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FOREWORD
Development of nuclear fusion as a practical energy source could provide
great benefits. This fact has been widely recognized and fusion research has
enjoyed a high level of international co-operation. Since early in its history, the
International Atomic Energy Agency has actively promoted the international
exchange of fusion information.
In this context, the IAEA responded in 1986 to calls at summit level for
expansion of international co-operation in fusion energy development. At the
invitation of the Director General there was a series of meetings in Vienna during
1987, at which representatives of the world's four major fusion programmes
developed a detailed proposal for co-operation on the International
Thermonuclear Experimental Reactor (ITER) Conceptual Design Activities
(CDA). The Director General then invited each interested Party to co-operate
in the CDA in accordance with the Terms of Reference that had been worked
out. All four Parties accepted this invitation.
The ITER CDA, under the auspices of the IAEA, began in April 1988 and
were successfully completed in December 1990. The information produced within
the CDA has been made available for the ITER Parties and IAEA Member
States to use either in their own programmes or as part of an international
collaboration.
After completing the CDA, the ITER Parties entered into a series of
consultations on how ITER should proceed further, resulting in the signing of the
ITER EDA (Engineering Design Activities) Agreement and Protocol 1 on July
21, 1992 in Washington by representatives of the four Parties. The Agreement
entered into force upon signature of the Parties and shall remain in force for six
years, with the EDA being conducted under the auspices of the IAEA.
Protocol 1 expired on March 21, 1994. On this very day representatives of the
ITER Parties signed in Vienna Protocol 2, which entered into force upon
signature. This Protocol covers the remaining part of the EDA.
As part of its support of ITER, the IAEA is pleased to publish the documents
summarizing the results of the Engineering Design Activities.
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INTRODUCTION
The first major milestone report of the ITER EDA Agreement, the ITER Outline
Design Report, was presented to and noted by the Council at its fifth meeting on
January 27-28, 1994, and is contained in ITER EDA Documentation Series,
No. 6, ITER Council Proceedings: 1994.
The second major milestone report under the Agreement is the Interim Design
Report, Cost Review and Safety Analysis including the Report on ITER Site
Requirements. In considering the preparation of this major milestone report, the
Council determined that it was necessary to provide the Parties with a
comprehensive picture of the progress of the ITER EDA in fulfilment of the
understandings reached in the negotiations leading to the signing of Protocol 2
(these understandings are also contained in ITER Council Proceedings: 1994).
To this end, an Interim Design Report Package was compiled, consisting of the
following five elements:
1.
2.
3.
4.
5.

ITER Interim Design Report, Cost Review & Safety Analysis
ITER Site Requirements and ITER Site Design Assumptions
TAC-8 Report
SRG Report
CPs' Report on Tentative Sequence of Events

Following Council acceptance for Parties' review at its eighth meeting and the
Parties' subsequent domestic reviews, the Council, after receiving the Parties'
comments, approved the Interim Design Report Package at its ninth meeting.
This volume contains relevant documents associated with the acceptance, review
and approval of this package in addition to the package itself.
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EXCERPT FROM IC-8
RECORD OF DECISIONS
2.1

The Council accepted for consideration by the Parties a) the ITER Interim
Design Report, Cost Review and Safety Analysis, b) the Report on ITER
Site Requirements and ITER Site Design Assumptions presented by the
Director and c) the CPs' Report on Tentative Sequence of Events.

2.2

The Council accepted the TAC-8 Report and the SRG Report.

2.3

The Council commended the Director, JCT, and Home Teams for the high
quality and coherence of the joint work presented in the ITER Interim
Design Report, Cost Review and Safety Analysis and related documents and
expressed appreciation to TAC and SRG for the thoroughness and quality
of their reviews of the documents.

2.4

The Council, on the basis of the ITER Interim Design Report, Cost Review
and Safety Analysis, and the reports from TAC and SRG, agreed:
a. that the design as a whole was well-founded as a basis for continuation
of technical work; and
b. that the estimated costs remain comparable with previous estimates.

2.5

The Council determined that the IDR Package (IC-8 ROD Attachment 4)
consisted of 1) the ITER Interim Design Report, Cost Review and Safety
Analysis, 2) the Report on ITER Site Requirements and ITER Site Design
Assumptions, 3) the TAC-8 report, 4) the SRG report, and 5) the CPs'
report on the Tentative Sequence of Events; the IDR Package is supported
by detailed technical documentation - Interim Design Report, dated 12 July
1995, and Design Description Documents - which is available to the Parties.

2.6

The Council commended to the Parties, for their consideration, a position
on ITER at the half way point in the EDA based on conclusions drawn by
the Director in his presentation to the Council (IC-8 ROD Attachment 5).

2.7

The Council accepted the draft paper on possible mechanisms and legal
frameworks contained in the CPs' Report (IC-8 ROD Attachment 6) as a
helpful survey of conceivable legal instruments for possible ITER
construction and exploitation.
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8.

12

Having had an in-depth exchange of views, the Council
1. agreed that the IDR Package was suitable for transmission to the Parties
at this stage in the ITER Engineering Design Activities;
2. commended the IDR Package as working documents to the Parties, for
their consideration, with the intent to reach a common position at IC-9
at which time the Council may approve the IDR Package; and
3. invited the Program Directors to exchange information, as appropriate,
on their domestic considerations of the IDR Package to facilitate the
achievement of a common position. This information should also be
provided to the Director for technical coordination with results to be
provided to IC-9.
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ITER
INTERIM DESIGN REPORT,
COST REVIEW & SAFETY ANALYSIS
1. Introduction
1.1 The ITER Interim Design Report, Cost Review & Safety Analysis is the
second major milestone report presenting the progress made in the ITER
Engineering Design Activities. An Outline Design Report was presented in
January 1994 to ITER Council and provided a basis on which the Parties
concluded Protocol 2 of the ITER EDA Agreement. This interim report reflects
further development and enhancements of the design undertaken jointly by the
Joint Central Team and the Home Teams.
1.2 The key elements of the ITER Design as presented in the report have been
established under the guiding principles of maintaining plasma performance
and strictly controlling expected costs, whilst enhancing the design from the
standpoints of manufacture, assembly, maintenance, safety and reliability. To
this end the design process has incorporated:
• performance calculations, based on the latest physics results from the world's
fusion experiments, to ensure a choice of parameters which provide high
confidence of meeting agreed technical objectives, and
• detailed consideration of constructability, maintainability and safety and
environmental characteristics.
The cost and schedule estimates, now underpinned by extensive studies by the
Parties' industries, are established within ranges of uncertainty.
1.3 The necessary technology developments to realise the design are
incorporated in R&D programmes which have been formulated to focus on key
demonstrations and on establishing rigorous procedures to ensure feasibility
and reliability of components and systems, including their remote maintenance.
1.4 The following sections of this report cover:
Programmatic and technical objectives (Section 2);
Machine Parameters and Physics Performance (Section 3);
Key Technical Features of the Design (Section 4);
Safety and Environmental Characteristics (Section 5);
Site Requirements and Site Design Assumptions (Section 6);
Construction Schedule (Section 7);
Cost Estimates (Section 8);
Conclusions (Section 9).
1.5 This report is supported by detailed documentation which has been
reviewed within the ITER EDA framework.
2 Programmatic and Technical Objectives of ITER
2.1 The overall programmatic objective of ITER, as defined in the ITER EDA
Agreement, is to demonstrate the scientific and technological feasibility of
fusion energy for peaceful purposes. ITER would accomplish this by
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demonstrating controlled ignition and extended burn of deuterium-tritium
plasmas, with steady state as an ultimate goal, by demonstrating technologies
essential to a reactor in an integrated system, and by performing integrated
testing of the high-heat-flux and nuclear components required to utilize fusion
energy for practical purposes.
2.2 Detailed technical objectives along with the technical approaches to
determine the best practicable way to achieve the programmatic objective of
ITER have been established and were adopted by the ITER Council in December
1992 and acknowledged in Protocol 2 of the ITER EDA Agreement. These
objectives have been translated into a General Design Requirements
Document, adopted within the project, which provides a more specific
statement at the system and component level of the performance, safety and
configuration requirements to be met by the design.
2.3 The detailed technical objectives involve two phases of operation, the
Basic Performance Phase and an Enhanced Performance Phase. The ITER
Design provides the design for Basic Performance and allows for a future
incorporation of a tritium breeding blanket and for other features which could
be needed to achieve the objectives of the Enhanced Performance Phase.
2.4 The main characteristics and parameters of the ITER Design follow from
the agreed programmatic and detailed technical objectives for ITER, in
particular to meet the objective of demonstrating controlled ignition and
extended burn, in inductive pulses with a flat-top duration of approximately
1000s and an average neutron wall loading of about 1 MW/m2. An important
assumption underlying the detailed technical objectives, is that there will be an
adequate supply of tritium from external sources of around 2-3 kg/year
throughout operation.
3

Machine Parameters and Physics Performance of ITER

3.1 The main parameters of ITER as the design has now evolved are as
follows:
Total Fusion Power
1.5 GW
Average Neutron Wall loading
lMW/m 2
Plasma inductive burn time
1000s.
Plasma major radius*
8.1 metres
Plasma minor radius
2.8 metres
Plasma Current Ip
21MA
k95(ellipticity ©95% flux surface)

1.6

q 9 5 (safety factor 995% flux surface)

3

Toroidal field Bo @ 8.1 m radius
5.77
Maximum Toroidal field B @ TF coil
12.5T
Maximum Toroidal Field Ripple
2% at the separatrix.
Maximum Auxiliary Heating power 100MW
* Plasma major radius is measured to the centre of the last dosed flux surface.

The overall dimensions of the machine are essentially unchanged from the
Outline Design Report.
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3.2
ITER Physics performances have been estimated using guidelines and
physics rules developed on the recommendation of the Parties' designated
Physics experts. They are based on the most up to date views on plasma
confinement and are extrapolated from present experimental results which fit
the best available empirical global energy confinement scaling. Indicators have
been established to describe expected plasma performance in relation to
limiting requirements as outlined below.
3.3
To fulfill its objectives of ignition and extended burn, ITER must satisfy
a number of physics requirements, especially:
• sufficient confinement to allow for sustained ignition (Plasma
confinement);
• plasma power compatible with operation in an enhanced mode of
confinement (H-mode power threshold);
• resistive flux consumption compatible with the plasma maintained purely
inductively for 1000s (Bum duration); and
• compatibility with operation limits such as the maximum tolerable value of
plasma pressure (Beta limit).
3.4
The overall assessment is that, with the present values for the plasma
confinement, beta limit, sustained H-mode power threshold, and burn
duration based on extrapolation from current Tokamaks operating in near
thermonuclear grade plasmas, there is high probability that ITER will achieve
the objectives of ignition and sustained burn for 1000s with 1.5 GW of fusion
power without needing auxiliary heating. In addition, the availability of 100
MW of auxiliary heating provides a robust backup against lower than expected
energy confinement or higher equilibrium impurity levels. For instance 100
MW would be sufficient to sustain the nominal fusion power even in the
worst case extrapolation from presently observed energy confinement times.
The auxiliary heating also offers, through its current drive capability, the
possibility to demonstrate steady-state operation.
3.5 Margins have been analysed using, as reference for the nominal
operating point, recommended assumptions on He and impurity levels and Hmode plasma profiles. This analysis indicates that, for 1.5 GW fusion power,
there are margins relative to what is required to meet the ITER objectives
without any auxiliary heating input to the plasma from external sources.
Margins are increased while keeping the same fusion power either by
increasing the speed of the helium exhaust or by adding some auxiliary
heating. Doubling the speed of helium exhaust doubles the confinement
margin and the margins on burn duration and H-mode transition power
threshold become very large. With auxiliary heating, similar improvements
occur proportional to the power - 50MW doubles the confinement margin.
No account has been taken of recently observed improvements in confinement
by D/T mixture isotopic effects.
3.6 To determine how wide is the operational space for ITER and how
resilient is expected performance to the uncertainties in assumptions,
probability estimates have been made for ITER performance. For each of a
range of values of physics assumptions about confinement deterioration,
17

helium and beryllium levels around the reference levels, a self-consistent
scenario is computed that yields the amount of auxiliary heating required in
ITER to sustain the fusion power at 1.5GW. Initial ignition is assured because
of the slow Helium build up resulting from fusion reaction. Thereafter, the
analysis indicates that the probability of sustaining about 1000 s of burn with no
auxiliary heating is high. With 50MW of auxiliary heating, the probability
becomes almost a certainty.
3.7 Questions of the proximity of the nominal operating point to operation
limits which are not fully established experimentally, such as density limit,
beta limit or H-mode power threshold, and of the effects on confinement of
D/T isotopic composition and radiating divertor regime are being addressed in
vigorous R&D Physics research programmes in the Four Parties.
4

Key Technical Features of the ITER design

4.1

OVERALL ITER PLANT CONFIGURATION

4.1.1 The ITER plant is an experimental heat generation plant with a tokamak
reactor at its core. The plant comprises the tokamak, its auxiliaries, and
supporting plant facilities including a Tritium plant, Heat Transport Systems
and Electrical Power systems.
4.1.2 The major components of the tokamak are the superconducting toroidal
and poloidal coils, which produce magnetic fields to confine, shape and control
the plasma inside an evacuated torus (vacuum vessel). The coils are
superconducting and cryogenically cooled by a supercritical helium flow; they
are powered from the grid via a large AC/DC power supply. Inside the vacuum
vessel are internal, removable components; these include the first wall and
shield/blanket modules and the divertor cassettes. These components serve to
absorb heat lost by the plasma through radiation and particles, to protect the
vessel from excessive neutron radiation, and to control impurities in the
plasma. Provisions are also made to install test modules for breeding blankets
inside the vessel. The initial shield/blanket can be replaced with a breeding
blanket in the Enhanced Performance Phase.
4.1.3 The heat deposited in the internal components and the vacuum vessel is
transported and released to the environment via a set of pressurized water
loops designed to preclude releases of tritium and other radionuclides to the
environment. Portions of the heat transport systems are also used to heat the
inside of the vessel to bake-out temperatures above 200°C for impurity control.
The tokamak is housed in a cryostat, with a thermal shield system as a thermal
barrier for cryogenic temperature structures. Pumping systems provide the
necessary plasma particles exhaust and vacuum to the vessel and the cryostat.
The tokamak is fuelled by a dual fueling system, capable of gas and pellet
injection. Either recirculated, unburned fuel or fresh fuel (all hydrogen
isotopes) from a storage subsystem can be used.
4.1.4 The tritium plant processes the plasma particles exhaust, separates the
tritium and deuterium, and returns them to the fueling system. This process
18

will also recover the tritium produced in breeding blanket modules. The
tritium plant also detritiates the heat transport system coolant and the
atmosphere in spaces where potential contamination can occur. Lastly, it
provides the vacuum vessel and attached spaces with inert gas for maintenance
operations, and detritiates the gas upon exhaust.
4.1.5 The auxiliary heating and current drive systems, capable of driving part
of the plasma current, are provided to bring the plasma to ignition, to help in
controlling the DT burn and extending it to steady-state. These systems, now
under consideration, are known as the Ion Cyclotron Radio Frequency (ICRF),
the Electron Cyclotron Radio Frequency (ECRF) and the Neutral Beam
Injection (NBI) systems. (The Lower Hybrid frequency heating system is also
being developed by the Parties.)
4.1.6 The tokamak and portions of its ancillary systems within the cryostat are
maintained with a remote handling system, either in-situ, or in hot-cells,
where decontamination and detritiation are accomplished.
4.1.7 Other systems maintain proper chemistry and inventory control of the
water coolant and the liquid helium needed for the cryogenic structures
(cryoplant). They also distribute fluids (water, cryogenic fluid) and gases
(compressed air, inert gases) to various points in the plant. Steady-state
electrical power is distributed throughout the facility and uninterruptible
power supplies will drive those systems that require power for safety and
reliability reasons.
4.1.8 The various systems will be housed in buildings that contain the
necessary support systems (Heating, Ventilation and Air Conditionning,
lighting, fire protection, radiation monitoring, access control and security,
plumbing, lightning protection, etc.).
4.1.9 The entire plant is controlled from a central control room by a
computerized Command, Control and Data Acquisition system (CODAC).
4.1.10 Figure l(a) shows the ITER Tokamak in cross-section; Figure l(b) shows
an isometric view.
4.2

MAGNET SYSTEMS

4.2.1 The ITER superconducting magnet systems consist of twenty Toroidal
Field (TF) magnetic coils, seven Poloidal Field (PF) magnetic coils, a Central
Solenoid (CS) coil, and related structures. They are combined in an integrated
overall assembly which simplifies the equilibration of electromagnetic loads.
All coils are cooled by a supercritical helium flow maintained by cryogenic
circulation pumps. Figure 2 shows key features of the main Magnet Systems
and Structures.
4.2.2 The CS coil supports a significant fraction of the TF coil centering forces.
This mitigates fatigue stress limits in its conductor and reacts partially out of
plane forces acting on the TF coils, in addition to the outer structure which
links the TF coil outer legs together.
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Fig. 1 (a). Vertical Cross Section of ITER
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Fig. 1 (b). Isometric View of ITER
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4.23 The TF and CS coils and the two small diameter PF coils are built using
Nb3Sn superconducting strands, housed in an Incoloy or steel jacket which
serves as conduit for the He flow. This high magnetic field superconductor has
to undergo a long heat treatment after being wound on a coil form, and
subsequently electrically insulated and transferred to its proper position on the
coil - the so-called "wind, react, transfer" technology.
4.2.4 The TF coils are built by enclosing this conductor in grooved radial
plates, forming "pancakes", which are themselves enclosed in a thick steel case
thus providing stiffness to the coil both for operation and handling. The CS
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coil is wound in layer configuration. All these coils are to be manufactured offsite and shipped to the site despite their size and weight. (The CS coil weighs
about 1300 tonnes, including 250t of superconductor, and is about 12 m high
and 6m in diameter; each TF coil weighs about 650t, including about 60t of
supercondutor, and is about 19m high by 13m wide.)
4.2.5 The large-ring PF coils are supported by the TF coils against vertical
forces and are self-supporting against radial forces. A feature of their design is
that it is possible to disconnect one faulty module from the circuit and to work
with the others at similar total coil current by decreasing the He coolant
temperature. Ultimately, it is possible, in principle, to replace or rewind in situ
any of the PF coils, including those under the machine.
4.2.6 The five larger PF coils are too large to be transported (20m-30m in
diameter) and will be buit on site using as superconductor NbTi, a ductile
material working at lower magnetic field.

4.3

VACUUM VESSEL

4.3.1 The Vacuum Vessel provides the high vacuum boundary for the plasma
and is the primary safety barrier against radioactive releases for ITER. The
vessel cooling also provides decay heat removal by natural water convection
even when other in-vessel cooling is not working.
432 The vacuum vessel is divided toroidally into 20 sectors joined by field
welding at the central plane of the ports. It is an all-welded structure made
from SS 316 LN and with a double, ribbed shell. The total thickness of this
structure is typically in the range of 0.4-0.9 m. To fulfill the neutron shielding
function, the space between the shells will be filled with water and an array of
plate inserts. Figure 3 shows a Vacuum Vessel sector.
43.3 The vacuum vessel has 20 upper, midplane, and divertor ports. The
cover plates for the upper ports are used as feedthroughs for the blanket cooling
manifolds. The midplane ports are used for access to the plasma, inserting
diagnostics, test blanket modules, heating and current drive systems and for
permanent installation of remote handling tools. The lower horizontal ports
are used for replacement of divertor cassettes and vacuum pumping.

4.4

FIRST WALL AND BLANKET

4.4.1 In the Basic Performance Phase, ITER will operate with a Shielding
Blanket with three main functions:
• to remove the majority of the neutron power generated by the plasma as
well as a substantial fraction of the alpha power going to the first wall;
• to provide shielding and to reduce the nuclear responses in the vacuum
vessel structure and superconducting coils; and
• to contribute to the passive stabilization of the plasma.
23
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4.4.2 The primary structural element of the blanket system is the "backplate",
a toroidally continuous thick stainless steel shell to which shield modules and
cooling water manifolds are attached. It resists all axisymmetric loads (only
vertical forces are transmitted to the vessel) and is designed as a permanent
component.
4.4.3 There are 720 first wall and shield modules, each one connected to a
permanent manifold by two pipes which should be inspected, cut and welded
from inside using remote tools. Stainless Steel and pressurised water provide
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Targets

the necessary shielding against the neutron flux. The modularity will allow
partial First Wall and Blanket changes for easier maintenance by a special
remotely driven in-vessel transporter inserted through the main horizontal
ports; it is also expected to reduce significantly the burden of operational waste
arisings. Figure 4 shows a Shielding Blanket module on the backplate.
4.4.4 The First Wall is made from a combination of copper alloy to diffuse
heat to the coolant, stainless steel for structure and an armour material facing
the plasma, Beryllium being the prime candidate at present.
4.45 A breeding blanket will be needed to provide most of the tritium
necessary to achieve the technical objectives of the Enhanced Performance
Phase. It should be built in modules, geometrically similar to the shield
modules used in the Basic Performance Phase and providing the same water
cooling and shielding characteristics. On this basis, it could be installed in
about two years using the remote handling tools designed for standard
maintenance. It should be possible to provide a tritium breeding ratio of -0.8
within the same dimensional constraints.

4.5

DIVERTOR

4.5.1 The main functions of the ITER divertor systems are power and helium
exhaust, impurity control and tritium recirculation.
4.5.2 A Single Null divertor consisting of 60 modules (cassettes) is located at
the bottom of the vacuum chamber between the plasma and the vacuum
vessel. The present design provides an accurate mechanical support and the
flexibility to change the configuration of plasma interaction with the high heat
flux component and interface material. It has the ability to accommodate a
stationary power load of up to 300 MW. Figure 5 shows the Divertor in crosssection.
45.3 Given the physics uncertainties in the power flux distribution, it is
difficult to ascertain component durability; therefore, the design provides for
rapid replacement and refurbishment of divertor cassettes. A detailed remote
handling program has been developed for cassette removal, with the full
change over of the divertor calculated to take less than six months.

4.6

CRYOSTAT

4.6.1 The cryostat is a large (~30,000m3) evacuated vessel containing the ITER
tokamak and serves as a second safety barrier. It consists of a cylindrical section
bolted and seal welded to torospherical heads at top and bottom. The vessel is
made up of two walls each of 20mm nominal thickness connected across a
200mm interspace by horizontal and vertical ribs. The space between the walls
can be compartmentalised and evacuated or filled with He gas for leak
detection or heat transfer.
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4.6.2 Although its design may seem simple, the cryostat vessel presents a
challenge because of the large number (>400) of penetrations to be
accommodated whilst remaining leak-tight. Figure 6 shows the Cryostat in situ
in the Tokamak building.

4.7

AUXILIARY HEATING AND CURRENT DRIVE

4.7.1 There are three main auxiliary heating systems under consideration for
ITER, to deliver a total power of 100 MW to the plasma, with a capability of
current drive:
•
Fast wave ion-cyclotron;
•
Neutral beam injection; and
•
Electron cyclotron resonance systems.
These three approaches are being pursued within the ITER programme at
roughly equal levels of effort. Lower hybrid is also a possible system which is
developed in the Parties' fusion laboratories. Each scheme under consideration
has advantages and disadvantages; at least two should be used to fulfill all
requirements. They all appear to be able to deliver the requisite share of power
to the plasma.
4.7.2 The choice of heating and current drive systems does not need to be
made now and the time is not yet ripe to make a well-informed judgement for
ITER. On the current project schedule, the choice will be made at the end of
1996, on the basis of the best technical and cost information available at that
time. At this interim stage of the EDA, all the candidate systems are
compatible with the ITER design as it now stands.
4.8

REMOTE HANDLING

4.8.1 Direct physical access to the ITER machine will not be possible soon after
the first DT burn pulses and the consequent activation of in-vessel
components. A fundamental requirement for the machine design and for the
definition of its maintenance procedures is therefore that all maintenance tasks
be carried out remotely.
4.8.2 Work on Remote Handling has proceeded hand-in-hand with
component design. The main impact on the machine design has been to
segment it in such a way as to mitigate the effects of localised faults and to
simplify the more frequent or demanding maintenance operations. There is
also a consequence for the overall plant layout. Transportation routes for the
movements of activated components have been carefully defined so as to
ensure their fast and safe handling.
4.8.3 The divertor, the in-vessel component most expected to require
replacement, has been segmented in modules (cassettes) to permit quick
Remote Handling replacement through four lower dedicated ports, using
sealed containers via a double-seal door. The estimated replacement time is six
weeks for one segment and six months for a complete divertor replacement.
29

4.8.4 Four equatorial ports have been allocated for the permanent access of
dedicated in-vessel transporters inside the vacuum vessel for replacing
shield/blanket modules. The replacement process has been estimated to
require 6/8 weeks for one module and about two years for a complete set of
modules (this is also the time expected to be required for replacing at the end
of the Basic Performance Phase the shielding by a Tritium Breeding Blanket for
the Extended Performance Phase.)
4.8.5 Standard components for use in the construction of ITER, standard tools
and procedures for maintenance operations are defined where practicable. The
aim is to ensure that no component nor system can be installed in an area with
restricted human access unless it is fully capable of being maintained or
replaced remotely.
4.9

TOKAMAK ASSEMBLY

Assembly planning has also proceeded in hand with component design
in order to ensure the practical feasibility of the evolving design. In order to
have an efficient construction schedule, the general approach for assembly is to
modularise the components into manageable sub-assemblies which can be
manipulated within the capacity of the proposed overhead cranage (2x750t) .
The component modules would be pre-assembled either at factory or in a preassembly area located within the area of crane coverage.
4.10 POWER SUPPLIES
4.10.1 The pulse power supply system provides electrical power to the TF and
PF superconducting magnets, and the auxiliary heating and current drive
systems. During operations total peak demand is 500-650 MW active and 400500 MVAR reactive power which is assumed to be provided to the ITER Site
from a stiff, high voltage grid. A very large electrical plant follows; the total
installed AC/DC conversion power for all the superconducting magnet system
is 2800 MVA, and 300-400 MVA for the auxiliary heating systems.
4.10.2 In addition, a conventional steady-state power supply system is capable of
delivering up to 230MW, to the ITER support systems, notably the water cooling
systems and the cryoplant.
4.11 TRITIUM PLANT
4.11.1 The tritium plant:
• supplies the hydrogen isotope mixtures for fueling the plasma from
fuel in storage beds;
• processes the various plasma particle exhaust streams to recover
tritium and eliminate tritiated impurities, using hydrogen membrane
permeation and hydrogen isotope separation by cryogenic distillation;
and
• detritiates the cooling water and reduces the concentration of tritium
in air, gases and liquids discharged to the environment to maintain
tritium releases below the applicable limits.
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4.11.2 The system is designed, in line with the operating scenarios foreseen, to
support large tritium flows from plasma particle exhaust whilst meeting
stringent requirements for the detritiation of large volumes of water and air to
extremely low concentrations. Its design uses established and reliable
technologies that have been proven in industrial plants.
5

Safety and Environmental Characteristics

5.1 Recognising the objective that ITER should be designed to operate safely
and to demonstrate the safety and environmental potential of fusion power,
the following general safety principles underly the development of the ITER
design with regard to safety and environmental characteristics:
• to ensure that ITER is potentially acceptable in any Party's territory;
• to maximise use of the inherent favorable safety characteristics of fusion;
• to meet dose/release limits based on recommendations by the
International Commission on Radiological Protection (ICRP) and
International Atomic Energy Agency (IAEA), and further reduce releases
and doses to the public and site personnel to levels as low as reasonably
achievable (ALARA); and
• to minimize the safety role of and dependence in safety assessments on
plasma behaviour and experimental in-vessel components.
These principles are expressed in a set of specific functional requirements for
the safety aspects of ITER design.
5.2 Within the design, major lines of defense are identified and an
achievable reliability target is allocated to each. Integrating these roles and
providing multiple independent confinement barriers such as the vacuum
vessel and the cryostat, serve to reduce levels of risk of radioactive release.
53 The Design has been subject to an independent internal review, on the
basis of analyses by the Joint Central Team and the Home Teams, to provide:
• a systematic and comprehensive Functional Failure Modes and
Effects Analysis using summarized failure rate data.
• an assessment of the implementation in the design of the key safety
functional requirements;
• estimates of releases of radioactive materials and assessment of
public and site personnel safety during normal operation.
5.4 The preliminary internal assessments set out in supporting documents
and the more detailed analyses available give confidence that the ITER general
safety objectives are being met. As the design progresses, safety assessments
will be further elaborated, following the approach described above, to provide
specific assurance on the main issues.
6

ITER Site Requirements and Site Design Assumptions

6.1 The ITER design is directly linked to a set of requirements that are
compulsory for the ITER site, supplemented by assumptions about the site
which are used for design and related analyses until the actual ITER site is
31

known. The requirements and assumptions have been incorporated into the
ITER project management documentation to ensure that all documents are
consistent.
6.2 The compulsory requirements are firm in the sense that the plant design
cannot be reasonably reconfigured to allow a less demanding set of
requirements. Key features of the ITER Site Requirements include:
• 70 hectares of land committed for at least 30 years;
• capacity to dissipate on average 1.3 GW(thermal) to the environment;
• 400 m3 daily average of fresh water - 300 m3 daily average of industrial
sewage - and sanitary waste for a peak site population of 1500;
• 230 MW of steady state electrical power supply;
• ability to receive large components of up to 14m width, 6m height and
19m length, one component of about 1300 tonnes, and about 80 other
components in the range 100-600 tonnes;
• soil bearing capacity adequate for building load of at least 25 t/m 2 (at
normal building locations) and 80 t/m 2 (at tokamak building location at
depth of about 50 m);
6.3 The site design assumptions are not compulsory requirements but are
characteristics of the site assumed to exist so as to provide designers with the
bases for site sensitive aspects of the design and for purposes of cost estimating
and construction scheduling. They were selected so that the essential EDA
design would not be invalidated by deviations of the actual site from the
assumptions. Key site assumptions include:
• temporary use of -60 hectares of additional land adjacent to or nearby the
site;
• 500-650 MW of active electric power for pulsed power supplies from a
resilient network capable of absorbing 200MW/sec variations;
• about 50 m 3 /min of raw water for cooling tower heat sink;
• availability of local industrial, workforce, and socioeconomic
infrastructure, and access to road, rail, water and air transportation in the
vicinity of the site;
• meteorological characteristics of a temperate climate;
• seismic characteristics based on the safety importance of the systems,
structures, and components with peak horizontal and vertical ground
acceleration in the range 0.4g (lO^/year, high confidence); 0.2g (HH/year,
best estimate); and 0.05g (10"2/year best estimate);
All other external (natural or man-made) accident initiators except seismic are
assumed to be below regulatory consideration.
6.4 Deviations from the site design assumptions by the actual ITER site may
require design and/or construction modifications, but these modifications are
expected to be feasible. The cost and schedule sensitivities for variations of
several assumptions will be analyzed during the EDA.
6.5 As well as the specific site requirements and site design assumptions
illustrated above, there are other site-related considerations to be recognised,
including:
• any improvements necessary to the off-site infrastructure;
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• the securing on a timely basis of all licenses and permits necessary for
the construction, operation, exploitation and decommissioning ITER;
• assurance of shipment of radioactive materials, ie tritium fuel and
operational wastes;
6.6

Figure 7 shows one example of the site layout for ITER

7

Construction Schedule

7.1 The design for ITER has been developed on the presumption that the
ITER EDA is taking place with a view to construction starting as soon as
practicably possible after the end of EDA. An integrated technical plan has
been developed for the Project which sets out a timetable, resources and
related logic for all the design, engineering and R&D activities necessary to
cany ITER through procurement and construction to reach first plasma.
72 The schedule shown in Fig 8 assumes a scenario of the site selection,
procurement, construction, assembly and commissioning of ITER. It is based
on the assumptions that:
1 site selection occurs right after the end of EDA;
2 procurement starts immediately after the end of EDA;
3 the necessary regulatory processes are pursued on a timetable which places
some relatively mild constraint on the on-site construction schedule; and
4 resources identified in this report are made available as planned.
The schedule has been derived from detailed schedules of each major activity
related to systems, and components, including procurement, delivery, testing
before assembly if necessary, on-site fabrication , construction, assembly, and
preoperational testing.
73 In this scenario, by following a realistic compressed schedule,
construction would be essentially finished early in 2007, and first plasma could
be achieved by end 2008. Critical elements of the schedule include the delivery
of the magnets and vacuum vessel segments and the expected site-specific
regulatory process, subsequent civil work on the construction of nuclear
buildings, and Tokamak assembly.
7.4 Different assumptions give rise to alternative scenarios. If, for example,
one assumes that the regulatory review process places no constraint on the start
of site work and on site construction and that more human resources are
available for detailed design work in the period of the EDA than in the above
scenario, then the schedule could be shortened by about IV2 years; i.e.
construction would be completed by late 2005, with first plasma occurring by mid
2007.
8

Cost Estimates

8.1 The expected costs of ITER have been estimated at a level of detail
consistent with the current state of the design and planning.
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Engineering and R&D costs during EDA
8.2 Detailed estimates have been made of the resources needed for the
engineering activities and supporting technology R&D during the EDA. The
total costs are consistent with those previously agreed.

