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IPSN (Institut de protection et de surete nucleaire) is an organization specializing in the study and appraisal of nuclear risks

and their impact on human beings and the environment. More specifically, its main fields of activity concern safety in nuclear

facilities and the transportation of radioactive materials, the protection of human health and the environment, the security

and control of nuclear and other sensitive materials, and organization and training in crisis management.

Its core competencies are based on research activities in all related fields, generally carried out in association with French or

foreign partners.

IPSN also has a mission to inform the public and takes parts in many international initiatives regarding both research and

expert appraisal.

With a budget of 1.5 billion French francs, IPSN employs a staff of 1,400 people, mainly engineers and research personnel, as

well as physicians, agronomists, veterinarians and epidemiologists. Its resources come from a subsidy, included in the

Ministry of Environment budget as of 2001, and also accounted for as part of the civil research and development budget

(BCRD). Its other revenues come from external contributions to its research programs or from the sale of services or studies

to private- or public-sector customers.

In 2001, IPSN, which already has a special status within CEA, the French Atomic Energy Commission, continued to pave the

way for a new organization called Institut de radioprotection et de surete nucleaire [IRSN). This new, independent public

establishment, bringing together the research and expert appraisal activities of OPRI [Office de protection contre les

rayonnements ionisants) and IPSN, was created on May 9, 2001, by Article 5 of the AFFSE [French agency for environmental

safety) law, of which the implementing order was signed on February 22, 2002 [French Official Gazette of February 26,2002).
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IRSN finally came into being on February 26, 2002, after a long and troublesome gestation that began with the Le Deaut
report in the summer of 1998.

Right from the outset, it seemed to me that the important thing was for the new Institute to inherit all the strong points of
IPSN, with expert appraisal and research activities as its means of intervention, and safety, radiological protection, and
security as its main fields of activity.

This goal has now been achieved and even surpassed as IRSN has joined forces with OPRI, which contributes its own
capabilities in the field of radiological protection and, more especially, its operational skills and know-how in the medical field.

The road was not an easy one. First of all, the transfer of IPSN research activities to IRSN was contested, and then its
activities relating to national defense came underfire. Fortunately, these attacks were successfully parried.

While fighting for its future, IPSN also met its objectives for 2001. Assessments and expert appraisals were successfully
completed and research programs made normal progress. These activities included the Envirhom program, aimed at
providing better insight into the long-term effects of chronic radio-contamination on human health and the environment,
the AMANDE project concerned with the precise qualification of neutron dose measurements, and the Cabri Water Loop
international program to study how highly irradiated fuel responds to accident conditions.

In 2001, IPSN was managed as an almost totally separate entity from CEA, with its own purchasing and sales structures
and its own management system. This all went quite smoothly and has played a large part in the move towards fully
independent management of IRSN.

I now have the feeling of a job well done, and would like to thank all the personnel of the Institute who accompanied me
along the road. IRSN was a long time coming and the task was a formidable one. It is now behind us!

IRSN must now take over from IPSN and OPRI. I have no doubt as to the success of this enterprise.

Forewords
Michel Livolant, Director of IPSN



When trying to sum up IPSN's activities in 2001, it is hard to stick to what actually happened that year. For the main event,
the merger of IPSN with most of OPRI, implemented by the decree of February 22, 2002 to create the new public
establishment, IRSN, tends to outshine all the other activities and channel all the energy.

Although the reform was only finalized in 2002, it had been in the making for a long time. The principle was confirmed by
the law of May 9, 2001, and IPSN was faced that year with the twofold task of having to pave the way for the separation
from CEA and the merger with OPRI at the same time.

This preparatory work did not, of course, prevent IPSN from pursuing its activities in all its specialist areas: research,
expert appraisal, services to the public authorities and industry. The quality of the results obtained has shown that the
IRSN's founding decree was right to entrust it explicitly with these tasks in the fields of nuclear safety, radiological
protection and the physical protection of materials. In 2001,1 particularly appreciated IPSN's responsiveness to a number
of nuclear safety problems that came to light, the increasing amount of work accomplished in the difficult field of
radioactive waste, the constant growth in international activities, and the large-scale research investments made to
prepare for the future.

My position as President of the IPSN Executive Committee will, of course, disappear with IPSN. This is not a real
separation, in fact, since I will stay on as a member of the IRSN Board of Directors, though it does represent a new page in
my career. To all the members of the Executive Committee, and first and foremost, to Michel Livolant, whose term as
Director is also coming to an end, I would like to express my pleasure and enthusiasm at having worked within such a
competent, dynamic and responsive organization.

I would like to conclude by wishing good luck and every success to the new IRSN management team. I am sure that they
will see their way through the initial difficulties that are inevitable when two organizations with different cultures come
together, and make the most of the diversity that the new organization has to offer.

