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1. SPIRIT AND PROSPECTS OF ITER

Academician Evgeny P. Velikhov,
President, Kurchatov Institute of Atomic Energy

Abstract

ITER is the unique and the most straightforward way to study the brning plasma science
in the nearest future. ITER has a firin physics ground based on the results from the world
tokamaks in terms of confinement, stability, heating, current drive, divertor, energetic particle
confinement to an extent required in ITER. The flexibility of ITER will allow the
exploration of broad operation space of fusion power, beta, pulse length and Q values in
various operational scenarios. Success of the engineering R&D programs has demonstrated
that all party has an enough capability to produce all the necessary equipment in agreement
with the specifications of ITER. The acquired knowledge and technologies in ITER project
allow us to demonstrate the scientific and technical feasibility of a fusion reactor. It can be
concluded that ITER must be constructed in the nearest future.

1. Introduction

I would like to present the main ideas at the beginning of my talk. The fst point is
where we are today. As the second point, I wish to convince you, though I hope you are
already convinced, that ITER is the most efficient approach to the burning plasma sudies I
will also remind you of the ITER objectives and briefly describe the physics basis of ITER,
ITER operating scenarios and engineering issues, which is followed by the outlook of the
world fusion programs in the future from my point of view. Then I will make some
conclusions.

2. ITER as the Most Straightforward Approach to the Burning Plasma Study

The most efficient way to the burning plasma research is the first topic of discussions.
The construction of the first experimental thermonuclear reactor in the nearest future gives us
some confidence in fusion. It is certain that we will not have any physical law in the ftiture
which says we have only one choice of tokamak. I am sure we will have many different
choices and options in the future, based on different types of magnetic configurations or
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inertial confinement scheme. But, the physics and experimental database for tokamak we
have acquired to date, especially the ITER design is sufficient to proceed with the
construction of the first experimental reactor. This is a very important point. If we say this is
sufficient, we need to make this step, because it is a very rational step to consider. The
project is unique, because it has very high probability of reaching its design objectives. The
expected physical and engineering results are of high value for almost all the candidate types
of fusion reactors, and ITER is an 1irstration of advantages in international cooperation,
aimed at resolving the global issues. The context of nternational cooperation is in some
way more difficult than the case of making decisions by one country. However, ITER shows
some aspect of the positive part i te international cooperation. In regard to the discussion
of the ITER concept, a important d is to ask the fusion community internationally to
concentrate on the ITER or tokamak and provide the freedom for the national programs to
make much wider options and objectives i physics, technology and so on.

The controlled fusion is really a long-term, inherently safe, ecologically attractive energy
source. I think it is a common understanding today that this is primarily because the fuel is
abundant and practically unlimited, as the fuel resources for fusion power are regarded to be
readily accessible. Other advantages are principally the nuclear safety. Namely the
assurance of no uncontrolled power excursion in the fusion reactor and no accidental
destruction. In addition, relatively low content of radioactive materials in the wastes and
absence of long-lived components as well as the no large-scale mining and no chemical
poisoning of the environment are favored advantages. 

As I have already mentioned, it is possible to have many different types of fusion reactors
in the ftiture. Here, I will make a brief review of the progress made in other concepts.
Japan has the largest torsatron-type stellarator currently operated in the world, which has
nearly the same quality of confinement as the large tokamaks. We also have advanced
stellarator under construction in Germany. The recent theoretical studies indicate
neoclassical transport is strongly reduced using the quasi-symmetric or quasi-isodynamic
configurations in advanced devices, which are already under construction or considerations.
In experiments, we have very good results, and a new configuration is sggested, which
theoretically provides the possibility of confining all the trapped particles wthout losses by
introducing the idea of having the contour of the second adiabatic invariant inside the
separatrix. I think this is a very good sign. Substantial progress has also been made in the
tandem mirror research at Tsukuba. Experimental investigations on te evitrolis with the
internal ring would start as a collaborative program of MIT and Columbia University in the
Unites States. A similar device called MIRAGE is proposed in Russia, and analysis of the
equilibrium and stability is intensively carried out. The neutron source oriented scheme in
gas dynamic trap is pshed forward continuously with good results in Novosibirsk. The use
of linked mirror neutron source is also suggested. Each of those concepts berein mentioned
is promising and has its own specific advantages. However, none of them have been brought
up to the mature stage, competitive to the tokarnaks.

