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ABSTRACT 
Due to the potential consequences of an accident in a nuclear facility, a national emergency organization was 

constituted in France, in order to have the capacity to implement countermeasures necessary to protect the surrounding 
population from the consequences of radioactive releases. The Institute for Nuclear Safety and Protection (IPSN), the 
technical support of the French nuclear safety authority, provides the technical support needed in this decision-making 
process. So, in the event of an accident arising at a nuclear facility, the IPSN would set up an Emergency Response 
Technical Centre (ERTC) at Fontenay-aux-Roses (Hauts-de-Seine). The IPSN's objectives are : 

– to diagnose the state of the nuclear facility and to monitor its development, 
– to prepare prognosis for the evolution of the accident and to give an estimation of the associated consequences 

according to the situation evolution, 
– to estimate the risk of radioactive releases and the consequences on man and on the environment, mainly on the 

basis of weather forecasts and on the prognosis. 
This diagnosis-prognosis approach is build-up, in case of a PWR, with the information on the state of the installation given 

by the concerned site via audio-conference system and faxes and by the security panels of the nuclear power plant. 
To perform its missions, the ERTC, which has to be both safe (a failure must not prevent the management of crisis 

situation) and secure, uses multiple telecommunication resources to dialogue with partners and also mapping computer 
systems, data bases and software tools : 

– the SESAME system, which gives, during an accident of a PWR, a calculation method for the diagnosis-prognosis 
aforesaid, 

– the CONRAD system, which calculates the atmospheric dispersal of radioactive substances and consequences in 
the environment in the early phase of an accident, 

– the ASTRAL code, which allows to cope with long-lasting situations. 
In order to be operational, the IPSN experts regularly undergo training in emergency situation management and 

participate in exercises organised by the government authorities.  

ROLE OF THE IPSN IN THE EVENT  
OF A NUCLEAR EMERGENCY 

The main vocation of the Institute for Nuclear Safety 
and Protection (IPSN) is to contribute to manage nuclear 
risks and their consequences for man and environment and 
to carry out research and expert appraisals in all 
disciplines associated with these risks. In this context, one 
of the areas of activity of the Institute for Nuclear Safety 
and Protection is to advise the national government on 
technical, health and environment issues in the event of a 
nuclear emergency in France.  

Furthermore, in view of the skills of the IPSN, it must 
play an important role in actions in the post-accident 
phase or phases following an accident involving 
radioactive materials outside a nuclear facility.  

In the event of a severe accident occurring at a non-
French nuclear facility, the IPSN also has the duty of 
giving technical advice and studying the potential 
consequences.  

In summary, the Institute for Nuclear Safety and 
Protection must give advice and assistance in all accident 
situations which may involve the contamination and/or 
irradiation of people.  

EMERGENCY RESPONSE TECHNICAL 
CENTRE OF THE IPSN 

Introduction  
In the event of an accident arising at a French nuclear 

facility, the IPSN – the technical support of the French 
nuclear safety authority – has to provide the technical 
support needed in this decision-making process. So, it 
must be in a position to quickly provide the national 
government (safety authority) with accurate technical 
information on :  

– the nature and seriousness of the incident or accident,  
– the changes in the situation and possible 

developments,  
– the risks to the public and the environment,  



 

 

– the most suitable response modes and counter-
measures.  

To this end, at the request of the government, the IPSN 
set up an Emergency Response Technical Centre (ERTC) at 
Fontenay-aux-Roses. It comprises a number of rooms, 
specially equipped with telecommunication devices, 
databases, mapping and computer systems at which members 
of the emergency response team assemble.  

Its objectives are:  
– to diagnose the state of the nuclear facility and 

monitor its development,  
– to prepare prognosis for the evolution of the 

accident and to give an estimation of the associated 
consequences according to the situation evolution,  

– to estimate the risk of radioactive releases and the 
consequences on man, on the environment and on the food 
chain, mainly on the basis of weather forecasts and on the 
prognosis,  

– to inform the safety authorities of the situation and 
the foreseeable potential consequences, in particular by 
advising them about the counter-measures to be taken.  

