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Index

a
abnormal state 547, 549, 550, 559
absorbed dose 541–543
absorption power 299–300, 311
absorption spectroscopy 518
accelerator 4, 334
accident 458
activated corrosion products 539
activated dust 394, 539, 552, 559
activation products, water and air 539
active electromagnetic wave

measurement 518–522
active measurement 511–512, 522
active particle measurement 528
active power 484, 495, 498, 579
active safety system 548
actuator 506
additional heating 273
adiabatic equation 65
Alcator scaling law 147
Alfvén eigenmode 130

characteristics 98–99
dispersion relation 99–100
instability condition 100–102
stabilization method 100–102

Alfvén wave 69, 98, 101, 130, 301–303,
338

allowable stress intensity 212, 576
alpha heating power 143, 144, 147
analysis codes 563

design flow 563
detailed 567
equipment analysis/design codes 567

plasma 566–567
reactor design, flow of 563–566
reactor design system code 567–570
safety 567

anisotropy 316
annual fuel cost 580–581
anomalous transport 116
apparent power 484
armor material 210, 212
articulated boom 465
ASDEX-H scaling 571
as low as reasonably achievable (ALARA)

principle 546, 547, 552
aspect ratio 58, 59, 64
assembly drawing 563
associated particle time-of-flight method

526
atmosphere detritiation system 406, 418,

420, 422
attached state 196, 586
austenitic stainless steel 238, 399, 447,

450
avalanche phenomena 133
axisymmetric system 10–12

b
bad curvature 64, 77
baking 385–387
balance of plant (BOP) cost 580
ballooning instability

characteristics 78
energy integral 79–81
stabilization method 81–82
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ballooning instability (contd.)
ballooning mode 69, 78, 81, 82
banana orbit 115, 278, 283, 285, 286
banana trajectory (banana orbit) 278
batch system 409
beam ion, trajectory of 278, 279
beamlet 334
beam power 14, 283
beam profile control unit 334
bellows 390, 391
bending stress 575
beryllium, wear amount of 178
Bessel function 45, 75, 77, 113, 114, 359
β limit 127, 584
beta value 25, 58
BGK mode 34
biological half-life, radioactive material

543
biological hazard potential (BHP)

544–545
bioshield 432
bismuth-based oxide 229, 231
blanket 157

classification 181
configuration 181–183
coverage 164
energy multiplication factor of

165–166
functions required for 157, 158
module, maintenance 466–467
size 183
thickness 175–176

blanket structural material 167, 189
blanket tritium recovery system 405
blistering 444
Bohm diffusion 116, 118
boiling water reactor (BWR) 171
bolometer 517, 518
Boltzmann equation 31, 32
bootstrap current 25

neoclassical tearing mode (NTM) 88
ratio of 286
spontaneous current 286
trapped electron orbit and 285–286

bootstrap current (spontaneous current)
124

boundary conditions, plasma 67
breakdown phase 26, 28, 266
break even condition 22, 28
breeding blanket 164, 176, 181
Bremsstrahlung radiation 17, 145
bucking cylinder 575–576
bulk damage, reactor material 444
bumpy torus 13
bundle divertor 205, 206
burn control 508
burn phase 26–28, 155
burn-up fraction 148, 150

c
cable in conduit conductor type

(CIC type) 234
capture reaction 54, 165
carbon dioxide lasers 14
carbon fiber reinforced carbon composite

material (CFC composite material)
202

cask 553
centering force 242, 575
central solenoid coil

coil structure 268
conductor design 267–268
cooling method 268
design example 268–270
functions of 265
magnetic field 266
power supply voltage 494
self-inductance 493
structural materials, selection 268
supplied magnetic flux 266–267
support structure 268

CFC composite material 211
charge conservation equation 65
charged particle beams 14
charge exchange recombination

spectroscopy 528, 529
charge separation 9, 13, 70, 77, 78
chemical and volume control system

(CVCS) 479



Index 595

chemical reaction energy 540
chemical sputtering 442
chilled water system (CHWS) 480
circular corrugated waveguide 356
classical diffusion coefficient 115
Clemmow–Mullaly–Allis (CMA) diagram

297
closed divertor 206, 208, 210
closed loop control 502
closed magnetic surface 17, 18, 192–194
coherent nonlinear phenomena 33, 34
coil current 239
coil operating current 236
coil protection 491, 495
coil rated current 236, 239
coil shape 242, 243
coil structure 237, 238
co-injection 277, 278
cold plasma 333
collective Thomson scattering 520, 521
command control and data acquisition

and communication (CODAC)
system 530

commercial power grid 484, 489
commissioning 458
committed effective dose 543–544
committed effective dose coefficient 544
committed equivalent dose 543
common leg 250, 251
Compact Reversed Shear Tokamak

(CREST) 430
component replacement, annual cost of

580
compressional Alfvén wave (CAW) 69,

98, 303
Compton scattering 442
conceptual design 568
conductance 410–412
conductor shell 97, 183, 184, 258
conductor structure 234

coil average current density 237
conductor design 237
critical current 235–236
limited current 236
stability margin 236–237

conductor wall 96–98, 128
confinement barrier 547, 548

energy damage 553–556
radioactive materials 552–553

confinement improvement factor 122
confinement of high energy particles

129, 130
confinement time 23, 98, 113–114,

119–120
constant-tension D-shaped coil 242, 243
contingency factor 581
continuous spectrum 514, 516
controlled thermonuclear fusion reaction

