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Superconducting magnet technology
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Superconducting magnet technology
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Superconducting magnet technology
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1085.0 ' Ground wrap : 7.6 mm
>@ Coil Cross Section (Scale 2.0)
{ PF1 PF2 PF3 PF4
i T (20x9) (16 9) Bx9) 12 x9)
2306 | |
‘ ~
570.0| | o . g N
| S © =S 1]
‘ 2 o 3 ® 230.6
| & 2306
N &* ~ : | 230.6
Q i i ~ \ \
o g ! i 230.6 \.  See Detail B
:i ga ﬁ; i 1 o ee Detal
“18l2 i .| Coil Assembling 8 PES5 PF6 PE7
S L\ } with Vertical Offset (16 x 14) (16 x 8) (12 x6)
T ‘ i | (Thermal Contraction Compensation)
i |
p | { — — :E
o i ; ; o
AN | s oaE F
iR 158.8
‘ | Insulation between CS Coils 350.2 206.7
‘ |

Jacket 22.3 x 22.3

Turn insulation : 0.81 mm
(Kapton 0.05 x 2 + S-glass 0.1778 x 4)

Ground Wrap : 7.6 mm
(S-glass 0.254 x 30)




Superconducting magnet technology
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ITER conductor

Nb;Sn conductor
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vacuum vessel {

Weight/Secto
(350 ton)

Maximum
operation
temperature
(200°C)

, Assembly/
re-assembly
by remote handling

For ITER

Assembly Tolerance

(within + 5mm)

100%

X}/
"4

Mechanical strength
to support EM load
(100%})

'(

1

15 m height,
9 m width

Dimension
N (15m)

(100%)

Life time
(100%)

(100%) '

Remote welding/

cutting

For Demo Reactor

Assembly Tolerance
(within £ 5mm)

100%

Development
of electrical
insulation
structure
(100%)

Assembly/re-assembly
by remote handling
(100%)

Maximum operation temperature
(250°C)
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Divertor and high heat-flux component
technology

® ITER divertor requirements

- heat load: 5-20 MW/m?

— Coolant temperature: 100-150 °C
= Neutron influence: 0.1 MWa/m?

For ITER For Demo Reactor
Steady-state Heat Load Steady-state Heat Load
(5MW/m?) (5MW/m 2) Thermal
Transient Transient 1209, Fatigue
Heat Load Heat Loac!_’ Lifetime
(20 MW/m?) Thermal (20MW/m®) /7~ S, (38Q0cycles)

Fatigue
Lifetime
P00 cycles)

Safety Faciy Coolant  Safety Facty

for Burnout emperature  for Burnout mperature
1.3 100°C 1.3
(1.3) (100°C) (1.3) (300°0)
Neutron Load HW: 'tt) Neutron Load energy ]
(0.1MWa/m?) - unit: (10MWa /m?) generation

13
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Divertor Temperature (°C)
(Temperature of coolant)
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anket technology

D

1. Shield Blanket for ITER 2. Blanket for Power Reactor
(Tritium Breeding and Power Generation)
Double Layered Structure with Replaceable and Permanent Blankets

ITER Crosssection R&D Items: Development of a blanket structure capable of tritium
breeding and high heat generation for power generation,
under high heat load and neutron wall load

B Requirements and Structure

1) Withstand High Thermal Stress
2) Withstand High Electromagnetic Force
3) Provide High Shielding Capability

Coaling Water(Outlet)
Copper Alloy for Heating Surface

Stainless Steel for Structure and gy LR Replaceable Permanent
Cooling Tubes 1 /Sy Blanket Blanket

Cooling Water(Inlet)

First Wall
Cooling Channel

Blanket Structure

Plasma Side {Reduced Activation Ferritic Steel)
Stainless Steel Cooling Tube “'g 10 DEMO r DTMD
= | Test
- Madule - g
M Technology Challenge 2 ol Module™, " (1~2 orderg)
§ {1 order) | Prototype (3 orders .
Simultaneous Hot Isostatic Pressing (HIP) bonding of = 001p P — 'F”;é'i‘l?n";‘m
SS/SS, Cu/Cu, and SS/Cu has been successfully B 0001 E‘-"Pl.”e Tast
developed at 1050°C,150MPa, and 2 hours holding 5 00T (2orderg) Faclity @
time, and a prototype blanket module has been @ 0001
completed. E B Present <emm— B cent
o
= 1 1 ] 1 1 1
0.01 01 1 10 0.01 041 1 10 100
First Wall Surface Heat Flux (mMw/m2)  Neutron Fluence (Mwa/m?)




Blanket technology

For ITER For Demo Reactor
(Reduced Activation Ferritic Steel)
Fabricability/
Structural Dimensions Fabricability/Structural Dimensions
(~1.6mx~1m x ~0.4m) (~1.6mx~1mx~0.4m)
Heat Removal Capabili 100%
Surface Heat Load Radiation Proof/ A28 MOl - — Radiation Proof/
(0.5 MW/m?) Neutron Fluence { egt Load 7 Neutron Fluence

(~3 dpa) (>100dpa)

( ~1IMW/m?)