Construction Costs
8.3 The main focus of the costing activity has been the systematic study of
expected costs of construction for all of the components and systems of ITER,
including procurement, manufacture and assembly costs. Where possible,
industrial estimates have been obtained through the four Home Teams in order
to ensure a high level of realism and confidence in the estimation. Over 70% of
the total estimated construction cost is covered by industrial cost estimates and
over 90% of the costs of the tokamak systems.
8.4 Differences between the approaches to Cost Estimating of the ITER Parties
can arise as a result of differing conventions and assumptions about the
procurement and construction arrangements. In this sense it is not possible to
determine a single figure which can be simply converted through exchange rates
to represent the cost of ITER construction from the perspective of each Party.
However, from the information provided from the Parties (expressed in the
respective domestic currencies deflated to a common base date), it is evident
that, for each of the Parties, the percentage of the construction cost accounted for
by each main system is similar. This process suggests that the "value" of each
major cost element and the total can be considered the same irrespective of the
Party. It is thus possible to normalise the information to a common basis
independent of the structural differences and economic fluctuations. On this
basis, an "evaluated" cost estimate can be established, which uses the best
information available from all Parties and expresses the total in ITER Units of
Account .
8.5 Explicit allowances for uncertainty have been made based on analysis of
detailed cost data provided and using informed judgement and past experience.
Since the industrial cost estimates have generally come from single sources in
each party, without the stimulus of competitive tender, the uncertainty
allowances can be both positive and negative, and the "evaluated" cost is a point
estimate within a range.
8.6 As the EDA proceeds further, the uncertainty is expected to reduce.
Whether the estimated value will grow toward the high end or fall toward the
low end of the range depends on the interplay of many factors, notably:
• a "design to cost" approach now applies for forthcoming design work;
• the nature of construction project management and procurement
arrangements may cause cost variations;
• vendor costs can be affected by ITER project management adopting
judicious limitations on vendor responsibilities;
• commercial competition will tend to reduce costs.
8.7 Items which are part of the cost estimate, but for which no separate, explicit
estimate is yet available have been listed and a general provision made for them
in an "Allowance for Indeterminates".
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8.8 Given the nature of R&D during the EDA with its concentration on
manufacture of prototypes of major novel components and on proving their
remote maintainability, and the comprehensive coverage of design activities, it
is not necessary to quote a "contingency" for ITER to cover items inadvertently
overlooked. At the time of a construction decision, it should only be necessary
to provide possible access to a reserve, to be used as insurance against
unforeseen events such as failures, unrecoverable losses, possible regulatory
delays etc, outside the scope of project management.
8.9 The total "evaluated" construction costs (assuming a 10 year schedule to
first plasma), and allowances for cost uncertainty are shown in the Table below:
Estimated Construction Costs
klUA
Evaluated Estimate (including 5850
allowance for indeterminates)
Cost uncertainty range
+770/-800
Note that the estimates exclude items:
- to be provided by the Host Party (eg land, cost of licensing);
- to be provided by the Parties themselves (eg Test Blanket modules);
- not needed for the Basic Performance Phase (eg Breeding Blanket
whose cost is shown in operating cost estimates).

Management, engineering and R&D costs during Construction Phase
8.10 In addition to the construction costs estimates, it is assumed that there will
be a construction management team and engineering support and R&D during
construction and commissioning. Total costs over an assumed 10 year period are
estimated to be about 1100-1200 klUA.
Operating Costs
8.11 The costs of operating ITER have been reviewed, taking account of
operational scenarios, phases and duration of the project. At this interim stage,
and assuming an operational programme in line with the detailed technical
objectives, operating costs are expected to be, on average, of the order 350400kIUA/year.
8.12 The operating costs will include:
• Project personnel and Overheads (assuming a team size of 300
professionals and about 600 support staff);
• Energy costs of operation;
• Tritium fuel costs (~ 2-3 kg/year during operation at a cost oflOklUA/kg
assumed in the absence of a market price for Tritium)
• Capital improvements, spare parts and materials;
• Waste management during operations.
The figures break down broadly as 25% for Personnel and overhead, 25% for
energy and fuel and 50% for materials and other items. These costs could vary
greatly depending on the host site for ITER. Any estimate in the absence of a
specific site must therefore be very tentative. The figures are averaged over
significant variations in profile arising from the operating scenarios and from
the project's progress through different phases of activity, notably the transition
from Basic to Extended Performance Phase.

Decommissioning Costs
8.13 Decommissioning costs have also been estimated in general terms at this
interim stage based on experience with fission power plants. Because the actual
costs could vary considerably with the choice of site, decommissioning scenarios
and assumed regulatory environment for decommissioning, a range of potential
costs between 5% and 15% of capital (construction) cost has been assessed, giving
an estimate in the range 300-900kIUA.
Other expenses
8.14 There has been no attempt to estimate the costs that will be incurred within
a future Host Party in providing the necessary reports to pursue the regulatory
process to secure permission to construct and operate ITER. However estimates
of the resources needed within the project team (JCT/ Home Team or successor
organisations in a construction activity) in order to support the regulatory
process technically are included in the estimates of engineering effort needed
during and after the end of the EDA.
8.15 Likewise, the costs of adjusting the site, or the design, to allow for
variations from the site design assumptions or to meet extraordinary regulatory
requirements, and of other site-related considerations cannot be estimated in the
absence of site specifics.

9

Conclusions

9.1 At this interim stage, about half way through the six year duration of the
ITER Engineering Design Activities, the key elements of the design for ITER are
firmly established. The design as a whole offers high confidence of meeting the
technical and programmatic objectives, assuming adequate Tritium supply, and
is robust with respect to physics uncertainties and to the technological aspects of
construction and operation.
9.2 The technological needs for ITER are well characterised and rely on
established approaches. Focussed R&D programmes are in place with the Home
Teams to apply the relevant technologies to ITER's specific needs, including, in
particular, manufacturing demonstration and testing, and remote handling of
key components. Physics programmes in the Parties will focus on limiting
factors for confinement and physics performance and will provide experimental
validation of divertor performance. These programmes together are expected to
provide adequate validation and demonstration of the critical systems and
features of the design within the time frame of the EDA.
9.3 The expected costs and their distribution between the different
components, now underpinned by extensive studies by the Parties' industries,
are well understood within a defined range of uncertainty and are consistent
with the previously stated cost estimates for ITER. A "design to cost" policy
during the rest of the EDA is expected to hold costs within the currently defined
range; the uncertainty will reduce as the design and technical database develop
further. Definitive costing will be possible only when the details of a specific
Site are known and appropriate construction and procurement arrangements,
which allow effective project management, have been established.
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9.4 Technical aspects of the construction logic and schedule have been
determined; actual construction time-scales will also depend largely on external
factors such as the regulatory process.
93
The emphasis of the EDA work now turns towards design in detail of the
different components and subsystems and to the next major milestone, the
Detail Design Report, scheduled for the end of 1996. The resources needed for
the tasks involved are well defined and are consistent with the terms of the
EDA Agreement. Given an assured and timely provision of the necessary
resources, especially for the detailed design work, the ITER Engineering Design
Activities can be confidently expected to meet the objectives of the Agreement
and to provide by the due date the engineering design of ITER, all technical
data necessary for future decisions on the construction of ITER, and
specifications and drawings to enable procurement of long lead-time items
needed for the immediate start-up of construction. The information provided
in this interim report and supporting documents offers an appropriate basis for
the Parties to consider their approach to such possible decisions.
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ITER SITE REQUIREMENTS
and
ITER SITE DESIGNS ASSUMPTIONS
Report by the Director
Introduction
The objective of this document is to define a set of requirements that are
compulsory for the ITER site supplemented by assumptions about the ITER
site which are used for design and cost estimates until the actual HER site is
known. Part I of this document contains the principles for the development
of the site requirements and site design assumptions. Part II of this document
contains the compulsory requirements which are derived from the ITER
design and the demands it makes on any site. Part m of this document
contains site design assumptions which are characteristics of the site assumed
to exist so that designers can design buildings, structures and equipment that
are site sensitive.
Both the Site Requirements and the Site Design Assumptions are organized
in the following categories:
•
•
•
•
•
•
•

Land
Heat Sink
Energy and Electrical Power
Transportation and Shipping
External Hazards and Accident Initiators
Infrastructure
Decommissioning

Each of the categories is subdivided into related elements. Some of the
categories are broadly defined. For instance, Infrastructure includes human
resources/ scientific and engineering resources, manufacturing capacity and
materials for construction and operation. Requirements and assumptions for
the various elements are justified in the Bases statements. These statements
explain the rationale for their inclusion and provide a perspective in which
they may be used.
The ITER Site Requirements and the Site Design Assumptions have been
incorporated into the ITER project management documentation to ensure
that all documents are consistent. In particular, the General Design
Requirements Document (GDRD) captures these compulsory requirements
and design assumptions, such that all EDA lower level documents such as
Design Description Documents (DDD) for system, structure and component
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designs are governed by these considerations. The ITER construction cost
estimate and schedule are based on the design descriptions in the DDD's,
which ensures that they are also consistent with the Site Requirements and
Site Design Assumptions.
I. PRINCIPLES FOR SITE REQUIREMENTS AND SITE DESIGN ASSUMPTIONS
1. The compulsory site requirements are based on the ITER site layout and
plant design. These requirements are firm in the sense that reasonable
reconfiguration of the plant design will not result in a less demanding set
of requirements. Some of the requirements are based in part on how the
plant and some of its major components, such as magnet coils, will be
fabricated and installed.
2. This document also addresses the assumptions that have been made to
carry out the ITER design until a decision on siting is reached. These site
design assumptions form some of the bases for the ITER construction cost
estimate and schedule. The assumptions are not compulsory site
requirements, but are guidelines for designers to follow until the actual site
is known.
3. The requirements for public safety and environmental considerations are,
by their nature, site sensitive. Also, the regulatory requirements for siting,
constructing, operating and decommissioning ITER are likely to be
somewhat different for each potential host country. Therefore, it is
assumed that regulatory agencies for the actual ITER site will communicate
these requirements when the site is selected. Until that time, the ITER
Plant will be designed to a set of safety and environmental assumptions
contained in Chapter 2, General Design Requirements, (and its future
revisions) of the Interim Design Report which are expected to approximate
the actual requirements. Site sensitive considerations during operation
such as shipment of radioactive materials including tritium to the site,
temporary storage of wastes on the site, shipment of wastes from the site
and effluents from ITER during normal and off-normal operation must be
addressed for host country acceptability. However, the present assessment
of the design does not provide definitive data for these considerations.
Therefore, preliminary information on expected effluents during normal
operation and the forms and quantities of waste materials are presented in
the Interim Design Report, Chapter 6, Preliminary Safety Assessment.
4. The final phase of the ITER Plant deserves special attention. In the absence
of firm guidance and without prejudice to future negotiations of the
parties, it is assumed that the organization in charge of operating ITER will
have a final responsibility to "deactivate" the plant. In this context,
"deactivation" is the first phase of decommissioning and includes all
actions to shut down the ITER plant and place it in a safe, stable condition.
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The dismantling phase of decommissioning, which might take place
decades after the "deactivation" phase, is assumed to become the
responsibility of a new organization within the host country.
5. In conclusion, the site design assumptions are very important, because
without them progress is very limited for site sensitive designs of
buildings, power supplies, site layout and safety/environmental studies.
These assumptions were selected so that the EDA design would not be
invalidated by actual site deviations from the assumptions. If the
assumptions require quantitative values, they have been selected such that
they require designers to address criteria for intermediate conditions (i.e.
neither harsh nor mild extremes). Deviations from the site design
assumptions by the actual ITER site may require design and/or
construction modifications, but these modifications are expected to be
feasible. The modifications may revise the cost estimate and the
construction schedule developed during the EDA. The sensitivity of cost
and schedule results for modifications of several assumptions will be
analyzed during the EDA.

II. SITE REQUIREMENTS
A. Land
1. Land Area
Requirement The ITER Site shall be 70 hectares in area enclosed
within a perimeter. All structures and improvements within
the perimeter are the responsibility of the ITER project. Land
within the perimeter must be committed to ITER use for a
period of at least 30 years.
Bases The minimum area for the ITER Site is predicated on sufficient
area for the buildings, structures and equipment with
allowances for expansion of certain buildings if required for
extension of the ITER program.
The time period is specified to cover the construction (-10
years) and operations (-20 years) phases. "Deactivation" is
expected to be complete in the order of one year.
2. Geotechnical Characteristics
Requirement The ITER Site shall have foundation soil bearing
capacity adequate for building loads ot at least 25 t/m 2 at
locations where buildings are to be built. At the specific location
of the Tokamak Building the soil bearing capacity shall be
adequate for building loads of 80 t/m 2 at a depth of about 50 m.
The soil at this location shall not have unstable surrounding
ground features. The building sites shall not be susceptible to
significant subsidence and differential settlement.
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Bases The HER tokamak is composed of large, massive components
that must ultimately be supported by the basemat of the
structures that house them. Therefore soil bearing capacity and
stability under loads are critical requirements for an acceptable
site. Excavation to approximately 50 m is to the bottom of the
Tokamak Building basemat. The Tokamak Building is composed
of three independent halls orwseparate basemats, but served by
the same set of large, overhead bridge cranes. Crane operation
would be adversely affected by significant subsidence and
differential settlement.
3. Water Supply
Requirement The ITER Site host shall provide a continuous fresh
water supply of 5 m 3 /minute peak consumption rate. The
average daily consumption is estimated to be about 400 m3. This
water supply shall require no treatment or processing for uses
such as potable water and water makeup to the plant demineralized water system and other systems with low losses.
Bases The llJtR plant and its support facilities will require a reliable
source of high quality water. Average consumption rates are
estimated to be about 03 m 3 /minute. The peak rate of 5
m 3 /minute is specified to deal with conditions such as leakage
or fires. This water supply is not used for the cooling towers or
other uses which may be satisfied by lower quality, "raw" water.
4. Sanitary and Industrial Sewage
Requirements The ITER Site host shall provide sanitary waste capacity
for a peak ITER site population of 1500. The host shall also
provide industrial sewage capacity for an average of 300 m 3 /day.
The peak industrial sewage rate is 3000 m 3 /day.
Bases The ITER project will provide interconnecting sewer lines to the
site perimeter for connection to sewer service provided by the
host. The peak industrial sewage rate is expected to be adequate
to deal with conditions such as leaks and drainage of industrial
sewage stored in tanks until it can be analyzed for release.
Rainwater runoff is not included in industrial sewage.
B. Heat Sink
Requirements The ITER Site shall have the capability to dissipate, on
average, 1300 MW (thermal) energy to the environment.
Bases ITER and its associated equipment may develop heat loads as
high as 2600 MW (thermal) for pulse periods of the order of 1000
sec. Duty Cycle requirements for the heat sink at peak loads will
not exceed 50%. Therefore, during the Basic Performance Phase
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the average heat load would be no more than 1300 MW for
periods of 3 to 6 days. The capability to dissipate 2600 MW
should be possible for steady state operation.
C. Energy and Electrical Power
ITER Plant Steady State Electrical Loads
Requirements The ITER Site host shall provide up to 230 MW of
continuous electrical power. Power should not be interrupted
because of connection maintenance. At least two connections
should be provided from the supply grid to the site.
Bases The ITER Plant has a number of systems which require a steady
state supply of electrical power to operate the plant. It is not
acceptable to interrupt this power supply for maintenance of
transmission lines, therefore the offsite transmission lines must
be arranged such that scheduled line maintenance will not cause
interruption of service. This requirement is based on the
operational needs of the ITER Plant.
A preliminary load list indicates the total connected steady state
electrical loads for ITER are about 260 MW. Peak loads are
somewhat lower (230 MW) because some equipment operates at
less than 100% duty cycle. Maintenance loads are considerably
lower because heavy loads such as the tokamak heat transfer and
heat rejection systems will operate only during preparations for
and actual pulsed operation of the tokamak.
D. Transportation and Shipping
1. Maximum Size of Components to be Shipped
Requirement The ITER Site shall be capable of receiving shipments for
components having maximum dimensions (not simultaneously)
of:
• Width - 14 m
• Height - 6 m
• Length - 19 m
Bases In order to fabricate the maximum number of components, such
as magnet coils and large transformers, off site, the ITER site
must have the capability of receiving large shipments. The
width is the most critical maximum dimension and it is set by
the PF-7 magnet coil which is about 14 m in diameter. The
height is the next most critical dimension which is set by the CS
coil. The length is not a critical dimension, but 19 m is required
for the TF coils. The following table shows the largest (>100 T)
ITER components to be shipped:
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Largest ITER Components* to be Shipped
Component Pkgs Width (m)
Length (m)
Height (m)
Weight (T)
1
14
6
CS Coil
'$>. '•?•• wrf&Srti? 7 ?!-: .^
21
13
4.7
600
TF Coils
1
13
13
1.3
240
PF-2
1
14
1.8
500
PF-7
Vac. Vessel
ii
40
16
Sector
2.3
400
750 T Crane
2
14
18
6
600
Trolley
Structure**
Large HV
4
6
12
Transformer
5
320
* Dimensions rounded to integer meters, except height which is next highest 0.1 m.
Crane dimensions and weight are preliminary estimates.

2. Maximum Weight of Shipments
Requirement The ITER Site shall be capable of receiving one component
(package) having a maximum weight of 1300 tonnes and
approximately 80 packages with weight between 100 and 600 tonnes
each.
Bases In order to fabricate the maximum number of components,
including magnet coils, off site, the ITER site must have the
capability of receiving very heavy shipments. The single
heaviest component (CS Coil) is not expected to exceed 1300
tonnes. All other components are expected to weigh 600 tonnes
or less.
E. External Hazards and Accident Initiators
No Compulsory Requirements.
F. Infrastructure
No Compulsory Requirements.
G. Decommissioning
No Compulsory Requirements.

III. SITE DESIGN ASSUMPTIONS
The following assumptions have been made concerning the ITER site. These site
design assumptions are uniformly applied to all EDA design work until the actual
ITER Site is selected.
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A. Land
1. Land Area
Assumption During the construction and operating phases it will be
necessary to have temporary use of an additional 60 hectares of
land adjacent to or reasonably close to the compulsory land area.
It.is assumed this land is available for cooling towers, interim
waste storage, construction laydown, field engineering, preassembly, concrete batch plant, heavy equipment storage,
excavation spoils and other construction activities.
Bases The assumptions made for the EDA cost and schedule estimates
are based on construction experience which uses an additional
area of 50 hectares. Hie cooling towers require about 4 hectares
of land. Only a very limited amount of vehicle parking space is
allocated to the compulsory area. During construction it is
estimated that parking for up to 3000 workers may be required, if
not adjacent to the construction site, at least within a reasonable
bus commute. 5 hectares is assumed for parking. The sum of all
these additional land needs is about 60 hectares as stated in the
assumption.
2. Topography
Assumption The ITER site is assumed to be a topographically
"Tsalanced" site. This means that the volumes of soil cuts and
fills are approximately equal over the compulsory land area in
Requirement A.I. The maximum elevation change for the
"balanced" site is less than ±10 m about the mean elevation over
the land area in the compulsory requirement.
Bases The assumption of a reasonably flat, "balanced" site is used to
estimate data for earth moving and excavation.
3. Geotechnical Characteristics
Assumption The ITER Site is characterized by a soil surface layer of
sufficient thickness that it is not necessary to remove underlying
hard rock, if present, for building excavations.
Bases Excavation is based on removal of consolidated soil by heavy
equipment. Hard rock removal requires different, potentially
more expensive methods which are not considered in the EDA.
4. Hydrological Characteristics
Assumption Ground water is assumed to be present at levels above
the tokamak building embedment of 50 m below nominal grade.
This assumption will require special engineered ground water
control during the construction of the tokamak building pit.
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Bases The design of the tokamak building pit requires a relatively deep
embedment. Based on the pit dimensions and a ground water
level at 10 m below nominal grade, a method for ground water
control has been developed and included in the EDA project
planning.
5. Seismic Characteristics
Assumption The ITER seismic design specifications for the applicable
Safety Importance Class (SIC) are based on an assumed seismic
hazard curve. Using the IAEA seismic classification levels of SL2, SL-1, and SL-0 and the assumed seismic hazard curves, the
following seismic specifications are derived:

SIC
1*
2,3
3
4

IAEA Level
SL-2S 85th %tile
SL-2 50th%tile
SL-1 50th%tile
SL-0

Return Period
Peak **
(years)
Ground Ace.
10*
.4
4
10
.2
102
.05
##
##

*

No ITER components in this-dass

**

Peak Ground Acceleration is for Both horizontal and vertical
components in units of the gravitational acceleration, g.

## SIC 4 is not derived probabilistically - local (uniform) building
codes are applied to this class.
Bases Safety assessments of external accident initiators for facilities,
particularly when framed in a probabilistic risk approach, may be
dominated by seismic events. Assumed seismic hazard curves
are used in a probabilistic approach which is consistent with
IAEA recommendations for classification as a function of return
period. Specification of the peak horizontal and vertical ground
acceleration provides the ITER designers guidelines prior to site
selection. After site selection the actual seismic specifications will
be used to adjust the design, if necessary. The selection of the
assumed seismic hazard curve is relevant to regions of low to
moderate seismic activity.
6. Meteorological Characteristics
Assumption A general set of meteorological conditions are assumed
for designers of buildings, civil structures and outdoor
equipment. The data are as follows:
• Maximum Steady, Horizontal Wind < 140 km/hr
(at 10 m elevation)
• Maximum Air Temperature < 38 Degrees C
(24 hr average < 33 Degrees C)
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• Minimum Air Temperature > -25 Degrees C
(24 hr average > -15 Degrees C)
• Maximum Rel. Humidity (24 hr average) < 95%
(corresponding vapor press < 22 mbar)
• Maximum Rel. Humidity (30 day average) < 90%
(corresponding vapor press < 18 mbar)
• Barometric Pressure - Sea Level to 1500 m
• Maximum Snow Load - 300 kg/m 2
• Maximum Icing - 3 mm
• Maximum 24 hr Rainfall - 20 cm
• Maximum 1 hr Rainfall - 5 cm
• Heavy Air Pollution (Level 3 according to DEC 71-2)
Bases The assumed meteorological data are used as design inputs.
These data do not comprise a complete set, but rather the
extremes which are likely to define structural or equipment
limits. If intermediate meteorological data are required, the
designer estimates these data based on the extremes listed above.
Steady winds apply a static load on all buildings and outdoor
equipment.
B. Water Supply for Heat Sink
Assumption The JCT has selected forced draft (mechanical) cooling
towers as a design solution until the ITER site is selected. At
50% pulse duty cycle (1300 MW average heat rejection) the total
fresh ("raw") water requirement is about 50 mVminute. This
water makes up evaporative losses and provides a blowdown
source to reduce the accumulation of dissolved and particulate
contaminants in the circulating water system. During periods of
no pulsing the water requirement would drop to about 10
mVminute. If steady state operation is accomplished, 100
mVminute of fresh water is needed for rejection of 2600 MW by
forced draft cooling towers.
Bases The actual ITER Site could use a number of different methods to
provide the heat sink for ITER, but for the purposes of the EDA
site non-specific design, the induced draft (mechanical) cooling
towers have been assumed. These cooling towers require
significant quantities of fresh water ("raw") for their operation.
For 1300 MW average dissipation, approximately 38 mVminute
of the water is lost by evaporation and drift of water droplets
entrained in the air plume. Another 12 mVminute is used to
dilute the cooling water inventory so that there is no need for
treatment before the blowdown water is released to the
environment. This water also supplies make up to the storage
tanks for the fire protection system after the initial water
inventory is depleted. Cooling towers are not suitable for an
ITER site on a seacoast or near a large, cool body of fresh water.
The heat sink type is expected to be a significant cost driver only
if water (either fresh or seawater) is unavailable, such as in an
arid region.
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C. Energy and Electrical Power
1. Electrical Power During Construction
Assumption The grid supply assumed during the early construction
period is 35 MW for peak" loads. Peaks loads will occur only
during magnet coil testing and average loads when no testing is
underway will be 5 to 20 MW.
Bases The cryoplant capacity required for magnet testing is expected to
require about 20 MW and the coil power supply about 10 MW.
Additional loads at the construction site are expected to add
another 5 MW for a peak load of about 35 MW.
2. Electrical Power Reliability During Operation
Assumption The grid supply to the Steady State switchyard is assumed
to have the following characteristics with respect to reliability:
Single Phase Faults - a few tens / year

80%: t < 1 sec.
20%: 1 sec. < t < 5 min.

where t = duration of fault
Three Phase Faults - a few / year (any duration)
Bases ITER Steady State power supplies have a direct bearing on
equipment availability which is required for tokamak operation.
If operation of support systems such as the cryoplant, TF coil
supplies and other key equipment are interrupted by frequent or
extended power outages, the time required to recover to normal
operating conditions is so lengthy that availability goals for the
tokamak may not be achieved. Emergency power supplies are
based on these power reliability and operational assumptions.
3. ITER Plant Pulsed Electrical Supply
Assumption A high voltage line supplies the ITER "pulsed loads".
The following table shows the "pulsed load" parameters for the
ITER Site:
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Characteristic

Value

Peak Active Power*
Peak Reactive Power
Power Derivative*
Power Steps*
Fault Level, GVA
Pulsed Power Period**

500-650 MW
400-500 MVAr
200MW/S
60 MW
10-25
2200 s

* These power parameters are to be considered both positive and
negative. Positive refers to power from the grid, while negative
refers to power to the grid. Power variations will remain within
the limits given above for the maximum power and for the
power derivatives.
•* The capability to increase the pulse power period to 10,000 s is
also assumed.
Bases The peak active power, the peak reactive power and the power
steps quoted above are evaluated from scenarios under study.
Occasional power steps are present in the power waveform. The
supply line for pulsed operation will demand a very "stiff node
on the grid to meet the assumption.