The general process of expert appraisal 
Whatever the type of facility or situation, the general 

approach to expert appraisal will be based on achieving 
the four objectives which are presented hereafter :  

Diagnosis of the situation 

In order to diagnose a situation correctly, it is 
important to gather the necessary information related to 
the accident and subsequently, to establish the state of the 
installation (analysis of the integrity of the containment 
barriers of radioactive materials and the availability of the 
cooling systems) and to estimate the first consequences 
for the environment and the public (particularly using 
measurements made in the environment of the facility). 

Prognosis of the development of the situation 

Taking into account the envisaged and/or planned 
actions, an analysis will be made of their relevance and 
effectiveness, as well as the radiological and health-
related consequences. 

Technical assessment 

Before sending technical recommendations and 
information to the national government concerning 
protection of the public and the environment, a 
comparison needs to be made between the diagnosis and 
prognosis made by the IPSN and those of the operator of 
the installation where the accident took place, by making a 
technical assessment, as well as with those of the Office 
for Protection against Ionising Radiation (OPRI). 

Monitoring of actions and events 

This operation is not performed sequentially like 
those above, but continuously throughout the emergency. 

Its main aim is to highlight noteworthy changes, to 
determine their consequences on actions to be 
implemented and to keep the safety authority informed at 
all times on the on-going events. 

The organisational system 
The on-call and alert system 

In case of emergency, the IPSN has several people 
who can be contacted at all times :  

– an engineer responsible for the first actions to be 
taken, known as “ the IPSN duty engineer”, 

– three engineers and a secretary, capable of manning 
the ERTC, making a brief analysis of the situation and 
calling the specialists necessary for forming the most 
suitable assessment team for the problem in hand,  

– a duty engineer from the Office for Radiological 
Protection Assistance, who may, depending on the 
circumstances, call on a small emergency response team 
with specialised radiological protection or response 
equipment (remote-response equipment etc.).  

A liaison and transmission centre receives the alert 
and takes action to deal with incidents or accidents 
concerning transport of radioactive material which do not 
require specialised assessment teams at the ERTC to 
assess the situation.  

The composition of the Emergency Response 
Technical Centre 

In an emergency situation involving a nuclear facility, 
the ERTC generally comprises four units whose initial 
composition depends on the accident situation in question 
and on the installation. This changes as the accident 
situation develops. 

In a post-accident situation, the organisation is 
modified in order to adapt the resources used to assist the 
national government. The Installation Assessment Unit 
tends to disappear whereas the Radiological Consequence 
Unit becomes the centre of the technical activity. 

In the case of an accident involving the contamination 
and/or irradiation of people, a Health-management Unit 
would be set up to give advice and expert appraisal in this 
domain. 

The Management Unit 

The Management Unit is in charge of all the activities at 
the ERTC, above all, relations with the government (in 
particular with the Nuclear Installations Safety Directorate 
(DSIN). In this context, in an emergency situation, it supplies:  

– reports on the installation in question and the 
environment affected,  

– proposals for counter-measures to protect the public 
and the environment against the actual or potential danger 
of contamination and irradiation.  

The Secretarial and Telecommunications Unit 

This unit is in charge of overseeing the internal and 
external circulation of messages from the ERTC, ensuring 



 

 

that they can be distributed and traced as promptly as 
possible. It also ensures that the communication system is 
functioning properly and performs secretarial duties. 

The Installation Assessment Unit 

This unit is responsible for assessing the accident 
situation under way at the installation as well as its 
probable development, with a view to estimating the 
actual and potential releases in terms of radioactivity and 
time periods. 

