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1.- GOALS AMD ORGANIZATION OF THE FRENCH IPSN EMERGEMCT
TECHNICAL CENTRE.

In France, in case of an accident in a nuclear installation,
a national emergency organization would be set up III, it
involves close collaboration between the safety authorities
and the operating utility.

In the event of an accident in a civil nuclear plant, the
Institute for Nuclear Safety and Protection (IPSN), which is a
department of the French Atomic Energy Commission (CEA),
provides technical assistance to the Central Service for the
Safety of Nuclear Installations (SCSIN) at the Ministry in
charge of Industry (fig.l).

The purpose of this arrangement is to evaluate the accident
situation and in particular to forecast its development in
terms of release into the environment. This information is
provided to the local government representative (the head of
the Prefecture) who takes it into account in order to
implement the decisions concerning the protection of the
population.

The above arrangement consists mainly in a decision-making
level (the Emergency Centre of the SCSIN) and a think tank
(the Emergency Technical Centre of the IPSN).

During the early phase of the accident (corresponding to the
off-site emergency response plan, or "PPI" in french), the
IPSN Emergency Technical Center (ETC) is organized round a
management unit receiving analysis data from two working
parties, one studying the situation within the damaged plant.
(plant assessment unit) and the other concerned with assessing
the radiological consequences of the accident (radiological
consequence unit).

During the intermediate phase of the accident (corresponding
to the off-site post-accident response plan, or 1PPA" in
french), the plant assessment unit is removed from the
organization and the radiological consequence unit is
transformed in a post-accident unit with the presence of new
experts in the fields of agriculture, hydrology,
hydrogeology,....

In both phases, an other unit of the ETC (the "operational



unit") is in charge of the co-ordination of the intervention
means of the CEA wnich are, on request, placed at the public
authorities disposai.

The arrangement of the different units inside the ETC is
shown in figure 2.

2.- MEANS OF THE PT-AMT ASSESSKEHT UNIT

2.1 - GENERAL FRAME

The information is provided to the plant assessment unit
through three main channels :

- a phone conference network connected to the emergency
technical centres of the utility (the first one
located at the affected plant, the second one in
Paris),

- computer system terminals transmitting data from the
Safety Parameter Display System (SPDS) and from the
computer of the affected pi •»"••,

- telex and telefax.

This information is used in order to elaborate a diagnosis
and a prognosis of the situation.

For that purpose, the same 3D representation of the physical
state of the plant is used by the utility and by the IPSN. The
reference axes of that space are the physical states of the
safety barriers : the fuel, the primary circuit and the
containment.

For every barrier, three or four basic physical conditions
(from safe to degraded state) are considered.They correspond
to typical conditions of the plant and to large steps in the
radioactive releases which can be well identified by the
instrumentation. They allow a first, fast and simple
identification of the situation.

Starting from that physical state space, the diagnosis and
the prognosis are developed according to a four step approach.

The first step consists in using a set of measurements (the
list of which is preselected among the numerous values
transmitted by the affected plant) to find the position of the
representative point of the plant inside the physical state.
space. This step is known as the "qualitative diagnosis".

In the second step, the emergency team looks for some
complements of the diagnosis in two main areas:

- the availability of the systems which are necessary
for the control of the main safety functions
(subcriticality, primary circuit water inventory,
fuel heat removal, fission product containment). This
analysis is performed mainly through the use of the
SPDS with some complements provided by the expert
system ALADIN (see 2.2),



- the estimation of some quantities such as the margin
to criticality, the water inventory margin before
core uncovery, the fraction of clad rupture or core
melt, the size of the break or leakage on the primary
circuit and on the containment... The basic tools
used for this work are presented in 2.2

The third step is devoted to a so-called 'qualitative
prognosis'. It is* based upon the observation of the procedures
being followed by the operators and the study of the future
availability of the main safety functions. A special stress is
put on the systems identified as important to prevent core
melt down, according to the results of PRA studies for
sequences close to the observed one. Delays before system
unavailability or system recovery are estimated using the
informations coming from the affected plant through the phone
network and using the ALADIN expert system.

