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 i g  h  l  i  g  h  t  s

DTT  is a facility  designed,  within  the  European  Fusion  Road  Map,  aiming  to study  the  completely  integrated  (Physics-technology  and  bulk-edge)  power
exhaust  problems.
We  illustrate  the guidelines  covering  a period  of  about  thirty  years,  up  to the  phase  when  the DEMO  final  design  should  be  realized.
“Flexibility”  is not  only  a  concept  in  the  machine  design,  but  also  a requirement  affecting  the  general  developments  during  all the  exploitation  period.
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The  DTT  facility  is  designed  to study,  within  the European  Fusion  Road  Map,  the  completely  integrated
(physics-technology  and  bulk-edge)  power  exhaust  problems.  The  scientific  program  is characterized  by
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the  tight  balance  between  clear  guidelines  and the  “flexibility”  to tackle  all the  present  scientific  questions
as well  as the  ideas  possibly  arising  along  the  years  of  its  operative  life;  in  particular,  it  will be ready  to
answer  to the  necessities  arising  from  both  ITER  operation  and/or  DEMO  design.  The  paper  discusses  the
guideline  of  DTT  operations  program  to  be  carried  out during  its operative  life,  planned  in about  thirty
years.
perations

. Introduction

Motivated by several convergent reasons, the main guideline of
he DTT design is the flexibility.

The need for flexibility is given by technical and scientific rea-
ons. The DTT facility is designed to study several, quite different
olutions for the power exhaust problem, such as advanced diver-
or magnetic configurations [1–3] and liquid divertor metals [4,5],
ut also to propose innovative, presently “unknown”, solutions.

Flexibility is also required because of its long operative time
cale. DTT is planned to operate for about 25–30 years, to accom-
any the ITER experiment as well as the DEMO design, until the
tart up of the its construction [6,7].

Finally, in few years, the JT60SA [8] operations will start. The
ain aim of the Japanese device (the study and the development of

obust scenarios with improved energy confinement) is rather dif-
erent from that of DTT facility, but in some sense complementary.

herefore a fruitful synergy between the two experiments can be
romoted, provided that DTT will be as flexible as required to take
dvantage from the results provided by JT60SA.

∗ Corresponding author.
E-mail address: giuseppe.mazzitelli@enea.it (G. Mazzitelli).
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For all these reasons, the entire DTT project is based on concepts
of adaptability and flexibility.

For this purpose, DTT will be equipped with a set of poloidal coils
able to guarantee a wide range of different divertor magnetic con-
figurations. In particular, the presence of a set of small internal coils
will allow to easily modifying the local magnetic configuration, so
as to generate a large set of quite different topologies.

In addition, a large space has been allocated at the bottom of the
machine to easily allow the installation of a several divertor mod-
ules based on different concepts, including liquid metal technology.

Moreover a mix  of different additional heating systems has been
designed to provide in a flexible way the required power, includ-
ing ≈10 ÷ 25 MW Electron Cyclotron Resonance Heating (ECRH) at
170 GHz; ≈15 ÷ 20 MW Ion Cyclotron Resonance Heating (ICRH) at
60–90 MHz; ≈0 ÷ 10 MW Neutral Beam Heating (NBI) at 300 keV.
Here the power range of each heating system is indicated with two
figures: the first is the heating power designed for the starting con-
figuration (total power PADD = 45 MW),  and the second indicates
the possible upgrade, where the actual sharing will be decided at
the end of the first operations taking advantage from the achieved

experimental results and from the information about the difficul-
ties arisen.

In this paper the guideline of the DTT operating program is dis-
cussed.

dx.doi.org/10.1016/j.fusengdes.2017.06.006
http://www.sciencedirect.com/science/journal/09203796
http://www.elsevier.com/locate/fusengdes
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fusengdes.2017.06.006&domain=pdf
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Fig. 1. Schematic plannin
In Fig. 1a tentative exploitation program is reported on a period
asting about 25 years; however extensions are expected to meet
ew possible specific needs. The program has been arranged in 5
e DTT operation phases.
different phases, each characterized by a specific target, and accom-
panied by suitable intermediate milestones. The main activities to
be performed and the targets to be achieved in each phases are
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Fig. 2. Main targets

etailed are summarized in Fig. 2 and discussed in details in the
ollowing sections.

This paper is part of a Special Issue of Fusion Engineering and
esign, aimed at describing the entire project “Divertor Tokamak
est facility (DTT).̈  The general framework of DTT project as well as
he technical and technological solutions adopted in the design are
escribed with details in the other papers of the collection.

. Commissioning and First Operations activities

2.1 Commissioning
The Commissioning is a critical step of the whole operative pro-
ram; it will last about 6 months.
Each component and subsystem will be tested in terms of effec-

iveness and in the capability to satisfactorily reach the design
argets.
 operation phases.

A large number of measurements of different parameters (ther-
mal, mechanical, electromagnetic and so on) will be acquired and
collected with the objective to assess the proper behaviour of each
element before and during the installation and, in addition, to com-
pare the actual performance with model predictions. For example
the toroidal and poloidal coils will be tested at the He  liquid tem-
perature as well as the first wall panels will be tested at high
temperature and etc.

Then, according to the assembly procedure, all the subsystems
will combined within the general design layout and, in order to
assess the effectiveness of the general integration, both local and
remote suitable integration tests will be carried out.

Due to the importance of the data treatment, during the com-

missioning phase a fundamental role will be played by the control
and data acquisition systems.

It should be noticed that in the Commissioning phase, the assess-
ment of all the components and subsystem is planned, including
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Fig. 3. Design of the reference initial divertor for the proposed DT

hose, like the remote handling, that will be operational only later
n time.

