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The Hydraulic Network,
An Ingenious Labyrinth
After more than ten months of works, the laying of the  
hydraulic network on over twenty kilometres was completed 
at the end of June.
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At present, in certain pla-
ces, it is still possible to 

guess where the pipelines of 
the hydraulic network of the 
ITER site are situated. Some 
twenty kilometres of piping 
have been laid underground to 
contain the numerous hydraulic 
network systems of the site: 
waste water from the treatment 
plant built on the ITER site, 
industrial water, cooling water 
and rainwater.  ‘The network is 
particularly complex because in 
each trench we have laid three 
or four networks of different 
sized pipes at different levels 
depending on their final connec-

ting point’, explains Benoit 
Recourt, Project Manager for 
the Cari company.  The waste 
water network of the ITER site is 
connected to the quality control 
basins built near the CEA/Cada-
rache waste water plant where 
as the industrial water  network, 
built to carry water from the 
ITER site, is connected to the 
effluents network which in turn 
is connected to the CEA/Cada-
rache water treatment plant.  
Finally, the network transpor-
ting water from the tokamak 
cooling system goes to the 
waterproof basins on the ITER 
site for quality control before 
being released into the Durance 
River. The plan for the rainwater 
network was established by 
taking into account the natu-
ral characteristics of the ITER 
site which has two catchment 
areas: one in the east where the 
rainwater drains towards the 
Verdon River and the other in 
the west where the water runs 
down to join the confluence of 
the Rivers Durance and Verdon.  
‘The facilities installed have 
been designed in order to pre-
serve the natural hydrological 

balance and to protect the ITER 

site from the effects of excep-

tionally heavy rainfall’, explains 
Francis Munoz of the Agence 
Iter France’s technical team.  
Therefore, along the edge of 
the site, to the east, where the 
Vinon-sur-Verdon forest bor-
ders the site,  a two metre wide 
channel made partly of concrete 
and partly of earth carries the 
rainwater coming from the cat-
chment area upstream of the 
site to a natural thalweg which 
is situated on the other side of 
the D952 road.  To the west, a 
dyke is used to retain the strea-
ming surface water coming from 
the south-west catchment area 
and to protect the site where the 
temporary offices of the ITER 
Organisation have been erected 
as well as the subcontractors’ 
area.  Finally, the drainage of 
the platform on which the re-
search centre and facilities will 
be built, is ensured by impres-
sive pipelines which will carry 
the rainwater to the ITER site’s 
storm basin which can contain 
to 19 000m3 of water... •

Designing 
the Hydraulic 
Network System 
The design of the system 
necessary for the management 
of the rain water on the ITER 
site has been based on the 
legal obligations relating to the 
protection of nuclear plants 
against the risk of flooding.  
Modelling studies were used to 
determine the characteristics of 
the exceptionally heavy rainfall 
which could occur once a cen-
tury and the study for the ITER 
site was based on  heavy rain-
fall totalling 200 mm in a three  
hour period.  The impermea-
bility coefficients (the ratio 
between the rain streaming on 
the surface and the infiltrated 
rain) and the streaming coef-
ficients were also taken into 
consideration.  These can vary 
from 10% to 90% depending 
on the type of the area being  
studied (forest, roads and buil-
dings, electricity substation or 
plants).

Works 
Supervised by 
the Government 
Administrations  
In accordance with articles 
L.214-1 to L.214-6 of the Envi-
ronmental Code, before star-
ting the installation works on 
the hydraulic network planning 
permission had to be obtain for 
the proposed management of 
the rainwater on the ITER site.  
The application for planning 
permission, taking into account 
the current legislation concer-
ning water,  was the object of 
a public enquiry in 2007.  It 
presented the planned network 
system for the management of 
rain and industrial and sanitary 
water along with the water of 
the cooling system of the future 
research centre.  As a result of 
the enquiry, a local government 
decree dated the 15th February 
2008 granted permission for 
the works on the network to 
start a few months later.