All the previous steps give the initial and boundary
conditions for the last step which deals with the quantitative
evaluation of the radioactive release from the installation
and uses most of the tools described in 2.2.

Finally, a synthesis is periodically formulated according to
a table which sums up the four steps of the approach. The same
work is undertaken with its own tools by the utility and
periodic comparison, through the phone network, takes place
between the emergency teams. The use of the same working frame
enables them to structure the discussion so that any possible
divergence between the teams can be clearly pointed out and
the issue better resolved.

2.2 - TOOLS OF THE PLANT ASSESSMENT UNIT

The tools which are used by the plant assessment unit are
developed in the frame of a project entitled SESAME.

The basic tools consist in a set of reports,graphs and
correlations. The reports present synthetic data about
different topics. The graphs and correlations allow hand
calculations.

However, the calculation of the radioactive release requires
several operations (diagnosis and prognosis of the physical
state of the safety barriers, calculation of fission products,
emission and retention along pathways towards the atmosphere)
and it is more efficient to assemble those operations in some
softwares.

The softwares developed in the frame of the SESAME project
are of two types :

- expert systems operated on work stations,
- FORTRAN softwares, operated on PCs, flexible and
making calculations several times faster than real
time, and validated by comparison with larger
computer codes such as CATHARE or systems of codes
such as ESCADRE.



The general organization of those softwares is shown on
figure 3. They are rougnly divided into four groups according
to their scope.

3.2.1 - THEPVAT.HVDRAULICS.

The "3RECHEMETRE" software makes an evaluation of the size of
the break by means or a mass balance on the primary circuit
and a comparison to a critical flow correlation issued from
the CATHARS code.

In the "SCHEHERASADE" software , the primary circuit is
represented by a OD capacity at saturation with a heat source
(the core), a heat exchanger (the steam generators ), an
injection of subcooled liquid (the safety injection) and one
or several breaks (the size of which is estimated with the
BRECHEMETRE software or graphs). SCHEHERASADE performs mass
and energy balances in order to calculate the evolution of the
liquid inventory. A comparison with a critical liquid
inventory (under which core uncovery is possible) gives an
estimation of the delay before core uncovery.

2.2.2 - FISSION PRODUCT EMISSION. TRANSPORT AND
CONTAINMENT

ALIBABA" is an expert system which provides an early
diagnosis of containment leakage and identifies the position
of the leakage. This diagnosis is elaborated from
radioactivity measurements in the auxiliary buildings and from
informations on the closure of the valves located on both
sides of the pipes crossing the containment.

The "SINBAD" software is a tool box in which several
elementary tools (dealing both with thermalhydraulics and
fission product behaviour) are collected. For instance, SINBAD
is able to make the following calculations :

- residual activity of the core for all the volatile
fission product families,

- containment leakage flow rate,
- order of magnitude of the percentage of clad rupture

(from correlations using various measurements such as
temperature at the core exit and pressure of the
primary circuit or containment dose rate),

- minimum fraction of core melt (from correlations •
using the containment dose rate measurement).

- delay between core uncovery and clad rupture or core
melt.

"PEKSAN" calculates the fission product release outside the
installation for the accidents without containment bypass. For
that purpose, PERSAN collects the data prepared by ALADIN,
SCHEHERASADE, ALIBABA and SINBAD and performs the following
calculations versus time :

- fission product released into and outside the primary
circuit,
fission product deposition inside the containment



(with tht possible influence of the spray system),
- distribution of the containment leakage between the
atmosphere (direct leakage) and the auxiliary
buildings,

- fission product filtration and deposition in the
auxiliary buildings.

The 1RTGV" software calculates the fission product release
outside the installation for the accidents involving steam
generator tube rupture. The calculation is based upon mass and
activity balances in the primary and secondary circuits.