2.2 First Operations activities
The main goal of the First Operations activities is the achieve-

ent of the nominal plasma performances in the standard H-mode
cenario, i.e. a discharge with a plasma current of Ip = 6MA  and elec-
ron density <ne> ≈ 1.5 1020 m−3, in a toroidal field of BT = 6T, lasting
s = 100s.

The divertor (Fig. 3) is made in tungsten monoblocks actively
ooled; in the strike point regions, it is ITER-like shaped to allow
ffective experiments with the most relevant alternative magnetic
onfigurations.

In this phase the additional power is limited to 25 MW.
The goal of the First Operation phase is very challenging because

t requires that all the subsystems are set-up in time and, in order
o achieve the machine target parameters, that all of them are able
o perform at their nominal level of performance.

. First phase

In this phase the DTT operation will take benefit from an increase
f the available additional power: an amount of 10 MW of ECRH will
ncrease the total available power up to the level of PADD = 35 MW.

The experimental campaigns will be articulated in three main
ubsequent steps.

3.1 High radiation scenario
Aim of the first step is to assess the possible radiation limits

ithout energy confinement degradation, in a plasma regime close
in terms of dimensionless parameters) to those in ITER and DEMO.
he standard divertor (actively cooled monoblock) and the first wall
re both in tungsten, as also envisaged in DEMO design.

3.2 Alternative magnetic configurations
The design of the magnetic system includes a number of small

oils located inside the vessel in the divertor region, able to gen-
rate, in a very flexible way, several alternative magnetic profiles.
his second step is devoted to assess the impact on the plasma
erformance of such magnetic configurations and, in addition, to
erify possible synergies between the magnetic topology and the
ocal radiation.

3.3 Liquid metal divertor
The assessment of some concepts of a liquid metal divertor is

he main aim of this activity. A liquid metal module based on the
apillary porous system (CPS) will be installed; the testing program
ncludes also the technical characterization of the materials and the
ssessment of the plasma compatibility.
. Following phases

The following three phases are scheduled in quite longer time
cale; of course their operations will be necessarily linked and
 left one is a conceptual one. The right one is the first draft design.

strongly affected by the results of the previous activities. There-
fore the proposed guideline is unavoidably a bit more faded, but
always preserving the clarity of the methods and the respect of the
strategic goals.

4.1 Second phase
In this phase the total power will be upgraded (additional

10 MW)  up to its nominal final value of PADD = 45 MW.
Presently, among the three different heating concepts, the NBI

solution (proposed also for ITER) seems to be the most appropriate
and capable to provide some momentum input. However a suit-
able qualified confirmation is necessary; therefore, in this phase,
a careful comparison (also based on the results achieved and the
experience gained during the first phase) will be performed among
the three different systems, with the aim to assess their main
strengths and weaknesses.

In addition, all the studies performed on the first phase (and, in
particular, the effectiveness of the alternative magnetic configura-
tions) will be repeated, taking advantage from the higher additional
power available.

4.2 Third phase
This phase is devoted to the experimentation, testing and char-

acterization of at least a new divertor device. Which divertor
concept has to be selected is a difficult choice to be taken; how-
ever, the experience gained in the previous phases will provide an
effective support. At moment, the main idea is to design and install
a divertor suitably “optimized” for the most promising alternative
magnetic configurations. A different hypothesis is the design of a
conventional divertor based on the CPS technology; a third hypoth-
esis is the mix of the previous two: a divertor based on the CPS but
with geometry optimized for the alternative configurations.

4.3 Fourth phase
The main aim of the fourth phase is to test “new ideas” that will

arise over the years in the scientific community.
Which new concept has to be selected is a critical choice that has

to take into account the results achieved in the previous phases. In
any case, the DTT design flexibility will be able to allow a wide range
of possibilities.

One of the possible concepts, provided that it is not already
adopted in the third phase, should be the liquid metal divertor (in
Fig. 4a possible design proposed in [9]). Presently the liquid metal
divertor is an idea still in progress, but some preliminary design has
been already performed to assess the possibility to use this concept
on the DTT.

5. Further additional program
The main aim of last phase will be essentially the testing of some
new concept of divertor that could/should be used in DEMO and,
in addition, to facing some new need possibly arising during its
design activity. A further upgrading of the total additional power
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Fig. 4. Draft design of a liquid metal divertor module for DTT [9].

up to PADD = 55 MW)  will guarantee to best approach the actual
EMO exhaust conditions.

Moreover, a number of additional challenging tests are planned
ith the aim to provide an important assessment of new super-

onducting technologies to be applied in the future commercial
eactors. In particular, the substitution has been programmed of
oth an upper poloidal coils and the central solenoid with a new
omponents realized by using a high temperature superconductor.

The positive synergy of the new central solenoid and the
ncreased additional power promises to provide new increased per-
ormance to the device, especially useful for new advanced steady
tate experiments.

. Conclusions
Within the project of a facility like DTT, designed to operate at
east for some decades and to face with problems and difficulties
urrently not fully known, the planning of operation is a challenging
xercise.

[
[
[

nd Design 122 (2017) 382–386

In addition the DTT is designed to serve as a facility; therefore
it is supposed to be open to the actual questions coming from the
scientific and industrial community and ready to answer to their
actual needs.

Therefore the operation program is designed to be very flexible.
However, from the other side, in order to guarantee the best pur-

suit of the project objectives, a number of clear and strong guideline
have been fixed about what the facility has to achieve, when and
how.

The operation program of DTT, taking into account all the
conflicting constraints, proposes a suitable combination of deter-
mination and flexibility, but in any case, perfectly placed within the
spirit of the European Fusion Road Map  and the DEMO needs.
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