4
controlled variables 506, 508
control methods 502, 503
control system 20
convection loss power 143
conversion efficiency 338, 344
coolant characteristics 168, 171
coolant temperature 166, 168
coolant, tritium 167
cooling system

chilled water system (CHWS) 480
component 479
configuration of 478–480
cooling method 474
draining and refilling system 479
drying system 479
functions of 473
heat rejection system (HRS) 480
heat reservoir 474–476
operation mode 473–474
performance 476–478

cooling tower 474, 476
cooling type, with gas 474
copper ratio 235
copper stabilizer 234–236, 436, 438
copper to superconductor ratio 235
core plasma conditions

break even condition and self-ignition
condition 22

Lawson criterion 22–24
typical reactor concept 24

correction coil 97, 533
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correlation length 115, 118
correlation time 115
cost of electricity (COE) 564, 579–580
Coulomb collision term 317
Coulomb logarithm 126, 144, 147, 279,

584
Coulomb scattering 5, 313
counter-injection 277–279
countermeasures against disruption

135, 136, 139
coupling system 339, 344, 353
coverage 160, 164
critical current ratio 236, 237
critical energy 280, 281
critical fluence 444
cross section 161–163
cryogenic system 19, 22, 495
cryopanel area 412
cryopump 335, 408
cryostat 19

characteristics 426
design example of 429–432
functions of 425–426
structure 425–427

cryostat thermal shield (CTS) 432
current drive 274, 275

efficiency 25–26, 284, 313, 315, 316
mode 69
power 25, 284, 313, 318

current quench 131–133
current-sharing temperature 236, 237
current transformer coil 227, 262, 275,

350
cusp 7
cutoff and resonance 292
cyclotron angular frequency 44, 115,

288, 305
cyclotron damping 299
cyclotron frequency 302

d
daily inspection, reactor 459
DC electric field 318, 320
Debye length 194, 520
decay constant 160, 446, 447, 524, 541

decay heat 435, 446, 480, 540
decommissioning

annual cost 580–582
reactor 458

defense in depth (multiple protection)
547, 548, 552

degree of vacuum 385–386
demonstration/commercial reactor 28
demonstration reactor/commercial

reactor 29
demo reactor 29
density limit 129, 584–585
density ratio 408, 527, 585
desired value 502, 504
detached state 196, 215, 586
detailed design 563
deuterium 2, 158
deuterium consumption 407
diagnostic system

electromagnetic wave measurements
514–521

passive and active measurements
511–512

probe measurements 512–514
diagnostic systems 533–535
diamagnetic coil 513–514
diamagnetic drift velocity 101
diamagnetic property 59
diamond detector 523, 526, 528
dielectric constant 32
dielectric tensor 287, 289, 303
diffusion

coefficient 49
by collision 114–115
equation 82
by turbulence 116–119

dipole magnetic field 257
direct cost, construction 580–581
direct current break (DC break) 340,

344, 353
direct cycle 171, 172
direct integration method 440
directional coupler 340
direct irradiation method 14
disc type 237
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dispersion relation 43, 287, 288
Alfvén eigenmode 99–100
of cold plasma 288–289
of hot plasma 289–290
kink instability 74–76
of plasma with Maxwell distribution

290
of resistive drift mode 94

displacement damage 179, 444–445, 450
disruption 130

causes of 133–139
control 509, 533–535
thermal load of 202

dissipative drift instability 95
divertor 17

cassette 468–469
chamber 18
configuration 204–205
plasma transport analysis 199

divertor characteristics
electromagnetic force 203
in non-steady state, ELM 201–202
runaway electron 203
stored energy 202–203

divertor design
conditions and items 208–222
cooling tube 213–214
design example 214–216
eddy current suppression structure

213
heat receiving plate structure 212–213
material selection 210–212
stress and strain reduction 213–214

divertor/limiter (DIV/LIM) PHTS 478
divertor plasma

attached state 196
average heat flux to divertor plate

200–222
characteristics 193–194
detached state 196
impurity control 200
particle control 200
reducing particle, measures for 200
thermal loads 200

two-dimensional divertor analysis
model 197–199

two point model 194–196
divertor plate 18, 19, 217
Doppler effect 515–516, 584
Doppler shift 515, 520, 521, 529
dose equivalent 541–543
dose limit 546, 551–552
dose rate 435, 441, 450

by Skyshine 452
double charge exchange reaction 332
double crystal spectrometer 525, 526
double-crystal time-of-flight spectrometer

525, 526
double walls 390, 394, 399, 400
dpa distribution 449–450
draft drawing 563
Dreicer electric field 132
Dreicer field 319
drift instability

density gradient 90–92
drift wave on plasma transport 95–96
resistive drift mode 92–95
temperature gradient 90–92

drift surface 115, 278
drift wave 90, 95–96
driven current 283, 284, 318
duty cycle 26
dwell phase 26, 392
dyadic expression 36

e
E×B drift 9
economic evaluation methods 579

cost of electricity (COE) 579–580
net electric power 579

eddy current 96–98, 134–135, 213
edge localized mode (ELM) 82, 102,

121
divertor characteristics 201–202
energy released 125–126
measures against 127
types of 124–125, 139

edge transport barrier (ETB) 121
effective charge 144, 145
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effective dose 542, 543
coefficient 544
equivalent 541–542

effective half-life, radioactive material
543

effective power 484
effective pumping speed 386, 409–413
Ejima coefficient 154
elastic scattering 54
electrical insulator 263, 271, 390
electrical resistivity 144, 148
electric energy reservoir 498
electric field 31, 34
electromagnetic force 134, 184, 392, 393

TF coil 573–575
electromagnetic force generated in coil

241
electromagnetic induction 19, 27, 28, 96,

227, 274
electromagnetic wave measurement

514, 521
active 518–522
passive 514–518

electromagnetic waves 43, 292, 354,
514–518

electron Bernstein wave 312
electron current 281
electron cyclotron current drive (ECCD)