D. Transportation and Shipping
General Bases The assumptions for transportation and shipping are
based on some general considerations which are common for all
rnodes. Several modes of transportation and shipping are
assumed for llfcR because the diversity of these modes provides
protection against disruptions for timely delivery of materials
and equipment needed by the project.
When the assumptions describe the site as having "access" to a
mode of transportation or shipping, it means that the site is not
so far away from the transportation that the assumed mode
would be impractical. Air transportation is a good example,
because if the airport is not within reasonable commuting time,
the time advantage of this mode would be lost (i.e. it would
become impractical).
1. Highway Transportation
Assumption The ITER Site is accessible by a major highway which
interconnects to major ports of entry and other centers of
commerce.
2. Air Transportation
Assumption The ITER Site is located within reasonable commuting
time from an airport with connections to international air
service.
3. Rail and Waterway Transportation
Assumption It is assumed the ITER site will have railroad and
waterway access. The railroad is assumed to interconnect to
major manufacturing centers and ports of entry.
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E. External Hazards and Accident Initiators
1. External Hazards
Assumption It is assumed the ITER Site is not subject to significant
industrial and other man-made hazards.
Bases External hazards, if present at the ITER site, must be recognized
in safety, operational and environmental analyses. If these
hazards present a significant risk, mitigative actions must be
taken to ensure acceptable levels of public safety and financial
risk.
2. External (Natural) Accident Initiators
Assumption It is assumed the ITER Site is not subject to horizontal
winds greater than 140 km/hr (at an elevation of 10 m) or
tomadic winds greater than 200 km/hr. The ITER Site is not
subject to flooding from streams, rivers, sea water inundation, or
sudden runoff from heavy rainfall or snow/ice melting (flash
flood). All other external accident initiators except seismic
events are assumed below regulatory consideration.
Bases The wind speeds specified in this requirement are typical of a
low to moderate risk site. Tornadic winds apply dynamic loads
of short duration to buildings and outdoor equipment by
propelling objects at high speeds creating an impact instead of a
steady load. The design engineer uses the tornadic wind speed in
modeling a design basis projectile which is assumed to be
propelled by the tornado. This design basis is important for
buildings and structures that must contain hazardous or
radioactive materials or must protect equipment with a critical
safety function.
ITER is an electrically intensive plant that would complicate
recovery from flooded conditions. This assumption does not
address heavy rainfall or water accumulation that can be
diverted by typical storm water mitigation systems. For the
purposes of this assumption, accidents involving fire, flooding
and other initiators originating within the ITER plant or its
support facilities are not considered external accident initiators.
F. Infrastructure
General Bases The ITER Project is sufficiently large and extended in
duration that infrastructure will have a significant impact on the
outcome. Industrial, workforce and socioeconomic
infrastructure assumptions are not quantitatively stated because
there are a variety of ways these needs can be met. The
assumptions are fulfilled if the actual ITER site and its
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surrounding region already meets the infrastructure needs for a
plant with similar technical, material and schedule needs as
ITER requires.
1. Industrial
Assumption It is assumed the ITER Site has access to the industrial
infrastructure that would typically be required to build and
operate a large, complex industrial plant. Industrial
infrastructure includes scientific and engineering resources,
manufacturing capacity and materials for construction. It is
assumed the ITER Site location does not adversely impact the
construction cost and time period nor does it slow down
operation. The following are examples of the specific
infrastructure items assumed to be available in the region of the
site:
•
•
•
•
•
•
•
•
•
•
•
•

Unskilled and skilled construction labor
Facilities or space for temporary construction labor
Fire Protection Station to supplement on-site fire brigade
Medical facilities for emergency and health care
Contractors for site engineering and scientific services
Bulk concrete materials (cement, sand, aggregate)
Bulk steel (rebar, beams, trusses)
Materials for concrete forms
Construction heavy equipment
Off-site hazardous waste storage and disposal facilities
Industrial solid waste disposal facilities
Off-site laboratories for non-radioactive sample analysis

Bases Efficiency during construction and operation of a large, complex
industrial facility varies significantly depending on the relative
accessibility of industrial infrastructure. Accessibility to
infrastructure can be demonstrated by plants operating in the
general region of the site.
2. Workforce
Assumption It is assumed that a competent operating and scientific
workforce for the ITER Plant can be recruited from neighboring
communities or the workforce can be recruited elsewhere and
relocated to the neighboring communities.
It is also assumed that ITER has the capability for conducting
experiments from remote locations elsewhere in the world.
These remote locations would enable "real-time" interaction in
the conduct of the experiments, while retaining machine control
and safety responsibilities at the ITER Site Control Facility.
Bases The workforce to operate, maintain and support ITER will
require several hundred workers. The scientific workforce to
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conduct the ITER experimental program will also require several
hundred scientists and engineers. The assumption that these
workers and scientist/engineers come from neighboring
communities is consistent with the site layout plans which have
no provisions for on-site dormitories or other housing for plant
personnel.
A significant scientific workforce must be located at the ITER Site
as indicated in the Assumption. However, this staff can be
greatly augmented and the experimental value of ITER can be
significantly enhanced if remote experimental capability is
provided. The result of the remote experiment is that scientific
staffs around the world could participate in the scientific
exploitation of ITER without the necessity of relocation to the
rTER Site.
Remote experimental capability is judged to be feasible by the
time of ITER operation because of advances in the speed and
volume of electronic data transfers that are foreseen in the near
future.
3. Socioeconomic Infrastructure
Assumption The ITER Site is assumed to have neighboring
communities which provide socioeconomic infrastructure.
Neighboring communities are assumed to be not greater than 50
km from the site. Examples of socioeconomic infrastructure are
described in the following list:
• Dwellings (Homes, Apartments, Dormitories)
• International Schools Kindergarten through High
School
• Hospitals and Clinics
• Job Opportunities for Spouses and other Relatives of
ITER workers
Bases Over the life of the ITER plant, thousands of workers, scientists,
engineers and their families will relocate temporarily or
permanently to the communities surrounding the ITER site.
These people could comprise all the nationalities represented by
the Parties. This "world" community will present special
challenges and opportunities to the host site communities.
To attract a competent international workforce international
schools should be provided. Teaching should be partially in the
mother tongue following programs which are compatible with
schools in each student's country of origin. All parties should
assist with the international schools serving these students.
The list of examples is not intended to be complete but it does
illustrate the features considered most important. The assumed
50 km distance maintains reasonable commuting times for
workers and their relatives.

G. Decommissioning
1. General Decommissioning
Assumption During the first phase of decommissioning, the ITER
operations organization places the plant in a safe, stable
condition. Dismantling may take place decades after the
"deactivation" phase. Dismantling of FTER is assumed to be the
responsibility of a new organization within the host country.
The ITER operations organization will provide the new
organization all records, "as-built prints", information and
equipment pertinent to decommissioning. Plant
characterization will also be, provided for dismantling purposes
after "deactivation".
Bases Experience and international guidelines (IAEA Safety Series No.
74,1986) stress the importance of good record keeping by the
operations organizations as a key to decommissioning success.
2. ITER Plant "Deactivation" Scope of Work
Assumption The ITER operations organization will develop a plan to
put the plant in a safe, stable condition while it awaits
dismantling.
Residual tritium present at the end of ITER operations will be
stabilized or recovered to secure storage and/or shipping
containers.
Residual mobile activation products and hazardous materials
present at the end of ITER operations will be stabilized or
recovered to secure storage and/or shipping containers such that
they can be shipped to a repository as soon as practical.
Liquids used in ITER systems may contain activation products,
which must be removed before they can be released to the
environment or solidified as waste. It is assumed that all liquids
will be rendered to a safe, stable form during the "deactivation"
phase.
ITER "deactivation" will provide corrosion protection for
components which are vulnerable to corrosion during the
storage and dismantling period, if such corrosion would lead to
spread of contamination or present unacceptable hazards to the
public or workers.
Bases It is recommended (IAEA Safety Series No. 74,1986) that plant
characterization be done soon after the completion of
"deactivation".
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ITER TECHNICAL ADVISORY COMMITTEE
Eighth Meeting -TAC-8
29 June-7 July 1995
San Diego Joint Work Site, United States

REPORT OF TAC-8 MEETING
1.

INTRODUCTION AND BACKGROUND

The ITER Council requested the TAC to conduct the ITER Interim Design and
Cost Review (IDCR).
The TAC has followed a plan approved by the Council in which the IDCR itself
has been preceded by two informal technical reviews of the major tokamak systems,
including related physics. The purpose of these informal technical reviews was to
provide an opportunity for the participants to jointly review the status of the ITER design
and provide technical input to the project for use in preparing for the IDCR and for the
continuing work of the project after the IDCR. In addition, in preparing the cost estimates
to be presented at the IDCR, the Joint Central Team (JCT) distributed in advance a
costing document for assessment and feedback by experts nominated by the Parties.
Participants in these domestic assessments of costing issues also attended the IDCR.
An informal technical review of in-vessel systems and related physics was held
on 1-5 May 1995, at the Garching Joint Work Site, and was attended by 14 TAC
members and 22 experts nominated by the Parties. An informal technical review of
ex-vessel systems and related physics was held on 10-13 May 1995, at the Naka Joint
Work Site, and was attended by 9 TAC members and 20 experts nominated by the
Parties
The Interim Design Report (draft, 12 June 1995) was distributed in advance to all
participants in the IDCR. In addition, a complete set of Design Description Documents
(DDDs) covering all of the elements in the Work Breakdown Structure (totaling about
4,350 pages and 1,400 drawings) was made available at the IDCR. An_Executive
Summary of the Interim Design Report was also distributed at the IDCR. ihe Interim
Design Report includes the JCT's cost estimate.

2.

TAC OVERALL RESPONSE TO THE ITER COUNCIL CHARGE

The TAC has conducted a thorough Interim Design and Cost Review following
the plan recommended by the ITER Council.
The TAC recognizes excellent progress in all aspects of the design of ITER,
which has been due to the strong leadership of the Director, together with a coordinated
effort by the JCT and the Home Teams, which include growing contributions from
industries.
The TAC concludes from its review that the present design can fully meet the
ITER programmatic mission and technical objectives. Moreover, the TAC reaffirms that
these objectives are correct and are crucial to the further development of fusion at this
time. These ITER technical objectives include demonstrating controlled ignition and
extended burn, with steady-state as an ultimate goal, demonstrating technologies
essential to a reactor in an integrated system, and performing integrated testing of highheat-flux and nuclear components. The TAC has concluded from its review that the
present ITER parameters and engineering design approaches are well suited to meet
the mission and technical objectives.
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The Interim Design is sufficient to define the R&D to be carried oul during the
balance of the EDA; this R&D is expected to confirm the technical validity of the design
and will, in many cases, also identify optimum and cost-effective manufacturing
techniques. In the TAC's view, it is essential that this R&D program be fully
implemented.
In regard to plasma performance, the TAC concludes that the design has
sufficient margin to meet the requirements for ignition and 1,000-second burn. The
provision of 100 MW of auxiliary power greatly increases confidence in plasma
performance so that, even with conservative assumptions, sustained driven-burn at
1.5 GW fusion power is essentially assured.
In regard to tokamak engineering systems, considering both in-vessel and exvessel components and related physics, the TAC concludes that the engineering
designs have now progressed to the point at which it can be definitely confirmed that the
ITER requirements can be met using the present design approaches. Moreover, the
engineering designs of these tokamak systems are sufficiently well specified in detail
that reliable cost estimates can be provided.
In regard to the tokamak support systems, including the site plan and buildings,
the TAC concludes that the designs of these systems are now progressing beyond the
conceptual stage and, in many cases, have already reached the point at which
engineering requirements can be specified and adequate cost estimates can be made.
Safety requirements have been prepared and documented which, with the
planned design approaches, will ensure safe operation of the ITER facility. The
information in the Interim Design Preliminary Safety Assessment provides assurance
that ITER will be designed to limit hazards and their consequences to acceptable levels.
With the assistance of experts provided by the Home Teams, the TAC has
conducted a thorough review of the cost estimates provided by the JCT, considering
post-EDA engineering R&D costs, construction costs including construction
management and commissioning, and (to a limited extent) operating costs including
decommissioning. The construction costs for each system have been given by the JCT
in the form of an estimated cost together with a stated range of uncertainties (both
positive and negative). The TAC concludes that the cost estimating process conducted
by the JCT is sound and the cost estimate provided is valid. The estimate represents
the result of an exceptional effort by the JCT and the Home Teams and is sufficiently
complete and detailed, at the present stage, to provide a reliable total cost.
Recommendation:
The TAC strongly recommends to the ITER Council that the Interim Design and
Cost Report be accepted as a good basis for proceeding to the Detailed Design.

3.

PHYSICS BASIS, PLASMA SCENARIOS, DIAGNOSTICS

3.1.

Findings:

3.1.1. Performance Margins
In terms of plasma performance characteristics and margins, the present design
can meet the ITER programmatic mission and technical objectives.
Plasma performance predictions, using standard assumptions, namely ELMy
H-mode confinement scaling laws and H-mode profiles (as recommended by the Expert
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Group), impurity/helium accumulation data, and data on performance in proximity to
beta limits derived from present experiments, indicate that the plasma performance for
the present design is sufficient to allow ignition and sustained burn at 1.5 GW for 1,000seconds with some margin.
Confidence in plasma performance is increased by the provision of 100 MW of
auxiliary power in the present design, which should ensure that the H-mode threshold
will be exceeded and will also enhance capabilities for extended-burn and steady-state
operation. Moreover, with 100 MW of auxiliary heating power, a satisfactory driven-burn
scenario at 1.5 GW (i.e., Q = 15) will be available even if plasma performance falls at
the lower end of the range of possible extrapolations.
The plasma performance margins are robust to varying the ratio of the effective
helium confinement time to the energy confinement time over a fairly broad range.
Successful functioning of the divertor system will be essential for realizing the
required level of plasma performance.
3.1.2. Operation Limits
The beta-value of the ITER plasma lies well below theoretical ideal MHD limits,
but is in close proximity to empirical limits found in present-day ITER-like plasmas. The
combination of first-wall/shield/back-plate conductivity and toroidal plasma rotation
should be adequate to provide stability against the dominant resistive modes in ITER.
Sawtooth effects do not have a significant impact on central plasma burn, since
enhanced transport in the sawtooth region can be accommodated; however, by coupling
to a global kink mode at high beta, large sawteeth can be one of the mechanisms
leading to plasma disruptions.
The density of the ITER plasma lies above the limit derived for ohmic plasmas,
but below the limit predicted by other empirical formulations in which the heating power
appears explicitly. Further experiments with pellet fueling and strong auxiliary heating,
preferably with detached plasmas, will be needed to confirm the validity of the ITER
operating density. Even if the density is limited to the lower value, a driven-burn
scenario is available at almost the full fusion power.
3.1.3. Plasma Control
The design of the PF system provides for reliable breakdown with electroncyclotron assist, and for current-rise and plasma shape control together with divertor
and antennae matching. The operational flexibility of the PF system is such that not only
should sustained burn be possible for 1,000 seconds at the 1.5 GW level with a plasma
current of 21 MA, but longer-pulse driven-burn scenarios (e.g. 16 MA, 2,0004,000 seconds) and a high-bootstrap-fraction steady-state scenario can be
accommodated.
Although the present PF system meets all requirements, further optimization of
its operational flexibility would be advantageous, both to improve divertor strike-point
control and to increase upper plasma triangularity (so as to allow maintaining the
q-value above 3.0 throughout the reference plasma scenario at 21 MA). Further
optimization should be balanced against the possible engineering and cost impacts.
Pulsed power of approximately 650 MW provides operational flexibility such that
most of the auxiliary heating power can be applied during the current rise, after the
divertor configuration has been established (at about 15 MA).
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The PF system provides for plasma control sufficient to prevent first-wall contact
for a range of abrupt changes in plasma parameters. It has been demonstrated that the
control system can deal with small vertical plasma displacements, with repetitive small
pressure drops, such as are associated with ELMs, and with a significant number of
less-frequent large (20%) pressure drops, such as arise from minor disruptions, without
plasma-wall contact or the ac losses in the coils becoming excessive, provided sufficient
power is available in the PF system. Further analysis is needed to determine more
precisely the PF power requirement. For PF control of transients to be effective, it will be
necessary that the effective toroidal resistances and geometry of the
first-wall/shield/back-plate and of the vacuum-vessel remain in their present ranges.
It is noted that the control system at its present stage of definition lacks a
description of the integrated requirements, including real sensors that will be employed;
to avoid excessive ac losses, a control strategy will be needed which responds only to
potentially harmful transients and ignores very-high-frequency small-amplitude
disturbances.
3.1.4. Plasma Disruptions
The ITER design can accommodate plasma disruptions of various types.
Disruptions in which the thermal quench occurs without loss of vertical stability,
so that the divertor configuration remains intact, can produce melting and vaporization in
the divertor, which the present design accommodates. Vapor-shielding may have the
capability to distribute the energy fairly uniformly over the divertor walls, protecting the
target-plate from excessive erosion.
Disruptions resulting from loss of vertical stability, i.e., the so-called Vertical
Displacement Events (VDEs), pose potentially more demanding requirements in ITER,
because the divertor configuration is rapidly lost and the plasma thermal energy is
deposited on local regions of the first-wall. In addition, a large poloidal "halo" current is
formed, which can pass through the shield/back-plate and the vacuum-vessel,
producing large mechanical loads on these components. If the halo current exhibits
large toroidal asymmetry, as is observed in present-day tokamaks, it is pfanned to
introduce further reinforcing in vulnerable regions of the present ITER shield/back-plate
and vacuum-vessel designs so as to withstand these loads.
It is proposed to employ a pre-emptive intervention technique, using pellet
injection, to mitigate the most severe consequences of VDEs (expected time-scale of
order a second) by provoking thermal and current quenches before vertical stability is
lost. This technique will require identification of appropriate precursor signals and needs
experimental demonstration.
3.1.5. Fueling
It is noted that fueling and particle exhaust requirements have been defined in
fairly broad ranges, taking into account in-vessel tritium inventory constraints and the
gas flow needed for impurity entrapment in the divertor. It would be useful to define
more precisely a set of reference values for the standard plasma/divertor scenario. It
seems likely that the optimum approach will involve tritium pellet injection and
deuterium-tritium gas recirculation.
3.1.6. Diagnostics
Excellent progress has been made in developing diagnostic plans for ITER,
which the TAC has reviewed for the first time at the present meeting. On the basis of
this preliminary review, the categorization of measurements, i.e., into (i) control and
protection, (ii) performance evaluation and optimization, and (hi) physics understanding,
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seems reasonable to the TAC, as also does the initial selection of diagnostics to make
these measurements. The diagnostics to provide the measurements in the first two
categories are costed; within these categories, those forming the "start-up set," together
with the interface costs of the other systems, are in the construction cost estimate, and
will be available for "first plasma," while the balance are included in operating costs, and
will be available at the start of D-T operation. The TAC would be willing in the future to
review more thoroughly the proposed list of measurements and set of diagnostic
systems in the context of the operations plan, especially in the area of plasma control,
and the physics program.

3.2.

Recommendations:

3.2.1. Physics Performance and Plasma Scenarios
It is recommended that the further development of the engineering design
throughout the balance of the EDA should proceed on the basis of the predicted physics
performance and the plasma scenarios embodied in the present design.
3.2.2. PF Flexibility
A design study should be undertaken to quantify the possible improvements in
operational flexibility which could be achieved by using a segmented central solenoid
(CS), either by changing to a pancake-wound design or by adding CS inserts. This
approach could ease the constraints on PF-coil currents, provide improved divertor
strike-point controls, and allow better use of the high-field region to increase the upper
triangularity, thereby raising the q-value above 3.0 throughout the reference plasma
scenario at 21 MA. These potential advantages should be balanced against engineering
issues of reliability (forces on leads/connections), assembly and remote maintenance.
The overall cost impact should be assessed.
3.2.3. Physics R&D
Most of the needed physics R&D tasks are already part of the ITER physics R&D
program, which has been developed by the Expert Groups and reviewed by the ITER
Physics Committee. This process has been highly productive, and its continuation
throughout the EDA is essential. Within this program, the following items seem
particularly critical:
• There is a continuing need for experimental data from existing tokamaks on Hmode confinement in ITER-like configurations, especially near the beta-limit,
and on the power thresholds for L-to-H and H-to-L transitions. The isotope
scaling of the power threshold in deuterium-tritium plasmas needs to be
determined.
• There is a need for a more extensive data-base on tokamak operation above
the ohmic density limit in ITER-relevant operational conditions, including high
auxiliary heating power and pellet fueling.
• In view of the importance of plasma control in ITER, there is a need for
improved documentation from existing ITER-geometry tokamaks of the
characteristics of the various types of plasma disturbances which occur, and for
testing of the specific elements of the sensing and control techniques to be
employed in ITER.
• There is a need for R&D to test vapor shielding and melt layer behavior due to
transients in a tokamak.
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3.2.4. Diagnostics
As part of the improved overall definition of the operating plan, the schedule for
diagnostic development and installation should be reexamined; issues of hardware and
personnel costs and the roles of the Parties in the operating phase need better
definition.

4.

IN-VESSEL SYSTEMS, INCLUDING RELATED PHYSICS

4.1.

Findings:

4.1.1. Vacuum Vessel
The TAC supports the direction of the development of the vacuum vessel design
and the choice of SS 316LN as the first option for the material. The stresses associated
with vertical displacement events, using possibly pessimistic assumptions of magnitude
and asymmetry of halo and induced currents from present experiments, will be resolved
in the detailed design. Preliminary indications from more detailed modelling are that
these stresses can be accommodated by local strengthening of the vacuum vessel.
The TAC finds that the proposed array of steel plates, together with water,
provide adequate shielding, but insulating balls may still be required in some parts of the
vacuum vessel. The port-split-on-centre approach, which reduces the number of field
welds and permits a larger port size, is accepted as the primary option. A number of
issues remain, but will be resolved with input from the ongoing R&D program: in
particular, changes to the vessel support structure, the interface between the back-plate
and vacuum vessel, and assembly and welding.
The vacuum vessel and magnet groups should interact closely to produce the
final integrated design, since the vacuum vessel and magnet designs are both closely
coupled to the vacuum vessel support structure.
4.1.2. First-Wall/Blanket/Shield
A credible first-wall/shield design concept, based upon modules, is emerging as a
result of very positive cooperation between the JCT and the Home Teams, and this
appears capable of meeting the requirements of the ITER Basic Performance Phase.
The design integrates the shield and first-wall with a common coolant. The shield
occupies sufficient space to accommodate the future incorporation of a breeding blanket
which should be installed before the Enhanced Performance Phase. Breeding blanket
test-modules will be installed in the ports and tested during the Basic Performance
Phase.
An important issue to be solved is the attachment of the first-wall/shield modules
to the back-plate by welding or bolting with the assistance of shear ribs. Further issues
to be resolved are: rewelding in the presence of helium generated in the material;
assembly procedure to meet first-wall tolerances; and verification of the timescale for
change-over and repair with remote handling tools. A continuing strong R&D program is
needed to resolve these issues. The uncertainty over stresses on the modules and
back-plate, generated by disruptions and vertical displacement events, will be reduced
by a focussed physics R&D effort on the magnitude and asymmetry of halo and induced
currents for ITER relevant discharges. There are several present tokamaks in the world
which can and should contribute to the better understanding of these phenomena during
the EDA. A range of approaches to terminating disruptive discharges, before the vertical
displacement leads to excessive forces, should be developed and investigated as part
of the physics R&D program.
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A preliminary study of possible breeding blanket modules suggests that, with the
present design, an adequate breeding ratio can be achieved for the Enhanced
Performance Phase without a reduction in the present size of the plasma. The
replacement of the Be/Cu first-wall by Be/steel required for adequate breeding may be
possible after the heat loading on the first-wall has been characterized and disruption
loads reduced during the Basic Performance Phase.
4.1.3. Dlvertor
Good progress has been made in refining the design of the divertor and
associated equipment. The concept appears sound in regard to key aspects of the
divertor, and associated fueling and pumping systems, taken individually. The physics
R&D program to provide systematic experimental testing of ITER-like divertors and their
compatibility with the requisite confinement modes is required. In addition, validation of
divertor codes and verifying various concepts, including the influence of different
radiating impurity species and H/D/T isotopic mixes, is required to confirm the present
design choices or future modifications of them.
The TAC supports the choice of the vertical target configuration as the reference
design. Nevertheless, it is important to retain the flexibility to accommodate different
configurations - vertical target divertor, gas box divertor, and various fueling and
pumping scenarios. To maintain both physics performance and engineering flexibility,
the present amount of space for the divertor should be retained.
The maintenance concept has progressed well, and further efforts are
encouraged to simplify the systems in ways that will minimize downtime and waste
production during operations. Further development of techniques for in-situ repair is
encouraged, particularly for vulnerable components.
The TAC supports the JCT position of keeping open the options for material
choices for the divertor and baffle plasma-facing components, namely beryllium, carbon,
and tungsten, and continuing their parallel development, until more data is available
from tokamaks and test facilities. A selection is not needed before the end of the EDA.
Further studies are planned on stresses, neutron shielding, tritium retention, wall
conditioning, after-heat, safety implications of the plasma-facing components and
low-density start-up scenarios, but where the studies have been made, they are
supportive of the present design.
The TAC supports the initial assessment of the pumping and fueling systems
which has been made, including the interface with the tritium system and the impact of a
limit on the tritium available per discharge. The divertor duct conductance is compatible
with the flow, but optimization for the capacity of the pumps and ducts has yet to be
carried out. A more detailed study is now required to provide an integrated design for
the fueling and pumping system for a wide range of operational scenarios; the design
should be compatible with the tritium plant.
4.2.

Recommendations:

4.2.1. Vacuum Vessel
The TAC endorses the present design concept for the vacuum vessel as being a
good basis for proceeding to the Detailed Design.
The TAC recommends that, as the vacuum vessel is a primary safety boundary,
the JCT should specifically consider all code requirements, especially in-service
inspection, and consider how to resolve areas that are not clearly covered by the codes.
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4.2.2. First-Wall/Blanket/Shield
There is a need to continue to develop and finalize the reference design. The
R&D programs should focus on design-specific tasks with the resolution of disruptive
loads and first-wall/shield-module attachment to the back-plate as the highest priority
items.
The TAC recommends that the possibility of crack propagation from the copper
alloy into the stainless steel structure of the first-wall due to radiation embrittlement
should be reexamined in the light of the inlet coolant temperature of 100°C.
4.2.3. Divertor
The TAC stresses the importance of integrated testing of operational scenarios in
present divertor tokamak experiments including the choice of radiating impurity species
and H/D/T isotope effects.
The TAC endorses the continuing R&D program and places emphasis on
materials, joining techniques, maintenance, vapor shielding, tritium retention and
removal, fast-response gas-injection systems, and module fabrication and testing .
The reference design should be further developed for the Detailed Design review,
but the selection of the divertor plasma-facing materials can be deferred until the end of
the EDA.
In the event that carbon-based divertor components are used, the TAC supports
the continuing assessment of methods for baking these components in the divertor to
350 °C.
The TAC recommends that emphasis be given to the detailed design of the
refueling and pumping systems, taking into account the speed of response of these
systems and the compatibility with tritium processing.
5.

EX-VESSEL SYSTEMS, INCLUDING RELATED PHYSICS

5.1.