2.2.3 - AVAILABILITY OF SAFETY SYSTEMS

This topic is tackled with the SPDS and the ALADIN expert
system /2/. Two features of ALADIN can be more specifically
used by the plant assessment unit :

- a documentation function which gives information
about the electrical supply of the systems and
proposes simplified synoptics of the systems,

- another function enables the Lmulation of faults and
shows their consequences on the other systems.

2.2.4 - CRITICALITY

The margin to criticality is approximately evaluated with the
CRAC" software which performs a reactivity balance by taking
into account the effects of the control rods, the moderator,
boron, xenon and Doppler.

3 - MEAMS OP THB RADIOLOGICAL CONSEQUENCE UHIT /DORIHO THB
EARLT PHASE OF AH ACCIDEMT) AMD OF THE POST-ACCIDEIfT
ASSESSMEMT UMIT (DTOIHO THE INTERMEDIATB PHASE. AFTER THE
RELEASE)

According to the phase of the accident, the goals and the
means of the ETC change. The part 3.1 of this text describes
how the meteorological data are obtained and how the
radiological consequences are assessed during the early phase
of an accident. The part 3.2 describes the data bank and the
visual display of information used in the intermediate phase,
when the environment of the installation is contaminated.

1 . 1 - MEANS OF THE RADIOLOGICAL CONSEQUENCE UNIT DURING THE
EARLY PHASE QF AN ACCIDENT.

The radiological consequence assessment requires the knowledge
of both meteorological data and source term from the
installation.

3.1.1 - Mg-teoroloaical data

Three main ways are available, during a nuclear emergency, to
obtain all the meteorological data required for the
radiological assessment.



Firstly, the ETC receives, through the information channels
quoted in 2.1, the main meteorological parameters (obtained by
a mast or by a Sodar) measured on the site by the utility.

Secondly, the ETC is continuously linked to the National
Meteorological Office in order to receive the 11METEOTEL"
images. These images, regularly updated, present the synoptic
data observed, the 'METEOSAT" satellite observations on France
and Europe, the precipitation zones detected by the radars
covering the whole country (with possible animation showing
the displacement of the rain zones) and finally the "PERIDOT"
data. PERIDOT is a 3-D model, updated every 12h, which gives
36 hours forecasts with a time step of 6h at IS different
levels above ground ; the horizontal mesh size is 35 x 35 km1.

Thirdly, only in case of a nuclear emergency, a direct
link, through the 'TRANSPAC" network, is activated between the
computers of the Meteorological office and of the ETC. This
link allows the reception of several files containing the
numerical values of the PERIDOT forecasts at the nearest
point from the nuclear site, the nearest radio-sounding, the
last observed meteorological parameters (direction and wind
velocity, temperature, relative humidity, cloud cover, rain,
... ) and finally the reconstituted or forecasted trajectories
from the nuclear site or the retro-trajectories from a point
where an atmospheric contamination has been observed. These
trajectories are computed at mesoscale by PERIDOT (one point
every 3h) and at long distance by the "EMERAUDE" code (one
point every 6h).

3.1.2 - Source term, atmospheric dispersion and
radiological consequences

The source term, essential for the computation of the
radiological consequences, can be obtained either by actual
measurements done by the utility on the plant itself if the
release is occurring, or by the forecasts done by the plant
assessment unit (see par. 2.2.2) when there is a threat of
radioactive release outside the plant.

For atmospheric dispersion and dose calculations, it is
necessary to distinguish the near field (some tens of km) and
the far field (up to some hundreds of km).

For the near fiefa, three methods, all based on Doury's
standard deviations (functions of the transfer time, with only
two classes of stability), have been developed and introduced
into the CONRAD system / 3 , 4 / .

