loading

0.78 peak | 0.78 peak | 0.78 peak | 0.78 peak | 0.78 peak | 0.78 peak
MW/m?2)

(—




-
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 e 360/419 350-550 300/338
°O) (He) (He) (He) Li @<0.5 (He)
MPa
He coolant operating
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
o) 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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CH CH EU us RF KOR
Li self-
Label DLL SLL HCLL DCLL HCML
cooled
. 250-450/
Breeder inlet/outlet (°C) 480/700 ~/450 3007480 360/470* 338/393
350-550
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 (%0) 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
“ type SP1
Attachments
“T type SP2
Shear Key
Support and
measure access
pol. He header
He mainfold

L
rad.

3D View of CH DLL TBM

Corver

Stiffening grid
Breeder unit

Ph-17L1 distribution
Back plate 1
FPh-17Liinternal pipes
Back plate 2

Back plate 3
Back plate 4

P

Ph-17Liinlet pipe+manifold

Vertical key way
He inlet pipe

Honzontal ke v way

Stiffening rod bolt
He inlet pipe
Ph-17Li outlet pipe+raanifold

Stiffening od
First wall

Exploded View of EU HCLL TBM
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Liquid type TBM

He Inlet/Outlet

Center Divider Top Plate Pipe Assembly

First Wall Plate Assembly Assembly

Assembly

Bottom Plate Outer Back Plate Pb-Li Inlet/Outlet
Assembly Assembly Pipe Assembly

US DCLL TBM Sub-assemblies

Top Plate

First Wall

" Inner Back Plate

QOuter Back Plate

\\ He Inlet/Outlet

Concentric Pipe
Pb-Li Inlet Pipe

Bottom Plate _~ Pb-Li Outlet Pipe

_Pb-Li Inlet
Manifold

2D Schematics of Pb-17Li Circuit

in the US DCLL TBM
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