88, 329, 330
electron cyclotron emission (ECE) 516,

517
electron cyclotron heating (ECH) 26, 88,

488
electron cyclotron range of frequency

(ECRF) 310
electron cyclotron resonance 296, 311,

312, 351
electron cyclotron wave (ECW) 310, 311

absorption power 311
excitation method 351–352
injection system (launcher) 355
propagation path 311–312
required functions 350
resonance and cut off 311
RF source 354–355

specifications 356–358
system configurations 353–354
system efficiency 352
transmission system 355

electron-ion energy equipartition time
144

electron pair production 442
electron temperature gradient instability

92
electrostatic approximation 33
electrostatic probe 511–513
electrostatic wave (longitudinal wave)

295
ellipticity (elongation) 64
embossed panel 218–220
emergency power supply 480, 495, 554
energy balance 142
energy balance equation 583–584
energy confinement 119
energy confinement time 23, 114

parameter dependence of 119–120
energy conservation law 39
energy density 36, 48
energy driver 14
energy flux vector 36–37
energy integral 68–69
energy multiplication factor 21, 165–166
energy relaxation time 143, 279–281
energy reservoir 26, 498, 535
energy sources 1, 3
enrichment rate 164, 177, 178
epithermal neutrons 442, 522
E-plane junction 346, 347
equation of continuity 37–38
equilibrium equation 59, 61
equipment analysis/design code 567
equivalent dose 542, 543
equivalent fixed charge rate on capital

579
error field 134
ETG mode 92
Evaluated Nuclear Data File Version B

(ENDF/B) 440
event analysis 550, 556–558
excimer lasers 14
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exhaust duct 397, 410–412
experimental reactor 29, 222, 330, 473
exposure dose 541
extensional force 241, 242
external air cooling type 474
external kink mode 77
extraordinary wave (X-mode) 297, 306,

311, 312, 338, 351
ex-vessel transport system 463, 468

f
facility design 563
failure criticality 469
failure mode and effect analysis (FMEA)

550
Faraday effect 519
Faraday shield 338, 342
fast neutrons 442, 522
fast wave 294, 304–306
fast wave current drive (FWCD) 327, 328
Fault Tree Analysis (FTA) 550
feedback control 258, 502–504
feedforward control system 502
flexible plate 393
field reversed configuration (FRC) 9, 10
field reversed mirror (FRM) 9, 10
finite Larmor radius effect 306, 351
first wall 17

classification 219
design example 220–221
features 220
particle load 217–218
structure 218–220
thermal load 217–218

fishbone oscillation 77, 102
fission reactors 546–547, 582
fixed mirror 357
flow of kinetic energy 37
flute instability 77
flywheel 489, 579
focusing mirror 355
foil activation detector 524
Fokker–Planck equation 281, 282, 316,

317, 320, 321, 323
force balance equation 57

forced flow cooling method 233, 234
fossil fuel 1
Fourier–Laplace transformed 47
Fourier transform 39, 116
frequency gap 100
fuel clean up system 405, 414–416
fuel cycle system 22, 148, 387

fueling amount 407–408
fueling method 407
functions required for 405–406

fueling system 407–408
fuel purification system 405
fuel storage system 405, 419, 423
fuel supply scenario 22
full width at half maximum (FWHM)

515
fully detached state 196
function-specific coil systems 258–260,

485
fusion experimental reactor 501
fusion–fission hybrid reactor 24
fusion power control 508
fusion power generation 175, 176
fusion power shutdown system (FPSS)

530
fusion reaction rate 5–6
fusion reactivity 6, 23
fusion reactor 438

coils 227–228
cross section of 4–5
energies contained in 540
energy classification 1–2
energy consumption 1–2
nuclear fusion power generation 2–3
nuclear reaction used 4
operation period of 458
structure 19–20

fusion triple product 25, 124

g
Galeev–Sagdeev diffusion coefficient

115
gas exhaust system

configuration 409
cryopanel area 412
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gas exhaust system (contd.)
exhaust time 413
helium accumulation on cryopanel

412–413
helium pumping speed 411–412
initial ultimate pressure 409–411
plasma vacuum 408–409
by source 408

gas puffing 407
general public (the public) 157
glass lasers 14
Goldston scaling 571
good curvature 64, 77, 78
Grad–Shafranov equation 61
Greenwald density 129, 584, 589
Greenwald–Hugill–Murakami parameter

129
grid resistor 491
group velocity 291
Gyro-Bohm diffusion 118–120, 124
gyrotron 345, 352–356

h
half-life 159
halo current 131, 132, 135, 136, 203
Hasegawa–Mima equation 95
heat exchanger 474
heat flux 37, 220
heat receiving area 200, 202, 215, 586
heat receiving surface 193, 200, 203, 212,

217, 218
heat rejection system (HRS) 478, 480
heat reservoir 26, 275, 474–476, 487
heat sink material 210, 212
heat transfer model 587–588
heavy ion beam probe (HIBP) method

529
heavy ion beams 14, 529
heliotron 12
helium accumulation rate 149, 411, 412
helium production 177, 179, 450
helium pumping speed 411, 412
Hermitian operator 68
hexapole magnetic field 257
high n ballooning mode 81, 82

high poloidal beta mode 123, 129
high temperature irradiation

embrittlement 445
H mode (high confinement mode) 120,

204
hoop force 62
horizontal pulling out 462
hot cell building 469
hot cell maintenance method 462, 463
hot cell room air atmosphere detritiation

system (HC-ADS) 423
hot isostatic pressing (HIP) 555
hot plasma 289–290
H-plane junction 346
hybrid coil system 258–260, 262, 485
hybrid matrix 262
hybrid wave 297
hybrid wave mode (HE mode) 355
hydroelectric power energy 1
hydroelectric power generation 2
hydrogen embrittlement 445
hydrogen gas clean up system 423
hydrogen isotope separation system 405,