Findings:

The TAC finds that the design of the ex-vessel systems is progressing very well.
Many of the questions raised at the informal review have been answered, and it is
expected that the remaining questions will be resolved during the remainder of the EDA.
Experimental verification of the key design assumptions is important in all cases.
5.1.1. Magnet Systems and Structures
The advice from expert groups has been very helpful in realizing this new design.
In summary, the magnet, structural design, cryostat and assembly procedure presented
by the JCT and Home Teams appear sound and capable of meeting the ITER
requirements.
The design approach for the Poloidal Field (PF) system provides for reliable
breakdown with electron-cyclotron heating assistance, for optimum shape and current
control together with divertor and antennae matching, and for preventing first-wall
contact for a range of abrupt changes in plasma parameters. The operational flexibility
of the PF system is such that not only should sustained burn be possible for
1,000-seconds at the 1.5 GW level, but other scenarios with longer pulse length
(> 2,000-seconds), including a driven-burn scenario and high bootstrap-fraction
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scenarios, can be readily accommodated. The TAC supports studies of a segmented
central solenoid (CS), and the possibility for increased flexibility in operation while
maintaining divertor strike-point control.
The effective resistance of the first wall and blanket has been determined. Using
this information, it has been shown that the control system can handle moderate
frequency, repetitive pressure drops without plasma-wall contact, and with acceptable
ac losses in the superconducting coils, provided there is about 250 MW of control power
available. The TAC notes that the maximum pulsed-power from the grid for ITER is
presently proposed to be about 650 MW, and at this level about 70% of the auxiliary
heating power (dependent on which systems are used) would be available during the
current rise phase.
Excellent progress has been made in the design of the Toroidal Field (TF) coils
and structure. The reduction from 24 to 20 TF coils gives much better access for
assembly and maintenance. The increased gap for assembly between the Central
Solenoid (CS) and TF coils and the addition of a TF-coil case, which eliminates the keys
from the inner TF-coil legs, greatly simplify assembly. The use of radial shear plates
retains the attractive Outline Design feature of protecting the turn insulation, while
allowing the use of pancake-type windings. Pancake-type windings, through their
modularity, contribute to simplification and have quality-assurance benefits during
construction. With the use of a TF case, an integral coil/intercoil structure and directlymounted PF coils are possible, leading to a more efficient structure. The CS coil liftweight has been substantially reduced.
The Nt>3Sn strand is a major component of the cost of the coils. The TAC notes
that the strand unit cost for the model coils is up to 50% higher than the current
industrial estimates for the ITER itself. However, the JCT expects that for ITER there will
be a significant reduction in rejection and waste during manufacture, and that there will
also be benefits of a larger volume of production.
Some issues remain about the use of Incoloy for the conductor jacket, e.g.,
oxidization effects during conductor manufacture and possible ferromagnetic effects.
The TAC notes that no nuclear heating values are given for the PF coils.
Further work is required to estimate the manufacturing and installation tolerances
required to ensure ease of assembly and acceptable field errors. The latter assessment
is necessary for definition of the field-error correction coils.
The ability to test each type of coil (all of the PF coils) at full current, prior to
assembly in the machine, is a very valuable improvement. Further evaluation of the
impact of testing more of the TF coils (even all of them) would be of interest.
Finally, the TAC emphasizes again the importance of having timely Model Coil
tests.
5.1.2. Thermal Shield and Cryostat
The design concepts for the thermal shield and cryostat form a sound basis for
proceeding to a more detailed engineering design.
5.1.3. Assembly
In regard to machine assembly, very significant advances have been made. All
major components have been considered, and a feasible approach for the assembly of
the whole machine, including the in-vessel components, has been developed. The
proposed assembly scheme is compatible with the proposed crane capacity. Good
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progress has been made in identifying remote-handling approaches for the various
components. Nevertheless, the remote handling of the coil-bus connections and the
replacement of PF coils PF5, PF6 and PF7 need more attention.
5.2.

Recommendations:

5.2.1. Magnet Systems and Structures
While many of the issues raised at the informal design review have already been
answered, a number of issues require continuing attention. The main recommendations
from TAC are for:
• Continued emphasis on ensuring the timeliness and adequacy of the TF and
CS Model Coil tests.
• Continued work with the Nb3Sn strand manufacturers to give increasing
confidence about the cost savings anticipated for ITER construction.
• Further analysis of the segmented CS option.
• Further assessment of the pulsed power requirements, including the needs for
plasma control power and for having full auxiliary heating power available
during the current-rise phase.
• Continued evaluation of the consequences of using Incoloy for the conductor
jacket.
• Assessment of the nuclear heating of the PF coils, taking into account the
effects of the ports and ducts.
• More detailed analysis of the coil and structure design in regard to quality
control of coil manufacture for error-field minimization, interfaces and assurance
of access, and ensuring a good fit during assembly and replacement.
6.

TOKAMAK SUPPORT SYSTEMS, DIRECT

6.1.

Findings:

6.1.1. Pulsed Power Supply
The pulsed power supply system provides electrical power to the Toroidal Field
(TF) and Poloidal Field (PF) superconducting magnets, and the auxiliary heating and
current drive systems.
The pulsed power supplies concept is sound. It is based on the site assumptions,
and it meets the requirements of the operational scenarios.
The pulsed power has a nominal period of 2,200 seconds. The total peak
demand will be limited to 650 MW active power and 500 MVA reactive power. The rate
of change of the active power will be limited to 200 MW/s, with maximum step changes
of 60 MW.
The TF system consists of 20 superconducting coils connected in a series circuit
with 20 fast discharge circuits interleaved in series with each coil to protect the coils in
case of quench. The ac/dc converters are able to ramp the TF current from zero to full
rated current in three hours. Approximately 100 GJ of energy is stored in the TF system
at full current.
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The PF system consists of 8 superconducting coils. Each PF coil is supplied with
power by its own circuit that includes ac/dc converters, switching networks, and
discharge circuits.
With the present site power assumptions, the amount of additional heating power
available during the current rise phase is about 70% of the foreseen 100 MW.
6.1.2. Heat Transfer Systems
The ITER Heat Transfer Systems (HTS) have been designed to remove all heat
deposited in the torus during discharges and any nuclear after-heat, and deliver it to the
heat sinks. The system also maintains the in-vessel component temperatures and
provides the bakeout capability for ITER. The design of the HTS loops is based on
conventional water cooling technologies from the PWR/BWR nuclear industry. The
definition of the HTS has progressed well, and the interim design is capable of meeting
all of the GDRD requirements.
The HTS of the first-wall/shield/blanket, including the in-vessel ECH and ICRF
systems, consists of four primary coolant loops, connected to the cooling tower heat
sink by four secondary coolant loops used as barriers for tritium and/or activated
corrosion products. This system is designed to exhaust 2,000 MW. The inlet water
temperature during normal operation is 100°C, and the bakeout temperature is 200°C.
The primary loops are 304L stainless steel construction, while the secondary loops are
made of ferritic steel for cost reasons.
The divertor cassette HTS has an inlet water temperature of 150°C to keep the
copper alloy at an elevated temperature in order to avoid neutron-irradiation
embrittlement. The baking temperature for the divertor cassette is presently limited to
240°C by the HTS.
The normal vacuum vessel thermal heat load is only 3 MW, but the vacuum
vessel is also the ultimate heat sink for all decay after-heat in the event of failure of
other in-vessel coolant systems. The design is such that each of the two coolant loops
can remove the maximum 5 MW of decay heat by natural convection. The bakeout
temperature is 200°C.
The secondary confinement barrier for the large coolant components is the HTS
vault. In order to protect against overpressure resulting from an ex-vessel
loss-of-coolant accident, a filtered vent system has been designed to provide pressure
suppression while removing radioactive particulates and tritiated water from the
exhaust. Corrosion in the HTS is controlled by filtering, ion exchange columns, and
water chemistry control.
Costing has been done using non-nuclear specifications for components and
construction. Costs were supplied by the Home Teams based on standard industrial
practices. Cost savings may be realized through design optimization, the
standardization of piping and components, and elimination of the intermediate loop for
the first-wall/shield/blanket if it is not required for safety reasons.
6.1.3. Cryoplant
The cryoplant design has progressed well, and it should be capable of meeting
the needs of the ITER machine with enough margin to accommodate the failure of an
individual component, although with reduced performance.
The main function of the cryogenic system is to produce both liquid and-60-100 K
gaseous helium and to remove heat during normal operation, including cool-down from
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the following subsystems: superconducting magnet system, cryopumps and pellet
injectors, gaseous cooled thermal shields, and on-site pre-assembly cold and
full-current testing of the coils .
The largest cryogenic user is the magnet system. The cooling requirements for
the magnet system are, to date, the most well-defined. The total equivalent refrigerator
cooling capacity of this system is 125 kW, of which 100 kW (75 kW, plus 7400 l/h at
4.5K) is for the magnets. The next largest users are the various cryopumps, with the
preliminary estimate of the total load being about 20 kW. The maximum heat load of the
thermal shields is 300 kW at 80 K.
After cool-down, the magnet system and thermal shields are expected to remain
in a cryogenic state for 1 to 3 years. The cryoplant will have the capability to recover
normal operating conditions in the magnet system within two days in the event of a coil
quench. A warm gaseous storage system will be incorporated in the cryoplant to avoid a
large loss of helium to the ambient atmosphere after a coil quench.
The most demanding pulsed scenario in the experimental program is used to
estimate the peak cooling capacity of the cryoplant. The helium cryoplant will consist of
4 to 5 modules of the same cooling capacity. One or more modules will be used for onsite pre-assembly coil testing before the complete cryoplant is installed. The final choice
of the required number of modules (individual size) for the LHe plant will be made after
a trade-off study for meeting manufacturing and snipping constraints for large capacity
cryo-equipment and cryogenic system reliability. Should a refrigerator module be
unavailable, cooling at reduced capacity may be provided during alternating standby
and pulsing shifts, with LHe accumulations during the standby shift for use in the
subsequent pulsing shift. A good feature is this ability of the system to handle ITER
operation with the reduced number of modules.

6.1.4. Tritium Plant
Very good progress has been made on the design of the tritium-related systems,
which are largely based on proven technology. The progress of design has made
possible further development of the safety and cost evaluations. The designs of major
sub-systems such as the Tokamak Exhaust Processing System, Isotope Separation
System, Water Detritiation System, Atmosphere Detritiation System, etc., have been
developed in accordance with the requirements specified in the GDRD.
An overall tritium flow map and an overall active ventilation system map, based
on the current conceptual design, have been made; this is very important to confirming
tritium flow consistency among the tritium-related systems.
The Home Teams have supplied component costs. These are based on the costs
of industrial and laboratory systems.
The Tokamak Exhaust Processing and Isotope Separation Systems are designed
to meet the updated fueling and pumping requirements. For fuel clean-up, four
technologies are being studied by the Home Teams. An integrated tritium test-program
will commence in the next year, based on the reference design of the fuel clean-up
system.
The Isotope Separation System design meets the requirement for processing of a
variety of feed streams from plasma exhaust, impurity processing, NBI regeneration and
water detritiation. For further optimization, fueling and pumping requirements and
tokamak operational scenarios will be integrated in the detail design.
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Development of uranium beds with the capability of in-situ inventory assaying is
ongoing through Home Team R&D. The detailed design of the self-assaying bed will be
available at the end of the EDA. The design of the storage and distribution system, as
required for safety assessment, will be available at the end of 1996.
The design of the Water Detritiation System allows continuous water detritiation
to reduce the tritium level in the effluent water. Quantification of tritiated water sources
will be improved during the detailed design phase.
The configurations and capacities of major Atmosphere Detritiation Systems
have been studied for the ITER buildings which contain tritium. Further optimization of
the active ventilation systems will be done during the detailed design phase for the
Tritium Processing Systems, the Buildings, and the Fueling and Pumping System.
Areas for further investigations include: the need for a tritium inventory survey to
facilitate safety evaluations, and the need to further examine the ALARA concept for the
tritium-related systems.
Some issues with regard to Impurity Processing, Tritium-Extraction from
Test-Blanket Modules, Analytical Systems and Control Systems, remain and will be
addressed before the end of the EDA.
6.1.5. Remote Handling
The design of remote handling systems has progressed significantly. Substantial
design changes have been made to the magnet systems and in-vessel components in
order to improve remote maintainability. The TAC endorses the remote-handling
classification scheme and basic remote-handling strategy. A good feature of the
remote-handling strategy is that it permits the maintenance of the in-vessel components
(divertor, first-wall and shield/blanket) without the need to break the cryostat vacuum. It
is planned that the transfer of the components, via transfer casks, will occur from the
maintenance cells to the Hot Cell through the underground tunnel. A second good
feature is that in-vessel viewing/inspection is conducted from the top port of the
machine without breaking the vessel vacuum.
The duration of in-vessel component replacement is critical to the machine
availability. It is encouraging that the replacement times of all shield/blankets and all
divertor cassettes are estimated to be within 24 months and 6 months, respectively, as
required in the GDRD. More detailed studies and an R&D effort using mock-ups are
expected to confirm the target maintenance times. It is noted that identification of
anticipated failure modes of the components (at various locations of welding, stress
concentration and joints) is important in establishing systematic reference
remote-maintenance scenarios.
As for remote inspections for repair and replacement, several concepts of invessel viewing and non-destructive testing are proposed.

6.2.

Recommendations:

6.2.1. Pulsed Power Supply
The TAC recommends that further design optimization of the pulsed power
system be continued, in regard to operational scenarios, taking into account
maintenance costs during operation.

6.2.2. Heat Transfer Systems
The present design of the cooling system for the divertor calls for an inlet
temperature of 150°C, because of the degradation of copper-alloy properties at lower
temperatures owing to irradiation. The TAC supports the study of alternative
approaches which would permit the use of lower inlet temperatures to increase the
critical heat-flux margin.
The TAC supports the continuing assessment of methods for baking the carbonbased divertor components to 350 °C, if they are used, as well as the design of such a
bakeout system, if needed.
Further evaluation is recommended by the TAC of the need for an intermediate
loop for the first-wall/shield/blanket, since tritium and activated corrosion product
concentrations may be acceptable in the primary cooling loop.
6.2.3. Cryoplant
The TAC recommends that studies be made of two alternative approaches for
cooling the thermal shields: by using process-helium from the LHe plant, and by using a
stand-alone plant.
The TAC recommends a continuation of the study of various operation modes
with failure of one or more refrigerator cold boxes and other cryogenic devices such as
expanders, cold valves, LHe pumps and instrumentation, in order to evaluate the
reliability of the cryosystem, and the fault scenario and planned maintenance.
6.2.4. Tritium Plant
Operational modes including fueling and pumping of the tokamak should be
identified, and dynamic modeling of the tritium-related systems should be carried out.
This is expected to result in the evaluation of the complete in-process tritium inventory
distribution and optimization of the tritium-related systems.
6.2.5. Remote Handling
The concept, strategy and scenarios of the remote handling are endorsed. The
TAC recommends:
• To examine further the feasibility of repair or replacement of the lower PF coils.
• For component designers, to identify possible failure modes of important
components to ensure the successful application of remote-handling scenarios.
• To further develop the remote-handling requirements of the plasma heating
and diagnostic systems.
• To verify the feasibility and reliability of the key remote-handling in-vessel
procedures based on the planned R&D program using mock-ups.
7.

SITE PLAN AND TOKAMAK SUPPORT SYSTEMS, REMOTE

7.1.

Findings:

The TAC reviewed the ITER general site layout to confirm that the site and
buildings provide the necessary space for the project, provide the environment and
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support services to implement the ITER program, protect equipment and personnel from
external hazards in accordance with the GDRD, and provide adequate worker and
public safety. The JCT presented descriptions of the Tokamak Buildings and the Hot
Cell (nuclear buildings) and the Emergency Power Generation Building (operation
buildings). In addition, the overall site layout for the following buildings was shown:
Nuclear buildings - Radwaste Building and Personnel Building;
Operation buildings - Tokamak Services Building, Control Building;
Industrial buildinos - Cryoplant, Magnet Power Supply and Conversion, RF
Auxiliary Heating, NBI Power Conversion, Site Services, PF Fabrication,
PF Test, RH Mock-up, Assembly/Laydown Storage;
Industrial structures - Switchgear Yards, on-site Water Basins;
Site improvements - Utility tunnels, Fences, Roadways, etc.
The JCT also presented their proposed concept for radwaste management
systems, site steady-state electric power requirements (260 MW steady-state, 8 MW
emergency), heat rejection requirements (2,600 MW peak during experiments, including
250 MW of component cooling water). The JCT also presented the imbedded building
systems (house water, compressed air, air conditioning) and the concept for radiological
monitoring. The JCT has defined a 73.4 hectare requirement for the site, which with
optimization could be reduced to the 70 hectare requirement. In addition, 60 hectares of
land adjacent to or near the site has been identified by the JCT as necessary to meet
contractor-specific needs during construction, radwaste storage/disposition during
maintenance and decommissioning, and final heat rejection systems (cooling towers,
connections to a river or similar).
The TAC concludes that the design and layout of the buildings, structures, and
facility meet the General Design Requirements and are consistent with the operational
requirements of the tokamak components designed to date. The JCT has put
substantial effort and consideration into the site plan, and a credible, functional facility
has been designed. The overall arrangement provides efficient connections between
subsystems, provides flexibility for possible expansion, and minimizes the controlled
space.
The TAC finds that the facility will meet device-specific needs during
construction, commissioning, operation during the Basic Performance Phase (including
class I & II planned remote-maintenance procedures), the transition to the Enhanced
Performance Phase, operation during the Enhanced Performance Phase (including
class I & II planned remote-maintenance procedures), and provides considerations for
decommissioning.
The cost of the buildings and structures is anticipated to be about 18% of the
total construction cost. This estimate is a consequence of using comparable cost factors
from the nuclear industry and a good representation of the major cost drivers for
buildings and structures (concrete and steel). It is desirable to reduce the site costs
further; however, further refinement of the auxiliary building costs is currently not
achievable due to the following uncertainties:
• The site is not yet selected, thus civil and geographically specific requirements
are not known;
• The tokamak and its support hardware are well defined and consequently the
tokamak hall and associated buildings are well conceived; however, the specific
utility support services cannot be finally specified until the detailed designs of
the system are completed.
7.2.

Recommendations:

The JCT should ensure that the buildings and the associated foundations are
designed to incorporate the future shielding or structure reinforcement that may be

71

necessary to eventually do all class III (unplanned) remote-maintenance repair work
during the BPP and EPP.
The JCT, working with the Test Blanket Working Group, should clearly identify
space and associated facility support services that will be necessary to implement the
anticipated test program of test modules during both the BPP and the EPP. In particular,
the TAC is concerned that adequate space should be provided in the pit area for remote
handling of the test modules, the blanket/shield modules and divertor cassettes, and the
TAC is concerned that pit modifications be identified that may be required to replace coil
PF-7.
A specific reference design for an exhaust stack, consistent with the current
building and site design and GDRD requirements (including worst-case tritium release
scenario) is now required.
The JCT is encouraged to provide a more detailed assessment of the amount,
rate of production and radiation level of the activated material that needs to be
processed. This input will better define the building shielding requirements, confinement
requirements, cooling requirements, detritiation requirements and overall size of the
waste management system.
The JCT is encouraged to assess forms of fire suppressant other than water
(nitrogen, carbon dioxide, etc.) for suitable areas where local considerations (involving
tritium release, high voltage, lack of personnel access) may prove to be important
effects.

8.

Safety

8.1.

Findings:

The TAC finds that the safety-related work of ITER is progressing very well. Major
findings by the TAC are summarized below.
The fusion-specific safety approach adopted by the JCT in "General Safety and
Environmental Design Criteria" and the contents described in "Preliminary Safety
Assessment" represent, at present, a good set of functional safety requirements and
informative predictions of safety aspects of ITER. These approaches and contents are
generally acceptable.
"Safety Importance Classification" and "Seismic Classification" represent graded
approaches to classifying various components relevant to safety, and classifications of
various relevant components are described in the Interim Design Report. The approach
seems reasonable, but should be extended to include the influence of hazards other
than radioactivity.
Continuing effort is needed to implement the adopted safety approaches to the
design of all the relevant systems and components of ITER, so that the entire plant will
be designed consistently in accordance with these safety approaches.
Various safety design strategies adopted by the JCT, e.g., to minimize local tritium
inventories in the plant to less th2n 100 grams and to mitigate pressure build-up in the
vacuum vessel at postulated accidents, are reasonable. The combined use of
probabilistic and deterministic approaches needed for demonstrating the safety of ITER
seems reasonable, in view of the rather limited reliability database available from
experiences accumulated thus far with fusion devices.
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The strategies in regard to the multiple confinement barriers for radioactive
materials, decay-heat removal by natural circulation of coolant, "no evacuation" goal,
and prevention of common mode failures of safety-related components appear
reasonable. However, detailed implementation is necessary to assure the adequacy of
these strategies. Further effort is needed to analyze in more detail the likelihood of Besteam reactions to produce hydrogen, possible accidents during maintenance, and
radioactive effluents and wastes from the plant at normal operation as well as accidents.
The JCT will produce, by the end of 1996, a "Non-Site-Specific Safety Report" of
ITER that will contain the results of the detailed safety analysis of plant, based on the
actual design of the safety-related systems and components of ITER. If the scope as
well as the depth of the analysis will be comparable to those to be used by anticipated
regulatory bodies of the Parties, it is expected that the results can be used by the
Parties to analyze the adequacy of their potential sites for ITER.

8.2.

Recommendations:

The TAC recommends that the planned approaches be pursued so that ITER will
be designed to be a safe fusion experiment. For this purpose, within the JCT, frequent
interactions between the Safety Division and the designers of the safety-related systems
and components will be important, and in addition, several iterations of safety'analysis
and design of the relevant systems as well as components will be essential.
More detailed safety analysis of the ITER plant under normal operating conditions,
including maintenance, and during the postulated accidents, based on the
characteristics and performance of the relevant systems and components designed for
the plant, should be conducted as a part of the activities associated with the "Non-SiteSpecific Safety Report". The analysis should include careful estimation of the
radioactive effluents from the plant. The TAC recommends that the safety analysis
should define a robust safety envelope for ITER that will help expedite regulatory
approval of ITER construction.

9.

COST ESTIMATE AND TIME SCHEDULE

9.1.

Interim Design Report

The Interim Design Report provides the estimated costs for the ITER Project: for
Engineering and R&D, Construction, and Construction Management and
Commissioning to first plasma. The estimated costs are provided in less detail for
Operation and Decommissioning. The JCT has used a different approach to estimate
the costs for each of the four items.

9.1.1. Engineering and R&D after the EDA
The costs for Engineering and R&D after the EDA were estimated based upon
detailed planning of all activities, including R&D, needed to develop the design
information necessary to support procurement of each item in the facility, so that the
item is constructed or delivered at the site for its installation just in time. Table 1
presents the engineering manpower and R&D costs estimated by the JCT.
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Table 1. Design Engineering Manpower & R&D Costs
Present Report
EDA

After EDA

to '94

'95-'98

Total

Joint Central Team (PPYs)

173

625

798

387

Home Team Design (PPYs)

353

403

756

370

R&D (klUA)

441

212

653

94

Note:
and

PPY = Professional Person Year;
1 IUA = 1,000 U.S. $ (January 1989);
= 127,510 ¥ (January 1989);
= 875.8 ECU (January 1989).

9.1.2. Construction
The approach used by the JCT in the estimate of the construction costs using
information provided by the Home Teams has taken into account:
• That differing conventions and assumptions about the procurement and
construction arrangements can produce differences in approaches to cost
estimating by the ITER Parties;
• That cost estimates from all or most of the Home Teams were received for most
items in ITER, representing 100% of the tokamak cost and 70% of the total
cost.
The cost information provided by the Home Teams (expressed in the respective
domestic currencies deflated by the JCT to a common date), however, provides
evidence that, for each of the Parties, the percentage of the construction cost accounted
for by each major system, i.e., its "value," can be considered the same. Therefore, it is
possible to normalize the information to a common basis, independent of economic
fluctuations and systematic differences in estimating practices, and develop an
"evaluated" estimate. This was done by the JCT.
To determine the evaluated estimate, the estimates from the Home Teams were
de-escalated in their currencies to January 1989, normalized and converted to ITER
Units of Account (IUA, 1,000 US$, January 1989). The JCT then used the best
(technically and economically justifiable) cost information from the Home Teams to
establish its estimate.
Explicit allowances for uncertainty were made by the JCT based on analysis of
detailed cost data provided by the Home Teams for each separate item, and using
informed judgment and past experience. The uncertainties applied to each item can be
positive and negative because:
• The nature of construction project management and procurement arrangements
may cause cost variations,
• Vendor costs can be affected by ITER project management adopting judicious
limitations on vendor warranty/guarantee requirements, and
• Commercial competition will tend to reduce costs.
Items which are known to be in the facility, but for which no design or explicit cost
estimate is yet available, were included in the cost estimate by the JCT as an
"allowance for indeterminates." The total of these items amounts to less than 5%.
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The project has considered it not necessary to provide "contingency" since:
• Cost uncertainties were explicitly stated,
• All cost items were comprehensively identified via a Work Breakdown Structure,
• R&D is being performed ior major components during the EDA, to prove their
manufacturability and remote maintainability, and
• The JCT plans to use a "design-to-cost" approach in the forthcoming design
work.
9.1.3. Construction Management including Commissioning
Construction management, and associated engineering support during
construction, and commissioning in the transition between construction and operation
were estimated by the JCT from past experience in projects of similar complexity. In
addition, the estimated costs were compared with the costs recently experienced in
major experimental tokamaks.
9.1.4. Operation including Decommissioning
The JCT based the estimates of operation costs on a projected staffing for
operations, the costs of electricity (dependent on the host country), hypothetical costs of
the fuel (tritium is assumed to have a 10 klUA/kg value), and an allowance of 3% per
year of the cost of the facility (excluding buildings) for maintenance, spares, and capital
improvements, including diagnostics beyond the start-up set. The 3% per year figure is
borne out by current experience on existing large tokamaks and fission power plants. In
addition, the costs of several (five) divertor replacements and of replacing the
shield/blanket with the breeding blanket were added to the 3% cost figure.
Decommissioning costs were derived from experience in fission power plants and
current estimates for the present tokamak experimental facilities.
9.2.