Andre-Claude Lacoste, President of the IPSN Executive Committee

(forewords)
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Tuesday June 5,2001

Presentation of IPSN's scientific

activities to OPRI personnel

atLeVesinet.

Thursday June 7,2001

Presentation of OPRI's scientific

activities to IPSN personnel

at Fontenay-aux-Roses.
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Thursday June 14,2001

OPRI personnel visit IPSN

at Fontenay-aux-Roses.

Friday June 29,2001

Open day at OPRI Le Vesinet

for IPSN personnel.

Friday July 6,2001

Presentation of OPRI's scientific
activities to IPSN personnel

atCadarache.

» snapshots
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Executive committee

Scientific

Executive

Departments

committee

Michel Livolant Director I Daniel Queniart Deputy Director

Louis Croux Deputy Director Charge of Human Resources I Bernard

Boet Secretary General and Official in Charge of Communication I Annie

Sugier Assistant Director for Protection I Micheie Viala Assistant

Director for Waste Safety I Catherine Lecomte Assistant Director to

the Director in Charge of Programs I Jean-Bernard Cherie Assistant

Director to the Director in Charge of International Relations I Philippe

Jamet Advisor to the Director for the Constitution of the IPSN EPIC I

Denys Rousseau Director's Official Representative for Crisis

Organization I Alain Bardot Head of Quality, Safety, Security and

Environment Division I Jean-Claude Dale Delegate Treasurer I Jean-

Claude Saey Internal Auditor

DBS Safety Assessment Department Jean-Christophe Niel I DPEA

Department for the Prevention and Study of Accidents Marc Natta I

DPHD Department for Human Health Protection and Dosimetry

Patrick Gourmelon I DPRE Department for the Protection of the

Environment Jean-Claude Barescut I DRS Security Research

department Joseph Lewi I DSMR Department for the Security of

Radioactive Materials Denis Flory

Chairman Andre-Claude Lacoste Director of Nuclear Facility Safety I Members

Jacques Deschamps Secretary General of the Inter-ministerial Committee for

Nuclear Security I Philippe Saint-Raymond Deputy Director of Nuclear Facility

Safety I Lucien Abenhaim Director General for Health I Michel Sappin Director

for Civil Defense and Security, Senior Official for Defense I Philippe Vesseron

Director for the Prevention of Pollution and Hazards, Delegate for Major Hazards I

Dominique Maillard Director General for Energy and Raw Materials I Francois

Lefaudeux Advisor for Nuclear Safety to the Delegate General for Armament I

Maryse Arditi President of INERIS I Claude Birraux Member of Parliament for

Haute-Savoie I Bernard Cazeneuve Member of Parliament for the Manche I

Francois Dose Member of Parliament for the Meuse I Jean-Marc Bruel

Member of the Board of Trustees of Avenlis I Also participating Jean-Francois

Lacronique President of OPRI I Rene Pellat High Commissioner for Atomic

Energy I IPSN Executive Michel Livolant Director I Committee Secretariat

Bernard Boet Secretary General

Chairman Rene Pellat High Commissioner for Atomic Energy I Members

Marline Lagache Geology Department, Ecole normale superieure I Pierre

Bacher Former Technical Director of the Equipment Branch at EOF I Adolf

Birkhofer Professor, Director of GRS [Germany) I Serge Pretre Director of Main

Division for Nuclear Facility Security (Switzerland) I Jean-Fran9ois Saglio

Engineer in Chief of Corps des Mines I Raymond Sene Corpuscular Physics

Laboratory, College de France I Also participating I Sonia Gravier for the

Secretary General of the Inter-ministerial Committee for Nuclear Security

CSGCISN) I Stephane Grit for the Directorate General for Energy and Raw

Materials (DGEMP) I Christian Cavata Technology Directorate of the Ministry

for National Education, Research and Technology I Jacky Ferchaux Directorate

of Nuclear Facility Safety (DSIN) I Didier Lallemand Senior Official for Defense,

Secretary of State for Industry I Ministry representatives Ι ΡΓβηφοίβ Lefaudeux

for the Minister of Defense I Catherine Guonon for the Minister of the Interior I

Jean-Francois Lacronique for the Minister of Health I Jean-Pierre Henry

for the Minister of Land Use and Environmental Planning I IPSN Executive

Michel Livolant Director I Scientific committee secretary Catherine Lecomte

Assistant to the Director in Charge of Programs

(8)9 [Organization chart June 2001)
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N U C L E A R F A C I L I T Y S

Major research and expert
appraisal programs

In 2001, IPSN successfully completed its research and expert appraisal programs in the field of
nuclear facility safety. With sustained investment of technological and human resources over
recent years, and broad international recognition, IPSN today and IRSN tomorrow can draw
upon a sound scientific knowledge base and an impressive range of skills.