I will move onto the topic of inertial confinement. Also in regard to the inertial
confinement schemes we ave many promising approaches, however ty require the
long-term development. At first we need to demonstrate the micro explosion at igh Q, as its
inherent difficulty with respect to the efficiency lies in the fact that it relies on the pulsed
operation. It is possible to use the lasers. I have been for long in support of the liner
approach personally. The double liner device was developed at Kurchatov and Sandia
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laboratory and produced very promising results. The heavy ion beam driver is another option,
however, we need to demonstrate the ignition at very high Q to step forward to a reactor.
The inertial confinement ftision is still on the way of development and open to accept many
other new ideas, such as the fast ignition.

3. ITER Objectives

The brief review of progress in the fusion research mentioned above verifies that very start
of demonstrating the burning plasma is anticipated in ITER. The objective of ITER is first to
achieve an extended burning in inductively driven plasmas. As it Is kown, we have made a
decisi on to bm Id a device of Q I machine, based on the consensus of Parties involved in the
ITER project, in wich different scenarios from FDR were employed. The aim is not only
the accomplishment of inductive scenario but also the steady-state operation using
non-inductive current drive at Q5, in order to demonstrate the availability and integration of
essential fusion technologies. It is also intended to test components of fusion reactors, such
as the various developed modules. Especially, the verification of the tritium breeding module
concepts under the expected neutron fluence in ITER is within the scope to address the issues
of concern on the material feasibility. The ITER parameters are also well known and
indicatted in Table 1, and the schematic of ITER is also shown in Fig. 1. 1, which is available
on the web.

4. Physics Basis of ITER

In regard to the present status of the ITER physics basis, I would like to emphasize that one
of the great achievements made so far on TER is the establishment of a common database of
tokamaks and its analysis for extrapolation to ITER, on which the world fusion community
concentrated its intensive effort. I will only mention here te latest developments, one of
which is highlighted by the accomplishment of high confinement at high density, One of the
approaches is to employ highly shaped plasmas. Figure 12 is an example of a JET discharge
with high triangularity, which directly demonstrates the possibility of attaining high
confinement in ITER [I J. The plot of density versus the quality of confinement in Fig. I.3
indicates the advantage of high triangularity. Although ITER is situated at the boundary, we
have come to the vicinity of te ITER operation regime, using this advanced scenario. In
another plot of validating the ITER parameters shown in Fig. 14, the confinement factor in
JET is depicted against the so called Greenwald factor, which is defined as the density divided
by the Greenwald density. It also provides confidence to apply this scheme herein
established to ITER. Furthermore, we are making a steady progress to increase the plasma
pressure, although much larger values are required in the firture reactor. Figure 1.5 manifests
the possible suppresion of neoclassical tearing mode in ITER by controlling the growth of
magnetic island, using electron cyclotron current drive 2 In regard to the steady-state
operation, Fig. 1.6 shows how much we have approached to the regime of high fusion gain
under fully noninductive current drive anticipated in ITER, It is clearly shown that
outstanding results are obtained in JT-60U both i the negative sear and igh beta poloidal
mode of operation, which would be applicable in ITER. Recently, another mode of high
performance operation has been discovered in the DIII-D tokamak in San Diego, where the
confinement is improved by the formation of double barriers, as shown in Fig. 17.
Furthermore, the improved confinement has been documented in T IO, as indicated in Fig. 9,
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by the application of pellet injection during the electron cyclotron heating.

In addition, I would like to discuss the physics of energetic particles, especially the alpha
particles. It is expected that a variety of super thermal ions would be produced by the neutral
beam injection, ion cyclotron heating and fusion reactions in ITER. The slowing down time
of energetic ions agrees well with classical theory over a wide range of fast ion energies,
plasma temperatures and densities, as it is supported by the experiments in large tokamaks in
which the behaviour of neutral beam and radio frequency wave heated ions or charged fusion
products was investigated, The major loss channels for energetic ions, which is possible to
calculate ad take into account in the tokamak design, are the toroidal field ripple and
collective instabilities. The latter is excited by the energetic particles and regarded as one of
the main fields of study in ITER itself. Theoretical investigations performed to date unveiled
the physical mechanisms which induces the collective instabilities. A large part of the first.
few years of physics operation in ITER wold be devoted to the experimental study of fast ion
driven instabilities and associated anomalous transport of energetic particles in reactor
relevant regimes, in particular, taking the nonlinear behaviour of plasmas into account.