The first one consists of a set of operationnal graphs of
atmospheric transfer coefficients corresponding to all
meteorological conditions (stability, wind velocity, rain or
no rain) and suitable for gases or aerosols. Combined with the
use of weighted (by isotopic composition for the main fission
product families) dose factors, these graphs provide, simply



and quickly, the concentrations and the doses when the data on
source term and on meteoroiogicai conditions are sketchy, as
it is generally the case at the beginning of an emergency.

The second method uses a code based on a classical bi-gaussian
plume model yielding the time integrated doses. The source
term is given isotope by isotope and a large data bank of dose
factors is used. This code is well adapted when the release
rate and the meteorological conditions can be considered
constant and the results are presented in form of time-
integrated concentrations and dose equivalents.

The third method, still for the near field, uses a gaussian
puff model integrated in the "SIROCCO" code. Accordingly, all
types of release kinetics and all types of meteorological
conditions, varying versus time during the release and the
transfer, can be taken into account. For this, the release and
the meteorological data are given for successive time
intervals. Weighted (by isotopic composition) dose factors for
fission product groups are taken in a large data bank for
different fuel burn-up and cooling times.

For long distances, up to some hundreds of km, the SIROCCO-LD
(LD for Long Distances) code has been developed, on the same
bases as SIROCCO. The puffs follow the trajectories (cf. par.
3.1.1) generated each hour. The release rate is supposed
constant during each one hour period. With the same dose-
factors as those used by SIROCCO, the concentrations and the
doses are computed, at different times, for each point of a
grid.

For all the method presented above, a graphical treatment
allows to superimpose isovalue curves (of concentration, dose)
on maps showing the population distribution, the rivers, the
road and railway network.

3.2 - Means of tfte post-accident assessment cell durinqr the
intermediate phase of an accident

After an hypothetical radioactive release, the ground, the
population, the vegetation and the water bodies can be
contaminated.In order to help the public authorities to manage
the off-site consequences, the post-accident assessment unit
has to call together many experts in the field of measurements
of contamination, of agriculture (soil, fanning, animals), of
hydrology and hydrogeology, of soil rehabilitation, of waste'
management,.. .

In 1985, an important experimental program, called "RESSAC"
(for REhabilitation of Soils and Surfaces after an Accident)
has been launched and now the results of this program
/ 5 , 6 / are progressively integrated in the data bank of the
ETC.

In the implementation of the post-accident plan (PPA), three
first steps can be distirgued :

- definition of a plan to carry out the various



measurements,

- gathering and synthesis of the results of these
measurements,

- display of the results on maps.

The display facility (a system of softwares and data bank),
called "CART", is the most important function of the unit. It
presents a clear visual presentation of the main data (fig.4).
The CART software provides superimposition of maps,
radioactivity measurements of population, ground, water,
foodstuffs and data banks of population distribution, soil
use, livestock,... So, the ETC direction cell and the
authorities, in charge of the decisions, can obtain a good
understanding of the accident and they can take the right
decisions on mitigative actions based on the knowledge of the
radiological situation.
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ORGANIZATION FOR ACCIDENT ON A PWR

13

MINISTRY
OF INDUS-
TRY(SCSlM

CEA / IPSN
ET

UTILITY
HEADQUAR-

TERS

UTILITY
NATIONAL E T

MINISTRIES^

NATIONAL LEVEL

LOCAL LEVEL

UTILITY
LOCAL E

PREFECTURE

O =• Emergency Managing Team (Oecisioii Level)
O = ET = Emergency Team (Think Tank)



N - = E TECHNIQUE DE CRISE SE U.P.S.N -

ORGANISATION PHASE P.P.I

— « w n CO1.UU CONSEQUENCES
RAIMLOQ0UES

CBlUI EVILUATHN KTUUTKN

ORGANISATION PHASE P.P.A

— | „ , ' , " " CELLULE CONSEOUENCES " " "
CE* RA0KH.OSIQUES

«corr/uwT
mECOHUKkTBH



THE SESAME PROJECT
ORGANIZATION OF THE SOFTWARES USED BY

THE PLANT ASSESSMENT UNIT
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