Findings:

9.2.1. Costing Methodology
The TAC considers that the costing methodology adopted by the project, in order
to provide the best estimate for the construction cost of ITER, is appropriate,
considering the international character of the ITER project, the consequent difficulty
inherent in assessing widely different methods of costing and the problem related to
comparing estimates expressed in currencies subject to exchange rates which vary
significantly with time. The facts that (i) the "values" of the different items, measured as
the percentage of a relevant fraction of the total cost, is essentially the same for all the
Parties with fair approximation, and (ii) the total costs of those items estimated by all
four Home Teams and de-escalated to 1989 money are within ± 5%, are good
indications of the quality of the estimating process and the validity of the JCT's
methodology. Each Party may refer to the cost in lUA as a starting point to escalate to
the present cost in its own currency, using the relevant national inflation indices
employed by the JCT. This method could be used to assess the present cost of ITER in
any particular currency. However, the resultant cost cannot be simply converted to the
cost in the currency of another Party using the present exchange rate.
The TAC agrees that by carefully estimating the uncertainty margins in the cost
of each individual item, the project does not need to include contingencies.
The TAC notes that the JCT intends to maintain the cost within the indicated
range of uncertainty, and will attempt to narrow the margin of uncertainty by a more
precise appraisal of cost as the design activities progress to the Detailed Design, it
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should be noted, however, that the indicated cost will remain unchanged only if
adequate resources are made available to maintain the schedule, and if major problems
beyond management control do not occur, such as delays in financing the project or in
the schedule and implications of the approval process by the relevant regulatory bodies.
The TAC notes that the design is still somewhere between the outline and the
detailed design stage, with practically no system already in the final design stage. In
addition, some of the R&D activities concerning the most critical items are in early
stages, which might imply some risk that the cost of some items could increase toward
the upper end of the uncertainty range.
The TAC concurs with the JCT that the procurement strategy will play an
important role in determining the real cost. A reduction in cost is likely to occur if open
competition is adopted in the procurement of components. While strong management
will be an absolute need for a project of this complexity, additional factors tending to
reduce the cost include (i) following a strict design-to-cost and procurement-to-cost
approach, (ii) optimizing the manufacturing procedures for the major items through the
development of the appropriate R&D, and (iii) limiting warranty/guarantee requirements
from vendors.
9.2.2. Engineering and R&D after EDA
The JCT time-schedule of ITER foresees site selection by mid-1998, at the same
time as the completion of the final design. The JCT indicates that site-specific design
activities, mainly related to safety aspects, lasting one and a half years, will have to be
conducted after the EDA; additional engineering R&D has been identified concerning
the major components of the machine and aspects of the design, which will also be
performed after the end of the EDA. The manpower and R&D-related costs for these
efforts, estimated by the JCT, are presented in Table 1. The JCT also envisages
launching in parallel the procurement of the longest delivery items (magnets and
vacuum vessel) starting immediately after site selection and the decision to construct.
The TAC considers that the amount of engineering manpower involved and the
cost of R&D proposed by the JCT appear reasonable. The JCT should work with the
Home Teams to develop a complete list and better estimate of this R&D. Some
clarification is needed with regard to the compatibility of the time schedule with the
regulatory aspects. Manufacturing of components may not be permitted to begin until
the construction has been approved by the host Party's regulatory bodies. The schedule
of the project may have to be reassessed in the future in view of these considerations.
9.2.3. Construction Costs
The total construction cost resulting from the estimating process conducted by
the JCT, in collaboration with the Home Teams and the Parties' industries, is:
5,850 +770/-791 klUA,
where 1 IUA = 1,000 U.S. $ (January 1989);
= 127,510 ¥ (January 1989);
= 875.8 ECU (January 1989).
This cost estimate was developed based upon a detailed Work Breakdown Structure
covering all ITER systems and facilities located on a generic ITER site and associated
land, which is needed both for construction equipment and for short-term temporary
storage of ITER operational wastes. The design that was costed was based on
assumptions contained in the Site Requirements and Site Design Assumptions

76

document reviewed by the Special Review Group set up by the ITER Council. The
construction costs are reported in Table 2, which shows for every major subsystem the
cost estimates, the Allowance for Indeterminates (AFI), and the uncertainty range.
Table 2
Construction Costs (klUA)
Provided by the JCT
JCT Point Estimate
Superconducting Magnet System
1,825
Vacuum Vessel, Shield/Blanket,
761
Divertor
Cryostat, Cryoplant, Vacuum Pumping,
472
Fueling, Tritium Plant
Heat Transport
232
Power Supplies
369
Heating & Current Drive Systems
(including their Power Supplies)
358
Diagnostics/Instrumentation & Control
210
Buildings/Structures
1,040
Assembly/Tooling (includes Remote
Handling)
316
Subtotal
5,583
Total
5,851

AFI
84
2

Uncertainty
+205/-247
+177/-137

34
6
9

+39/-70
+38A38
+36/-40

21

+94A79
+34/-38
+90/-90

112
268

+57/-57
+770/-796

The JCT indicated that items not included in the construction cost estimate are
the following:
• The cost of land for ITER was not included because the host is assumed to
provide the land. Also, the costs of various services 1Q the boundary of the ITER
site and associated land, such as roads, water, electricity, sewers, were not
included because the host is assumed to provide such services. Such services
2Q the site were included in the estimate.
• The direct costs associated with the regulatory process, i.e., preparing the
required reports in the native language, reviewing the reports and obtaining the
necessary approvals, were not included.
• The costs for disposing of ITER operational wastes once they leave ITER were
not included in the operations cost. The same is true for ITER final wastes, for
which a very preliminary decommissioning cost estimate was prepared by the
JCT.
• The costs of items replaced or to be installed during the operation of the
machine: divertor (five full replacements foreseen), breeding blanket, test
blanket modules, additional full diagnostics, additional remote handling
equipment. The costs of all of these items were included in the operating cost,
except for the test blanket modules and the cost of their installation.
• Insurance for shipment of components and transportation beyond the nearest
port of embarkation.
Regarding these items, the TAC notes that depending upon where ITER is sited,
modifications might be required and could affect the estimated cost. The TAC further
notes that there is the potential that the overall regulatory process could lead to
additional ITER costs if new requirements are imposed such as nuclear-grade
certification of any ITER components or facilities.
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The TAC has made a thorough review of the system and components cost
estimates presented by the project and has reached the conclusion that the total
construction cost estimate, within the indicated uncertainty range, is substantially
correct. Looking at individual items, the TAC notes the following, which deserve further
investigation:
• TF and PF magnets - The present high cost of Nb3Sn strand, related to the
rejection and wastage rate during fabrication, could possibly leave room for a
substantial reduction through additional R&D in the Parties' industries.
Exploratory work in this direction would be effective.
• Vacuum Vessel - These costs appear to be on the low side.
• Heat Transfer System - These costs could be reduced if some parts of the
secondary heat transfer system would not be needed.
• PF Magnet Power Supplies - The uncertainty in the cost of the switching
networks will be reduced through the already-foreseen R&D program. This
would also allow optimizing the sharing of functions between the switching
networks and ac/dc converters.
• Buildings - The project has made an accurate analysis of the building costs
based on the detailed breakdown of each building in all cost factors. The cost,
however, appears on the high side for three of the Parties.
The TAC has not reviewed in depth the cost of the auxiliary heating systems,
since the designs have not yet been developed in sufficient detail.
9.2.4. Construction Management Costs Including Commissioning
The JCT indicated that the cost of commissioning of individual systems and
components was included in the respective construction costs. The costs for start-up
and integrated testing are included in the construction management cost.
The construction management was estimated by the JCT to total approximately
3,000 PPY, equivalent to 800-900 klUA. As indicated by the JCT, this cost will depend
on the type of organization which will be set up for the construction phase, which is
unknown, and no cost breakdown has therefore been provided. This cost estimate will
certainly also depend on the extension or sharing of vendor's responsibility and on the
extent of the necessary interaction with regulatory bodies.
The TAC considers that, although this figure appears low with respect to normal
practice in the case of fission reactors, for the moment the cost estimate appears a
reasonable assumption.
9.2.5. Operating Costs, Including Decommissioning
The JCT estimated the operating cost to be 350-400 klUA per year and the
decommissioning cost to be 300-900 klUA for ITER based on the following preliminary
plans and assumptions:
• Operating Personnel and Overhead - Over the assumed 20-year operating
period, an average of 300 professional staff will be required per year; support
personnel are included for each professional. The estimate excludes the costs
for professional staff who perform physics and technology experiments, either
on-site or from remote locations. Funding for these personnel is assumed to be
provided by their Party.
• Operating Electric Power - For a complete experimental program over 20 years,
the estimated energy cost varies from 47 to 138 klUA/year, depending on the
annual operating availability achieved. The actual cost will depend significantly
on the cost of electricity at the site.
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• Operating Fuel Cost - The cost of tritium is assumed to be 10 klUA/kg, which is
a JCT estimate for a commodity which has no commercial market at the ITER
annual consumption level of about 3 kg/yr.
• Operating Capital Improvements, Spares, Maintenance • An annual estimate of
3% of the total facility capital cost (less buildings) is assumed based on
experience from other facilities. This includes experimental diagnostics and
remote-handling equipment beyond that included in the construction cost
estimate. In addition, capital and installation costs are included for five divertor
replacements and one change-out (lasting two years) from the shield/blanket to
the breeding blanket. Test blanket modules are assumed to be funded by the
Parties.
• Operating Waste Disposal Costs - An allowance of 20 klUA total is included for
packaging routine wastes, as well as for the replaced divertors and
shield/blanket. The costs for transporting these wastes and the costs for
temporary off-site storage and ultimate disposal are assumed to be host
country costs.
• Decommissioning - A range for the decommissioning cost has been established
as 300-900 klUA, based on comparisons with nuclear power-plant
decommissioning costs and extrapolations from estimates for TFTR and JET.
The ultimate transportation and disposal cost is not included and is assumed to
be a host country cost.
The TAC did not attempt to review in detail the JCT preliminary cost estimates for
operating and decommissioning ITER. However, the TAC considers the estimates by
the JCT to be reasonable considering the early stage of planning for these activities.
The operating cost estimate should continue to be refined as the physics and test
program planning matures.
9.3.

Conclusions and Recommendations:

The TAC concludes that the cost estimating process conducted by the JCT is
sound and the cost estimate provided is valid. The estimate represents the result of an
exceptional effort by the JCT and is sufficiently complete and detailed, at the present
stage, to provide a reliable total cost.
The TAC recommends that the JCT, working with the Home Teams:
• Adopt the design-to-cost approach throughout the balance of the EDA to keep
the cost estimate within the stated range of uncertainty;
• Attempt, during the remainder of the EDA, to obtain feedback through the
Parties from the regulatory authorities regarding the assumptions made in the
design of the most important safety-related cost-sensitive components and
facilities.
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APPENDIX
LIST OF THE TAC MEMBERS PRESENT
AND IN AGREEMENT WITH THIS REPORT
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Prof. R. Andreani
Dr. J. Jacquinot
Dr. D. Robinson
Prof. F. Troyon

Prof. N. Inoue
Prof. S. Itoh
Prof. K. Miya
Dr. K. Tomabechi

Prof. E.O. Adamov
Acad. V.A. Glukhikh
Dr. M.I. Solonin

Dr. D.O. Overskei
Dr. P.H. Rutherford
Dr. J. Sheffield

SRG REPORT TO THE ITER COUNCIL

Charges to Special Review Group
The Special Review Group (SRG) of ITER was established at the sixth
ITER Council meeting held in July 1994. The charge to the SRG given by the
Council was as follows:
"The Council agreed to establish a Special Review Group, chaired by
Dr. K. Tomabechi to review the technical, social, and the safety and
environmental requirements for siting ITER which will be prepared by
the Director and the JCT for the design. The results of review should be
reported to the Council and the necessity of further review shall be
determined."

Review Activities of SRG
In accordance with the charge given to the SRG and with the work plan
endorsed by the Council at its seventh meeting in December 1994, the SRG
conducted its work, by holding three meetings in this year as follows.
The first SRG meeting was held on February 14 through 16, 1995, at the
ITER Naka Joint Work Site, Japan, with twenty-four participants as seen in the
attachment. At the meeting, Rules of Procedure for the SRG were set forth, as
seen in the attachment. The SRG discussed and agreed upon the guiding
principles in reviewing the site requirements of ITER, as follows:
(1) As stated in the charge, the SRG shall review the "Site Requirements and Site
Design Assumptions" document prepared by the Director and the JCT and
report to the Council. It is desirable for the review to be conducted so that
the conclusions of the review work are acceptable to all the Parties at the
ITER Council meeting.
(2) In principle there should exist potential sites in the territory of each Party
that are compatible with the contents of the "Site Requirements and Site
Design Assumptions" document.
(3) The SRG noted the importance of the ITER program objectives contained in
the Agreement and the SWG-1 report's statement that ITER should be
designed to demonstrate the safety and environmental potential of fusion
power. Accordingly, the SRG will pay particular attention to the safety
approaches and methods that have been used by the JCT in developing the
"Site Requirements and Site Design Assumptions" document.
In the first meeting, the scope of "Preliminary ITER Site Requirements and
Site Design Assumptions" document was reviewed and discussed. The SRG noted
that the categorization of various site-related issues into "Site Requirements" and
"Site Design Assumptions" is reasonable at this stage of the EDA, and provided
comments to the Director for his consideration.
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The second SRG meeting was held on April 26 to 28, 1995, at the ITER
Garching Joint Work Site, Germany, with twenty-three participants as seen in the
attachment. In this meeting, the SRG reviewed a revised version of the "Site
Requirements and Site Design Assumptions" document, and provided additional
comments to the Director for his consideration. Extensive discussions were held
on "Land", "Energy and Electrical Power Supply", "Seismic Characteristics" and
"External Hazards and Accident Initiators". It was agreed in principle that in the
future, the JCT will conduct cost sensitivity analysis for alternatives to several
design assumptions associated with these items and possibly others.
The third SRG meeting was held on June 21 through 23, 1995, at the ITER
San Diego Joint Work Site, U.S.A., with twenty-two participants as seen in the
attachment. The SRG reviewed a new version of the "Site Requirements and Site
Design Assumptions" document dated June 6, 1995, whose principal features are
also included in the "Interim Design Report ". The SRG provided comments on
this document, and the Director incorporated the intent of these comments into a
final version of the document dated June 23, 1995. The SRG reviewed this final
document to which the following Finds and Recommendations pertain. The
major findings and recommendations that resulted from the review conducted by
the SRG are summarized below.
Findings
(1) The Site Requirements and Site Design Assumptions document has
addressed the important siting issues, and the Director and JCT have been
extremely cooperative and helpful in working with the SRG.
(2) The ITER site requirements described in the Director's document are
classified into two categories, i.e., the Site Requirements and Site Design
Assumptions. The Site Requirements are compulsory in the sense that reasonable
reconfigurations of the ITER design will not result in a less demanding set of
requirements. The Site Design Assumptions are not compulsory site
requirements, but are selected as guidelines for designers to follow until the
actual site is known. It is understood that the assumptions were selectedso that
the EDA design would not be invalidated by actual site deviations from the
assumptions. Both the Site Requirements and Site Design Assumptions are
organized in the following categories;
Land
Heat Sink
Energy and Electrical Power
Transportation and Shipping
External Hazards and Accident Initiators
Infrastructure
Decommissioning
(3) In general, the SRG finds that the Site Requirements and Site Design
Assumptions set forth for designing ITER appear to be reasonable at this stage of
the EDA, although individual values may change slightly as the ITER design
advances. Nevertheless, each Party has some difficulty with at least one of a set
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of five design assumptions. The Parties taking the lead in proposing cost
sensitivity assumptions were EU - plane crash, Japan - pulsed power and seismic,
R.F. - temperature, U.S. - tornado. Therefore, for these five design assumptions
the SRG endorsed specific parameters for a cost sensitivity analysis to be
conducted in the near future by the Director and the JCT to see what the cost
impact of deviating from the Site Design Assumptions would be. The parameters
to be considered for the cost sensitivity analysis by the Director and the JCT are
described in the Annex of this report. The SRG recognizes that resources for this
activity need to be made available.
(4) The Director assumed that the land for constructing and operating ITER
should be committed to ITER use for a period of 30 years. However, it is the
SRG's opinion that in reality, a significant period of additional time will be
required beyond the assumed time period of 30 years, e.g., for decommissioning
of the plant as well as for possible incorporation of some additional experimental
programmes that might be implemented during operation.
(5) The SRG noted that important information concerning tritium shipments to
ITER, radioactive effluents and wastes from ITER, during both normal operation
(including maintenance) and postulated accidents, is still under development by
the Director and preliminary values are contained in controlled official project
documents. The SRG understands that each Home Team is working with the
Director to make sure that as this information becomes fully developed, it will be
compatible with regulatory requirements for siting ITER in its territory. (See
recommendation below)
(6) The SRG considers decommissioning an important subject. In the Site
Requirements and Site Design Assumptions, only the first phase, called *
"deactivation", is addressed. For the following phase, called dismantling, the
document commits to provide information on the status of ITER at the end of
operation, including information on equipment that could be used also for
dismantling. The SRG noted that additional information regarding
decommissioning is needed, including more specific, but not detailed, plans for
dismantling and associated cost estimates. This information will be needed in the
site selection process as well as for regulatory approval. Examples of the
information typically included in such plans have been given to the Director. The
assumption of transferring the responsibility for the dismantling to the Host could
not be properly addressed by the SRG and is referred to the ITER Council for
further consideration.
Recommendations
(1) The SRG recommends that the above mentioned cost sensitivity analyses be
performed by the Director and the JCT. For this purpose, the SRG identified the
parameters to be considered, as seen in the Annex. All the results of these cost
sensitivity analyses should be available to the Parties for review by the end of
1996 or earlier if appropriate.
(2) The SRG recommends that the Director develop the necessary information
for the decommissioning of ITER, including cost estimates. The SRG believes
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that the development of such information is required per the ITER EDA
Agreement.
(3) The SRG recommends that more complete information on radioactive
effluents and radioactive wastes from the ITER plant be produced and given to
the Parties for review and use in the site selection process.
The SRG notes that no future SRG activities or meetings have been
planned.
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Annex
Parameters to be considered in cost sensitivity analysis
(1)

Electric power
Concerning the conditions of power supply for ITER, the following design
conditions should be considered;
• Peak pulsed power of 400 MW with power steps (changes in less than a
second) of 60 MW
• Supplying fast controlling power for plasma positioning and shaping
from an energy storage system
• Minimizing net reversal power from ITER to the grid
• Peak pulsed reactive power of 300 MVAR with power compensators,
e.g., static VAR compensator
• Fault power level of 10 GVA
• Higher harmonic currents at acceptable levels specified for 500 kV line
(2)

Seismic
With regard to seismic characteristics, the following design conditions
should be considered;
0.4 g for SL-2 for relevant components and facilities, including Tokamak
building and exhaust stack
0.05 g for SL-0 or 0.2 g static horizontal ground acceleration for
facilities of "Hotcell" and "Radwaste"
(3)

Tornado
With respect to tornado conditions, 300 km/h should be considered as the
design condition, with standard methods used for deriving differential pressure.
(4)

External accident
An external accident initiator to be considered in the analysis is an aircraft
impact, i.e., an impact at 150 m/s at any angle involving the following aircrafts:
1) A "soft" jet such as a 6 t. LEAR JET 25 (twin rear engines: 200kg x 2)
2) A "hard" plane such as a 1.7 t. CESSNA Centurion model 210, with a
central propeller
(5)

Temperatures
Concerning meteorological conditions, the following parameters should be
considered;
Minimum air temperature of -40 °C, instead of -25 °C
Minimum temperature averaged over for 24 hours to be -25 °C, instead of
-15 °C

List of Participants of SRG Meeting
( * : expert)

SRG-1

SRG-2

SRG-3

Feb. 14-16, '95
(NAKA JWS)

Apr. 26-28, '95
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Jun. 21-23-, '95
(San Diego JWS)

EU Delegation

J. DARVAS
C. HARFORS
W. KOELZER
J. PERVES
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J. DARVAS
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G. LEMAN
W. KOELZER
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JA Delegation

K.
Y.
S.
S.
T.
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S. TANAKA
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S. MATSUDA
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S. TANAKA
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H. KISHIMOTO *
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RF Delegation
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Y. PETROV
S. BOTCHAROV

V. KORJAVINE
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Y. PETROV
S. BOTCHAROV

US Delegation
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R. BLOND
D. PETTI
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W. MARTON
R. BLOND
D. PETTI
R. STARK
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MORI
MATSUDA
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RULES OF PROCEDURE FOR THE SPECIAL REVIEW GROUP
DURING
THE ENGINEERING DESIGN ACTIVITY
In accordance with Annex A (m) of the Agreement, the Council established a Special
Review Group as described at point 6.8 in IC-6 ROD repeated below.
"the Council agreed to establish a Special Review Group, chaired by
Dr. K. Tomabechi to review the technical, social, and the safety and
environmental requirements for siting ITER which will be prepared by the Director
and the JCT for the design. The results of review should be reported to the
Council and the necessity of further review shall be determined."
The Rules of Procedure for the Special Review Group (SRG) are as follows.
ARTICLE 1 MEMBERSHIP
1.1

Each Party shall designate up to four members of the SRG.

1.2

If a member cannot attend a meeting of the SRG, another member may be
designated by that member's Party for that meeting. The Chair as well as the
SRG Secretary, provided in Article 2.2, should be notified before the meeting
of the participation of any newly designated members.

ARTICLE 2 ORGANIZATION
2.1

If the Chair is unable to be present at a given meeting, the meeting shall be
rescheduled.

2.2

Upon proposal by the Chair, the SRG shall appoint its Secretary.

ARTICLE 3 MEETING ARRANGEMENTS
3.1

The SRG shall meet whenever it is necessary in the judgment of the Chair.

3.2

The meetings shall normally take place at the Joint Work Sites or at locations
deemed appropriate by the Chair in consultation with the other members.

3.3

The meetings shall be convened by the Chair acting through the Secretary.
Prior to the date of the meeting, a draft agenda should be prepared by taking
into account the comments of the members, and should be disseminated to the
members. After consulting with the Director, the Chair may request relevant
working papers from the JCT. The Secretary shall also include those working
papers in the transmittal of the draft agenda.

3.4

Meetings of the SRG require that at least one member from each Party be
present.

3.5

Each SRG delegation may invite experts at an SRG meeting based on meeting
agenda topics after consultation with the SRG Chair.

3.6

The Director or a designee shall attend SRG meetings. The Director'may also
designate experts of the JCT to attend the meetings with consultation with the
SRG Chair.
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ARTICLE 4 MEETING PROCEDURES
4.1

At each meeting, the agenda will be reviewed and amended as necessary.

4.2

Participation in the discussions by non-members is at the discretion of the
SRG. The meeting is not open to the public.

4.3

The Secretary shall draft the minutes of each meeting. The minutes and
related documents shall be properly numbered.

4.4

Minutes of the SRG meeting shall be approved, at least provisionally, during
the meeting.

ARTICLE 5 MINUTES and REPORTS
5.1

The approved minutes shall be prepared by the Secretary and signed by the
Chair. The Secretary shall send a copy of the approved minutes to the
members of the SRG and to the Director within 14 days after their approval.
The approved minutes shall be maintained on file at the San Diego Joint Work
Site and at the ITER Council office in Moscow.

5.2

Report(s) by the SRG to the Council shall be drafted and their text shall be
arrived at through development of a consensus of the delegations. The
report(s) shall be approved, at least provisionally, during the relevant meeting.
The SRG shall strive to express a unanimous point of views in advising the
Council.
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INTERNATIONAL THERMONUCLEAR EXPERIMENTAL REACTOR • ENGINEERING DESIGN AcnvrnEs

July 7,1995

EDA-CPs/95-31a

CPs' Report on Tentative Sequence of Events
To:

E. P. Velikhov, IC Chair
M. Yoshikawa, IC Co-Chair

Dear Academician Velikhov and Dr. Yoshikawa:
At IC-6 and IC-7, the Council charged the CPs to work on Article 2(e) related matters
and report at IC-8. We have been doing so and are presenting our report for the
Council's review and, we recommend, transmission to the Parties for their
consideration.
The report consists of this letter and the enclosed chart presenting our proposed
Tentative Sequence of Events. We have developed this sequence in relation to IC
meetings and ITER EDA milestones which are the two predictable sets of events within
the ITER EDA. This chart is composed of two sheets, one which displays major events
and issues (Sheet 1) and the other which displays specific activities (Sheet 2). Both are
shown as a function of IC meetings on the vertical axis. Sheet 1 shows on the horizontal
axis a progression of events and issues from today's Preparations through Explorations,
which are the Parties' non-commitment-based, pre-negotiational discussions, to formal
Negotiations, Construction and Regulatory activities. Sheet 2 shows, for each Council
meeting, the activities anticipated before, during and after the meeting as well as the
performer of the activity. Those activities proposed for the Parties beyond the ITER
EDA framework are shown in [ ].
While this chart is compact, it is a distillation of a year's intense study of many paths.
We believe this chart can be helpful to the Council and the Parties in preparing for
decisions leading to Explorations and Negotiations for construction.
Respectfully submitted for the CPs,

Michael Roberts,
Chair
Attachment
cc:

N. Cheverev
N. A. Davies
J. F. Decker
P. Fasella
Ch. Maisonnier N. Oki
R. Aymar
International Thermonuclear Experimental Reactor Engineering Design Activities
conducted by the European Atomic Energy Community. Japan, the Russian Federation and the United Slates,
under the auspices of the International Atomic Energy Agency
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TENTATIVE SEQUENCE OF EVENTS1 IN RELATION TO 1C MEETINGS AND H E R EDA MILESTONES
Sheet 1
Major Events ind Issues
December 13, 19S5
2.3
NEGOTIATIONS
CONSTRUCTION Inc. SSO REGULATORY PROCESS
PREPARATIONS PREPARATIONS
EXPLORATIONS
(ITER as a legal entity) (ITER + P)
(IC)
(P)
•P2 SIGNED
1994

1C-6
IC-7

199S

I

JC-fl .-IDRIC-9

1996

IC-12i.

I

CONSIDERATION
OF DOR PACKAGE

I

CONSIDERATION
OF FDR PACKAGE
-END OF EDA-

-

IC-13--FDR-

1996

CONSIDERATION OF
IDR PACKAGE

IC-10
IC-11--DOR-

1997

I

IC-M--CR-

EXPANDEO
ON SHEET 2*

SIGNING OF CONSTRUCTION* AGREEEHENT

IC • ITER Council
P - Parties
SSD • Site Specific Design
D • Director
C - CPs, R • SRG, W • SWG
CR - Comprehensive Report
CONSTRUCTION* • Construction
Operation, Exploitation I
Decommissioning Activity
(COEDA)
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1 Target framework subject to fulfillment
of domestic constraints
2 On basis of prior consultations
3 Includes possible contingency planning
for any post-EOA, pre Construction* hiatus
4 Implies completion of any required domestic
environmental analysis of site candidate

Ongoing actlvltes
Timing uncertainty
Consideration

TENTATIVE SEQUENCE Of EVENTS IN RELATION TO IC MEETINGS AND ITER MILESTONES
Specific Activities

Sheet I
Dtcmmbv 13. 1998

IC

NcniNts
1»9S
JC-8

- Otrtctor: IOR*
• SAG: Review Report of Sftt
rtqutreaNnts
- CPJ: Report to IC-B

IMS

- Rajtilt of Parties'
considerations of ION
P*ck*9*
• CPs Report to IC-9

IC-9

IMC
JC-10

1>M
IC-U

1M7
It-12

1997
IC-13

19M
1C-14
I
•
7
•

INPUTS TO IC (FOR IC MEETINGS)
(P,O,C,R,M)

- SU6: Report to IC-IO
(- P«rttt*' Individual
expressions of readiness
for t u r t l e Joint
exploration Including
possible contingency
planning.In consultation
with I C T
- Director: OOR*
- S W ; Report to IC-U

• Result of Parties' ,
consideration of 00RJ
• S M : Report to IC-12
(• Parties' expreision of
readiness for starting
negotiation*]
• DirKtor: FOR*
• S W : Rtport to IC-13

• Olroctor: CR
[- Partita conduda
negotiations

OUTPUTS FROM IC (AT IC MEETINGS)
(IC)
• Acceptance for Parties'
consideration of I0R package'
- Acceptance of proposed tentative
sequence of events
- Follow-up of'SRC rccoMMndations
• Approval of IOR package
- Cotyiete establtshaent of SVC
• Guidance to S W
- IC coaaends S W Report as Input
to exploration and Invites
explorers to use SVC In support
of their work

- Acceptance for Parties'
coslderatlon of OOR package
- Guidance to Stffi (• light ef view
on exploration
• IC coaaends S W Report to
Parties as possible basts for
entering i»egot1atton
[- Explorers rtcoewnd to Parties
to start Negotiations]
- Approval of OOR package
- Guidance to SMG
• Recosstendatlons te Parties to
enter negotiations on siting and
construction on the basis of the
SMS Report
• Acceptance of Parties'
consideration of FOR package
- RecoMendations to Parties on
actions (fonul 1 technical) to
deal HiIk EOA end on the basis
of the SVt Report
- Approval of action to deal with
EOA end
- Completion of Final Report

PARTIES' ACTIONS (POST IC
MEETINGS) (P>
<• Consider IDR Packaged

<• Domestic procedures for
starting Joint exploration)
• Consultation on readiness for
Joint exploration
[• Start Joint exploration]

<- Consider OOR Package>
<• Doaestic procedures for
starting negotiation^
• Consultation on readiness for
Joint negotiation

[- Start negotiations)

<- Consider FOR package>
<- Doaestic procedures for
concluding negot1atlons>

(- Signing of Construction*
Agreement]

• Cost Review.• Safety. Analysis
package - IDR* (or DM* or FDR5 ) and accoapanying reports l i k e SRG Report, CPs' Report, SU6 Report
<>; up te each Party's decision
M: Parties' Forao

I NEXT PAGE(S) I
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COUNCIL POSITION ON ITER
AT THE HALF WAY POINT IN THE EDA
Following three decades of steady progress in design and experiments, the four leading
participants in world fusion research agreed in 1992 on the objectives and requirements of the
optimum next step in the development of fusion as a source of energy. ITER was conceived as
the project to achieve these objectives through the equal partnership of the four Parties. The
width and depth of fundamental physics, technology, know-how, and research required to
support ITER, as well as its cost, speak for this step to be undertaken as an international
cooperation.
Halfway through the ITER Engineering Design Activities, there is a renewed consensus of the
ITER Council that this is a necessary step; that the objectives of ITER remain attainable and
must not be changed; that the design can meet the objectives; that the quadripartite cooperation
has shown to be an efficient frame; and that the right time for such a step is now.
The success of fusion worldwide depends on this step, and ITER should continue to benefit from
the full international cooperation, so that the fusion physics and technology know-how can be
focused and consolidated in support of ITER, making the optimum use of large but limited
resources.
Accordingly, the Council urges all Parties to fulfill their obligations to this unprecedented
international cooperation and to structure their domestic programs to ensure that they provide
their full contribution to the ITER Engineering Design Activities.
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EXCERPT FROM IC-9
RECORD OF DECISIONS

4.1 Having heard the positive views of the Parties based on in-depth assessments
of the IDR Package (IC-9 ROD Attachment 6), the Council:
a)

b)

c)

approved the ITER Interim Design Report, Cost Review and Safety
Analysis, produced by the Director with the integrated support of the
Joint Central Team and the Parties' Home Teams, as the basis on which
to continue the technical work of the EDA until their completion in
1998;
concluded that the Report of ITER Site Requirements and ITER Design
Assumptions is a reasonable basis for continuing with the EDA and for
undertaking activities in preparation for possible future decisions on the
construction of ITER; and
concluded that the Tentative Sequence of Events for such a decision
making process appears to be an appropriate basis for moving toward
joint implementation.

4.2 Finally, after considering the Parties' technical comments, which are contained
both in the Parties' views (IC-9 ROD Attachment 6) and in the individual
reports of the domestic reviews (IC-9 ROD Attachment 7), the Council asked
the Director to take those comments into account for future technical work
to be included in the Detailed Design Report. The Director is further
requested to provide the Council with a report at IC-10 on his actions in this
regard.