The Radiological Consequences Unit 

In an emergency situation, this unit is in charge of 
assessing the consequences of radioactive releases for 
man and the environment. To formulate its estimations, it 
uses, on one hand, data provided by the Installation 
Assessment Unit and the results of measurements made in 
the environment, on the other hand, meteorological data 
issued by Météo France. 

In the post-accident phase, this unit is also 
responsible for helping to manage contaminated natural 
and agricultural resources as well as the rehabilitation of 
soils. 

RESOURCES 

In an emergency situation, the ERTC makes 
resources available to emergency response teams 
(documents and computer systems)  

3D/3P Method 

If an accident occurs in power reactor (PWR), the 
monitoring of the accident progress and the assessment of 
the reactor behaviour must allow the national government 
to implement suitable counter-measures in time to protect 
the public. 

In order to be able to make assessments for 
pressurized water reactors (PWRs), it is necessary to have 
an approach and resources which can be rapidly 
implemented which, throughout the development of 
accident, make it possible to estimate the actual 
consequences in the short and medium term (prognostic 
phase). 

The method used is called 3D/3P (triple 
diagnosis/triple prognosis). It is intended to aid decision 
making and formalise the technical dialogue between the 
various technical emergency response teams deployed by 
the operator (Electricité de France) and the IPSN. This 
diagnosis-prognosis approach is built-up with the 
information on the state of the installation given by :  

– the concerned site via audio-conference system and 
faxes,  

– the security panels of the nuclear plant (in the case 
of a PWR) via networks (direct link to the computer of the 
stricken plant).  

It is based on examining the state of each containment 
barrier between the radioactive material likely to be 
released and the environment. Three successive barriers 
are considered : the fuel cladding, the reactor coolant 
system and the containment. Safety functions which must 
be constantly monitored are associated with the integrity 
of these barriers :  

– monitoring the nuclear reaction and the criticality 
margin for the first barrier,  

– maintaining the water inventory and monitoring the 
removal of the decay heat for the second, 

– and finally, the containment of radioactive 
products.  

These functions are controlled by a number of 
systems. The aim of this methodology is to know the state 
of the barriers and their associated safety functions at all 
times (diagnosis phase) and to determine changes 
(prognosis phase).  

 Management Unit 

Information, advice and recommendations to the national governmental authorities 

Installation Assessment Unit 

Diagnosis / prognosis of the installation 

Current and forecast release (source term) 
Following of the operator actions 

Secretariat/Telecommunication Unit  
Information management and material aspects 

Radiological Consequences Unit 
Diagnosis/prognosis of consequences on 
population and on environment 

 

FIGURE 1.  Composition of the Emergency Response Technical Centre 



 

 

Documentation 

Emergency documentation, i.e. documents which are 
likely to be used in an emergency situation, are classified 
under three main headings. 

Operating documentation which contains : 
– files from each unit specifying goals, resulting 

actions, organisation and their available resources and 
how they are used,  

– data sheets and user manuals for all items of 
equipment at the ERTC,  

– technical manuals indicating how to cope with any 
faults in computer equipment,  

– a set of thematic and contour maps on the 
environment (populations, land use etc.).  

Support documentation which, for French nuclear 
installations and their environment, includes :  

– safety analysis reports, general operating rules and 
operating procedures for nuclear installations,  

– on-site emergency plans and off-site emergency 
plans for each site,  

– documents summarising the environment at each 
site.  

Finally, “additional” documentation may be resorted 
to including documents relating to tests carried out 
relating to safety assessments of installations and their 
equipment.  

Computer tools 

Tools used by the Installation Assessment Unit 

Currently, to estimate the physical behaviour of an 
installation in an emergency situation in a PWR, a set of 
computer tools (the SESAME system) is available in this 

 

FIGURE 2.  Extract of a simulation during an emergency crisis exercise 



 

 

unit. This system has been adapted to cover Russian 
designed PWRs (VVER) and can therefore be used if an 
accident occurs in this type of installation outside France. 