Research activities for the year 2001 followed on from major programs aimed at responding to the chief
nuclear safety concerns both now and in the future. Within this context:

- IPSN pursued the Phebus FP international research program devoted to the study of core degradation
mechanisms, and the behavior of radioactive products released during a pressurized water reactor (PWR)
core meltdown accident, such as the Three Mile Island accident that occurred in the United States in
1979. In 2001, most of the work was concerned with processing experimental data, interpreting
phenomena and modeling them in computer codes, and preparing two new programs, Phebus 2K and
Phebus LOCA-lrradiated (.Phebus APRP-lrradie), the first studying degraded core reflooding, the second
focusing on the behavior of highly irradiated fuel in the event of a loss of coolant accident. The results of
the first tests in the Phebus FP program (FPTO, FPT1, FPT2 and FPT4) were integrated into reassessments
of radioactive releases liable to result from a core meltdown accident in different types of PWR.

- IPSN successfully wound up the last two tests in the Cabri program concerned with the study of
accidents liable to be encountered in fast neutron reactors. This program, carried out in association with
EDF and the Japanese corporation, JNC, has now been completed. IPSN is currently focusing its Cabri
research work on the behavior of PWR fuels in accident situations.

- In the field of computer codes, IPSN furthered its knowledge and continued tool development work on
reactors in severe accident situations. In 2001, the Institute coordinated an extensive international
cooperation initiative to validate the first version of ICARE/CATHARE computer code designed to carry
out computer simulations of PWR core meltdown accidents.

- As part of its fire-related work, IPSN performed tests on the fire behavior of electrical cabinets
representative of those found in EDF nuclear reactors. The tests contribute to the probabilistic safety
assessment relating to the fire hazard. IPSN also carried out tests on liquid fuel fire phenomena in
ventilated rooms. The tests helped to validate computer codes used in studies to develop expert appraisal
in the field of nuclear facility safety.

IPSN activities relating to facility safety appraisal also made steady progress. In 2001, the Institute issued
nearly 700 technical assessment reports for the French Directorate for Nuclear Facility Safety, 80 for the
Delegate for nuclear safety and radiological protection in defense-related facilities and activities, not to
mention twenty or so assessment reports concerning non nuclear industrial facilities.

The scope of these expert appraisal activities is extremely wide and includes: designing and
commissioning new facilities (in particular, waste processing plants, experimental reactors and units in
the COGEMA plants at La Hague), reviewing safety at older facilities (e.g. all EDF 900 MWe reactors, the
EURODIF uranium isotope enrichment plant at Tricaslin), decommissioning shut down facilities (EL4
heavy-water reactor, other CEA facilities), analyzing technical issues that are important for safety
(containment building aging, plant flooding risks).

A number of cross-disciplinary subjects were also addressed, such as studying the impact of future
management methods adopted for EDF reactor fuels on the safety of fuel cycle facilities and waste
management and transportation, or examining data packages prepared by ANDRA and CEA as part of the
research carried out further to law no. 91-1381 of December 30, 1991 applying to radioactive waste
management.

Pool of the Phebus experimental reactor.
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Retrofit of the NIS system: IPSN informs EOF
that more rigor is required < The NIS system
is designed to measure the level and distrib-
ution of nuclear power in the core of a pres-
surized water reactor. EOF has begun reno-
vation work to install a digital instrumentation
and control system in the oldest units,
Fessenheim and Bugey. This retrofit work
entailed four modification campaigns during
which IPSN issued several reports pointing
to a lack of rigor in the software qualification
and development process of this system.
Owing to the late discovery of operating ano-
malies during site tests, one of which caused
an unscheduled emergency shutdown, IPSN
pursued its investigations and specified steps
to be taken by the operator to improve the
quality of safety classified I&C softwares.

Reactor containment buildings under close
scrutiny < The periodic pressure tests per-
formed on the double-wall containments
of 1300 MWe and 1450 MWe reactor units
revealed leaks due to prestress loss induced
by long term deformation in the concrete.
IPSN submitted to the standing committee
for nuclear reactors a summary of its ana-
lyses concerning the mechanical strength of
containments, the type, effectiveness and
schedule of works proposed by the operator
to improve leaktigtness (e.g. covering inner
containment walls with a composite liner,
improvement of the closure device of the
equipment hatch), qualification of the repairs
to accidental conditions, and the program for
monitoring the behavior of these containments.
IPSN also emphasized that the demonstra-

tion and in-service monitoring of the perfor-
mance of the vacuum and the leak collection
systems in the containment annulus should

be improved.