Water Under 
Surveillance  
The creation of the hydraulic 
network system was under-
taken in accordance with the 
government decree of the 15th 
February 2008.  As a conse-
quence any incident or situa-
tion which is likely to  hamper 
the smooth progression of the 
construction site must be re-
ported immediately to the Local 
Department of Agriculture and 
Forestry (DDAF: Direction dé-
partementale de l’agriculture 
et des forêts).  A protocol has 
been established concerning 
the analysis of both the under-
ground and the surface water.  
A global report on the project 
will be  produced two months 
after the end of the network  
system construction works.   
Furthermore, a surveillance 
plan must also be created 
one year after the completion 
of the works and each year 
the site manager will have to 
provide a management report  
detailing the monitoring and 
surveillance undertaken on the 
network.

At Your 
Service!
The apart-hotels around the 
entrance to the Cadarache site are 
flourishing.  The first one to open 
its doors was the Resid’artel du Val 
de Durance in Saint-Paul-lez-Du-
rance which has been welcoming 
guests since the beginning of last 
Spring.  Now, the Moulin Neuf, 
situated in Mansoque  is also 
offering its services as a business 
and tourist apart-hotel.  Personnel 
joining the ITER Organization or 
working on one of the many Cada-
rache construction sites, be they 
linked to the development of the 
CEA projects or the development of 
the ITER construction site managed 
by the Agence Iter France,  can 
all rent apartments ranging 
from a studio to a two bedroom 
apartment.  These apartments 
are fully equipped (living room, 
television, office space, corner 
kitchen, etc.) and can be rented for 
a flexible time period of one night 
to several months.  This apart-hotel 
also offers a wide range of services 
including breakfast, cleaning, 
telephone, a launderette and 
sports facilities to name but a few. 
www.sejours-affaires.com 
www.resid-artel-valdedurance.fr

The News!

Tailor-made 
Visits!

Pictures of the Visits

proceedings
Public Enquiry on 
the Heating and 
Air-Conditioning of 
the Headquarters: 
A Positive Outcome
The public enquiry which took place 
between the 27th of April and the 29th 
of May 2009 received the approval  
of the commissioner Michel Court. The 
subject of the enquiry was the creation 
of  the facilities for the heating and air-
conditioning of the buildings of the ITER 
headquarters and their recognition as 
appropriate equipment for environmen-
tal protection.
Michel Court states that public turnout 
was low and that most of the opinions 
received were submitted by post.  
This positive outcome was accompanied 
by three recommendations from  Michel 
Court.  The first concerns the develo-
pment of photovoltaic energy.  In his 
report he states that panels on the roof-
tops with a surface area of approximately  
6 000m2 would allow a peak production 
of approximately 600kW.  This sugges-
tion will be investigated further and 
professionals in the field will be consul-
ted.  The second recommendation aims 
to encourage the use of public transport 
and car-sharing.  The third concerns 
the waterproofing of the ground in the 
sensitive zones, particularly in the area 
where the fuel necessary to supply the 
electricity generators is stocked.  These 
generators would supply electricity to 
the site in the event of a breakdown of the 
EDF (French Electricity Board) network.

visits
The Ten Thousandth 
Visitor 
On the 25th of June 2009, the Agence 
Iter France welcomed Lucia Galzi, its 
ten thousandth visitor to the ITER site in 
two years.  To date, 10 260 people have 
visited the site and more than half of 
them have been local politicians (13.4%), 
school children (12%) or residents (26%), 
whilst 46% have been professionals 
(academics, CEA workers, industrialists, 
etc).
Each visit is enriched by the questions 
of the visitors: Where do the personnel 
of the international organisation live?  
What jobs are there within ITER?  Will 
photovoltaic panels be installed to 
supply electricity to the office buildings?  
Where will the components of the 
research machine come from?  When 
will the first experiments take place?  
Will ITER produce waste?  When will the 
first fusion power station actually start 
producing electricity? 

to visit the iter site 
please phone 

the Agence Iter France at 
+33 4 42 25 32 10 ! 