Mechanical  Heat Removal Capab
Fatigue/ / Neutron Wall Load
Disruption Proof ~ ( 3~5 MW/m?2

(~1 MPa x 109)

Tritium Breeding Ratio
(>1)

Thermal Fatigu
(0.5 MW/m2 x 10%)

Shielding Capability Shielding Capability
( Neutron Flux Attenuation ( Neutron Flux Attenuation
by 2~3 order of Magnitude ) by 2~3 order of Magnitude )
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handling

— Minimisation of the maintenance time
— Development of radiation-resistant components
(radiation-resistant battery, signal transmitter for wireless control)

For ITER

4 tons for blanket,
15 tons for divertors

Maximum handling weight

Positioning
accuracy
{2mm)

I—llq:l/c};;m I:J nit?

/
e

‘!2.?.‘

(4 tons)

Maintenance Radiation

Time for hardness
Blanket (100MGYy)

(1 year)

Weight Ratio

{(0.3)
(Max. Handiing ~ accuracy

weight f weightof ~ (2mMim)
remote handling system)

Wireless operation
(15%)

FPositioning

chnology

For Demo Reactor

Maximum handling weight
(4 tons)

00%
Maintenance

1
80%
Time for
60%

Blanket
>

(2 months)
<
N

Weight Ratio

(0.5)
{Max. Handling
weight [ weight of
remate handling system)

Wireless operation
(60%)




Heating and CD system technology

® RF heating and CD technology in DEMO

= Frequency of 300 GHzheat load: 5-20 MW/m?

— Resonator enabling higher frequency oscillation, diamond window,
frequency variable oscillator, etc.

For ITER For Demo Reactor
Frequency Frequency
(170GHz) (300GHz)
RE A 0%
Generation Generaticn
; Technology %%
Technology Output Window
(1MW) Technology (IMW) % Qutput Window
1MW Technology
[: :] o (1 MW)
P wﬁ
J20%
4 X"E“ >
|
Pgs
~H s
- Os
" Os
1900s
Efficiency . Efficianc
(50%) Pulse Duration (50%) d Bulse Duration
(60s) (1000s)
Voltage/Current Voltage/Current

(100kV 7 50A) (100kV f S0A) 18




Heating and CD system technology

® NBI technology in DEMO
— Beam energy of 2 MeV
— Maintenance-free negative ion source, plasma neutraliser with higher efficiency

For ITER For Demo Reactor
Beam Enerqy Beam Energy
{1 Me') (2MeV)

Current

Current Fulse .
Density Duration  (3004/m2) / | -::f:: Setrzjiifn |
(200A/m3) (1000s) : 6

Negative Beam N
lon Current Divergence  Negative Beam
40A) {<5mrad) lon Current Divergence
{ (40A) (3-5mrad)
Operating Prresure Operating Prresure

{<0.3Pa) (<0.2Pa)




Tritium processing and safety technology

— Reliable tritium processing for steady and continuous long-term operation
— Safety for the power generation plant
— Production and security of necessary amounts of tritium

— Efficient tritium removal/recovery from contaminated wastes

container for

For ITER

Fuel Processing Cycle Technologies
(Impurity Processing, lsctope

For Demo Reactor

Fuel Processing Cycle Technologies
(including Tritium Production for Initial

250 g of Separation Storage,etc. ) Loading Blanket Tritium Recovery)
tritium System Integration )
Technologies 20
(System Control gaf 100
System Integration Reliability)
Technologies 8%
{Systam Control 0% Amount of Handling
and Reliability) ount of and Processing
ndling and A0 \Triti um
deassing ) =
m ‘. i‘-""f’ Y
counting ‘\"/
4 Analyzing N /
cchnologies
Tritiurm Inventory
Waste Processing Waste Processing Balance Control
Technologies Technologies
(Decontamination (including Blanket
and Disposal) Reprocessing)

Confinement and
Remaoval Technologies

Confinement and Removal Technelogies
(including safety Technolegies for Blanket
and Power Generation Systemn) 20




Tritium processing and sal

>

 Tritium Export

« Total tritium to be received:
~ 29 kg due to tritium decay
— Decay rate: 5.47 %/y (Half life; 12.3 y)
o ITER Tritium Plant will be ready by 2016
e Tritium available worldwide: ~ 20 kg (2006, Canada OPG) (+ Korea WTRF)
— ITER Tritium credit: $30M/kg
— Market value: $100M-$200M/kg
« Only one supplier for ITER written on the ITER documents now: Canada
« Canada OPG sells ~ 0.1 kg/yr for other purposes.
« There is no other kg’'s order civilian tritium source at all.
« WTRF can produce more than 0.7 kg/yr from this year (2006).
« We have Tritium and good reason to supply.
— Korea is a partner for ITER, Canada is not.
— Korea is to procure the Tritium Storage and Delivery System for ITER.