The SESAME system 

The SESAME system (SESAME is a French acronym 
for model of changes in an accident situation and 
assessment methods) was developed by the IPSN to 
facilitate the implementation of the 3D/3P Method 
described above.  

So, using the calculation method for the diagnosis-
prognosis of the SESAME system, it is possible to 
estimate the quantity, nature and dynamics of a release of 
radioactive products outside the installation either during 
the diagnosis phase (state of the installation at the time of 
the change) or during the prognosis phase (projection of 
this state).  

Around 100 data inputs recorded directly at the 
damaged site are periodically transmitted automatically to 
the IPSN to supply the SESAME system. 

Tools used by the Radiological Consequences Unit 

Two computer systems were developed for the needs 
of this unit: the CONRAD and ASTRAL systems. It is 
also possible to use the SIGMA system to calculate 
dispersion and the consequences of a release from gaseous 
toxic products in a chemical accident. 

The CONRAD system 

The CONRAD system (from the first three letters of 
the French words for radiological consequences) is a set 
of programs designed to assess the consequences, in terms 
of doses for the populations, of an accidental release of 
radionuclides into the atmosphere, for given 
meteorological conditions. This system is used to 
calculate radioactivity in the air and at the ground surface 
and doses and dose rates resulting from external exposure 
and inhalation. It automatically receives the inventory of 
radioactive elements calculated with the SESAME system, 
for each given accident scenario in a PWR. 

The CONRAD system comprises the following 
computer programs: 

– ABAQUES, which provides a fast, conservative 
estimate of a release in terms of radioactivity per unit  
volume, deposits and doses, at varying distances from the 
source, taking into account wind, and for meteorological 
conditions constant in space and time, with a view to 
proposing counter-measures,  

SIROCCO, which calculates the instant and time-
integrated radioactivity per unit volume, deposits in soil, 
doses and dose rates resulting from releases at variable 
rates under meteorological conditions which may vary in 
time; this program covers all scales, from local to long 
distances, using, for the latter, meteorological conditions 
which vary in space.  

The ASTRAL system 

After the accidental phase, during which the 
radioactive substances were rejected into the environment, 
it's advisable to assess what will occur in the following 
phase. The ASTRAL simulation program makes it 
possible to cope with post-accident situations. It's used : 

to estimate the forecasting of the variation of 
radioactivity levels in time and space, 

– to assess the impact on health for populations, 
– to assess the effectiveness of a range of 

rehabilitation actions and counter-measures. 
In summary, all of these systems must allow the IPSN 

to present an expert appraisal of the situation to the 
government, with a view to optimising actions in the 
sectors concerned (water and forests, agriculture, 
economy etc.) in order to attenuate health-related and 
financial consequences resulting from the contamination 
of the environment.  

Databases 

Databases contain information related to the 
environment, populations and the economy in the vicinity 
of nuclear facilities. These data consist of statistics, texts, 
images, maps, diagrams etc. 

Mapping tool 

A computerised mapping tool, developed with a 
Geographical Information System, is used to make maps 
of varying scales to show changes in the situation of the 
environment. In this system, fixed and mobile measuring 
devices for the environment are also listed, along with 
their sensitivity and measuring ranges. 

Experts and training 

In the event of an emergency, the ERTC can call in 
experts from different departments of the IPSN, i.e. 
engineers, doctors, agronomists, veterinary surgeons, 
specialists in operation and safety of different plants or in 
the protection of people and the environment. A list of 
almost 300 people who can be mobilised is kept up to 
date. Furthermore, five people on call are permanently 
ready to man the ERTC. 

The experts called upon to work at the ERTC are 
selected on the basis of their skills in the various domains 
in question. They were offered training programmes, 
imparting the necessary skills to deal with accident-related 
phenomena and to implement emergency tools under 
emergency conditions.  

The aim of the ten or so yearly national nuclear 
emergency exercises is to supplement the training of the 
experts, to assess the measures intended to deal with 
accident situations and to test the system as a whole. 

 