416, 418, 422
hysteresis loss 231–233, 235

i
ice pellet 136, 137
ideal magnetohydrodynamic

approximation 82, 151
ideal magnetohydrodynamics 66
ideal MHD equation 39, 66–67
ideal mode 82
ideal PID controller 505
ideal wall beta limit 96
ideal wall MHD limit 96
improved confinement mode 122, 124
impulse response 504
impurities 191
impurity contamination model 586–587
incident 552, 557
incoherent Thomson scattering 520–521
indentation 64
independent leg 250
indirect cost, construction 580



Index 601

indirect cycle 171–173, 175
induced activity 435, 446–447
inductive current drive 26, 274, 486
inelastic scattering 54
inertial confinement fusion (ICF) 13–15
infrared imaging video bolometer (IRVB)

518
initial capitalized investment 579, 580
initial loading 159
injection direction 276
injection system 340
in-service nondestructive inspection 401
intake time 543
interchange instability 77
interferometry 518–519
ITER grade (IG) 216
interlock system 530–531
intermediate neutrons 442
internal conductor system 12
internal energy density 36
internal inductance, of plasma 62
International Thermonuclear

Experimental Reactor (ITER) 201
International Tokamak Reactor (INTOR)

204
internal kink mode 77, 102
internal transport barrier (ITB) 123, 342
interstitial atoms 445
INTOR/Alcator scaling 571
inverse aspect ratio 59
inverse scattering method 34
in-vessel maintenance method 461–463
in-vessel transport system 463, 465, 466,

469
ion Bernstein wave 306, 338
ion current 281, 282, 334
ion cyclotron range of frequency (ICRF)

303, 337
excitation method 338
required functions 337
specifications 341
system efficiency 338

ion cyclotron resonance 296
ion cyclotron resonance heating (ICRH)

152

ion cyclotron wave
design requirements 337–338
system configuration 339–340

ion cyclotron wave (ICW) 303, 306
ionization action 522
ionization chamber 523
ionization phenomena 522–523
ion temperature gradient instability 92
irradiation amount 444
irradiation creep 444
irradiation embrittlement 444
irrational surface 71
isobaric surface 58
isotope chemical exchange 416
ITER divertor 216, 467–468
ITER 89P scaling law 121
ITER test blanket 186, 188, 189
ITER vacuum vessel 398, 399
ITG mode 92, 95, 118

j
Japanese Evaluated Nuclear Data Library

(JENDL) 440
jelly-roll process 230
JET neutron profile monitors 527
Joint Evaluated Fission and Fusion File

(JEFF) 440
Joule heating 485

Ohmic heating 273
power 144, 273, 584

k
Kaye–Goldston scaling law 120
killer pellets 137
Kinetic Energy Released in Materials

(KERMA) 441
kinetic equation 39–41, 43, 52
kink ballooning mode 81, 97
kink instability

characteristics 74
dispersion relation 74–76
stabilization method 76–77

kink modes 69, 509
klystrons 344, 345
Korteweg–de Vries equation 34
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l
Landau contour 41
Landau damping 41, 43, 298, 306, 344
Langmuir wave 43
Laplace transform 40, 503
large amplitude electric field 34
Larmor motion 295, 306, 351, 354
Larmor radius 9, 115, 118, 120, 306, 351
laser induced fluorescence (LIF)

measurement 521
laser spectroscopy 518
launcher 339, 340
Lawson criterion 22–24
leak before break (LBB) 401, 556
left-handed cut off 304–305
left-handed polarized wave 293, 305
L–H transition 121, 122
LIDAR Thomson scattering 521
light detection and ranging (LIDAR) 521
light ion beams 14, 273
limited current ratio 236
limiter 17
limiter and divertor 192, 193

divertor shape 206–208
limiter and pumped limiter 204
pumped limiter 205
shape and type 203–204
single null divertor and double null

divertor 206–222
linearized kinetic analysis

one dimension 41–43
three dimensions 43–46

linearly polarized wave 294
linear system (open end system) 7–9
line radiation 145, 147, 584
line spectrum intensity 516
Liouville’s theorem 31
liquid breeder blanket 185–187
liquid cooling type 474
liquid helium 228, 233, 238, 246, 408
liquid phase chemical exchange (LPCE)

417
lithium, wear amount of 177–178
L mode (low confinement mode) 120,

204

local heating 88, 89
local tritium breeding ratio (local TBR)

164
locked mode 103
longitudinal wave 295–297
long-term storage 420
loop antenna 338, 340
loop voltage 151
Lorentz force 83, 134, 241
lower hybrid current drive (LHCD) 88,

152, 328, 329
one-dimensional analysis 318
two-dimensional analysis 320

lower hybrid wave (LHW) 297, 307
accessibility condition 309–310
excitation method 343–344
multi junction launcher 346–347
PAM launcher 347
phase shifter 347–350
resonance and cut off 307–309
RF source 345
specification 349
standard launcher 346
system configuration 344
system efficiency 344
transmission system 345–346

low radioactivation 176
luminescence phenomenon 523–524
L wave 304

m
Mach–Zehnder interferometer 519
macroscopic cross section 5, 54
macroscopic physical quantity 35
magnetic confinement 7
magnetic energy 540
magnetic field 31, 57, 83

decay index (n-index) 71
with magnetic shear 83

magnetic field configuration 256, 257
magnetic flux 152, 266–267
magnetic flux density 31
magnetic island evolution equation