C. S. Kim, “Tritium Export Preparation for ITER Operation and Fusion Applications’,
May 25, 2006, NFRI
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Fuelling and vacuum pumping technology

For ITER For Demo Reactor

* development of gas puffing technique * development of centor fueling technique

* development of pellet injection technique

Fueling Rate
gas puffing:100~500 Pam3/s

Pellet injction:50~100 Pam3/s
Pellet Injection Technique

Fueling Rate
Pellet injction:50~100 Pam3/s
Compact Toroid injction:several 10 Pam3/s

Fueling Tim Response
Fueling Tim esponse S‘teag Rellet Injection:
=10,000 : Y Repetition Rate=2~50 Hz

pact Toroid Injection:
lepetition Rate=10 Hz

, Long Life Time
gh Reliability (parts exchang
period = 2 year

Cryogenic Property,

Heat Resistance
(-278~150 C)

Magnetic Shielding(~0.2 T)

Long Life Ti
(=10,000) High Reliabhility,

Durability

Establishment of Fueling
Control Technology

HW: compact toroid injection?
22




Fuelling and vacuum pumping technology

® Mechanical pump: metallic rotors requring magnetic shield,
low tritium inventory
® Cryopump: not disturbed by a magnetic field, operation has to be stopped

periodically for regeneration of the cryopanel.

For ITER For Demo Reactor
Mechanical Pump
Cryo-pump

Throughput
(5 Pa m3/s)

Throughput

(10 Pamd/s) Outlet Pressure

—\\\ for Hydrogen
0% {Compression

ing Time Characteristic)

Pumping Tim

(Continuous) . ) (1000 Pa)

Qutlet Pressure
for Hydrogen
(Compression
Characteristic)
(200 Pa)

Radiation

Radiation
Magnetic Fie Proof Magnetic Fie Proofe
Pr?3f1 T Maintenance Pr?:)f_r) Maintenance
’ Interval : ) Interval : )
10,000 h 40,000 h
Heat Proof Heat Proof
Operating Temp. : 400 K Operating Temp. : 400 K
( Baking Temp. : 475 K ) Baking Temp. : 475 K )
. Assumin rami mp driven
vacuum leak detection method ssuming a ceramic pump driven by a

compressed gas in a Demo reactor. 23




Diagnostics technology

For ITER

* Development of Diagnostic Elements

Ceramics Insulatotion,
Optical Elements (Mirror/Reflector, Windw Materials,
Optical Fiber),
Sensors (Magnetic Probe, Bolometor,
Pressure Gauge, etc.),
Electric Cable

* Development of Prototype

Sensors, Vacuum Seals for Diagnostic Window,
Optical fiber/ Electric Cable Feedthroughs, etc.

Radiation Resistance
{v.::iI'-.JI'-"..'a.c'm2 : Neutron, Gamma-ray)

pact Resistance
oof Pressure(15

; 5~2 MPa)
/‘ Temperature
Resistance(>2007C)

Small RIC, RIED, HIEMF)
Development of

New Diagnostic Techniques
(alpha-particles, q(r), ny/np ratio)

For Demo Reactor

* Development of Diagnostic Elements/Prototype

Development of Advanced Materials,
Heavy Irradiation Tests with <20 dpa

Radiation Resistance
(:-severalMWa.-’mz : Neutron, Gamma-ray)

G/

Electrical F np;b(ty
(Insulating F

Long Life Time

(parts exchange
period>2 years)

pact Resistance
Proof Pressure(i15 G/

5~2 MPa)

Development of
New Diagnostic Techniques

24
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fety technology

— Improvement of the safety system reliability for abnormal events of
the cooling system due to high coolant temperature, high heat flux,
and high neutron flux for power generation, and the improvement of

social receptivity of the programme by reaionalisation and passiveness.

-

-

For ITER For Demo Reactor
Thermal hydraulic analysis Ihermal hydraulic analysis
Clean-up
Clean-up gfstejn system 18 structural design
< tructural design 1002 “gtandard
/ ..' andard . inCIUding
e ) welding
. and
.. 4‘ inspection
methods
anti-seisk ic e / f safety technology of
Afet <
isolation ' echn‘{)mqy of ggﬁg_f ke Suberconducting coil
Superconduct
ing coil
Data base for Data base for probabilistic safety

radiation exposure




aboesdals o aan iy
Materials adevelopment
For ITER For Demo Reactor
A or’ Steel (Reduced Activation Ferritic
(Austenitic Steel) / Martensitic Steels)
Fracture Toughness
Strength (DBTT<80°C)
o9, (RT-300°C 1000 cycles of 20%
E:rg:iltity start up and shut down) 0% Strength

Fabricability

(Strengths of the joint ant
base metals are at
Comparable Levels)

Failure 100% in
300°C water)

(IASCC: Fraction of Ductile

Ductility
(Larger thgf 1098

80% ife = 1000 cycles of

G60%

(Strengths K the fajnt ant
base metals axg at
Comparable Lewsls)

Cofrosjion Resistance
(PWH condition10g/m2h)

Reduced Activation

(Impurity levels of N, Mo, Nb, etc., need to be
lower than 1-10 ppm Enabling of =100t Reduced
Activation Heat is necessary)00

32ppmDO in
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