PTR and ASG tanks: overcoming problems <
In view of the general and seismic design
faults detected by IPSN in the design of the
Reactor Cavity and Spent Fuel Pit Cooling
System (PTR) tanks of the Bugey units during
the 900 MWe nuclear power plants safety
review, EOF verified the seismic design of the
PTR and Auxiliary Feedwater System (ASG)
tanks of all French reactor units. This inspec-
tion revealed a number of defects: inade-
quate tanks anchorings (PTR Bugey, PTR and
ASG Fessenheim), unsuitable links between
anchor ties and tanks (ASG Bugey and
Fessenheim), and inadequate tanks shell
thickness (PTR Fessenheim). IPSN issued a
report on each repair proposed by EOF and in
some cases performed independent verifica-
tion calculations.
The repairs required on the Bugey and
Fessenheim tanks are either completed or in
progress. IPSN is currently examining the
verification report submitted by the operator
concerning the seismic behaviour of other
plant series similar tanks (CP1-CP2, P4, P'4
and N4), which seem better designed.

Review of the basic safety rule concerning
the fire hazard in nuclear facilities <. A fire
breaking out in a room presenting a radiolo-
gical hazard can lead to the dispersion of
radioactive materials, and uncontrolled relea-
ses inside and, in some cases, outside the

installation. Fire can also damage equipment
important for the safety of the facility.
Basic safety rule I4a (RFS I4a), issued in
February 1985, concerns the fire protection
of basic nuclear facilities other than nuclear
reactors and particle accelerators.
IPSN has undertaken to review this rule,
taking into account new data and comments
made by operators and APAVE. The institute
drew up a draft for a new rule. This was dis-
cussed in a working group made up of repre-
sentatives of IPSN, DSIN and operators, then
submitted on November 21, 2001 to the mem-
bers of the standing committees for nuclear
facilities, nuclear plants and waste. Discussions
will continue in 2002.

In-depth analysis of the risks of flooding
The storm that occurred during the night of

December 27-28, 1999 led to flooding in
many parts of units 1 and 2 of the Blayais
plant. In light of this event, IPSN decided to
review the protective measures taken against
the risk of external flooding in all pressurized
water reactors. In addition to the steps taken
at the beginning of 2000 on the Blayais site,
the analysis looked at the national plan of
action initiated by EDF and, more especially,
the methodology to be adopted for the review.
This action was discussed in a meeting of the
standing committee for nuclear reactors held
in December 2001.

Phebus facility at Cadarache
(Bouches-du-Rhone).

I...

{in brief)



Expert survey report on the PWR fuel cycle
in France

The fuels used in Ε D ρ reactors and the related management

methods are constantly changing (e.g. use of mixed uranium

and plutonium oxide fuels (known as Μ ox fuels), fuel irra-

diated in the reactor for longer periods leading to the use of

fuels with higher uranium-235 or plutonium concentrations).

These changes not only affect reactor safety, but also other

facilities in the fuel cycle (fuel fabrication plants, reprocess-

ing plants, transportation, storage facilities and, in some

cases, final disposal repositories).

In view of these changes, the Director for Nuclear Facility

Safety has asked EOF to submit a report listing the fuels and

management methods contemplated for the future, with

an assessment of their consequences for the fuel cycle from

the safety point of view.

IPSN examined the report sent in by EDF and submitted

its conclusions to the standing committee of experts

responsible for plants and facilities used for long-term stor-

age of radioactive waste. The findings of the standing com-

mittee were then sent to the Director for Nuclear Facility

S afety. This survey lasted throughout the year and involved

several of the Institute's departments.

IPSN'S appraisal focused on the safety of facilities concerned

with new fuels, and on the consistency of the entire cycle for

the next twenty years, paying particular attention to the man-

agement of the spent fuels and waste generated.

During this work, IPSN examined computer code qualification

data used to determine the properties of irradiated fuels as a

function of the time spent exposed to irradiation in the reactor,

and the time they were left to cool after removal from the reactor.

IPSN verified the statement drawn up by EDF on January i,

2000, showing the quantities of materials, fuels and waste

stored in different fuel cycle facilities, with forecasts for their

progress over the coming twenty years. The Institute focused

its attention on the availability and safety of storage areas for

materials considered reusable by Ε D F but not recycled imme-

diately (e.g. depleted uranium, reprocessing uranium),

together with unprocessed spent fuels, separated plutonium

awaiting recycling, and waste from fuel fabrication and repro-

cessing plants. The Institute stressed how important it was for

EDF to setup an organizational structure capable of monitor-

ing and controlling the adopted fuel management system,

with particular regard to the quantities of spent fuel and sep-

arated plutonium in storage.

During the examination of safety in fuel fabrication facilities,

IPSN concentrated especially on the protection of personnel

from ionizing radiation, because of the increased risk of expo-

sure resulting from the fabrication of new fuels (uranium

oxide-based fuels have a higher concentration of the 234 iso-

tope, with recycled uranium oxide fuels the 232 isotope

content is higher, and for MOX fuels, the concentration and

activity of plutonium are higher).