1
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PARTIES' VIEWS
ON THE IDR PACKAGE
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toft BLANK

EURATOM PARTY POSITION ON THE
ITER INTERIM DESIGN REPORT (IDR) PACKAGE
The Euratom Party position on the IDR Package has been established by the Council
of the European Union in a conclusion unanimously adopted on 30 October 1995
(attached).
The Euratom Party also considers that specific technical and organizational
recommendations on the issues, which are referred to in the convergent Opinions of the
Consultative Committee for the Fusion Programme (CCFP) and the Scientific and
Technical Committee (STC), should receive particular attention from the Director and
should be answered in the Detailed Design Report.*)
The Euratom Party will carefully follow the evolution within its partners' programmes
of both the fusion planning and the decision-making process concerning ITER (including
the siting question). It will continue to keep the Council of the European Union
regularly informed on these developments as well as on all aspects of the progress of
ITER.
•) see Parties' Technical Comments on the IDR Package (IC-9 ROD Attachment 7)
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Annex
COUNCIL CONCLUSIONS ON ITER
30 October 1995
The COUNCIL:
HAVING EXAMINED the ITER Interim Design Report Package submitted by the
Commission,
GENERALLY ENDORSES the convergent Opinions of the Consultative Committee for the
Fusion Programme (CCFP) and the Scientific and Technical Committee (STC), and in
particular their conclusion that the management, the design and the supporting R&D of ITER
are on the right track for proceeding to the end of the EDA, given that:
the ITER Interim Design Report, Cost Review and Safety Analysis is consistent with
reaching the ITER objectives and providing adequate scientific and engineering
margins;
the Report on ITER Site Requirements and ITER Site Design Assumptions constitutes
at this stage a reasonable basis for proceeding with the design of ITER;
the Tentative Sequence of Events appears to be appropriate and technically feasible
in view of the progress achieved, although substantial efforts are required in
licensing-related subjects;
CONCLUDES that the positions to be adopted by the Commission in the ITER Council and
its various bodies should be guided by the specific technical and organizational
recommendations on the issues, including safety and environmental studies, which are
referred to in the Opinions of the CCFP and the STC, that deserve particular attention in the
forthcoming phases of both design and R&D;
FURTHER RECALLS that more detailed information is necessary on tritium supply and
operational waste issues and on decommissioning;
CONSIDERS that it is appropriate for the Community to participate in the exploration of the
interrelated issues of siting, licensing and host support;
INVITES the Commission to develop by the end of March 1996 framework assumptions (of
both a technical and a financial nature) for consideration by Member States, in order to
facilitate the presentation of possible candidatures with a view to identifying a European
candidate site;
NOTES that, in accordance with the commitments taken pursuant to Article 4 of the Fusion
Programme Decision of 8 December 1994, and in consultation with the CCFP, the
Commission will have an external assessment undertaken as soon as practicable and, in any
event, before firm decisions are taken on the construction of a Next Step device and the
funds to be committed for its construction; and that the external assessment to be undertaken
by independent experts will cover all aspects, including scientific, technical, environmental,
socio-economic and financial aspects. It notes that the mandate for this assessment will be
elaborated by the Commission as soon as possible, taking fully into account the views of the
Member States.
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On the Interim Design Report of ITER (Japan')
The Technical Subcommittee on ITER/EDA under the Fusion Council of the
Atomic Energy Commission has been conducted the Party's review of the ITER
Interim Design Report (Package) which was submitted from the Director to the
eighth meeting of the ITER Council. The result is as follows:
1. The efforts of the Director, the JCT and the Home Teams of the four Parties
should be highly commended for the great progress of the TTER engineering
design from the Outline Design phase. It is strongly expected that the design will
be progressed in future based on most recent knowledge of the plasma physics and
the fusion technology, and the planned technical objectives will be completed
within the period of EDA. Under this recognition, the Interim Design Report
Package which is the result at the middle time point of EDA is assessed as the
basis for proceeding into the detailed design phase, and it is appropriate that the
works should be strongly progressed towards the next milestone of EDA, the
Detailed Design Report.
2. The points we request to be considered in the future detailed design are as
follows:
1) More detailed investigation and assessment on safety and environmental
acceptability shall be conducted and the results need to be fully described in the
Detailed Design Report.
2) An enough cost control is expected to be maintained in future and
implementation of driving the cost towards the lower end of the cost width is
expected.
3) As for the plasma performance, the design work is expected to be proceeded
systematically because there are issues to be investigated and assessed in parallel
with the progress of the physics R&D.
4) As for the engineering design of the main devices and facilities, it is necessary
to keep flexibilities for the future selection of design options.
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3. As for the Site Requirements and the Site Design Assumptions, enough response
to the recommendations of the Special Review Group (SRG) is necessary from a
viewpoint to further increase the social acceptability. And the construction
schedule should be reviewed appropriately in parallel with the results of tests and
the progress of realistic investigation of safety regulation, etc.

Further

investigation is expected with regard to the necessary quantity of Tritium in
accordance with the operation programs.
4. And the "Tentative Sequence of Events" in the Package (CP Report) can be a
guideline in making a future plan of each Party and is judged as appropriate at the
present time point with the recognition that all the Parties must realize the
importance of conducting future actions systematically.
5. The summary report of the review results of the technical subcommittee on
ITER/EDA under the fusion Council of the Atomic Energy Commission is
submitted as attached. We hope that the Director and the JCT will proceed the
design work taking into account the points to be considered in the report.
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CONCLUSION OF THE RUSSIAN FEDERATION PARTY
ON THE ITER INTERIM DESIGN REPORT PACKAGE

Submitted for assessment and conclusion by the Parties, the ITER
Interim Design Report (IDR) Package has been assessed by head
institutes of the RF Home Team, by the Scientific and Technical
Council of the Russian Research Center "Kurchatov Institute" and
by the Department of Physical and Technical Problems of Power of
the RF Academy of Sciences. Final concideration took place at the
meeting of the Scientific and Technical Council of the Ministry of
the Russian Federation for Atomic Energy (Minatom) chaired by
Minister V. Mikhailov. Representatives of the Ministry of
Sciences, Government Administration, RF Academy of Sciences
and industrial organisations took part in this assessment and
conclusion.
The basic conclusions are the following:
1. The Interim Design Report constitutes the necessary and
sufficient basis for further detailed elaboration of the ITER
Project on the EDA stage.
2. The scientific and technical data base which is available now
and is continuously improved confirms the reality for
achievement of goals and objectives of the ITER Project set out
in the Agreement.
3. Basic technical decisions, adopted at present in the Project, are
technically well validated, and therefore it is desirable now to
take decision on "freezing" the main structural and
technological parameters of ITER.
4. The RF Party considers the ITER reactor as a necessary and
last step before the development of a DEMO reactor.
Taken into account the importance of stable and reliable operation
of the ITER reactor during the second phase of its operation, the
RF Party recommends to pay attention during detail design till
July 1998 on the following:
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reliability and stability of divertor operation;
development, testing and determination of module for tritium
breeding during technological phase of the ITER operation;
acceleration of activity on site selection for ITER and beginning
of site specific design, which is necessary for correct cost
estimations of the whole Project;
safety and complexity of works with beryllium.
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U.S. Party Position at the December ITER Council meeting
1.

The U.S. is in full agreement with the conclusions of the
Technical Advisory Committee (TAC) that:
the present objectives are correct,
the present design can fully meet these objectives,
the safety requirements will ensure safe operation of
ITER, and
generally, the design is a good basis for proceeding to
detailed design,
while recognizing that further experiments will be
needed to confirm the validity of some elements of the
design, including the ITER operating density.

2.

The U.S. also
that:
the cost
is valid
reliable

agrees with the conclusions of the TAC review
estimating process was sound and the estimate
and sufficiently complete to provide a
total project cost.

3.

The U.S. supports the Special Review Group's conclusions
that:
the Site Requirements and the guiding design
assumptions are satisfactory,
ITER could be sited in theterritory of any Party, and
some sensitivity analyses should be prepared.

4.

The U.S. also agrees that the "Tentative Sequence of Events"
is a useful guide toward construction decisions and supports
the establishment of the Special Working Group authorized in
Protocol 2 to pursue this issue further.

5.

The U.S. is also encouraged by the recent physics data that
could lead to improvements in thedesign and/or construction
at some future time. The U.S. is pleased that the Director
and Joint Central Team are engaged in theconsideration of
these data. The U.S. expects that the Director will
continue to monitor these new developments so that if such
improvements bear out, they can be considered for
incorporation in ITER.

6.

The U.S. will consider whether to join Explorations toward
construction decisions and intends to decide before the next
planned ITER Council Meeting in July 1996.
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OPINION
OF
THE CONSULTATIVE COMMITTEE FOR THE FUSION PROGRAMME
ON
THE INTERNATIONAL THERMONUCLEAR EXPERIMENTAL REACTOR
INTERIM DESIGN REPORT PACKAGE
Brussels, 29 September 1995

INTRODUCTION
- The Interim Design Report Package (IDR Package) accepted by the ITER Council at its 2627 July 1995 meeting for consideration by the ITER Parties comprised five documents:
1) ITER Interim Design Report, Cost Review & Safety Analysis
2) Report on ITER Site Requirements and ITER Site Design Assumptions
3) Technical Advisory Committee (TAC) - 8 Report (contains itsrecommendationsto the ITER Council
on document 1)
4) Special Review Group Report (contains the SRG findings and recommendations to the ITER Council on
document 2)

5) Contact Persons Report on Tentative Sequence of Events
- The EDR Package was submitted on 1 August 1995 by the services of the Commission to the
Council of the European Union for its views at the 30 October 1995 Research Council meeting so
as to establish the position that the Commission should take in monitoring the project (the technical
approaches and the accuracy of the assessment of the cost of construction of ITER having to be
verified on the basis of domestic data including data from European Industry).
- In order to provide the CCFP with a technical basis for the Opinion which it was requested to
issue for consideration by the Council of the Union, the services of the Commission entrusted:
the Fusion Technology Steering Committee - Planning of the CCFP (FTSC-P) with the
supervision of the assessment by the European laboratories and industries of document 1 in
the light of document 3 and with the preparation of recommendations
the Euratom ITER Home Team Leader with the preparation of an assessment and
recommendations concerning documents 2 & 4
the Euratom ITER Contact Person with the preparation of recommendations concerning
document 5

OPINION
The CCFP
having had an in-depth exchange of views on the basis of the reports from:
- the FTSC-P on document 1 of the IDR Package
- the Euratom ITER Home Team Leader on documents 2 and 4 of the EDR Package
- the Euratom ITER Contact Person on document 5 of the IDR Package
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• endorses the Recommendations of the FTSC-P (ATTACHMENT I) on the European Domestic
Assessment of the ITER Interim Design Report, Cost Review, and Safety Analysis, and
expresses the opinion that
. the ITER Interim Design Report, Cost Review and Safety Analysis is consistent
with reaching the ITER objectives and providing adequate scientific and
engineering margins to ensure the generation of 1.5 GW of controlled
thermonuclear fusion power during periods of at least 1000 seconds in each plasma
pulse and is therefore a satisfactory basis for proceeding towards the final design ;
the organization of the project is efficient and an effective collaboration with the
Home Teams has been developed ;
. the supporting R&D is matched to the design requirements ;
. specific technical recommendations made by the FTSC-P on the issues that deserve
particular attention in the forthcoming phases of both design and R&D, such as
divertor and remote maintenance, should guide the position of the Euratom
representatives in the various ITER bodies ;
. the safety approach, design and analysis are an acceptable basis for continuing
with the EDA, but much work remains to be done ;
. while in line with the original milestones, the schedule is tight in particular
concerning R&D in support of long-lead items, such as the magnets and the
vacuum vessel, and the preparation for licensing procedures ;
the construction cost estimate is based on a detailed analysis and on industrial
costing ; it is 5% higher than the one arrived at two years ago and contained in
the Outline Design Report.
• endorses the Assessment and recommendation of the Euratom ITER Home Team Leader
(ATTACHMENT 2) concerning the Report on ITER Site Requirements and ITER Site Design
Assumptions which was assessed by the Special Review Group - in which all the European
countries having expressed an interest in siting ITER, plus an expert from Canada, were
represented - and
expresses the opinion that
. the Report on ITER Site Requirements and ITER Site Design Assumptions
constitutes at this stage a reasonable basis for proceeding with the design of ITER ;
. further site design assumptions, as suggested by the Parties, should be a part of a
cost sensitivity analysis ;
. further information should be provided on tritium supply and operational waste
issues and on decommissioning.
• endorses the Recommendations on the ITER Contact Persons' Report on the Tentative Sequence
of Events by the Euratom ITER Contact Person (ATTACHMENT 3), and
expresses the opinion that
. the Tentative Sequence of Events appears to be appropriate and technically feasible
in view of the progress achieved in the design and supporting R&D, although
substantial efforts are required in licensing related subjects ;
discussions in view of identifying a possible European candidate site should be
started without unnecessary delay notably in view of the fact that Japan and
Canada might soon be in a position to make official offers to host ITER.
• Summing up, now that the management, the design and the supporting R&D are
on good tracks for proceeding to the end of the EDA, the CCFP considers that a major
task for Europe in 1996 is to tackle the intermingled issues of siting and licensing.
Explorations concerning the identification of a European candidate site and/or the
consideration of other possible solutions are now timely.
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Recommendations of the FTSC-P on the

European Domestic Assessment
of the

ITER Interim Design Report, Cost Review, and Safety Analysis

Introduction
The Interim Design Report Package (EDR Package) accepted by the ITER Council at its July
1995 meeting for consideration by the ITER Parties comprises five documents, one of which is
the ITER Interim Design Report, Cost Review and Safety Analysis. Within Europe the
responsibility for organising the domestic assessment was given to the Fusion Technology
Steering Committee - Planning (FTSC-P) under the chairmanship of Dr. R. Andreani. The
FTSC-P appointed an ITER Assessment Group (see Annex), which began its work
immediately after the ITER Council meeting (26/27 July 1995), and prepared its findings for
consideration by the FTSC-P at its meeting on 19/20 September 1995. On the basis of the
ITER Assessment Group findings, the FTSC-P makes the following recommendations to the
CCFP.

1. ITER Objectives
According to the ITER EDA Agreement, the overall programmatic objective of ITER is to
demonstrate the scientific and technological feasibility of fusion energy for peaceful purposes.
The detailed objectives as set by the Special Working Group in October 1992, are that ITER
should:
"- be designed to operate safely and to demonstrate the safety and environmental potential of
fusion power.
- demonstrate controlled ignition and extended burn for a duration sufficient to achieve
stationary conditions on all time scales characteristic of plasma processes and plasma wall
interactions, and sufficient for achieving stationary conditions for nuclear testing of blanket
components. This can be fulfilled by pulses with flat top duration in the range of about 1000 s.
For testing particular blanket designs, pulses of approximately 2000 s are desirable;
- aim at demonstrating steady state operation using non-inductive current drive in reactor
relevant plasmas;
- demonstrate the availability of technologies essential for a fusion reactor (such as
superconducting magnets and remote maintenance);
- test components for a reactor (such as systems to exhaust power and particles from the
plasma);
- test design concepts of tritium breeding blankets relevant to a reactor. The tests foreseen on
the blanket modules include the demonstration of a breeding capability that would lead to
tritium self-sufficiency in a reactor, the extraction of high-grade heat, and electricity
generation".
Ill

Fig. 1. Isometric view of ITER
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The ITER Council, in its July 1995 meeting, expressed renewed consensus that "the objectives
of FTER remain attainable and must not be changed".
The main milestones of the ITER Engineering Design Activities (EDA), as agreed by the ITER
Council, are defined in terms of the delivery of a series of reports: Outline Design Report
(January 94), Interim Design Report (June 95), Detailed Design Report (end 96), Final Design
Report (January 98) and Comprehensive Report at the end of the EDA (July 98).

2. Principal ITER Parameters
The ITER design requirements are dictated primarily by the objective of achieving ignition in
stationary plasma operation, utilising reactor-relevant technologies (i.e. superconducting coils)
to produce the magnetic configurations. Extensive optimisation studies, based upon
experimental results from the world-wide plasma physics programme, have confirmed that:
- the proposed plasma current of 21 MA at a toroidal field of 5.7 T on axis, with 100 MW of
auxiliary heating, are appropriate to meet the requirements for ignition with a reasonable
margin;
- a pulse duration of about 1000s is required in order to reach stationary conditions (i.e. steady
state current distribution in a plasma of ITER size);
-the use of superconducting magnets for ITER is appropriate because, due to their
comparatively low energy consumption, they are the only choice for a fusion reactor, and the
technology is accessible.
As a result of these choices, the principal ITER parameters are readily derived and are as
follows:
Total fusion power

1.5 GW

Neutron wall loading

1 MW/m2

Bum time (inductive)

1000 s

Plasma major radius

8.1 m (i>

Plasma minor radius

2.8 m

Elongation

1.6

Plasma current

21 MA

Toroidal magnetic field (at 8.1 m)

5.7 T «

Maximum toroidal field ripple at the separatrix

2%

Additional heating power

<100 MW

An isometric view of the machine is shown in fig. 1.

(i) The value given for ihe major radius corresponds to the conveniional definition, rather than the radius of the
baryccnlre of the plasma which was used in the Outline Design Report. The major radius, and the toroidal field
ai this radius, are unchanged compared to the Outline Design.
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3.

Physics

The fusion community's knowledge of tokamak physics has increased considerably since the
time of the ITER conceptual design (ITER CDA 1988 - 90), with a strong European
contribution from JET and other tokamaks. As a consequence of the parameter choice of the
present ITER design and the availability of an enhanced data base, the performance
extrapolation can now be made with improved accuracy.
The ignition capability of the present design is equivalent to that of the outline design. The
small decreases in plasma current and minor radius have been compensated by slight increases
in aspect ratio and in plasma density.
The machine parameters (plasma size, toroidal magnetic field, plasma current, transformer flux
swing and external heating power) are commensurate with the achievement of the stated
objectives. The provision of 100 MW of external heating power is welcome as it should
ensure access to the regime of high energy confinement (H-mode) and broaden the operating
space, thus increasing confidence in achieving the objectives of ITER.
The present divertor concept should be capable of accommodating the power and particle
exhaust foreseen for ITER, and has sufficient flexibility to incorporate the specific solutions
currently being developed, particularly in Europe (JET, ASDEX Upgrade).
The capabilities of the poloidal magnetic field system are adequate for realising and controlling
the divertor configuration required for extended fusion burn and, possibly, for ultimate steadystate operation. Nevertheless, the possibility of segmenting the central solenoid should be
examined since this would provide additional operational flexibility.
It is essential that the physics R&D for ITER continues to be well-coupled to the ITER
Engineering Design activities and provides the information needed on a wide range of
operational issues (shape and position control, disruption avoidance and mitigation, heating
and current drive) as well as on confinement physics and divcrtor solutions.

4.
4.1.

Engineering
Magnet

The magnetic structure of the machine is composed of a system of superconducting coils, most
of them featuring the advanced high critical field superconducting material Nb3Sn. With
respect to the Outline Design, the solution now chosen for the toroidal field coils offers
improved performance and easier manufacture and assembly. The number of toroidal field
coils has been reduced from 24 to 20, improving access to the interior of the primary vacuum
vessel for maintenance operations. The new support structure for the toroidal field coils
eliminates the need for a very complex system of shear keys along their inner legs. The
conductors used for the toroidal and poloidal field coils are of the cable-in-conduit type, the
fabrication of which is being developed as an industrial process, based on the relevant ITER
R&D tasks.
The toroidal field magnet, design is sound and in line with the state of development of
superconductor technology. European experts favour the use of stainless steel as the conductor
conduit material. The design performance of tht central solenoid must be carefully reviewed,
taking into account physics and engineering considerations.
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The construction and test of models of a toroidal field coil and of the central solenoid will allow
proof of the manufacturing methods and the evaluation of the performance of the techniques
adopted.
4.2.

Power supply

The "compulsory" site requirements include the availability of 230 MW of steady state electrical
power, with 500-650 MW of peak active electric power supplied from a network capable of
absorbing power variations of 200 MW per second. These requirements are compatible with
the electric power grids at all of the sites presently under consideration. The power supplies
for the magnets, for the additional heating systems and for the plant auxiliaries have been
designed to cope with these limitations. No significant outstanding technical issues remain in
the present design, which meets in full the requirements. Should the design constraints on the
power supply be relaxed, which would be allowed by the European super-grid, a further
optimisation would be possible leading to enhanced flexibility of the power system and to some
cost savings.

4.3.
4.3.1.

Vessel and in-vessel components
Vessel and first wall/shield

The internal structure of the machine is made of two independent "shells": an outer one formed
by the double walled vacuum vessel which assures the vacuum in the plasma chamber and acts
as a first confinement barrier for radioactive materials, and an inner one forming a strong back
plate which supports the 720 modules comprising the integrated first wall/shielding blanket
and provides mechanical resistance against stresses induced by possible plasma instabilities, in
particular by disruptions. This concept of separating the functions performed by the two
structures into those of vacuum vessel (vacuum and containment) and back plate (mechanical
support for the blanket) is considered sound, although the detailed design is still in an early
phase.
The solution of a modular first wall/shielding blanket simplifies the maintenance procedures.
The electromagnetic forces arising from disruptions and the achievement of the necessary
tolerances for assembly and replacement have to be investigated extensively during the detailed
design and validated by R&D activities.
4.3.2.

Divertor and plasma-facing components

The detailed design of the divertor will depend on the outcome of the physics R&D
programme. The single null divenor configuration chosen is the best option to cope with the
combined requirements of maintenance and of energy and particle exhaust. The divertor
comprises a modular structure consisting of 60 cassettes installed on two toroidal rails located
at the bottom of the vacuum chamber. The present concept of the divertor and high heat flux
components is thought to be capable of accommodating the power and particle exhaust, and
enough flexibility is provided by the machine configuration to allow the incorporation of
possible different choices of geometry and plasma facing materials.
However the divertor remains the most challenging single element of ITER, therefore the R&D
work in divenor physics, and tests with mock-ups, remain essential and are being carried out
in existing tokamaks and laboratory test facilities, most notably in Europe. These studies
should include further investigations of the tritium inventory in plasma facing components.
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4.4.

Remote maintenance

The remote maintenance of components inside the vacuum vessel of ITER is crucial in order to
ensure an adequate availability of the machine. The overall maintenance procedure is based on
two major systems: a vehicle on rails deployed inside the plasma chamber to maintain/replace
the first wall/shielding blanket modules, and a system of dedicated "movers" for the divertor.
The design of these two systems is well advanced. Maintenance procedures covering
unforeseen events must now be developed: in particular additional flexibility in accessing the
in-vessel components is desirable.
The time schedule mentioned as necessary to perform a complete replacement of the first
wall/shielding blanket (2 years) appears rather tight. More detailed analysis is required and it
will be essential to perform the planned R&D programme, which is based on full scale facilities
to test the divertor and blanket remote maintenance procedures. The testing programme should
be focussed on the positioning of components within the required tolerances, the feasibility of
cutting/welding/inspection operations, the validation of rescue and back-up maintenance
procedures, and the detection and repair of vacuum leaks. It has also to be noted that a
complete divertor replacement operation will be performed remotely in JET.

4.5.

Fuel cycle

The fuel cycle is another field in which ITER will have to demonstrate reliability and safety of
operation. The design solutions appear suited to this objective, and an appropriate R&D
programme is under way. This focusses on the critical systems and components, i.e. the
development of a tritium-compatible vacuum pumping concept, and the demonstration and
endurance testing of an integrated fuel clean-up system with relevant tritium concentration and
throughputs.
4.6.

R&D

The R&D programme in the essential technologies has been firmly established during the first
three years of the EDA within the Home Teams. In order to improve the efficiency of the R&D
programme and to demonstrate the resolution of the key engineering issues for the construction
of ITER, seven large projects have been identified jointly by the JCT and Home Teams which
will incorporate the major deliverables of the EDA R&D. The European Home Team has been
given primary responsibility for three of these projects, which relate to key issues within the
toroidal field coil, in-vessel components, and remote maintenance fields. The major
deliverables of the R&D programme, if successfully achieved, will be appropriate to establish
the performance, fabricability and maintainability of the components.
The R&D schedule is tight in some areas, but the distribution of resources is consistent with
the importance of the various areas.
4.7.

Conclusions on engineering

Substantial progress has been made with regard to the essential engineering aspects of the
design throughout the last year. The efficient collaboration which has been developed between
the Joint Central Team and the four Home Teams, including industry, has been a key element
in this achievement
The design at the mid-point stage of the ITER EDA is consistent with the technical objectives of
the project and represents a sound basis for the remainder of the EDA, although some parts of
the design are still in an early stage. The overall design concept of the machine incorporates
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features and technologies which will be essential in a fusion reactor, such as superconducting
coils, power and particle exhaust in quasi-stationary conditions, and inspection and
maintenance by comprehensive remote handling. The critical issues mentioned throughout
section 4 must be addressed with priority. The R&D programme which has been firmly
established during the first three years of the EDA is well matched to the design requirements,
although the overall schedule is quite demanding.

5.

Safety

One of the main arguments for fusion reactors concerns their safety and environmental
potential. There is no possibility of uncontrolled power runaway since reactivity excursions of
the plasma are limited by inherent processes. There should be no rupture of the confinement
due to internal events or any but the most unlikely external events, so that no necessity for
evacuation of the public would arise.
The favourable fundamental safety and environmental characteristics of fusion are prime
reasons for promoting fusion development, and this is reflected in the Interim Design Report,
which should satisfy the general ITER objective:"... to operate safely and to demonstrate the
safety and environmental potential of fusion power".
With respect to ITER, substantial progress has been made in advancing aspects of design,
analysis and management pertinent to safety and the environment. Considerable thought has
gone into the formulation of "top-level" safety requirements and criteria, in order to identify
common elements within the varying licensing requirements of the ITER panies for the
purpose of design guidance. It is judged that in respect of the safety approach, the
incorporation of safety requirements into the design, and the safety assessments performed, the
ITER Interim Design Report, Cost Review and Safety Analysis is, at this stage in the design
process, acceptable as a basis for the continuation of the ITER EDA.
Further work is needed in two specific areas where changes between the earlier design and the
Interim Design Report have opened up possible problems. Firstly, the cooling circuits for the
structures immediately surrounding the plasma need reconsideration in order to demonstrate
low limits to hydrogen production in certain postulated accidents. Secondly, the confinement
arrangements in the design and the confinement strategy need to be brought into conformity
with one another, and the formulation of the latter needs to be clarified.
Much more detailed consideration will be required by the end of the EDA on certain topics,
including human factors in accident initiation and mitigation, external causes of accidents, fires
and other internal hazards, the removal of tritium from waste, routine releases, personnel
safety, and the assessment of highly improbable accidents (where the safety advantages of
fusion are most clearly apparent).
A strategy must be developed, and sufficient progress made, during the EDA to provide very
high confidence in eventual licensing success. Because of the novelty of fusion systems, a
large and well-planned effort will be needed to bring the data and calculational methods used in
fusion safety analysis up to standards which may be required in regulatory proceedings.
Therefore, although there are no apparent technical obstacles in achieving this, the process may
not be completed within the timespan foreseen. Therefore the planning of the licensing
procedure needs careful consideration.
In conclusion: the safety approach, design and analysis are an acceptable basis for continuing
with the EDA, but much work remains to be done.
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6. Organisation of the ITER EDA.
The organisation of the ITER EDA is particularly demanding, since the work is being
conducted by several different organisations in many different countries. The Joint Central
Team (JCT) located on three sites, and the Home Teams of the four parties, are undertaking the
design. The entire R & D programme is implemented by the Home Teams.
A comprehensive reporting scheme has been established to allow the Project Management to
organise, plan, manage and control the progress of the design, costs and R&D activities.
The organisation which has been set up during the last year within the project has proved
capable of performing effectively. Sharing of tasks and responsibilities among the Joint
Central Team and Home Teams is progressing efficiently.
In general, the organisational structure is considered appropriate for the remainder of the ITER
EDA.
7. Cost and schedule
The Interim Design Report, Cost Review and Safety Analysis provides the estimated
construction costs for the ITER project on the basis of a detailed work breakdown. In much
less detail it provides the costs for management, engineering and R&D during construction,
commissioning up to the achievement of first plasma, operation and decommissioning.
In order to ensure a high level of realism and confidence in the construction cost estimates, the
ITER JCT received, where possible, industrial estimates through the four Home Teams (EU
industry provided estimates for around 50% of the total estimated construction costs and for
almost all of the costs of the Tokamak system).
Based on these construction cost estimates, the JCT found that, for each Party, the percentage
of the total cost is, for each major system, essentially the same, i.e. each Party has estimated a
similar "value" for each of the major systems. This approach allowed the JCT to normalise the
cost estimates to a common basis making the JCT cost estimates independent of economic
fluctuations and different estimating practices among the Panics.
Due to the design uncertainties still existing at the current early stage of the project, the JCT
construction cost estimate ranges from 5050 to 6620 klUA (1 IUA = 1000 US$ January 1989)
with a "point estimate" (reference value) of 5850 klUA «. This can be compared with 5600
klUA in the Outline Design Report (1993) for which very limited industrial estimates were
available. The JCT approach to ITER construction costing is acceptable and the estimated
range of costs is realistic considering the present stage of the project.
The management, engineering and R&D costs (including experimental verification) during the
construction phase, which are additional to the construction cost, are estimated by JCT to fall
within the range 1100 to 1200 klUA. These Figures appear adequate under the chosen
assumptions of an 8.5 years construction phase, of the detailed design being developed as
planned, and of excluding additional costs which may result from site-specific conditions and
regulatory approval.
With regard to the time schedule, the site selection is assumed to be made at the end of the EDA
and to be followed by approximately 18 months of site-specific engineering activity. The time
schedule presented envisages completion of the construction of ITER in 2007 and first plasma
by the end of 2008, under the assumption that the procurement of magnets starts immediately
after the end of the EDA. The schedule proposed appears compatible with the present status of
(i) 1 klUA is estimated to be equivalent to about 1.08 MECU (1995)
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the design, but it does not allow for any slippage; critical will be the rate of progress on the
intermingled problems of licensing procedures and site selection.
As far as the R&D is concerned, the plan is tight. In particular testing of the model coils will
not be fully completed by the end of the EDA, although this might not delay the launch of the
magnets procurement action.
In order to maintain the project within the envisaged budget and schedule, a "strong" project
management organisation during the construction phase is a factor of overriding importance.
Essential to "strong" management is the combination of in-depth knowledge of fusion
technology with expertise in the management of large and complex (preferably nuclear)
projects, know-how in the field of safety assessment and knowledge of the regulatory
procedures of the Host Country. The project management will have to rely on adequate support
covering the range from basic physics to industrial realisation.