In the recent years, remarkable progress in the simulation of plasma turbulence has been
made under different profiles and operation scenarios. Figure 19 shows the result of gyro
fluid simulation of the internal thermal barrier formation in reversed shear configuration 3],
whereas the self-organization of turbulence and formation of zonal flow are predicted by the
3D fluid simulation of ion turbulence is shown in Fig. I. 4 It also predicts the gyro
Bohm diffusion based on the size of vortices. The continued progress of umerical studies
and experimental validation of the suggested models are anticipated during the first 10 years
of physics operation in ITER

The scaling of basic physics is well established for ITER. As to the basic idea and design
of diagnostic system for ITER, three types of diagnostics are prepared, oe of which is for the
machine protection and basic control, the second one for the advanced pasma control and the
third for the additional measurements for the perfon-nance evaluation ad physics studies.
All the diagnostic systems are supposed to overcome the problems enforced by the harsh
radiation environment, remote handling, nuclear heating, restricted access and so on. I
believe that the diagnostic is really a big field of research that is open for the international
cooperation of broad scientific community, including the laboratories and universities. This
is typical in the field of high energy pysics, where a virtual laboratory is established in a
collective form. In such a structure, for example, one of the labs can be in charge of
designing, building, operating a diagnostic system and analyzing the result on-line. By using
the technologies developed so far, we could build the environment for such a collective
laboratory, where on-line analysis of the vast amount of data, calculation, of plasma
parameters and numerical simulations based on the shared resources can be performed.
Table 2 is a summary of the present situation of the ITER diagnostic system. The quantities
shown in the top row are expected to meet the measurement requirements, whereas the
diagnostic capability for those in the middle row is uncertain at present and those in the
bottom require substantial developments to stand the harsh requirement of the reactor.

Here, I would like to make a summary of the physics section. ITER has a firm physics
ground based on the results from the world tokamaks in terms of confinement, HD stability,
heating and current drive, divertor, energetic particle confinement, to an extent required in
ITER and DEMO. As it is known, JET and JT-60U have achieved the breakeven condition.
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ITER and DEMO. As it is known, JET and JT-60U have achieved the breakeven condition.
In the recent years, advanced scenarios relevant to the steady-state operation in ITER and
post-ITER machines were developed. The construction of ITER will provide wide opportu-
nities on the experimental study of burning plasma physics with its new features of self-
heating and Dew field of alpha particle research in classical and collective terms.

5. ITER Operating Scenarios

The ITER operating scenario stands on the physics basis mentioned above and briefly dis-
cussed here, Figure 111 is a time evolution of the fusion power and normalized beta at dif-
ferent Q values of from to 20 and normalized densities. The result of simulation on the
powerexcursionisalsoshowninFig.I.12. Itisevi,dentthatthepredictedamountofpower
excursion is easonably small, being sustained within the range of normal operation. There-
fore, the thermal stability is assured in ITER and the fusion power control is in our hands.
As depicted in Fig, 1 13, ITER is also capable of operating at a very high value of normalized
beta, which is accompanied by the high heat load on the in-vessel components. Therefore, it
is expected that we can operate ITER not only at the designed point but also in the extended
regime to make an estimate for extrapolation to the future reactors. The required plasma pa-
rameters to achieve high normalized beta under the large bootstrap fraction and an example of
predicted profiles in a steady-state plasma are respectively shown in Figs. 1 14 and 1. 15.

6. ITER Engineering

With respect to the engineering issues, we have devoted substantial efforts at the industry
and testing site, in order to confirm the validity of all the engineering solutions employed in
the 7 big R&D projects. One of the examples is the development of a gyrotron. The Japane-
se and Russian gyrotrons are shown in Fig. 116, both of which can produce I MW of power
at the frequency of 170 GHz. Fig. I.17 is the central solenoid model coil, which is presently
the largest super conducting inductive storage coil in the world. Figure 1.18 is the toroidal
field model coil, w hereas Fig. 1 19 is a spectacular picture of a part of the vacuum chamber.
Fig. I.20 is a picture of a part of the blanket and port-limiter model, and Fig. I.21 shows the
divertor cassette.

Figures 122 and 123 are respectively the test platform for the remote control of blanket
maintenance in JAERI and another test platform for the divertor maintenance.

7. Future of the World Fusion Research and Power Development

What is important is not only the scientific achievements at laboratories, but also the in-
volvement of the industries. As a result of the R&D programs, the engineering capabilities
of the industry have been established, and the industries in Europe, Japan, United States and
Russia are ready to produce all the necessary equipment in agreement with the specifications.
In fact, the industries have already developed all the technologies and tools to build the com-
ponents of ITER.