For the safety of spent fuel storage facilities, especially in cases

where reprocessing is delayed, IPSN was particularly interest-

ed in examining the data provided by EDF concerning cladding

resistance. The Institute concluded that EDF should actively

pursue the current study and test program to characterize

Fuel assembly.

(l2J 13 [Nuclear facility safety)



Higher burnups and new cladding materials

The increased burnup values contemplated

by EOF call for changes in the composition of

fuel assembly cladding materials to improve

their mechanical strength under incident and

accident conditions [e.g. development of Zirlo,

MS alloys). These new materials may replace

the Zircaloy 4 cladding which will have rea-

ched its performance limits at the new bur-

nup values considered.

The performance of the new cladding mate-

rials used for higher-burnup fuel assemblies

must therefore be checked.

In this respect, fuel assembly resistance must

be demonstrated with backup from demons-

trative experimental programs (Cabri, PROME-

TRA, SILENE, CINOG and possibly Phebus).

Superphenix: safety analysis of the sodium

treatment facility < Processing the 5,520

metric tons of sodium contained in the reac-

tor is one of the tasks involved in decommis-

sioning the Super-Phenix reactor. EDF plans

to transform this sodium into an aqueous soda

solution using the NOAH process, already used

to process sodium from the RAPSODIE reactor

at Cadarache and from the Prototype Fast

Reactor at Dounreay (United Kingdom).

The solution obtained would then be used as

a mixing liquid to make concrete packages.

EDF plans to build a sodium treatment facil-

ity called "TNA" to carry out these opera-

tions. This facility is currently at the detailed

design stage and its safety options file has

been examined by IPSN. Some technical

options such as the cementing process, pac-

kage shape and storage methods remain to

be specified.

IPSN examines the conditions for possibly

restarting the Phenix reactor · IPSN ana-

lyzed the measures proposed by CEA to

repair the steam generators following the

discovery of cracks in the piping of these

parts that contain sodium. Analysis work

focused on the additional measures taken to

ensure that steam generator repairs met the

required safety objectives. It also considered

the effectiveness of non destructive exami-

nations to be performed on steam generator

parts that were not repaired. The Institute

recommended that these examinations be

extended to include piping sections not inclu-

ded in the operator's verification plans.

Other aspects covered by the analysis were

a) the results of the ultrasonic examination

of the core support shell, b) additional infor-

mation concerning the examination of main

vessel parts, and c) the inspection program

of the above core structure, for which the

Institute recommended vibration monitoring.

RES reactor safety analysis Building work

on the facility has begun at the CEA Cadarache

center. The facility will consist of a "pool"

module for storing irradiated fuel elements,

and a "reactor" module. It will be used to qua-

lify naval propulsion fuel and to validate the

design of future naval reactors. IPSN exam-

ined the civil engineering data package for

the "pool" module, giving a favorable opinion

Diagram of the recirculation line of the P'4 series.

on the concreting work for this module, then

began the analysis of the civil engineering

data package for the "reactor" module. The

Institute examined the technical and regulation

baselines, as well as the preliminary safety

analysis report for the reactor part, and de-

clared in favour of its construction.

Potential core coaling problem in the event

of accident A design defect affected the

recirculation system valves of the safety

injection (RIS) and containment spray (EAS)

systems of the twelve 1300 Μ We reactors in

the P'4 plant series.

The defect could lead to a failure on safeguard

systems in LOCA situations as the internal

overpressure in the valve body could block the

valve and prevent it from opening. The cause

of this common-mode failure can be explained

by the use of a hydraulic seal which is much

weaker on this type of reactor than on the

others (20 cm vertical hydraulic seal as op-

posed to 3 m or more on other reactors).

The need for an urgent solution to this gen-

eral problem led EDF to make a temporary

modification to the reactors concerned in

2001. IPSN examined the proposed solution

and the planned compensatory measures,

pending a definitive solution to be imple-

mented at the beginning of 2002.

The pri-

mary coolant activity of unit 3 of the

Cattenom plant rose significantly during its

eighth irradiation cycle. Although iodine and

noble gas activity did not exceed the first

threshold of radiochemical specifications,

limiting the normal operating range possible

without specific operating constraints, ex-

amination of the leaking fuel assemblies

(mostly third cycle) during the unit outage,

showed these defects to be due to through-

wall wear in claddings, caused by vibrations

in the lower part of the rods, which in turn

could lead to secondary defects at the top

Reactor building
sump

Filters

Inner containment Outer containment
of reactor building of reactor building

RIS09(10]VP

Refueling water
storage tank [PTR]

Medium-head
safety injection
pump [RIS] Low-head safety

injection pump
(RIS]

Contain-
ment spray
pump (EAS)

Starting buiding work

on the RES facility at Cadarache

[Bouches-du-Rhone].
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spent fuel assembly aging under the storage conditions adop-

ted as part of the management system.