8.

General conclusions

The ITER project, having explored a number of different design concepts, is now focussed on
a version which has been transmitted to the parties by the ITER Council. The European
Domestic Assessment concludes that the machine parameters are commensurate with the
achievement of the stated objectives including demonstration of controlled ignition and
extended bum for approximately 1000 seconds in deuterium-tritium plasmas, with steady-state
operation as an ultimate goal. As a consequence of the parameter choice of the present ITER
design and the availability of an enhanced data base, the performance extrapolation can be made
with improved accuracy. The increase in the provision for auxiliary plasma heating (100 MW)
is a welcome step to ensure access to the regime of high energy confinement (the H-mode) and
to broaden the operating space. This increases confidence in the margins for achieving the
overall objectives of ITER.
Substantial progress has been made with regard to the essential engineering aspects of the
design throughout the last year. The efficient collaboration which has been developed between
the Joint Central Team and the four Home Teams, including industry, has been a key element
in this achievement.
The engineering design at the mid-point stage of the ITER EDA, as presented in the Interim
Design Report, Cost Review and Safety Analysis, is consistent with the agreed technical
objectives of the project and represents a sound basis for the remainder of the EDA, although
some parts of the design are in an early stage. The overall design concept of the machine
incorporates features and technologies which will be essential in a fusion reactor, such as
superconducting coils, power and particle exhaust in quasi-stationary conditions, and
inspection and maintenance by remote handling.
The divertor remains the most challenging design area of ITER. The present concept is thought
to be capable of accommodating the power and particle exhaust foreseen for ITER, and the
design provides sufficient flexibility to incorporate specific solutions currently being developed
on existing large tokamaks, particularly JET and ASDEX Upgrade.
R&D in the critical issues in Physics and Engineering mentioned in sections 3,4 and 5 must be
pursued with priority. The R&D programme, which has been firmly established during the
first three years of the EDA, is well matched to the design requirements, although the overall
schedule is quite demanding, in particular for the development of long-lead items.
Substantial progress has been made in advancing the aspects of the design, analysis and
management pertinent to safety and the environment. In respect of the general safety approach,
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the incorporation of specific safety requirements into the design, and the safety assessments
performed, the Interim Design Report, Cost Review and Safety Analysis is acceptable as a
basis for the continuation of the EDA. Areas where the design and evaluation need to evolve,
before licensing can proceed, have been identified and have to be addressed during the
remainder of the EDA. It should be pointed out however that if the project is subjected to all of
the licensing procedures established for fission reactors, this will have consequences for the
overall project time-scale.
The JCT approach to ITER construction costing and the "point estimate" of 5850 kIUA« within
a range from 5050 to 6620 klUA, are acceptable considering the present early stage of the
project. This can be compared with the Outline Design estimate (1993) of 5600 klUA, for
which very limited industrial estimates were available. The JCT estimate of an additional 11001200 klUA for the costs of project management, engineering and R&D during construction
appears adequate under the assumed boundary conditions. Adherence to cost estimates during
the construction phase will depend on an appropriate "strong" management structure, which
should combine an in-depth knowledge of fusion technology with expertise in the management
of large nuclear projects.
The site selection is assumed to be made at the end of the EDA and to be followed by
approximately 18 months of site-specific engineering activity. The time schedule presented by
the project, which envisages completion of construction of ITER in 2007 and first plasma by
the end of 2008, assumes that the procurement of magnets starts immediately after the end of
the EDA. The schedule proposed appears compatible with the present status of the design, but
it does not allow for any slippage. Critical elements of the schedule include the production of
the magnets and vacuum vessel, and licensing procedures.
The schedule presented by the JCT would make possible the immediate launching of calls for
tender for the supply of long-lead items at the end of the EDA in mid-1998, as required in the
Agreement.
In summary, the ITER Interim Design Report, Cost Review and Safety
Analysis is a satisfactory basis for proceeding towards a final design which
should provide adequate scientific and engineering margins to ensure the
generation of 1.5 GW of controlled thermonuclear fusion power during
periods of at least 1000 seconds in each plasma pulse. The supporting R&D is
matched to the design requirements. The organisation of the project is now
efficient. The schedule is tight in particular -concerning R&D in support of
long-lead items and the preparation for licensing procedures. The construction
cost estimate is 5% higher than the one produced two years ago in the Outline
Design Report.

(i) 1 klUA is estimated to be equivalent 10 about 1.08 MECU (1995)
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Annex - Membership of the European ITER Assessment Group
The Group was divided into four working groups, assessing the Physics, Engineering, Safety
and Costing aspects of the Interim Design Report. The membership of the groups was:
Physics:
F. Troyon, CRPP (Chairman)
D. C. Robinson, UKAEA (Co-Chairman)
CAlcjaldrcCIEMAT
H. Bruhns, EC
M. Chatelier, CEA
F. De Marco, ENEA
F. Engelmann, NET
T. HcIIstcn, NFR
J. Johner, CEA

M. Keilhacker, JET
K. Lackner, IPP
U. Samm, KFA
F. C. Schueller, FOM
P.E.M.Vandenplas, ERM/KMS
C. A. Varandas, 1ST
M. L. Watkins, JET
R. Weynants, ERM/KMS

Engineering:
R. Andreani, ENEA (Chairman)
J. Jacquinot, JET (Co-chairman)
E. Bertolini, JET
D. Besson, EFET
A. Curzon, EFET
W. Danner, NET
P. Deschamps, CEA
E.DiPictro,ENEA
D. Escande, CEA
M. Gasparotto, ENEA
G. Ghia, EFET
L. Giancarii, CEA

M. Heller, EFET
M. Kaufmann, IPP
P. Komarek, FZK
D. Maisonnier, NET
D. Murdoch, NET
P. Pale, TEKES
R-D. Penzhorn, FZK
M. Pick, JET
E. Salpietro, NET
R. Stasko, CFFTP
T. Todd, UKAEA
F. Vivaldi, EFET

Safety:
D. R. Sweetman, UKAEA (Chairman)
S. Ciattaglia, ENEA
J .Collen, NFR
I. Cook, UKAEA

W. Gulden, NET
G. Marbach, CEA
J. Mustoe, NNC
A. Natalizdo, CFFTP

Costing:
C. Berke, EFET (Chairman)
E. Bogusch, EFET
M. Cheyne, EFET
G. Gobel, EFET

J. Hayward, NET
G. Sabte, EFET
F. Vivaldi, EFET

General editor: L.J. Baker , NET
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Assessment and recommendation of the Euratom ITER Home Team Leader
concerning:
• Report on ITER Site Requirements and ITER Site Design Assumptions
• Special Review Group Report
1.

Introduction
The report on ITER Site Requirements and ITER Site Design Assumptions
prepared by the ITER Director was reviewed by the Special Review Group
(SRG), established by the ITER Council. The SRG was composed of four
members from each Party, assisted by a few experts. The EU delegation
included representatives from the Commission and from each of the EU
countries which have expressed an interest in ITER siting, accompanied by
an expert from Canada.
The services of the Commission have entrusted the Euratom ITER Home
Team Leader (EU HTL) with the preparation of an assessment and
recommendations concerning the above two reports.

2.

Summary of Site Requirements and Site Design Assumptions
The Site Requirements are derived from the ITER design as well as from
fabrication procedures of some of its major components. They are
compulsory in the sense that less demanding requirements would result in
unreasonable changes of the ITER design. Site Design Assumptions are not
compulsory but are selected as guidelines for designers to follow until the
actual site is known. In particular they form some of the basis for the ITER
construction cost estimate and schedule. The main Requirements (R) and
Design Assumptions (DA) are:
a) Land
R_: Availability for 30 years of 70 hectares and foundation capacity up to
80 tons/m 2 at a depth -50 m.
DA: Temporary availability of 60 hectares.
b) Heat sink
R: Capability to dissipate 1300 MW thermal energy to the environment
requiring about an average of 50 m 3 /minute of fresh water for the cooling
tower.
DA: It should be possible to increase the capability to 2600 MW for steady
state operation (in the Extended Performance Phase).
c) Energy and Electrical Power
R: 230 MW of continuous power.
DA: About 600 MW/MWAr for pulse duration of 2000-1 OOOOsec.
d) Transportation and Shipping access
R: Large and heavy components to be shipped: e.g., one central solenoid
coil, 1300 tons, 14x6x6 m; 21 toroidal field coils, 600 tons, 19x13x5 m. Large
poloidal field coils (4) up to 30 m in diameter will be fabricated on site.
D A : Practical access to major air, highway, railroad, waterway
transportation.

122

e) External Hazards and Accident Initiators
R: None
DA: Seismic: peak ground acceleration 0.2 g, according to IAEA seismic
level SL-2 classification.
Max wind speed: horizontal 140 km/hr, tornado 200 km/hr.
Max/Min Temperatures: +28°C/-25°C
f) Infrastructure
R: None.
DA: Access to adequate industrial infrastructure so that site location does
not adversely impact on construction, cost and schedule.
Neighbouring communities for work force recruiting and /or relocation
(e.g. dwelling, school, hospital, jobs) within -50 km from site.
g) Decommissioning
R: None
DA: Responsibility of a new organisation within the Host Country.
3.

Assessment
The Euratom ITER Home Team Leader (EU HTL) agrees with the SRG
opinion that the Site Requirements and Site Design Assumptions set forth
for the designing of ITER appear to be reasonable at this stage of the EDA,
although individual values may change slightly as the ITER design
advances.
The EU HTL also agrees with the SRG recommendations to develop further
information on:
• ITER cost sensitivity to, mainly, more severe external events (e.g.
stronger earthquakes, airplane crash, high speed tornado).
Decommissioning of ITER including cost estimate
• Tritium shipments and radioactive affluence and radioactive waste
during operation.
The EU HTL believes that the present requirements and assumptions offer a
good balance between Jsiteability" in any Party territory and cost of the
device. Further site design assumptions covering a wider spectrum of site
conditions should be examined very carefully to avoid that they would
inflate the cost of ITER.

4.

Recommendations
The Euratom ITER Home Team Leader recommends to the CCFP to accept
the Report on Site Requirements and Site Design Assumptions as a
reasonable basis for the present designing of ITER, noting that further
analysis will be performed on ITER cost sensitivity to site conditions, on
tritium supply and operational waste issues and on decommissioning.
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RECOMMENDATIONS
ON THE ITER CONTACT PERSONS REPORT ON TENTATIVE SEQUENCE OF EVENTS
by the EURATOM ITER Contact Person
1.

INTRODUCTION

Pending the establishment of the Special Working Group (provided for in Section 2 of Protocol 2/
to handle matters related to Article 2(e) of the ITER EDA Agreement, the ITER Council
has asked the ITER Contact Persons to work out a Tentative Sequence of Events leading
to possible post-EDA activities. Such a Tentative Sequence of Events forms Part 5 of the
Interim Design Report Package.
With a view to the CCFP discussion on this topic, the services of the Commission have
entrusted the Euratom ITER Contact Person (EU-CP) with the preparation of
recommendations on the ITER Contact Persons Report on Tentative Sequence of Events
(CPs Report).
2.

SUMMARY

The CPs approach has consisted in:
a) identifying the events under the responsibility of the Parties (i.e. domestic assessments, prenegotiation explorations, formal negotiations, decision on site & construction, and regulatory process)

b) ordering and tentatively timing these events
c) linking these events to those under the responsibility of the ITER Council such as the
ITER E D A milestones (i.e. transmission to the Parties of the three Design Report Packages • Interim,
Detailed and Final - and the Comprehensive Report), the establishment o f Special Working

Groups, etc.
d) articulating b) and C) around the IC meetings (from the first one after the signature of Protocol 2
to the end of the EDA)
The CPs Report consists of two tables: Sheet I 2 (ATTACHMENT) which presents a
schematic view of the above "linkage" and Sheet 2 which details the entire process as
articulated around the IC meetings.
3.

RECOMMENDATIONS

The EU-CP recommendations to the CCFP are:
- to support the CPs approach, namely, that the schedule of events under the responsibility
of the Parties be linked to that under the responsibility of the ITER Council and that it
be articulated around the IC meetings until the end of the EDA ;
- to state that, from the progress achieved in the design and supporting R&D, the Tentative
Sequence appears to be technically feasible, but that substantial efforts are required in
the field of licensing ;
- to recognize that the selection of a European candidate site is becoming an urgent issue ;
- to recommend that Sheet 1 and Sheet 2 be expanded in order to take due account of the
domestic site selection- and licensing procedures of the Parties ;
- in the expectation that IC-9 approve the Interim Design Report Package, to support the
setting-up at IC-9 of the Special Working Group provided for in Protocol 2.
DG XII - Fusion Programme
26 September 1995

'A Special Working Group shall be established which, assisted by the Director, shall submit proposals to the Council on approaches
to joint implementation for decisions by the Parties on future construction, operation, exploitation and decommissioning offTEK, as
specified in Article 7(e) of the Agreement. "
It is to be noted that Sheet 1 attached to ihe present document is an internal (services of the Commission) revision (in the spirit of
clarification) of the one attached to the Package.
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TENTATIVE SEQUENCE OF EVENTS1 IN RELATION TO IC MEETINGS AND ITER EDA MILESTONES
Sheet 1
Major Events and Issues
December 13, 1995
2,3
2,4
REGULATORY PROCESS
CONSTRUCTION inc. SSD
PREPARATIONS PREPARATIONS
EXPLORATIONS
NEGOTIATIONS
(ITER
as
a
legal
entity)
(ITER + P)
(IC)
(P)
(P)
(P)
1994

IC-6

I

•P2 SIGNED

IC-7
199S

*****
*
*
*
*
*
*
*

IC-8 •-IDRI CONSIDERATION OF
IDR PACKAGE
IC-9

1996

IC-1O.
IC-11--DDR-

1997

IC-12
IC-13--FDR-

1998

(OFCONSIDERATION
DOR PACKAGE

IC-14--CH

I

EXPANDED *
ON SHEET 2*

CONSIDERATION
OF FDR PACKAGE
-END OF EDAi

i
SIGNING OF CONSTRUCTION* AGREEEMENT

to

IC - ITER Council
P - Parties
SSO - Site Specific Design
0 - Director
C - CPs, R - SRG, W - SWG
CR - Comprehensive Report
CONSTRUCTION+ - Construction
Operation, Exploitation &
Decommissioning Activity
(COEDA)

1 Target framework subject to fulfillment
of domestic constraints
2 On basis of prior consultations
3 Includes possible contingency planning
for any post-EOA, pre Construction* hiatus
4 Implies completion of any required domestic
environmental analysis of site candidate

II - Ongoing activites
§ - Timing uncertainty
| - Consideration

SCIENTIFIC AND TECHNICAL COMMITTEE
Opinion of the Scientific and Technical
Committee on the ITER Interim Design Report Package
The STC considered the ITER Interim Design by using a focussed subgroup which met
on 6 October 1995 with an agenda previously accepted by the full STC The following
opinion has now been endorsed by the other members of the committee.
The STC has examined the ITER Interim Design Report Package, the European
Domestic Assessment of the ITER Interim Design Report, Cost Review and Safety
Analysis, the recommendations of the FTSC-P and the opinion of the CCFP.
The STC notes the extensive and valuable progress made during the last year on the
ITER design, which it believes is sound It therefore recommends that the EDA
continues as planned into the detailed design phase. At the same time activities leading
to a site selection are of paramount importance and appropriate effort roust be devoted
to this task within Europe.
Emphasizing the great progress achieved and the good promise of the present design, this
STC opinion now concentrates on a number of key issues facing the design team which
must be satisfactorily dealt with if a detailed design with few remaining uncertainties is
to be reached. The STC has not identified any completely new issues, but it has
reconsidered many which had been highlighted by the European Domestic Assessment
of the ITER Interim Design Report, Cost Review and Safety Analysis and added its own
gloss and emphasis to some of the issues. These key issues are .
In physics ;
1.
2.

The accessibility of the enhanced plasma confinement mode and the adequacy of
auxiliary heating to achieve that.
The design and performance of the divertor, particularly when large amounts of
auxiliary heating are used.

For both these physics uncertainties the major experimental devices currently in use, JET
and Asdex-Upgrade in Europe, JT-60 in Japan and D-IH-D in USA are important.
In Engineering :
3.
4.
5.

The very large Nb,Sn superconducting magnets on which ITER relies.
The achievement of the necessary dimensional tolerances in the key components
of ITER, especially the magnets and the first wall/blanket modules.
The availability of sufficiently powerful and reliable remote inspection and
maintenance technology.

InR&D:
6.
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The current schedule for the EDA is extremely demanding for several reasons but
in particular because the results of R&D, some of which is not yet progressing

quickly enough, are essential to remove uncertainties from the design. In Europe,
there would be great benefit if the contract awarding procedures could be speeded
up.
In safety :
7.

The need to take the safety studies forwards so that licensing success can be
assured.

The STC also welcomes the increased involvement of industry within the home team but
considers that this process must be taken further so that the practical engineering
required for such u large and challenging project is achieved. For example, efforts will
be needed on securing the supply of specific materials, welding specifications, assembly
studies, etc.
The STC notes that the current estimate of the cost of the whole ITER project is
virtually the same as the earlier one, although it is now based on much more detailed
estimates, most of which come from industry. However, the STC believes that holding to
these costs and to the EDA schedule will pose a great challenge for the project team.
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Report of Domestic Review
of
the "Interim Design Report Package"
November 21, 1995
Technical Subcommittee of ITER/EDA
Fusion Council
Atomic Energy Commission
Japan

1. Introduction

(1) Review Procedures
The Engineering
Experimental

Design Activity of the International

Reactor (ITER/EDA)

Thermonuclear

which has been proceeded

under

the

cooperation of four Parties, Japan, US, EU and RF, since July 1992 has just passed
its middle point of the planned period of activities. At the middle of the period, at
the IC-8 held in July this year, 5 documents which are called as "Interim Design
Report Package" were accepted :
1) Interim design Report, Cost Review and Safety Analysis
2) Site Requirements and Site Design Assumptions
3) TAC-8 Report
4) Special Review Group Report
5) Contact Person's Report on Tentative Sequence of Events
These documents were commended to the Parties for

their

domestic

consideration to facilitate the achievement of a common position at IC-9 in
December this year.

For this end, the technical subcommittee of ITER/EDA has

been conducting the analysis and assessment of four documents of the "IDR
Package", 1) to 4) above, which need the analysis from technical point of view, by
having total of four meetings from September to November, 1995. The result is
reported in the following.
129

(2) Meaning of IDR
The purpose of EDA is determined in the Agreement "to produce a detailed,
complete, and fully integrated engineering design of ITER and all technical data
necessary for future decisions on the construction of ITER." ITER Council has
established some major milestones in order to ensure the deliverables to meet such a
purpose at the end of EDA. The IDR is the second major milestone following the
Outline Design Report (January 1994). The IDR should be the basis for the design
work related to future major milestones, the Detailed Design Report (December
1996) and the Final Design Report (January 1998), and it is required that the design
work is progressing to meet the work schedule of the whole EDA.

2. Technical Objectives of ITER
The overall programmatic objective of ITER is determined in the Agreement
"to demonstrate the scientific and technological feasibility of fusion energy for
peaceful purposes." The detailed technical objectives were determined by the SWG
1 in October 1992 and approved by the ITER Council. This detailed technical
objectives were attached to the Protocol 2 as one of^attached documents and the
ITER Council re-confirmed at IC-8 that the detailed technical objectives should be
maintained. The outline of the detailed technical objectives is as the following.

(1) General Constraints
The ITER detailed technical objectives and technical approaches, including
appropriate margins, should be compatible with the aim of maintaining the cost of
the device within the limits comparable to those indicated in the final report of the
ITER CDA as well as keeping its impact in the long-range fusion program.

(2) Performance and Testing
i) Plasma Performance
o ITER should have a confinement capability to reach controlled ignition.The
estimates of confinement capability of ITER should be based, as in CDA
procedure, on established favorable modes of operation.
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o ITER should
- demonstrate controlled ignition and extended burn for a duration sufficient
to achieve stationary conditions on all time scales characteristic of plasma
processes and plasma wall interactions, and sufficient

for

achieving

stationary conditions for nuclear testing of blanket components. This can be
fulfilled by pulses with flat top duration in the range of 1000s. For testing
particular blanket designs, pulses of approximately 2000s are desirable.
- aim at demonstrating steady state operation using non-inductive current drive
in reactor-relevant plasmas.

ii) Engineering Performance and Testing
o ITER should
- demonstrate the availability of technologies essential for a fusion reactor
(such as superconducting magnets and remote maintenance);
- test components for a reactor (such as systems to exhaust power and particles
from the plasma);
- test design concepts of tritium breeding blankets relevant to a reactor. The
tests foreseen on modules include the demonstration of a breeding capability
that would lead to tritium self-sufficiency in a reactor, the extraction of
high-grade heat, and electricity generation.
In addition, requirements to design and operation are summarized.

3. General Assessment (Conclusion)

As the result of efforts by the Director and the JCT, and the strong support by
the Home Teams of the four Parties as well, the engineering design of ITER is
judged as a big progress compared to the Outline Design phase.

The plasma

performance of ITER has been investigated with the latest finding of the plasma
physics, and the results of the engineering R&D being conducted in the Home
Teams of the four Parties have well been incorporated in the engineering design of
the main components and facilities. There has been a progress in the area of the
general safety and environmental design criteria and preliminary safety assessment,
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although much more effort is needed in this area. Further, a rough cost estimation
necessary for the future decision on ITER construction has been indicated with an
appropriate costing approach at the present stage of design. The site requirement
and the site design assumptions has been reviewed with representatives of each
Party at the Special Review Group.
Judging from above results, the "Interim Design Report, Cost Review and
Safety Analysis" and the "Site Requirements and Site Design Assumptions" are, as
shown in the "TAC - 8 Report", assessed as a good basis for conducting the detailed
design. The design work should be proceeded strongly to the next milestone of the
ITER/EDA, the Detailed Design Report.

Additional comments for the detailed design.
o As for the plasma performance of ITER, the design work is expected to be
proceeded systematically in order to assess and improve the design based on the
future progress of physics R&D on several issues such as consistency of plasma
confinement with heating power, compatibility with high density divertor plasma
and H mode, conditions for steady state operation, etc.
o Among the engineering R&D, a special attentions is expected to be paid so that
the blanket test which is the main technical objective of ITER be properly
conducted. From this point of view, a design work on the plant system such as
the cooling system and the tritium retrieving system, and the operation mode of
ITER are expected to be proceeded so that they are consistent with the study
result of the Test Blanket Working Group (TBWG).
o The selection of designs in the engineering design of the main devices and
facilities, such as the selection of options of plasma auxiliary heating and current
drive, are expected to be made with flexibility in order that new results (of
R&D) could be incorporated as much as possible, within a limit that the effects to
the main schedule of ITER construction and operation are acceptable. It is also
expected that more data on materials properties be accumulated and a proper
design standard for structure design considering the operation conditions of each
component should be documented as soon as possible.
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o More detailed analysis is needed on the safety and environmental acceptability of
ITER following the progress of the design. Results should be reported in the
Detailed Design Report because those are used as the basis for studies of the
safety regulation in the Host Party of ITER.
o As for the site requirements and the site design assumptions, a full response is
necessary to the recommendations of the SRG such as the cost sensitivity analysis
on the pulse electric power and the seismic design, in order to increase the social
acceptability of ITER.
o A careful cost control / management is expected to be conducted in the design
work so that every effort be made to decrease the cost toward the lower limit of
the cost presently estimated. And a more accurate cost estimation is desirable
according to the progress of the design.
o The construction schedule is expected to be reviewed at each stage of the detailed
design and the final design based on the results of the future test of devices, as
well as to follow realization of necessary procedures such as safety regulations.
o More information is expected to be provided on the amount of tritium consistent
with the ITER operation schedule.

4. Consistency with the ITER Technical Objectives

(1) Plasma Performance
Plasma physics database has shown remarkable development, reflecting the
latest achievements of physics R&D at the Three Large Tokamaks and other devices
in the world. The understandings of the plasma physics has also shown progress.
Plasma performance of ITER has been investigated based on such latest knowledge
and has a proper margin to achieve the technical objectives of ITER as follows.
o As for the confinement performance, the development of the database of energy
confinement time of high confinement mode (H-mode) enabled the evaluation of
plasma confinement capability by confinement scaling of gyro-Bohm type H
mode. The particle confinement time of the Helium ash which is produced by
fusion reaction can now be assessed with small uncertainties.

The plasma
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confinement performance of ITER assessed with those results is evaluated to
have a proper margin for achieving the objective of achieving the ignition
condition.
o The machine parameters are evaluated to be adequate for achieving the planned
plasma performance. The choice of 100MW auxiliary heating power is highly
evaluated as a mean to achieve H-mode and to ensure the capability of a steadystate operation with a Q value of higher than five. Further development of the
database is expected with regard to the consistency of plasma major radius and
heating power and the density limit, as the necessary heating power to transfer
plasma confinement from L-mode to H-mode is largely dependent on the plasma
size and the density.
o Under the presently selected divertor concept, formation of high density divertor
plasma which is essential to exhaust impurities effectively can be accurately
predicted based on the present database. The structural design has the flexibility
to incorporate easily the modification that may be necessary according to the
ongoing study.

Further progress of the physics R&D of divertor plasma is

expected in order to ensure the compatibility of high density divertor plasma and
H-mode.
o The present design suggests a high probability of achieving the three planned
operation modes, namely, ignition and long pulse operation (1000 sec), longer
pulse operation (2000 sec), and steady state operation.

The design of the

poloidal field coil and plasma control system has a good margin to enable a wide
range of operation modes including a high beta plasma.

With regard to the

steady state operation mode, further progress of physics R&D of the current
drive method, control of plasma current density distribution, and plasmas with
high beta value. A segmented central solenoid coil which will possibly improve
control capability of plasma shape like triangularity is expected to be studied in a
timely manner in line with the overall schedule of EDA.
o Further progress of physics R&D is expected toward the Detailed Design in order
to direct the design, such as the evaluation of the beta limit near q=3, the
dependence among low heat load divertor, plasma confinement capability and
density limit, the isotope effect by the D and T species on improvement of
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plasma confinement, the disruption control, etc., in addition to those mentioned
above.

(2) Engineering Performance and Testing
The presented three operation modes are adequate for achieving the major
technical objectives of ITER such as functional testing of the blanket modules. The
change-out to an appropriate breeding blanket makes the testing for a neutron
fluence of lMWa/m 2 . At the Detailed Design, more detailed analysis of the Long
Pulse Operation Mode and Steady State Operation Mode is necessary.
In order for planning in detail the blanket test that is one of the major
technical objectives of ITER, it is necessary to study in detail the coordination of
the testing program of the breeding blanket and ITER operation program, the
former aims to breed tritium for EPP and to develop DEMO. At the Detailed
Design, compatibility with the TBWG's study is required. In addition, each Party
is requested to establish the blanket development plan that is consistent with the
testing program of ITER.

5. The appropriateness of the major components and facilities
(1) Vacuum vessel and In-vessel components
i) Vacuum vessel
The change of the sector split from the TF magnet center-line to the port centerline is acceptable from the viewpoint of reducing field welds. The port centerline split, however, may have a concern in increasing complicatedness of the
vessel assembly. Therefore, it is expected to further investigate welding, finish
and inspection, taking account of the machine assembly and installation.
ii) First Wall/ Blanket
It is quite reasonable to employ the module structure divided both toroidally and
poloidally from
replacement.

the viewpoint of easiness of remote maintenance and

The detailed design is expected to proceed,

taking account of

procedure for the inspection of the welds, uniformity of coolant flow distribution
of each cooling tube and so on.
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iii) Divertor
It is supported to keep sufficient space for the divertor in order to retain the
flexibility to accommodate different designs according to the progress of the
R&D. It is also supported that the number of modules (cassettes) was decreased to
60 in accordance with enlarged port space due to the decrease in number of TF
coils.
iv) General Points
a) It is appreciated that examination of the structural design criteria and
compilation of materials data are systematically promoted. It is expected that the
work will further proceed.
b) Basis and rationale for setting up such major design parameters as maximum
power variation, time for power variation, number of discharges, and number of
disruptions should be clarified.