interfaces

Approximately twenty kilometres of piping have been laid

Laying the pipelines alongside the RD952 road

Explaining the platform

Marina presents the site model

‘Each visit is different and a unique 
experience’, says Marina who works for 
the ITER France Agency’s Communication 
Service.  These visits, which are open to 
the general public, allow people to gain 
a global understanding of the works 
undertaken over the past two years in 
preparation for the construction of the 
ITER research centre and to address their 
questions about the local, national and 
international importance of the project.  
Visitors are greeted at the entrance to the 
site and then immediately taken into the 
heart of the project with a visit to the four 
basins used for the quality control of the 
cooling water, which are situated on the 
road between the site entrance and the 
subcontractors’ area.  In the background, 
they can also see the storm basin sur-
rounded by trees.  For the guide, this is 
the opportune moment to explain how the 
hydraulic network system for the mana-
gement of water (rain, cooling, sanitary, 
etc) was designed and how it extends for  
more than twenty kilometres. Just a  
stone’s throw from the basins, another 
construction is under way, it is the waste 
water treatment plant.  Then comes the  
part that always intrigues the visitors:

In the first six months of this year, more than six 
thousand visitors were welcomed to the ITER site 
by the Agence Iter France.  Each visit is a unique 
experience.

the sight of cut tree trunks attached to 
healthy, living trees. In fact, these trunks 
have been placed here as they provide a 
habitat for protected insects.  ‘The visi-
tors are touched by the environmental  
considerations on the site’, explains 
Marina.  At the end of this fifteen minute 
outdoor visit, everyone is amazed by the 
breathtakingly large platform which is  
one kilometre long and 400 metres 
wide.  The visit then continues inside the 
welcome building which has a conference 
room,  models and interactive stands thus 
offering the possibility of a tailor-made 
visit of between 30 minutes and one and 
a half hours. •

The Rians Seniors Club

Employees of CEA/Cadarache

The International School

A delegation from the Korean company Kopec

The AREVA campus

Information on the interactive station

Members of the IAEA
« Interfaces is edited by the Agence Iter France 
and freely distributed upon request, it provides 
information on the ITER site preparation which is 
financed by Europe and France (including a part 
of the local authority contributions of the PACA 
region) »
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A plasma viewed on a screen (Tore Supra)

An infrared fi bre

Videoconferencing at  work 

 

Heart Warming! 

The plasma at the heart of the ITER project will be 
more than a million times hotter than the surroun-
ding air temperature and its density will be several 
hundred thousand times lower than the density 
of air. The power of the magnetic fi elds will be 5.3 
teslas (the equivalent of 100 000 times the power 
of the Earth’s magnetic fi eld) and the electrical 
current in the plasma will reach up to 15 million 
amperes.

A Very High Speed 
Process   

The speed of the fusion reaction of the deuterium 
and tritium fuels which are used in the JET research 
facility in England and will soon be used at the ITER 
research facility, is at its maximum when the tem-
perature reaches more than 100 million degrees.  
At this temperature, all matter is reduced to plas-
ma and the kinetic energy (the energy produced 
by a moving body) of the particles is suffi ciently 
high to tear the electrons off the nucleus. The po-
sitively charged ions and the negatively charged 
electrons are therefore no longer attached to each 
other. Any electrically charged particle placed in 
a magnetic fi eld will adopt a propeller movement 
circling the lines of the magnetic fi eld. At the ITER 
site, the approximate radius of the gyration will be 
a few millimetres for a hydrogen ion and a fraction 
of a millimetre for an electron.

Turbulence    

‘Turbulence’ refers to the state of a fl uid, liquid or 
gas in which eddies of constantly changing size, 
location and orientation, develop. The behaviour of 
this turbulence is noted for being diffi cult to predict.  
The physical mechanisms of instability of plasmas 
are innumerable and certain instabilities are 
similar to examples which have been observed in 
fl uid mechanics.  Imagine, for example, a container 
into which you pour water, and then very carefully 
pour oil onto the surface of the water. The system 
is said to be in metastable equilibrium. However, 
the slightest jolt will cause a complete reversal 
of the situation as the heavier liquid will sink and 
the lighter liquid will rise to the surface. Another 
kind of instability is the instability of torsion which 
occurs when an electrical current fl owing parallel 
to a magnetic fi eld brings torsion into the lines of 
the fi eld. The result  is similar to that of twisting a 
rope too much: it twists further and creates loops.
Extract from the website: 
www-fusion-magnetique.cea.fr

Extreme 
Measurements and 
Modelling
The behaviour of plasma in the heart of a tokamak machine 
is determined by complex phenomena that physicists are 
researching in order to understand them in the minutest 
detail. We are going to take a look at the world of extreme 
measurements and modelling.