It is evident that the successful implementation of the ITER project in the future will lead
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to the accomplishment of the global task of providing the new energy source with
inexhaustible fuel capacity, as an application of the natural science. The work has started
with practically no scientific background, However, we have pioneered the frontier of new
experimental and teoretical science and accumulated the new database. The acquired
knowledge in physics and engineering now allows us to demonstrate the scientific and
technical feasibility of a fusion reactor. This is one of the objectives of ITER. The success of
ITER will be a significant argument for the society in general, and it can also make an impact
on the economic structures that determine the financial trends of developed countries
supporting the fusion programs.

In order to step forward to the fusion reactor, establishment of the advanced scenario is
necessary, where the sustainment of much higher plasma pressure in a steady state is sought
for under the noDinductive current drive operation. However, we have some more time for
that, and thereto necessary scientific foundation to support the concept of advanced scenario
in experiment, theory and numerical simulation can be developed in parallel with ITER I
think it will be possible to develop a prototype device in time, and the scientific infrastructure
for the fusion reactor will be discussed again in a similar manner as we do today.

The fusion power is very attractive, as it provides the possibility of energy production.
This is an advantage of fusion. Table 3 compares the various types of fusion reactors
proposed in different countries, as a prototype of the ultimate fusion power plant in the future.
The major issue of concern here is the cost of electricity, which is relatively high at present.
In order to reduce the cost of power generation, by the development of new technologies and
new materials as well as the exploitation of more favorable operation regime. The
schematics of the four types of demo reactors so far proposed are shown in Fig. 124.

Above all, environmental safety is another attractive feature pertaining to the fusion reactor.
The amount of radioactivity, should it ever be released from ITER, is very limited. In regard
to the radioactive wastes from a fusion power plant, Fig. I.25 shows the expected dose rate of
all the structural materials after:5 100 years. It is obvious that many of te components can
be recycled after 100 years, tough a small portion of which still remains radioactive. The
impact of this feature is that fusion retains its advantages without the substantial improvement
in the material science. Based on the estimate of material availability mentioned above and
industrial capabilities, it is predicted as shown in Fig. I.26 that the maximum power generated
from a fusion reactor soars up, being the amount of supply in critical materials, such as Be
and N, as a sole limiting factor, and the operating fusion power would reach 100 GW at the
end of the century.

As an interesting way of fusion power application, which is specific to the advantages in
fusion, I would like to introduce two ideas. One is the sea water purification. One of the
serious issues Of CDcern in this century is the fresh water. The demand for the fresh water
has significantly increased to twice as much as the rivers can supply, mainly due to an
increase in the world population, and the problem of water supply as started to threatening
the humanity. Fusion offers the solution on this issue, If the heat and electricity produced in
a fusion reactor are combined with the modem technology of distillation and some extension
of the fusion technology, it is estimated that fresh water can be produced at relatively low cost.
The other is the disposal of the long-life elements in the spent nuclear fuel. In a fusion
reactor, neutron is poduced abundantly, and minor actinides, suc a 23 7 Np, 24 Am, 243Am

and 245 Cm as well as the fission products,.such as 129I, and 93 MO included in the structural
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materials can be burnt in a fusion reactor.

8. Conclusions

ITER Project is a unique example of international cooperation and not only in the
framework of fusion, Accordingly, the effiCieDt physical and engineering database was
established for the first experimental fusion reactor. It was also emphasized that ITER is the
unique and the most straightforward way to study the burning plasma science in the nearest
future. The flexibility of ITER will allow the exploration of broad operation space of fusion
power, beta, pulse length and Q values in various operational scenarios. It was also
discussed that a active continuation of physical investigations, development of new
diagnostics and aterials is needed to prepare for the next logical step, amely the design of
DEMO reactors.

Construction, of ITER and eventual series of experiments will assure the wide participation
of the teams of physical and engineering laboratories and universities of the world. In
particular, I have suggested in this context to maximize the use the network computing
technology, the development of which is in progress by some of te fusion laboratories
including Kurebatov istitute, though for different reasons. It is very important for the fusion
community to establish the environment of collective laboratory, in which the different labs in
world is merged into a single virtual tab, and the mutual communications between the labs,
on-line data analysis and mass data transfer can be efficiently performed.