The safety of irradiated fuel reprocessing facilities was exam-

ined along the same lines as the expert appraisal performed by

IPSN in 2000, following the request to amend the building

permits of the up2-8oo and u?3-A units of the COGEMA plant

at La Hague. This examination was chiefly concerned with the

following points: ensuring personnel protection against ion-

izing radiation, because highly irradiated spent fuels and

spent MOX fuels involve far higher neutron emission, the risk

of fissile materials being carried down in shearing fines and

hulls, the solubility of MOX fuel, vitrified waste, and compac-

ted waste, for which specifications might have to be changed,

and finally, the activity of effluents generated. If the current

study program is continued, processing the future fuels

planned by EDF should be technically feasible from the safe-

ty viewpoint.

Concerning the final disposal of spent fuel or waste from the

reprocessing of these fuels, IPSN compared the consistency of

the characteristics of future fuels irradiated in Ε DF reactors

with those of the fuels currently studied by ANDRA for the pre-

liminary design of a possible future geological repository.

IPSN observed that these studies did not take into account cer-

tain new fuels planned by EDF, and considered that EDF should

evaluate the impact of the characteristics of these new fuels on

the feasibility of long-term storage and final disposal facilities

currently under study.

Lastly, fuel transportation was examined, and the need for

new types of packing investigated.

The Phebus program: current status
and prospects

The Phebus F ρ program is an international research program

devoted to the study of degradation mechanisms and the

release of radioactive products in the event of a PWR core melt-

down accident.

Experimental context

The program, carried out in the Phebus experimental facility,

is the only one of its kind in the world with such comprehen-

sive coverage of all the phenomena involved in the behavior of

radioactive products. In 2001, progress was made chiefly in

analyzing and formatting results from the FPT-2 and FPT-4

experiments, preparing test FPT-3 and interpreting tests

FPT-O, FPT-I and FPT-2.

Analysis of FPT-2 test results

The very first results ofthe FPT-2 experiment were published

at the beginning of 2001 in a test report.

The purpose ofthe experiment was to study phenomena

observed when fission products were released in a reducing

atmosphere in contrast to earlier tests carried out in an oxi-

dizing atmosphere. Analysis of experimental results showed

that the advanced degradation phase occurred at higher tem-

15 (Nuclear facility safety)
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through hydridation. These defects resulted
in the failure of twenty or thirty rods and the
dispersion of about 40 g of fuel (alpha emit-
ters) in the primary coolant system. More in-
depth analysis work is in progress.

TOSQAN program: end of qualification and
ISP test in sight < The TOSQAN program is
designed to validate TONUS computer code
models used to calculate hydrogen distribu-
tion in a PWR in the event of core meltdown.
The experimental facility was qualified in
2001. The two methods used to measure
concentration of gaseous species - sponta-
neous Raman scattering spectrometry and
mass spectrometry - are now operational.

The first test campaign concerning wall
condensation and the flow of the gaseous
air-vapor-helium mixture has begin, using
all the optical diagnostics methods (Laser
Doppler Velocimetry and Particle Image
Velocimetry for velocities and turbulence,
Raman Scattering for concentration). A spe-
cific test, carried out under the auspices
of the OECD, will back up an international
exercise (ISP) to validate hydrogen distribu-
tion models, computer codes and, for IPSN,
the TONUS code.

Hydrogen combustion: end of the RUT-
HYCOM experimental program < The experi-
mental phases of the European HYCOM
project and the IPSN-FZK-KI cooperation
contract were completed in 2001. Work fo-
cused on turbulent combustion of hydrogen-air
mixtures in geometries integrating numerous
obstacles. The work was carried out in two

experimental facilities in Russia, one on a
small scale (DRIVER and TORPEDO tubes),
the other on a large scale (RUT).

Among other things, the tests aimed to fill
a gap in available experimental data by
studying in detail slow and fast deflagration
conditions, and considerably improving under-
standing of these phenomena. Instrumentation
perfectly suited to flame monitoring and the
measurement of variables (pressure trans-
ducers, photodiodes, fluxmeters, etc.) was
used to build a sizeable database to validate
the computer codes of the different partners
involved in the tests.

Completion of OLHF tests on vessel lower
head failure on a PWR model < The OLHF
(OECD Lower Head Failure) international
experimental research program, launched at
the end of 1998 within the framework of the
OECD, involves eight countries in all, namely
Germany, Belgium, Spain, the United States,
Finland, France, the Czech Republic, and
Sweden. Four tests were performed at Sandia
on 1/5 scale models of the vessel lower head
of a pressurized water reactor. The main aim
of these tests is to determine the time of
failure, the failure mode, and the size of the
breaks caused, at pressures and temperatures
representative of those liable to be encoun-
tered in the event of a core meltdown acci-
dent. The tests, complemented by characteri-
zation campaigns on the steels used, offer a
unique database for the validation of thermo-
mechanical computer codes.