Several phenomena meet in the 
heart of a plasma creating a com-

plex system with a very high level of 
activity: temperatures ranging from 
150 to 200 million degrees in the 
centre to several thousand degrees 
on the edge, the presence of power-
ful electromagnetic fi elds and high 
electrical current densities.

Making the Invisible 
Visible  

The heart of a plasma is composed 
of electrically charged particles 
(electrons and ions), the move-
ments of which create fluctuations 
in the electric and magnetic fields 
which, in turn, control the dyna-
mics of all the particles.  A mul-
titude of phenomena are added 
to this intrinsic complexity such 
as the interactions between the 
particles and the inside wall of the 

machine, the impact of the helium 
nucleus emitted during the fusion 
reactions and the heating systems 
(waves, rapid particle beams, etc).  
The physicists have a wide range 
of instruments available to them 
to help them progress in their re-
search on these phenomena.  The 
Tore Supra research facility has 
more than forty instruments and 
ITER has about fifty.  The X-rays, 
measured by cameras equipped 
with special detectors, allow the 
scientists to gather information 
about the efficiency of a means of 
heating.  Spectrometers measure 
the radiation of impurities in the 
plasma and will therefore raise the 
alarm should a metal component 
overheat.  Cameras equipped with 
special detectors (charge coupled 
devices) provide images of the 
plasma which is visible in the 
form of a pink halo.  At the same 

time, optic fibres, or endoscopes, 
are installed on the components 
opposite the plasma in order to 
provide information about the 
interactions produced between 
the plasma elements (deuterium 
and helium) and the material 
(carbon).  Another technique used 
consists of injecting waves into the 
plasma.  ‘As with the mechanism 
used with a radar or a sonar, this 
technique allows us to detect the 
reaction of an environment which 
has been crossed and therefore 
to deduce the parameters of the 
environment’, explain the phy-
sicists.  Numerous other probes 
installed on the interior walls of 
the machine measure the electri-
cal current of the plasma.  All this 
information enables the physicists 
to calculate the density and the 
actual temperature of the plasma 
as well as their fluctuations.
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Agenda

Iter

A probe View of ITER

ITEr at the Marseille Trade Fair

25th September - 5th October

For the fourth consecutive year, ITER will be partici-

pating in the international trade fair which will take 

place between the 25th September and the 5th October 

2009.  This two week trade fair offers an ideal oppor-

tunity to update the public on all the different aspects 

of this multifaceted project. Representatives of the ITER 

mission will be available to discuss the progress of the 

construction of the road between Fos and Cadarache 

which will be used to transport the exceptionally large 

components for the project.   The team from the  Agence 

Iter France will be available to provide information about 

the development of the construction site where the re-

search centre is to be built and inform people about the 

welcome extended to the international team members 

and their families.  The ITER Organization will also be 

present to answer queries about the project itself.

Parc Chanot - Hall 1

www.itercadarache.org

The 29th June 2009
The Finance Committee
The members of the Finance Committee which is made up 
of the eight regional and local councils participating in the 
fi nancial backing of the ITER site, were invited to a meeting by 
the Prefect of the region on the 29th of June 2009.  During the 
meeting, it was confi rmed that a signifi cantly large percentage 
of the contracts signed by the various clients had, in effect, 
injected money into the regional and national economy. Total 
expenditure on the project is estimated to be more than 352 
million euros, with the works and services contracted by the 
ITER Organization totalling 93.9 m€ and the contracts issued by 
the European domestic agency Fusion for Energy amounting to 
4.5 m€.  The fi gure for the ITER France Agency is 100.8 m€ whilst 
the Regional Council invested 42.5 m€ in the construction of the 
International School. Finally, the 110.8 m€ needed to adapt the 
roads was co-fi nanced by the Regional Council of the Bouches-
du-Rhône and the Government.