It is no doubt that ITER will make a substantial impact on the industries' interest in fusion
power, and the establishment of ITER Legal Entity means the appearance of an international
organization, responsible for the future of fusion. The fission community seems to face
similar concerns, though it is more diversified today, and issues on the operation, security and
attractiveness are not comprehensively discussed. Building ITER under the international
program is also one of the very important field of work for the diplomats, for which they
could address how we could possibly solve the problem of global energy shortage. My
answer is ITER must be constructed in the nearest future.
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Table. I ITER parameters

Total fusion power 500 MW 700 MW)'

Average 14 MeV neutron wall loading 0.57 MWM 2 (0.8 MW M -2

Plasma nductive burn time at 15 MA > 400 s

Non-inductive burn time at 500 MW 300 

Plasma major radius R and minor radius a 6.2 20 m

Plasma current ( Ip ) 15 MA (17MA)'

Vertical elongation at 95% fux surface/separatrix (K95/KX) 1.70 /1.85 (1.85 2.0)**

Triangularity at 95% flux surface/separatrix (895/ 8X) 0.33 048 0.45 0.55)

Toroidal field at 62 m radius BT 5.3 T

Plasma volume 83 M3

The pulse ength is limited to about 200 s,
The plasma shifted to the outer board and the minor radius is reduced to 1.85 m
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Table 2 Assessment of the diagnostic capability as of November 2001
GROUP2

GROUP la GROUP lb Additional
Measurements For Machine Measurements for Advanced Measurements for
Protection and Basic Control Control Performance Evaluation

and Physics
Plasma shape and position,
separatrix-wall gaps, gap between Electron temperature profile
separatrixes, Plasma current: q(a) (core), Electron density profile
/ q95, Loop voltage, Radiated (core and edge), Ion
power (main plasma, X-point & temperature profile (core),
div), Divertor detachment indicator Radiation power profile (core, TAE Modes,
(Jsat, ne, Te at divertor plate), X-point &divertor), Zeff profile fishbones,
Disruption precursors (locked Heat deposition profile Te profile (edge), MHD
modes, m = 2 H/L mode (divertor), Ionization front activity in plasma core
indicator, Zeff (line-averaged), nT / position in divertor, ne of
nD in plasma core, Edge divertor plasma, Low m / n
Localized Modes, Gas pressure MHD activity, Sawteeth, Net
(divertor & duct), Gas composition erosion (divertor plate),
(divertor & duct), Line-averaged Neutron fluence
electron density

Neutron and a-source profile,
Fusion power, ON t (aB / 1) Helium density profile (core), ne, Te profiles
Impurity and D, T influx (divertor, Plasma rotation (tor and pol) , (X-point), nT / nD / nH
& main plasma), Surface temp. Helium density (divertor) , (edge), nT / nD / nH
(div. & upper plates), Surface Impurity density profiles, (divertor)
temperature (first wall), Runaway Neutral density between
electrons, Halo currents plasma and first wall, Te of

divertor plasma
Confined a-particles
Ti in divertor, Plasma
flow (divertor), Te

Not applicable Current density profile fluctuations, ne
(q-profile), Alpha-particle loss fluctuations, Radial

electric field and field
fluctuations, Edge
turbulence
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Table. 3 Proposed list of fusion power plants for the electricity g ion

-Parameters ARIES-RS SEAFP SSTR DEMO-S ARIES-ST

Fusion power 2170 3000 3000 2520 2740
(GW)

Thermal power 2620 - 3710 31.00 3100
(GW)

Electric power 1000 1080 600-700 1000
(netto, MW)

current drive
heating system -100 - 60 100-110 32
(MW)
Averaged FW
neutron load 3.96 2.1 3.8 2.52 4.1
(MW/m2)

Structural V-4Cr-4Ti Eurofer Steel F82H Steel or Ferritic steel
material V-ailoy

Breeder Li LI4SiO4 or U20 LI4SiO4 or Li LiPlb
U20

Neutron Be Be Be
multiplier

Coolant Li He H20 He or Li LiPb and He

COE /kWh) 8.2 -11.5
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Fig. 16 Demonstration pulses of the integrated performance in JT-60U, where substantially
high value of fusion product have been achieved under fully noninductive current drive
conditions, both under the negative shear and high Op mode of operation.

17 -



JAERI-Conf 2002-010

4
Pbsma Cu n ent 01-J 1 HAM id, NBI a.#,-rr fhfoh12

adialed cox,;-4 i alk

Cenlral C--n�ite 1 0 m I i.e.,

2 ne Average

I)ersily ll 01 m -1.1
............