A comprehensive new test facility boosted
IPSN's experimentation resources at Saclay
in November 2001. Known as STARMANIA,
it is designed for investigations into the
behavior of equipment (valves, filters) used
for sectoring and containing radioactive sub-
stances under severe thermal and air-flow
conditions, representative of phenomena likely
to occur in the event of fire. The first accep-
tance tests determined the maximum perfor-
mance limits of the facility at air tempera-
tures of up to 220 °C (flow rate 20,000 inVli,
overpressure at equipment level 900 mbar
relative). It is planned to operate the facility
at temperatures of up to 400 °C.

DISCO: an experimental containment to study
contaminant dispersion < The DISCO facility
is designed for the experimental study, under
"non radioactive" conditions, of contamina-
tion sources due to suspended particles from
falling powder, contaminated objects or sin-
tered fuel pellets. The facility consists of
a containment 5.5 m high and 3 m across,
equipped with systems designed to drop
powder from different heights and determine
the proportion of particles suspended.
Suspension coefficients can then be deter-
mined under different operating conditions
(dropping height, quantity of powder, etc.).

Breaking new ground in aerosol filtering
Experiments and models have taught us

more about aerosol filtering. First of all,
pressure drop and efficiency models were
developed for a very low efficiency filter with
leaks. Experiments demonstrated that pres-
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peratures than for the FPT-O and FPT-I experiments, with loss

of fuel rod integrity occurring above 2.500 °C. Gaseous iodine

was also observed at the outlet of the experimental circuit, as

was the case during earlier experiments.

Analysis of FPT-4 test results

The purpose of the F ρτ-4 experiment was to study the release

of low-volatility fission products and actinides from a bed of

fuel debris. Analysis of radiometric measurements and the

samples taken from the test device filters continued in 2001.

The final report should be written up in 2ο02.

Preparation of the FPT-3 experiment

The FPT-3 experiment, scheduled for 2003, is aimed at exam-

ining core degradation mechanisms and the volatility of

radioactive products, iodine especially, with a boron carbide

control rod (used in French 1300 Μ We and 1450 Μ We reac-

tors, boiling water reactors and central and east European

reactors). In 2001, the bulk of the work involved decontami-

nating the experimental circuits used for the FPT-2 experi-

ment and dismantling them using remote manipulators. At

the same time, construction of the test device and experi-

mental circuits for the FPT-3 experiment was continued in the

factory. Pre-calculations for the test, including studies of sen-

sitivity to unfamiliar parameters, were carried out, and the test

conduct strategy was defined, taking into account feedback

from the FPT-2 test.

Data interpretation

Interpretation of FPT-O and FPT-I test results was pursued in

2001. During this work, coupled calculations were performed

for core degradation and fission product release in order to

obtain results consistent with experimental measurements.

Interpretation of the FPT-2 test shows that cladding oxidation

was far less violent than during the first two tests, resulting in

less interaction between materials. The quantities of hydro-

gen due to cladding oxidation were correctly computed, as was

the final fuel degradation phase at relatively high loss of fuel

integrity temperatures.

The end of 2001 saw the start of the OECD'S International

Standard Problem n°. 46. As part of this initiative, the FPT-I

experiment will be recalculated by some thirty participants.

The program stretches over two years and should help to vali-

date and compare the performance of the different comput-

er codes used in the study of severe accidents around the

world.

Forthcoming programs: Phebus 2K and Phebus LOCA-

Irradiated

The Phebus 2K and Phebus LOCA-Irradiated programs are two

future programs that ι RSN plans to carry out in the Phebus test

facility. The first will study release phenomena from high-

burnup fuels and MOX fuels, as well as the consequences of

reflooding a degraded core. The second program will check

whether the computation criteria and models for fuel behav-

ior in the event of a loss of coolant accident defined some thir-

ty years ago remain valid today, bearing in mind changes in

fuel since then. In 2001, the feasibility study for the Phebus

2K program was completed and that of the Phebus LOCA-

Irradiated program started up. With the new simplified experi-

mental device, it will be possible to perform tests every eigh-

teen months, i.e. at twice the rate of current experiments in

the Phebus FP program.
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sure drop cannot be considered as a realis-
tic indicator of efficiency. A model was then
developed to simulate clogging in folded fil-
ters, and successfully applied to filters used
in the nuclear and automotive industries.
This model calculated the pressure drop as a
function of the specific characteristics of the
filter medium, fold geometry, diameter and
weight of solid aerosols trapped, and the fil-
tering rate.