86–88
neoclassical tearing mode (NTM) 89
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tearing mode 88–89
magnetic island width 85–86
magnetic loop 513
magnetic mirror 277
magnetic moment 277
magnetic probe 513
magnetic recoil proton spectrometer 526
magnetic shear 71, 78, 83
magnetic surfaces 17, 58
magnetohydrodynamic equation (MHD)

64
control 509–510, 535
energy conservation law 39
energy density 36
energy flux vector 36–37
instability 69
internal energy density 36
macroscopic physical quantity 35
mode 69–71
momentum conservation law 38
momentum flow tensor 36
particle number conservation law

37–38
pressure tensor 36

magnetomotive force 239
magnetosonic wave 303
magnetron 345
magnet system 227
maintenance device failure 469
maintenance method

remote maintenance method 180
wear amount and replacement

frequency 179–180
maintenance scenario 461
manipulated variables 506
manufacturing design 563
mass conservation equation 65
mass flow rate 477
material accountancy of tritium 406, 420
maximum magnetic field 236, 245
Maxwell distribution 32
Maxwell’s equations 31, 57, 64, 65, 72,

95, 142
mean free path 275, 276
mechanical limiter 204

Meissner effect 228
MgB2 231
MHD stability

energy principle 67–68
linearized ideal MHD equation 66–67
MHD equation 64–66

Michelson interferometer 519
microscopic cross section 54
minimum magnetic field 7
minor failure, reactor 459
minority heating 306
Mirnov scaling 571
mirror magnetic field 7
mirror ratio 7
miter bend 346
mode converter 349, 350
molybdenum alloy 167
momentum conservation law 38
momentum flow tensor 36
momentum of wave 315, 316
monoblock type 213
Monte Carlo method 198
motional Stark effect (MSE) 529
multi junction launcher 346–347
multilayer thermal insulator 428, 432
multivariable system 506
mutual inductance 492

n
natural circulation mode 480
Nb3Al 230–231
NBI current drive

driven current 281–282
efficiency 282–285
shine through rate 284

NBI heating 275–281
NBI PHTS 478
NBI system 405
Nb3Sn 230
negative ion generator 332, 334
negative ion NBI 332
negative ion source 332–334, 337
negative magnetic shear type 123
neo-Alcator scaling 571
neoclassical diffusion 115, 116
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neoclassical scaling law 147
neoclassical tearing mode (NTM) 88,

129
bootstrap current 89
characteristics 88
magnetic island evolution equation 89
stabilization method 89

net electric power 20
net tritium breeding ratio 164
neural network 135, 136
neutralization cell (neutralizer) 334
neutralization efficiency 330, 331
neutral particle analyzer (NPA) 528
neutral particle beam

attenuation method 528
ionization of 275–276
scattering method 528

neutral particle beam injection (NBI)
273

beam transport system 334–335
design example 335–336
design requirements 330–331
negative ion source 332
system configuration 331–332

neutral particles 18, 527–528
neutron energy spectrometers 524–525
neutron fluence 445
neutron flux 163, 164, 449

distribution 53
and gamma ray flux 440

neutron multiplier materials 163
neutron profile 526–527
neutron source, intensity 440
neutron transport analysis

interaction between neutrons and
materials 54

transport equation 53–54
neutron wall loading 177
non-axisymmetric system 12–13
non-fossil fuel 1
noninductive current drive 274, 313, 314
nonlinear Langmuir waves 34
nonlinear wave-particle interaction 52
non-planar magnetic axis 12
nonuniform plasma 300–301

normalized beta 128
normalized current drive efficiency 314,

315
normal operation, reactor 458
no rotational transform system 9–10
n–p reaction 522, 524, 525
NTM control 532
nuclear damage 179
nuclear data 440
nuclear design

design example 448–453
dose rate 441
items required for 435–437
nuclear heating 441–442
radiation damage 442–447
radioactive waste 447–448

nuclear fission
energy 1
power generation 2–3
power plant 170
reactions 3

nuclear fusion power generation 2–3
nuclear heating 233, 436, 441–442, 452,

586
nuclear reactions 526

composition change due to 446
used fusion reactor 3–4

nuclear transmutation 54, 436, 444–446
null point (X point) 193
number of coils 239, 241

o
Ohmic heating coil 227
Ohm’s equation 65, 150
once-through cycle 172
Onsager reciprocal relations 290
open divertor 206, 209, 210
open-end system 7
open loop control 502
open magnetic surface 17
operation and maintenance

annual cost of 580–581
design examples 466–469
frequency 461–466
functions required for 457–458
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inspected and maintained, equipment
459–461

in-vessel transport system 465
operation period 458–459
remote maintenance method 461–463
remote maintenance process 463

operation control and diagnostic systems
501–502

operation control system
central 507
interlock level 530–531
plant 530
plasma control 507–535

operation scenario 26–28
optimized scaling 571
ordinary wave (O-mode) 296
outermost magnetic surface 192
output efficiency (duty cycle) 26
oversized circular corrugated waveguide

353
overturning force 242, 575

p
palladium diffuser 415
PAM launcher 347
pancake type 237
paramagnetic property 59
parametric instability 34
part drawing 563
partially detached state 196
particle balance equation 582–583
particle balances 141
particle confinement time 113, 114, 146,