Also such values as maximum stresses and

strains generated in the components and maximum temperatures reached in the
divertor plates at disruptions should be evaluated in the detailed design.
c) Accuracy of sizes needed to each device should be clarified and verifications of
technologies in the engineering R&D are expected to be conducted when
necessary.
d) The choice of SS316 as the structural material for the vacuum vessel and invessel components is reasonable from the viewpoint of assuring reweldability
based on the existing database. Data on correlation of neutron irradiation and
material life time, IASCC (Irradiation Accelerated Stress Corrosion Cracking)
susceptibility and reweldability after neutron irradiation should be accumulated
for more accurate life-time evaluation of the components and so on.
e) It is reasonable to employ HIP-bonded materials in the blanket that is subjected to
high heat load. However, because neutron irradiation induces stress at the joint
interface of the different materials, data on effect of the irradiation on the bond
integrity should be further accumulated. The same investigation should be
required for brazed materials.
f) Technology R&D has made good progress in the area of remote maintenance.
Classification of components to be maintained remotely into 4 grades is
reasonable. Access to the in-vessel components through horizontal ports assures
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the compactness and is advantageous for local maintenance. The choice of this
concept well reflects the technology R&D results and is quite reasonable.

(2) Ex-vessel components
i) Superconducting coils
a) The significant design changes made on TF coils can be regarded as a great
progress.
- The reduction of TF coils from 24 to 20 enlarges port spaces, giving much better
access for assembly and maintenance.
- The use of a strong TF case simplifies the coil support structures.
- Switch to pancake winding from layer winding contributes simplification during
construction and reduction in error field.
Based on experience of existing large tokamaks, further progress in stress
analysis for large coils is expected.
b) The CS coil is well designed to provide sufficient ampere-turns in every
operation modes of ITER.
c) Future issues of the magnet design include the design of poloidal magnets which
have sufficient margin in the magnetic induction and segmentation of the CS,
keeping in mind the improvement of plasma performance. These issues should be
prudently examined in terms of ITER operation modes, overall structure of the
facility,

manufacturability, etc. Especially, the segmentation of CS coil needs

timely examination in connection with the schedule of EDA.

Only

PF coils

using the NbTi conductors are currently supposed to be constructed on site.
Further comparison between on-site manufacturing and factory manufacturing is
expected on the TF coils, the CS coil and the PF coils using Nb3Sn, from the
overall aspects including transportation, manufacturing, costs, quality control and
assurance and so on. The design of constituent elements such as joints of the
conductor is expected to adopt the technology R&D results,
ii) Auxiliary Heating and Current Drive
In the present design, NBI, ECRF and ICRF are three candidate systems for
heating and current drive. Examination and evaluation are in progress towards
the final selection of the main option in the end of 1996. The final selection
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should be made, totally taking into account the capability of plasma stability
control and auxiliary heating, and flexibility for incorporating the latest R&D
results on the current drive and so on.

(3) Auxiliary components and facilities
i) Power Supply
Capacity of the emergency power supply may be insufficient from experiences in
existing large tokamaks. The power supply system should be carefully examined.
ii) Tritium Facility
As to the tritium facility, capability for storage, accountancy at ITER operation
and means for control should be evaluated in detail, keeping consistency with
ITER operation modes and engineering test plan.
iii) Cryogenic system
Cryogenic systems are important to sustain the function of SCMs. It is expected to
elaborate the design such that the cryogenic system operates with sufficient
reliability.

6. Safety and Environmental Issues

(1) Safety and Environmental Design Criteria
The General Safety and Environmental Design Criteria shown in the Interim
Design Report is judged to be appropriate as the guide for proceeding the detailed
design of ITER since it is based on the principles that radiation doses to the public
and to site personnel should be maintained "as low as reasonably achievable
(ALARA)" under normal operating conditions and that the "defense in depth"
concept should be implemented for deviations from normal operation.
The approach for "Safety Importance Classification" is recognized to be useful
for

ensuring

adequate

reliability

of

structures,

systems

and

components

commensurate with the importance of safety functions to be fulfilled by them. It is
expected that specific classes are assigned to structures, systems and components
taking into consideration their roles in the future safety assessment scenarios and
appropriate criteria which reflect the features of fusion.
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The boundaries of multiple confinement barriers against radioactive materials
should be clarified in detail in the future design activities.
(2) Preliminary Safety Assessment
The Preliminary Safety Assessment as part of the Interim Design Report has
provided comprehensive information

at the middle of the design activities

concerning tritium releases during ITER operation, consequences from anticipated
abnormal and accident conditions, and wastes produced after the end of operation,
suggesting what needs attention in the detailed design activities.
In the future

safety assessment, the followings should be taken into

consideration:
o Confirmation of consistency between the design criteria for components and the
results from safety analysis for each event category
o The scenarios and doses of external and internal radiation exposure of workers
during maintenance and repair works
o Systematic selection of design basis events
o Clarification of bases for evaluating tritium inventories in major components, and
reduction of tritium inventories
o Clarification of bases for evaluating the quantities of tritium and activation
products released to the environment under normal operating conditions, detailed
evaluation of those quantities, and further study of the quantities of tritium
permeated to the cooling systems
o Detailed evaluation of the quantities of radioactive wastes produced

after

decommissioning
o Design of systems to reduce the release of radioactive materials under accident
conditions, and relevant sensitivity studies
It is expected that the best efforts will be made to incorporate all of the above
points in the Detailed Design Report.

7. Site Requirements and Site Desien Assumptions
The site requirements for ITER are divided into two categories; "Site
Requirements" which are compulsory for the ITER site and "Site Design
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Assumptions" which are used for design and cost estimates until the actual ITER
site is known. The content of those have been reviewed at the Special Review Group
(Chair: Dr. K.Tomabechi ) established at IC-6 attended by the members and experts
of the four Parties, at total of three meetings held from February to June this year.
As the result, the following recommendations have been made by the SRG.
o Cost sensitivity analysis be conducted before the end of 1996 on
- pulse electric power ( Peak pulsed power of 400 MW, etc.)
- seismic ( 0.4 g for SL-2 )
- tornado, aircraft and meteorological conditions
o Development of necessary information for the decommissioning, including cost
estimates
o Production of more complete information on radioactive effluents and radioactive
wastes

The Site Requirements and the Site Design Assumptions are assessed as made
with enough considerations for proceeding the engineering design of ITER. Full
incorporation of the recommendations made by the SRG is required. Particularly,
from a view point of enhancing further the social-acceptability of ITER, it is
required to further

reduce the requirement of pulsed power, through cost

sensitivity analysis. Efforts on the seismic design, on which the cost sensitivity
analysis is going to be made, are also required.

8. Cost Estimation and Schedule

(1) Cost Estimation
The cost estimation of ITER has been made as below by categorizing in
construction cost, management and R&D cost, and operation and decommissioning
cost, with unit of klUA (1 M$ of 1989 US $) which is decided as the common unit
in ITER.
o As for the construction cost, the estimated costs by four Home Teams were
converted into 1989 January US dollars, and a revision was made to the relative
value of the estimation of the four Home Teams, and then the medium value was
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adopted as the JCT value. A calculation process was not taken to add a common
contingency. The result, shown by the middle value and the width of uncertainty,
is 5850 (+ 770 / - 800 ) klUA.
o JCT estimation of operation and R&D cost for ten years from the start of
construction to the start of operation is 1100 - 1200 klUA.
o Followings are not included in the cost estimation.
- Things assumed to be offered by the Host. (Land, etc.)
- Things offered by the Parties. (Ex. Test blanket)
- Things not necessary for the basic performance of the machine. ( Ex.
Diagnostic devices which are not necessary for the basic control and tests )
- Things not necessary in the Basic Performance Phase. (Ex. Breeding blanket)
- Cost of transportation from the nearest port to the site
The cost estimation method described above is judged as appropriate at this
time point as the common index in the international cooperation. It is required that
a special implementing effort be made to reduce the cost towards the lower limit of
the cost ambiguity shown now and that a more accurate cost estimation be made
following the progress of the design.

(2) Schedule
The schedule shows that the fist plasma will be obtained by the end of 2008 if
the construction is started just after the end of EDA, and this schedule is judged as
appropriate as the construction schedule up to the first plasma. However, it is
requested that the results of the device test and investigations on assembling be
properly incorporated into the schedule, and also that a appropriate assessment be
made after determination of procedures of safety regulations, etc. And as for the
schedule of the engineering R&D, a great effort is required so that the results be
incorporated into the detailed design and the final design.

1
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Response on ITER Interim Design Report and
Related Design Description Documents
This is the Russian Federation Home Team response on the ITER
IDR and related DDD

Machine Parameters and Physics Performance of ITER
The new design leads to simplification of magnets and structure in a
way which should decrease the manufacture cost and easy
fabrication, assembly and maintenance. At the same time the overall
dimensions of the machine are not essentially changed and plasma
performance characteristics and margins have been conserved. The
increased power of auxiliary heating will enhance physics
performance of ITER providing margin in exceeding of H-mode
threshold and in a satisfactory driven-burn scenarios including
extended-burn and steady-state operation.

Further Refinements
• ITER Operational Plan and Scenarios
1. The local transport coefficients used to calculate "reference
profiles" are RLW model with increased transport in the core to
simulate sawteeth.In ITER the skin time will be larger than the
energy confinement time. It means that the temperature profiles
may be peaked.In this case the H-mode typical regime is one with
the peaked profile of electron temperature and the flat
distribution of electron and ion density.This case should be
considered.
2. It is recommended to consider, as more realistic case, the burn
control by fuel injection (pellet or gas-puffing) with the local
transport coefficients (including the helium transport) decreasing
to the plasma centre(such behaviour corresponds to the present
experimental data) and sawteeth modelling in the core.
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3. 100 MW is foreseen for L-H transition at low density (ne=2.5
1019m"3).The experiments on JET and DIII-D does not show the
linear dependence of the threshold power on the electron
density.The detailed study of the P vs.n dependence at the law
density range is required.
4. The L-H transition modelling in the frame of the 1.5 D model must
beperformed for the cases when the radial dependence of the local
transport coefficients( but not the numerical factor in the
expression for the transport coefficients) is changed. Such
approach corresponds to the present experiments.
• Heat loads on the first wall (limiters).
1. The DDD affirms that "the total (ripple) loss fraction doesn't
depend on the toroidal drift direction in spite of the up-down
asymmetry of SN plasma configuration in ITER." In fact this
statement can not be applied for any equilibrium and ripple
profiles. The analysis of the alpha-particles transport (based on
the P.N.Yushmanov et al.,Nuclear Fusion 1994) shows that for the
present 20 TFC the fraction of the alpha particle loss will be
smaller for the downward drift direction .In calculations of
K.Tani(1994) for some specific equilibrium the alpha particle loss
fraction for the downward drift was twice as large in comparison
with the opposite case.So,the problem of the choice of the TF
direction must be specially investigated.
2. The study of the sawtooth effect on the alpha particle confinement
should be emphasised.Recent experiments on TFTR showed
flattening of the deeply trapped alpha particles after the sawteeth
crash.This phenomenon can be dangerous for the design because
of increase of the alpha-particle fraction involved in to the ripple
induced transport.
• Disruptions and Plasma Control Characterisations
1. Additional explanation of the difference of Ip quench time values
for radial and vertical disruptions is requited (Figs.2.3.5-1,2.3.52).It is recommended that for DE case it is necessary to analyse the
onset of the thermal quench at both q95=1.5 and q95=2.0 (several
types of disruptions are observed on ASD-U due to q95=2.1
operation).
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2. The requirements for plasma position and the shape control have
to include requirements on the position of magnetic probes and
loopes. The effects of the noises and the screening by conducting
walls on the measured signals should be included in the
assessments of the quality of the plasma control.
• Auxiliary Power Systems.
1. This could be added to subsection 4 of the section 2.3.7.1: Recently
first experimental evidences of the off-axis electron temperature
and off-axis current profile control have been demonstrated in
two ion hybrid resonance regimes on TFTR and Tore Supra
Tokamaks.
2. In the list of functions for Auxiliary Power (6 functions are listed)
the function "start up assist" should be added.
3. The "advanced" ICRF wave-guide type antenna with its greater
electrical strengths and larger Q factors (helping to antennagenerator matching during ELM's activity) is recommended to be
considered.
4. Design requirements for water cooling of the Calorimeter have to
be added (item 1.2.5.1. DDD).
5. 50 kV for RID plates is too high, it is recommended to decrease it
up to 30 kV.
6. In addition to the requirement to shut down the injector in case of
disruption it is recommended to study the possibility of using
programmable injected power for disruption softening (item
1.2.16).
7. NBI system requires the place for beam line assembling and testing
(item 1.2.21).
Diagnostics.
1. It would be useful to have a table with distribution of diagnostics in
ports.
2. It is desirable to consider the applications of the diasgnostic neutral
beam.
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3. Periscopic (dog-leg) channels must be used to the maximum
possible
extend (item 1.2.4).
4. Penetrations in ports require local shields. Materials of the local
shield
have to be absorbing then reflecting for neutrons (1.2.10).
5. Peak dose must be <3xl08 rad for organic but not for mineral
(ceramics) insulations (1.2.10.1).
6. For radial and vertical neutron cameras the system for calibration
has to
be forseen.
7. The copper is a reference material for the first mirrow but it has a
very
high sputtering yield. Be and Mo are recommended for
consideration.
8. Item 1.2.2 reffers to the ECE but not to the reflectometry.
Key Technical Features of the ITER Design
Good progress has been made in refining the design of all major
components of machine: magnets and structure, vacuum vessel,
shielding blanket and first wall, divertor and associated equipment.
The design of overall ITER plant configuration, cryostat, auxiliary
heating, remote handling, tokamak assembly, power supplies and
tritium plant is in a good progress and their concepts appear to be
sound in regard to provide the technical objectives of ITER. It have to
be noted that Cost Estimate Approach as well as cost estimates has
progressed well.
Magnet and Structure
New design of magnet and structure assumed cased TF coils and
pancake winding with use of radial shear plates retains the attractive
Outline Design features and at the same time simplifies the
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fabrication, assembly and maintenance procedures and save the
manufacture cost. Changing in the number of TF coils leads to
improving access for assembly and maintenance. Important feature
of a new design is redesign of Central Solenoid and associated
structure which allow to reduce significantly the weight of replaced
unit and to use for assembly conventional crane.
Further Refinements
• The system of the TF insulation proposed by JCT assumes the
application of a dry ground insulation of 8 mm in thickness, the
installation of the coil into the case and its impregnation after its
tight welding. The possibility of this impregnation has to be
examined and the alternative option has to be considered, for
instance, the application of a scotch-type insulation ribbon
followed by its pressing and baking for polymerisation.
• The TF case with the closing container (the zone of terminals and
pipes with coolant) forms the second vacuum boundary, this being
highly problematic in view of the thickness of the case (up to 450
mm) and the total length of welds (280 m). The second vacuum
boundary on the PF coils is lacking completely. The second vacuum
boundary is proposed to create on the brazed joints of the TF and
PF coils (CS including) as the least reliable components.
• The terminals, current busbars, coolant supply pipes are arranged
between PF2 and PF8. Should the need arise to replace PF8 all the
pipelines on the TF coils are to be disturbed. The RF Team
proposes to consider the option of arranging the TF cryogenic and
current pipelines between PF4 and PF5.
• The current lead cooled by evaporating helium is welded
immediately into the helium flask, from which helium is taken
(Fig.2.6.1.2-2), and is under 10 kV during removal, necessitating
the use of additional insulation breaks for the supplying pipes, etc.
To eliminate the generation of 10 kV it is proposed to insulate the
current lead from the helium flask.
• The current and cryogenic pipelines of the central solenoid are
recommended to transfer from upper part to bottom part, in this
case there is no need to disturb them, when removing and
repairing the TF and PF coils.
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Analysis of the length- and time-dependent processes associated
with non uniform current distribution between strands and their
impact on conductor stability, ramp-up limitation and AC losses
should be better clarified and incorporated with the analytical
work in the frame of the model coil program.
The strategy implying the cold acceptance testing of only a
selected sample of coils at the ITER site seems to be very risky. To
provide such testing of all ITER coils prior to the final assembly of
the machine without a significant delay in the construction
schedule a separate trench-type cryostat for tests of remaining TF
coils during reassemble of the PF and TF coils in the 34-mdiameter cryostat can be proposed assuming that the cryoplant
would operate with the 34-m cryostat in turn with the additional
cryostat.

Cryostat
The proposed concept of the cryostat and the requirements imposed
upon it are consistent with RFHT view on this problem: the cryostat
is made as a full-welded, double-wall construction with controllable
atmosphere between the walls, the emergency pressure in the
cryostat is reduced from 5 to 2 atm, the cryostat is made as large
modules (cylinder and bottom/cover) providing a possibility to
manufacture and test the modules at manufacturer's and to perform
the on-site final assembly.
Vacuum Vessel
New design of the vacuum vessel based on the "sector split on the
port center line" concept allow to increase reliability of vacuum
vessel as a first containment structure because the decreased number
of welds, and to simplify the assembly and maintenance procedures.
The choice as a first candidate material stainless steel SS 316 LN is
supported.
Further Refinements
• As it is repeatedly pointed in DDD the VV components shall be
designed in accordance with well established design codes, as e.g.
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1.

2.

3.
4.

•
•
•

ASME Sec.III Subsection NC or "Regulations of arrangement
and safety operation of equipment and manifolds of nuclear
energy facilities" PN AE G-7-008-89 (RF nuclear code).However,
it should be noted that because of the unique character of ITER,
perhaps not all requirements specified in the codes can be
accepted. Thus the following deviations from the codes are at
present (with the reference to RF nuclear code):
Distance between the axes of the neighbour holes. Vacuum vessel
is to be supplied with the ports with the dimensions enough to
carry out the numerous functions. Correspondingly the
requirement on "Distance between the next holes shall be not less
than 1.4 of the half total of the holes diameters" cannot be
accepted.
Distance between the welds to be UT tested. The most restricted
item from the standpoint of NDT is the region of field joints
between the VV sectors. VV sectors are welded with each other
through the splice plates. The distance between the welds (width
of the splice plate) shall be not less than 175 mm. Structure of the
field joint do not allow to use the splice plates with such width
because of the strength limitations;
It should be noted that designing and manufacturing of doublewall structures are not certificated by the codes.
Corresponding paragraphs in above mentioned Documents
should be supplemented with the following phrases (or similar to
the following): "In the case if the fulfilling of the requirements
specified in the codes is impossible the R&D activities must be
carried out to confirm comprehensively the workability of the
accepted design decisions".
In the section on Nuclear Shielding Requirements indicated value
of atomic displacement should be replaced for 0.1...0.2 dpa.
In the section on Testing Requirements the value of testing
pressure for in-factory test of sector have to be changed to 3.44
MPa.
According to JCT proposals the splice plate between VV sectors
has a thickness of 40 mm and the width of 80 mm. But agree to RF
code the distance between the welds (width of splice plate) must
be: not less than 3-fold thickness (120 mm in our case) or - not less
than 100 mm for the welds with local heat treatment (for the
thicknesses more than 36 mm), not less than 175 mm for the welds
to be controlled by UT. These requirements cannot be accepted in
the whole scope Nevertheless, the width of splice plates equals to
120 mm can be adopted in our circumstances. It is supposed that
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successful UT is possible for the proposed distance between the
welds.
Unlike the horizontal ports, the vertical ports are the single units
welded directly to the main vessel inner and outer shells during
VV/TFC assembly. Because of complicated configuration of field
welds and of restricted access to the joints (worse than to the
welds between the VV sectors), development of special equipment
for the welds maintenance may be required. Arrangement of the
vertical ports in the same way as the horizontal ones should be
considered to exclude the development of this additional
equipment.
The next difference of vertical ports is that the vertical port is a
single-wall structure while the horizontal ports are the doublewall structures. Double-wall structures are more suitable for the
leak (defects) detection during the assembly and operation. If the
single-wall structures are used the special measures must be
developed to guarantee the defects detection during the
operation. In the case of the insufficient reliability of these
measures the double-wall structure of the vertical port should be
used.
RFHT is not convinced that the shielding performance of the
blanket/W structure is sufficient in the region of vertical ports.
Large enough opening for the port, relatively small thickness of
the walls (80mm) and absence of the shielding plugs presume the
enhancing of radiation loads in this region. The design should be
supplied with the results of neutronic analysis allowing to
evaluate the radiation loads and to undertake the measures to
decrease the loads up to allowable values (if need).
RFHT considers that reduction of the local stresses can be
achieved without changing of the selected structural material.
RFHT shares the concerns about the workability of the kinematics
supports. Other options, e.g. sliding and rolling, should be
considered.

Thermal Shields
RFHT believe that specified functions and design requirements are
sufficient for the following design of thermal shields. But status of
the Thermal Shields Design and structural analysis is not completed
enough to judge about the workability of the proposed design ideas.
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Blanket
New concept for the breeding blanket for EPP retained the present
size and performance of the plasma looks attractive. The separate
first wall and module based concept of blanket for BPP and EPP allow
to simplify maintenance and replace partial first wall and blanket by
in-vessel transporter through main horizontal port. These
approaches meet in a good way the safety requirements (waste
arising) and allow to use for blanket replacement standard remote
handling tools.
RFHT support the principal IDR statements concerning the design of
the blanket and its components (shield/limiter/baffle modules,
header units, back plate), production and assembly techniques,
cooling systems, thermohydraulic, strength and neutron analysis, as
well as the issues of safety and cost estimates.
Further Refinements
• It has to develop the limiter and baffle modules in more details, to
define more exactly the temporal and spatial distribution of power
of the heat and particle fluxes.
• It has to evaluate the distortion of the back plate during on-site
welding.
• RFHT recommends to consider an alternative option of
attachment of the blanket module coolant communications to the
back plate, for example, by using shape-memory materials.
• RFHT recommends to consider an alternative module design
based largely on the conventional manufacture techniques.
• Undertake additionally the analysis of the thermohydraulics of the
Limiter /Baffle cooling system under normal and abnormal
conditions.
• Start the design on instrumentation for thermophysical
measurements and the procedures for their installation into the
blanket module;
• Identify in more details the requirements for plasma magnetic
diagnostics location and service lines.
Divertor
A good feature of new design for divertor is flexibility to operate in
different modes - vertical target divertor and gas box divertor and
different fuelling scenarios.
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Further Refinements
• There is no correspondence between two numbers related to
permissible outgassing rate: 10'9 Pam 3 /s/m 2 n 10"14 mbarl/s/sm 2 .
The following relation would be more correct: 10"9 Pam 3 /s/m 2 ~ 10"
mbarl/s/sm . The same holds true for numbers relating to
hydrogen species.
Different data on heat loading duration at plasma current major
disruption are given in various part of document: disruption
duration 110 ms (p.4, item 1.2.1.3) and 0.13 ms (p.10, point 1.2.5.1.)
These numbers have to be matched or/and the explanation
comments are required.
There is a contradiction between the numbers relating to total
power transferred to the divertor channels which are indicated in
various parts of document: 160 MW - inner channel and 210 MW outer channel (p.3, item 1.2.1.2) and 150 MW - inner channel and
200 MW - outer channel (p.10, item 1.2.5.5).
As suggested, backing at 350C will be performed by water media
at a pressure of 4-5 MPa, but water at such temperature can be
used only at pressures more than 18 MPa.
It is assumed that incident power loads during transients of 20-30
MW/n\2 can be reduced by a factor of 2 due to some shielding
effects on evaporated armour material. It would not be proper to
rely on this unjustified phenomenon.
It is recommended to use Cu-Cr-Zr at temperatures below 230250C because of a possible radiation-induced softening at higher
temperatures. However, as is clear from the experimental data
presented in Appendix D, p. 28, Fig. D2.1.2-3, there is no softening
up to temperatures of 280-300C. Thus, it would be appropriate to
increase the permissible operation temperature for Cu-Cr-Zr up
to 280-300C.
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Reactor A s s e m b l y
Further Refinements
All assembly schemes, schedules, cost estimates deal mainly with
the magnet system coils and vacuum vessel. The complete
assembly plan should be worked out including all systems and
devices, current and cryogenic pipelines, current connections,
cooling system pipelines, etc. Time and cost required for the
assembly of these supporting systems may turn out to be
considerable.
It is suggested to perform preliminary testing of the super
conducting coils in a temporal cryostat, including 1 or 2 PF coils. It
is proposed to consider the possibility to test the whole TF coil in
its own cryostat assembled with the vacuum vessel components,
which are not welded between each other prior to testing. The
schedule and cost of the assembly will depend on a particular
solution of this problem. It should be borne in mind that the
cryogenic, vacuum and electrotechnical equipment must be
assembled and adjusted well in advance.
In developing the complete plan of the reactor assembly the
necessity may arise in some other additional devices and tooling
besides those that have been determined in this design phase, as
well as in some other additional R&D.
The required technological testing must be performed during the
reactor assembly.

Power Supply
Further Refinements
As pointed in Document an additional voltage required for P2-P7
coils for the control over the plasma current shape and position
amounts to 15 V/turn. This value is higher than the voltage values
for the P2, P5, P7 coils presented in Table 1.2.7-8. Moreover, 15
V/turn can not be provided by the power supply schemes of the P2
and P7 coils presented in the Document.
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Vacuum pumping
In accordance with the DDD requirements the overall conductance
through slots in the base of the cassette to the cryopump shall be
more than 300 m 3 /s at 0.1 Pa, the net pumping speed, measured at the
divertor volume, shall not be less than 300 m 3 /s at a divertor
operating pressure of 0.1-1.0 Pa, and the maximum required DT
exhaust flow rate is 200 Pa m" /s.
Calculations have been performed on the symmetric Y divertor slots
configuration (the nominal slot size is 175 mm 375 mm and the
divertor to vacuum vessel clearance is 167 mm). The calculated
overall divertor conductance is about 280 m 3 /s, net pumping speed is
about 190 m 3 /s at a pressure of 0.1 Pa. A pressure of 0.1 Pa can be
obtained under a DT exhaust flow rate of not more than 19 Pa m 3 /s.
Further Refinements
Taking into account the calculation results it is necessary to modify
the divertor cassettes configuration to increase conductance
or/and to change the requirements to conductance and net
pumping speed.
An increase in the slot sizes up to 250 mm 450 mm and the divertor
to vacuum vessel clearance up to 250 mm (it is likely to be the
reasonable upper limits) leads to an increase in the overall
divertor conductance up to 560 nvVs and the net pumping speed up
to 300 m3/s. In this case maximum DT exhaust flow rate is 30 Pa
nvVs a* a pressure of 0.1 Pa.
To pump DT mixture with an exhaust flow rate of 200 Pa m^/s at
a pressure of 0.1 Pa it is necessary to increase the net pumping
speed up to 2000 m.3/s necessitating an increase in the overall
divertor conductance up to about 4000 nvVs, with the divertor
cassettes configuration essentially modified, and in the overall
cryopumps pumping speed up to about 4000 m^/s (the overall
cryopumps pumping speed achievable currently is 850 nvVs).
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Safety related aspects
Further Refinements
The documents should be completed by a list of special codes, rules
and regulations approved by the ITER management to be
considered in designing the ITER complex, including the codes,
rules and regulations both set forth in regulatory documents and
specially developed for the ITER and a list of the conditions of
neutralizing the initial events (combinations of initial events to be
considered, time intervals without personnel intervention, etc.).
The emergency situations should be considered in view of
hydrogen accumulation in local zones, when dealing with the
events related to equipment and system depressurizations into the
second safety barrier.
The initial events related to the presence of the explosive hazard
sources (such as gas cylinders, combustibles, etc.) on the ITER site
should be considered.

Cost Estimates
At the current stage of the ITER Project it is very difficult to make a
self-consistent cost estimate, especially taking into account the
international character of the project. The JCT has done an excellent
job in defining a methodology and has suggested the best approach to
cost estimate, which can be used to the end of the EDA.
Further Refinements
After the CDA many changes in the design exist and this process is
not stopped. This creates obvious problems in providing the cost
estimates. In particular, it is not clear now what version of design
(or its parts) is used in cost estimates in HTs. So it is important to
freeze the design, at least for the key systems, as soon as possible.
There is a need for more effort on identification for systems and
materials where there will be real competition and the cost

reduction be estimated taking into account the fact that in some
areas, such as superconductor strands, beryllium and tritium
suppliers the strong competition is not possible.
During the construction phase, it will be necessary to transport
thousands of tonnes of material, elements, systems, and probably
tools over the earth for thousands of kilometres. Sometimes, it
will be needs in repeated transportation. It seems that this factor
can influence on final cost estimation and more effort on
identification transportation cost have to be made.
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