(1) *PACA Regional Council, the General Councils (Alpes Maritimes, Alpes de Haute-Provence, 
Bouches-du-Rhône, Hautes Alpes, the Var, the Vaucluse) and the Pays d’Aix Community.

Picture of a plasma

Diagram of the particles in movement

Modelling with the Gysela Code 

In order to further understand 
the phenomena that have been 
measured,  the physicists use 
complex modelling.  In the fi eld 
of plasma physics, simulations 
principally allow us to understand 
and control the instabilities created 
in the heart of the plasma.  ‘Most 
of the instabilities which give rise 
to turbulence are electrostatic.  
They develop until they create a 
turbulent state whose effect is to 
mix the hot particles in the centre of 
the plasma (where the temperature 
is over 100 million degrees) with the 
cooler, outlying particles.  This fl ow 
of heat and the movement of the 
particles from the  heart towards 
the edge have an impact on the 
quality of the confi nement of the 
energy within a tokamak’, explains 
Gloria Falchetto, a researcher for 
the ‘transportation, turbulence and 
magnetohydrodynamic’ group at 
the Institute of Research for Ma-
gnetic Fusion (IRFM) in Cadarache.

One Million Billion 
Calculations
The physicists know how to model 
the way in which the heat fl ow 
caused by turbulence can vary 
according to different parameters, 
including the size of the plasma.  
Numerous waves and instabilities 
can modify the behaviour of plasma, 
such as the  magnetohydrodynamic 
instabilities.  To avoid these instabi-
lities, it is necessary to limit both the 
pressure and the electrical current 
within the tokamak.  Once again, the 
physicists know how to determine

mathematically the necessary limits 
to be applied in order to control 
this type of instability which could 
otherwise lead to the total loss of 
the plasma.  In the same way, they 
can also calculate the gyration 
movement of the particles around a 
magnetic fi eld line with a frequency 
of 100 to 200 GHz (the cyclotronic 
frequency).  However, the simula-
tions are not perfect and the laws of 
physics which explain the behaviour 
of plasma need to be simplifi ed in 
order to be calculated by a computer.  
Today, the most powerful machines 
manage to do a million billion cal-
culations per second but the very

wide range of spatial and temporal 
scales involved in the description of 
a plasma  create a need for highly 
complex modelling and long cal-
culation times. The spatial scales 
vary from  just a few micrometres 
to several metres and are different 
for the ions and the electrons.  ‘To  
research further the detailed cal-
culation of the turbulence process, 
we need tools with 1000 times 
more powerful calculation abili-
ties’, comments Frédéric Imbeaux 
of the IRFM.  A process has been set 
up to unite all the European skills 
and knowledge in order to develop 
increasingly effi cient integrated 
calculation methods.  The machines 
of tomorrow will have a memory 
capacity of several thousand gi-
ga-octets whereas today’s only 
have a few hundred giga-octets. To 
help them in their challenge, the 
physicists have a solid asset: both 
the power of the computers and the 
progression of numerical methods 
double every eighteen months. •

Five Dimensional Calculations
A plasma is made up of approximately one hundred thousand 
billion billion particles (1023).  At present, physicists do not have the 
means to calculate the movement of each and every particle.  In the 
modelling, the individual particles are replaced by a distribution 
function the value of which represents the level of probability that a 
particle has at a certain given position and speed. The distribution 
functions are defi ned in a six dimensional area (three values for the 
position and three values for the speed).  However, the turbulence 
is due to disturbances produced at a much lower frequency than 
the frequency of the gyration of the plasma particles. This has led 
to the development of the gyrokinetic theory in which a temporal 
average is applied to gyration movement.  The result is three spatial 
dimensions and two speed dimensions (parallel and perpendicular 
to the magnetic fi eld) and time.  At any given moment in time, the 
particle is represented by a point in a  fi ve dimensional space!

Extract from the article ‘The Turbulence of Plasmas’ (‘La turbulence 
dans les plasmas’) by Laurent Villard, professor and researcher.