148, 200, 443, 444
particle diffusion coefficient 113–114
particle drift 9, 77
particle measurement 522, 535
particle number conservation law 37–38
passive electromagnetic wave

measurement 514
passive measurements 511
passive particle, neutron number

522–524
passive safety system 548
pedestal 121, 124–126

peeling ballooning mode 81
peeling mode 81
pellet injection 127
periodic inspection, reactor 458, 459
perpendicular injection 276
PF coil

current 260–262
number of 260
position 260
power supply capacity 578
specifications 264
systems 259

Pfirsch–Schlüter diffusion coefficient
115

phase average 46, 48, 52
phase locked state 103
phase shifter 340, 347, 348, 350
phase velocity 291
photodetachment neutralization method

334
photoelectric effect 442
physical half-life, radioactive material

543
physical sputtering 442
piping cutting/welding tool 469
piping resistance 410
plant availability 444, 457, 580
plant efficiency 21–22
plasma analysis

code 566–568
external electromagnetic field 33
main plasma theories 33–35
nonlinear effects 33
numerical simulation 33
velocity information 33

plasma circuit 150, 152
plasma confinement 7, 8, 113
plasma control

disruption control 509–511, 535
fusion power 508–509
MHD control 509

plasma cross section 63, 64
plasma cross section, shape of 129
plasma current 59, 142

channel 150
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plasma current (contd.)
drive system 19
profile 128

plasma design 141
plasma disruption 495
plasma dynamics evaluation 582

analysis example 588–590
beta limit 584
density limit 584–585
energy balance equation 583–584
heat transfer model 587–588
impurity contamination model

586–587
nuclear heating rate distribution 586
particle balance equation 582–583
thermal load 585–586

plasma experimental data 568
plasma facing components 17

impurity control 191
plasma particle control 191–192
thermal treatment 192

plasma facing wall 191
plasma frequency 302
plasma heating 273

by energy relaxation 279–281
methods 273, 306–307
principle of 297–300
system 19

plasma heating and current drive system
(H&CD) 497–498

plasma ignition method 389
plasma inductance 62
plasma operation

current, position and shape 532
disruption control 533
normal operation scenario 531–532
NTM control 532
RWM control 533

plasma positional instability 71, 73
plasma pressure 57, 59, 128
plasma resistance 151, 388
plasma rotation velocity 97
plasma shut-down phase 26
plasma start-up phase 26
plasma stored energy 145

plasma temperature and density 146,
148

plasma transport 113, 116
plasma vacuum exhaust system 387,

405, 409, 410
Poisson equation 39
polarimetry 519
polarization converter 354
polarized light 292
polarized wave 292
poloidal beta value 59
poloidal divertor 204–206
poloidal limiter 204
poloidal magnetic field 9, 59, 62, 63,

258–259
poloidal magnetic field coil

coil structure 263
conductor design 263
control of plasma position and shape

257–258
cooling method 263
current control of 256
design example 264
functions of 254–255
magnetic field configuration 256–257
mutual inductance 492
plasma position and shape 255
position of 256
power supply capacity 494
power supply system 492–495
self-inductance 492–493
stored energy 495
structural materials, selection 263
support structure 264

pool boiling cooling method 233–234
positive ion NBI 331
positive magnetic shear 123
power balance (energy balance per unit

time) 570–571
power balances 142
power factor 484
power flow 17–18, 20–21
power generation blanket 181
power generation efficiency 20, 166–168
power generation method 171–172, 175
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power reactor 29
power supply capacity 494, 578–579
power supply system

capacity 483–484
characteristics 483–489
coil configuration 488–489
design example 495–498
equipment and facilities 484
functions required for 483
poloidal magnetic field coil 492–495
reduce coil capacity 485–488
toroidal magnetic field coil 489–492

power supply voltage
central solenoid coil 494
toroidal magnetic field coil 490–491

practical interference type PID controller
506

preferential sputtering 442
preionization 389
pre-sheath 194
pressure tensor 36
pressurized water reactor (PWR) 171
primary coolant processing system 405
primary cooling system 474
primary energy 1
primary first wall/blanket (PFW/BLK)

PHTS 478
primary heat transfer system (PHTS)

478
primary knock-on atom (PKA) 444
principal value 42
principle of the transformer 274
production design 563–566
proportional counter 523
proportional-integral-differential (PID)

controller 505
ideal 505
practical noninterference type

505–506
protection resistor 491–492
proton ratio 332
prototype reactor 29, 501
pulsed power distribution system 495
pulse height analysis (PHA) 528
pulse operation 26

pulse reactor 486
pumping speed 411

effective 409, 411
vacuum pump 410

pumping speed, of particles 211
pure-tension D-shaped coil 242

q
quadruple vacuum tube 338
quadrupole magnetic field 257
quality factor 542
quasi-linear theory 34, 46, 47, 49, 116
quasi-optical transmission 353–355
quasi-steady state operation 27, 267
quench 228

of PF coils 495

r
radial build 571–572
radiation by impurities 18
radiation loss power 145
radiation shield 394, 577

air and cooling water activation 439
analysis code 440
analysis procedure 440–441
equipment and biological 437–439
evaluation method 440–441
function 175
installation position 438–439
neutron source 440
nuclear data 440

radiation weighting factor 543
radiation workers (the workers) 20, 157,

386, 435, 458, 530, 544
radioactive materials 540

absorbed dose 541
biological hazard potential (BHP)

544–545
committed effective dose 543–544
confinement 553
confinement of 394–395
dose equivalent/effective dose

equivalent 541–542
equivalent dose/effective dose

542–543
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radioactive materials (contd.)
exposure dose 541
radioactivity 540–541
tritium concentration limit 544–561

radioactivity 540, 541
radio frequency wave (RF) heating 273
random noise 35
random phase approximation 48
rapid heating, quenching and

transformation (RHQT) 230
rational surface 71
Rayleigh–Taylor instability 77
ray trace method 300
react and wind 230
reactive power 484
reactor conceptual design 568

bucking cylinder 575–576
power balance (energy balance)