D,.

4C.6 eulton
rale i0l s'

f-Mil-nrdik- Ldg--
2

0 . .. . . . . . .. . . . . .
0.5 11.0 1.5 2.0 2.5 3.0 3.5 40 0.5 1.0 1.5 2.0 2.5 3.0 3.5 41.0

Time (s:i Tin-* s,,

Fig. I.7 Waveforms of the QDB mode discharge in DIII-D

q
- q(r_j L
- 0 q(r_.) RS q_ - 13,5

q., RS = 1.5
fT- Like rw-ffinw-

PEC

If =1.3
50

E r�a I -T
0 7

Lu 40 0.2 0.4 0.8 0.8

withomt Peiffer T

RS qrd.=1.35

RS q-j.=1 .5

20
1.0

0
0 110 0 30 to so '50 70 so

MsMMcalhm PB9�(yll

.2 0.4 0.0 0.8 1.0

Fig. 18 The pellet enhanced confinement mode in T10 Fig. 19 Result of the gyro fluid simulation
of the ion turbulence performed for
negative and weak shear plasmas

1 -



JAERI-Conf 2002-010

fa-,

"gag'4,

Fi& 1. 10 Result of the gyro fluid simulation of the ion turbulence in

the case of p* normalized Larmor radius) 0.02 (left) and 0.01

(right)

600 1 1 1 800

Q=20
LVJ 1)

400

60D - 4011
M

200 - "fill

Q=5
-L L

r
0 0 I 83 -.1r) ... 

0 100 200 300 400 500 600 700 Tins.: (vj

time S) (h) 120 600

loi PFI-7s 500
2.5 1

401)
r

2.0 - n,/nG=0.85 61) P,-dj: 30LI

1.5 - dnCj=0.7,
Z

rn 1.0 -
n,/nc]=0.5

Y.-, 4
0.5 I nx� 00

0.0 I, C.) I 0
50 100 200 300 400 500 600 700

75
time (s) A'0

FVN
Fig. I. Simulated fusion power and normalized 50

beta as a function of the Q value and normalized

density (nGW = 12 X 1 20 M-3 A flat density 5-

profile was assumed, Ip = 5 MA) 0 A

O I CI OD A., 40C'

Ti file

Fig. 1 12 Expected. power excursion

in ITER as a function of the Q value

19 



JAERI-Conf 2002-010

Z4

V'l Aj AJ)

Fig. 1 13 The agnetic field dependence Of ON and Q, predicted by the
PRETOR code. Here, q9 = 30, fl/nGW = I 0, Pheat = I 0 MW, HH= 1.0 are
assumed.

5.11 1.9

II.X

Z45

0.11

I,, 1 MA'i

Fig. L 14 Fraction of the bootstrap current, ON and Q as a function of lp. Here, q95
= 30, n/nGW =1.0, Phat 100 MW, HH=1.5 and the density peaking factor of
1.3 are assumed with R6.35 m a1.85 m.

25 - 15
I I I M I I I I

1E
20 -

> T. lo --------------- - n.
(D 15 - T

CD
10 - x nHc

5
5

0 0
0.0 0.2 04 06 0.8 1.0 0.0 02 04 06 0.8 1.0

r/a r/a

JT
1.5 6.0 6.0

_____jBS I
E

--------- JNB 5.0 5.0
1.0 _____jRF1 4.0 4.0

jRP
-3- 3.0 3.0

0.5 2.0 2.0
z ........xe :

1.0 1.0
Cn ..............

0.0 0.0 L I I
0.0

0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 06 0.8 1.0

r/a r/a

Fig. L 15 Predicted profiles of steady-state discharge in ITER
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Fig. 1. 17 CS model coil

Fig� t 16 Picture of gyrotrons developed iti
Japan (upper left) and Russia (lower left).
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Fig. 1.23 Divertor maintenance
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APPENDIX

The Presentation Documents for Academician E. P Velikhov
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gently available river flow, krri /year -6,300

global freshwater consumption kVyear -3,000

requirement in fresh water to satisfy hman needs (according
timation), kO/yr

ion growth in XXI century 2-L5

ent in fresh water in XXt century to satisfy human ne 1 ,

iant freshwater capacity, rr�/day 6,000,00

Plant lifetime, years so

Total thermal power, MW(th) -4,000

Plant capital cost, (I 997) 8,000 -- 12,000

Plant operating costs, $M/year 200 - 400

Estimated freshwater cost, $/ rf 1-2
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