570–571
power supply capacity 578–579
radial build 571–572
radiation shield 577
TF coil electromagnetic force 573–575
TF coil shape 573
vertical shield 577–578
volt-second 572–573

reactor design flow
constraints, clarification 565
construction 564–565
economic evaluations 566
plant design 566
plasma design 565
power requirements 564
reactor structure design 566
safety design 566

reactor design system code
code role 567–568
system code 567–568, 570

reactor structure
magnetic flux, operation 153–154
magnetic flux to be supplied 154–155
maintenance method 457–458
radial build 152–153

recharge phase 27
recoil proton counter telescope 525, 526

reconnection 83
recycling rate 148
reductive perturbation method 34
reflectometry 519
refractive index 287, 292
relative biological effectiveness (RBE)

542
relativistic effect 323–324
relativistic electron beams 14
remote maintenance 180, 184, 458, 461,

462
renewable energy 1
renormalization theory 35
required functions 342
residual ion bending magnet 335
residual ion dump 335
residual resistance ratio (RRR) 236
resistive ballooning mode 125
resistive bolometer 517
resistive drift mode 92–95
resistive instability 82, 83
resistive interchange mode 125
resistive mode 82
resistive wall instability

characteristics 96–97
stabilization method 97–98

resistive wall mode (RWM) 77, 96
resonance 292
resonant magnetic perturbation (RMP)

127, 203
resonant rational surface 71
resonant surface 69, 71
reversed field pinch (RFP) 11
RF amplifiers 338, 344–345
RF current drive 313
RF heating 287, 314
RF source 339
RF Waves

cutoff and resonance 292
phase velocity and group velocity 291
polarization 292–294
propagation of 293–297

ribbed panel 219
ridge waveguide 340
right-handed cut off 296, 304–305
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right-handed polarized wave 293
Rogowski coil 512, 513
root mean square error (RMSE) 121
rotating shear 96
rotational transform 70

angle 9, 70, 71
system 10–13

roughing pump 408, 409, 413
runaway electron 131–133
R wave 305
RWM control 533

s
saddle type 213
safety

analysis code 558, 567
design 548–550, 555–556
design example 551–558
evaluation, fission reactor 550
factor 71
features 545–551
radioactive material 540–545
requirements 539–540

safety goal
emergency exposure situation 547
normal time 546–547

sausage instability 74
sawtooth oscillation 77, 102
scaling law 120, 122
scheme drawing 563
scintillation detector 524
scrape-off layer 17
scrape-off plasma 17
screw tube 214
secondary cooling system 172, 173, 474,

476
secondary energy 1
secondary neutrons 435, 440
second stability region 82
self-adjoint operator 68
self-ignition condition 22
self-inductance 62

central solenoid coil 493
poloidal magnetic field coil 492–493
toroidal magnetic field coil 489

self-sputtering 442–444
semicircular tubes with plate 219
semi-closed divertor 206, 209
separatrix 17
sextupole magnetic field 257, 258, 260
shear Alfvén wave (SAW) 69, 98, 303
shear key 249, 250
shear panel 249, 250
shear parameter 81
sheath 194, 195
sheath condition 198
sheath heat transfer coefficient 195, 198
shell effect 152
shield blanket 181
shine through rate 283, 284
short-term storage 420
SiC/SiC composite materials 167
simple equipment evaluation equations

565
simple mirror 7
simply plasma 17
single failure criterion 548
Si semiconductor detector 523, 525
skyshine 437, 439, 452
SlimCS 429
slow wave 294, 304, 305
Sn method 440
Sokhotski–Plemelj theorem 42
solenoid type 237
solid breeder blanket designs 186
solid state lasers 14
solitons 34
sound velocity 194, 198
sound wave 69
specific radioactivity 541
spectral gap 329
spherical torus 10
spheromak 11
spontaneous current 25
sputtering 442, 443

erosion 210
ions 194
yield 443

stability condition 100–102
stabilizing material (stabilizer) 232
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stagnation point 193
standby room air atmosphere detritiation

system (S-ADS) 423
standing wave 291
STARFIRE 214, 215
Stark effect 516
steady state electric power network 495
steady state operation 28, 486–488
steady state reactor 486
steady state tokamak reactor (SSTR) 429
steering mirror 356, 357
stellarator 12
step response 504
stored energy 133, 491, 495
streaming 435–437, 439
stress accelerated grain boundary

oxidation (SAGBO) 247
stress analysis 238
stress intensity, allowable 576
strike point 193
strong turbulence 34
strong turbulence theory 53
stub tuner (stub matching device) 340
subignition 22
subsystem control system 530
superconducting coils 82, 227, 228

stored energy 554
thermal load 233

superconducting materials 228–230
superconducting wire

cooling performance 232
hysteresis loss 231–232
manufacturing method of 229
stabilizing material (stabilizer) 232
twist 232

superconductivity 228, 485–486
superconductor 228
supercritical pressure helium (SHe) 233
superfluid state 233
supervisory control system (SCS) 530
support thermal shields (STS) 432
super shot 123
surface damage, radiation 442
surface dose rate 448
surface generation method 332

surface occupation rate 164
swelling 445
swirl tube 214
synchrotron radiation 18, 145, 514,

583
system code 568
system efficiency 25

t
T-11 scaling 571
tandem mirror 7, 8
tangential injection 277
tapered waveguide 352, 353
tearing mode

basic equations 84–85
characteristics 83–84
magnetic island evolution equation

86–88
magnetic island width 85–86
stabilization method 88

temperature profile 168, 170
tensile stress 212, 242, 574–576
test blanket module (TBM) 220
tetrode 338, 339
TF coil

electromagnetic force 573–575
power supply capacity 578
shape 573
start-up time 578

thermal conduction loss power 143
thermal conductivity 37, 168, 173, 195,

198, 212, 221
thermal cycle 487, 579
thermal diffusion coefficient 114, 121,

143, 169
thermal efficiency 20, 21
thermal energy 131, 165, 166, 171, 540,

553
thermal fatigue 26, 179, 275
thermalization 279
thermal load 133, 173, 232, 233, 347

divertor plasma 200
first wall 217–218
on plasma facing wall 585–586

thermal neutrons 442, 522
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thermal quench 131–133, 202
thermal shield (TS) 425, 429, 432

panel 432
plate 428

thermal transport barrier 121, 123
thermonuclear fusion reaction 4
θ pinch 7
Thomson scattering 520–521
three arc approximation 243,

244
three-dimensional circuit 344
time of flight method 525–526
tissue weighting factor 543, 544
tokamak 10, 17

cooling water system 478
equilibrium 61, 63
exhaust processing system 422

toroidal Alfvén eigenmode (TAE) 100,
509

toroidal β value 58
toroidal divertor 205, 206
toroidal field ripple 239, 240, 386, 391,

400
toroidal limiter 204
toroidal magnetic field 9, 241
toroidal magnetic field coil 239, 241

centering force, support structure for
247–248

coil case (coil container) material 247
coil structure 246
conductor design 246
conduit (jacket) material 247
cooling method 246
current 233, 263
damping time 491
design example 249–254
gravity support structures of 250
overturning force, support structure for

249
power supply system 489–492,

496–497
power supply voltage 490–491
protection resistance in 491–492
radial plate material 247
self-inductance 489

specifications 251
start-up time 486–488, 490
stored energy in 241
structural materials, selection 246

toroidal magnetic field ripple 130,
239

toroidal peaking factor 135, 136
toroidal ripple ratio 239, 240, 279,

391
toroidal system 9
torque ring 249, 250
torsatron 12
torsional Alfvén wave 303
total capital cost 579
transfer function 503
transformer, principle of 274
transition thermal shields (TTS) 432
transit time damping 298–299, 306
transmission system 339–340, 344–346,

349, 350, 353, 355
transport carriage 465, 466
transport equation 53–54
transverse electric wave mode (TE mode)

355
transverse magnetic wave mode

(TM mode) 355
transverse wave 295, 296
trapped condition 277, 278
trapped effect 324, 327
trapped electron orbit 285–286
trapped particle 278
traveling wave 291, 340
tritiated water 414
tritium 2, 405, 539

breeding material 161, 189
cooling and gas recovery 184
decay constant of 160
doubling time 159–160
initial loading 159
inventory 159
material accountancy of 420
production 157–159
recovery of 165
temperature of breeder and multiplier

materials 166
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tritium breeding material 20
tritium breeding ratio (TBR) 159

improvement of 160, 164
6Li(n, T)α reaction 161
7Li(n, n′T)α reaction 161

tritium concentration limit 544–561
tritium doubling time 22
Troyon factor 128
Troyon scaling 127
tubes with plate 219
tungsten material 202
tunneling effect 309
turbo molecular pump 335, 408
turbulence 35
turbulence theory 49–53
turbulent transport 34
twist 232
two-dimensional divertor analysis model

197–199
two-point model, of stagnation point

194

u
ultra-high vacuum 386, 387, 398,

399
untrapped particle 278, 279
upper hybrid resonance 311, 312
upper hybrid wave 297

v
vacancy 445
vacuum exhaust pump 408–409
vacuum exhaust system 19, 335
vacuum vessel (VV) 19, 385

assembly 395–401
degree of vacuum 385–386
design example 398
design items 396
electrical resistance 390–391
electrical resistance of 387–390
flexible support 401
functions required for 385–386
high temperature baking 387
maintenance 395–401
PHTS 478

plasma position control 391
secure method of electrical resistance of

390
structural standard 396
support method 393
surface cleaning system 399
thin-walled structure 390
toroidal field ripple 391

vacuum vessel thermal shield (VVTS)
432, 577

vanadium alloys 167
vapor phase chemical exchange (VPCE)

417
vapotron 214, 335
vehicle 465
vertical build 573, 577, 578
vertical displacement event (VDE) 131,

132
vertical magnetic field 63, 257, 258
vertical pulling out 462
vertical shield 577–578
Vlasov equation 31–34, 39, 40, 43, 46,

49, 53
volt-second 154, 572–573
volume flow rate 477
volume generation method 332–334
VV pressure suppression system (VVPSS)

553, 554

w
wall locked state 103
waste disposal 550, 551, 580–582
water detritiation system 405, 414, 418,

419, 423, 474
waveguide array 343, 347
wave kinetic equation 34, 52
wave number vector 44, 71, 83, 287, 288,

294–296
wave-particle interaction 51, 52
wave propagation 292, 300, 301, 303,

351
wave-wave (3 waves) interaction 52
wave-wave (4 waves) interaction 52
weak magnetic shear type 123
weak turbulence theory 34, 49–51
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wedge 247, 248, 250
weighting factor 542–544
wind and react 230, 235

y
yin-yang coil 7
yttrium-based oxide 229, 231

z
Zakharov equation 259, 260
Zeeman effect 516, 529
zero-dimensional particle 145–146
zirconium cobalt 419, 423
zonal flow 96
zoning management 555