Phebus and Cabri tests: a new embedding
system Until the FPT-1 test, Phebus FP test
devices were embedded with epoxy resin to
preserve the fuel degradation state for exam-
ination. As reprocessing laboratories no lon-
ger accept this material, the search began
for substitute products. Only one substitute
satisfied all criteria, Wood's metal, an alloy
made from lead, bismuth, tin, and cadmium.
Its main difference from the former products
is its melting point (70 °C instead of 30 °C).
A model imitating a real device was built to
test the reliability of the new material. The
embedding proved satisfactory after extreme
purification of the base metal (slag removed
from the surface of the molten metal].

Under these conditions, the FPT-2 device
was embedded with 40 kg of Wood's metal.
The injection took just 3 min 50 s, after elev-
en months of hard work.

MADRAGUE on the horizon < Preparation of
the MADRAGUE program for the analytical
study of certain phenomena relating to fuel
rod damage during a core meltdown acci-
dent is well under way. The "non irradiated

Phebus coating station.

MADRAGUE" facility, intended for tests on
depleted fuel, is almost ready. The "irradia-
ted MADRAGUE" facility, planned for tests
on irradiated and MOX fuels, is in the pre-
liminary design stage, and it has been pro-
posed that the facility, which is on the envi-
ronmental protection list (classified ICPE in
France) should be installed in a new building
designed to seismic standards. Another
breakthrough is the start of research and
development work to design the experimen-
tal device for performing high-temperature
tests. Samples of materials are now ready to
be tested in the FIGARO furnace. Lastly, pre-
liminary tests prior to the MADRAGUE pro-
gram on BAG oxidation by water vapor were
performed in the VERDI furnace. The tests
showed faster oxidation kinetics than those
given in the literature.

Decisive breakthroughs in iodine chemistry

The CHIP program made significant head-
way in 2001 with work on thermodynamic
calculations based on the Phebus FPT-0 and
FPT-T tests. The calculations performed
determined the list of key elements to be
included in the tests: fission products and
core structural materials. A study of the fea-
sibility of injecting these elements was also
carried out, while the functional specifica-
tions of the device and instrumentation were
completed. The first tests, aimed at examin-
ing the production of organic iodides by
painted surfaces pre-impregnated with mole-
ular iodine, are scheduled for mid-2004. In
this area, the EPICUR program will be expec-
ted to provide data on the kinetics of chemi-
cal processes influenced by radiolysis.

DIVA, CARMELA and FLIP: more progress
Construction of the fire, ventilation

and airborne contamination device (DIVA}
was pursued in 2001, with the installation of
the ventilation network and instrumentation.
Set up at Cadarache, this large-scale experi-
mental device is designed for tests on the
propagation of fire and smoke to rooms adja-
cent to a room on fire.

Sectional view of the new coating system for the Phebus and Cabri
test devices.
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The Cabri programs take a new turn: from fast
neutron reactors to pressurized water reactors

Launched in 1973 as part of an international initiative with

Japan, Germany, the United Kingdom and the United States,

the Cabri programs originally focused on reactivity accidents

liable to occur in fast neutron reactors, for example, in the

event of loss of coolant due to pump shutdown outside reactor

trip situations. Following the French government's decision

to decommission the Super-Phenix reactor in 1998, IPSN is

winding up its current research into fast neutron reactors, and

has now turned its attention to reactivity accidents in pres-

surized water reactors.

Cabri programs devoted to fast neutron reactors

The initial experiments, carried out between 1978 and 1992

as part of the Cabri ι and Cabri 2 programs, were conducted

first on specially made fuels, then on industrial fuels. Those

conducted after 1992 as part of the Cabri-FAST program con-

tinued to investigate the behavior of a high-burnup fuel with

annular pellets representing the fuel used in the Super-

Phenix reactor.

The tests devoted to the study of slow power transients, simu-

lating the accidental ejection of a control rod, were aimed at

calculating the power levels at which fuel begins to melt and

fuel rods fail. Other tests concerned with a core meltdown

accident in a fast neutron reactor examined the movements

and relocation of melted fuel before and after rod failure.

A last program, RAFT, carried out in association with EDF and

Japan, complemented the studies of rod ejection and core

meltdown accidents by integrating studies of "transition

phase" aspects. This is the phase that follows the primary

excursion and can lead to a secondary power excursion. For

the rod ejection accident, the aim of the program was to deter-

mine the impact of a random, early failure of a rod with melt-

ed fuel. For the core meltdown accident, the aim was to look at

fuel movements following cladding failure in a three-rod

configuration, and study the behavior of a molten fuel and

steel pool.

In 2001, the experiments were completed along with the syn-

thesis work for the Cabri-FAST program, including the compi-

lation of results and test interpretation with Japan and

Germany. IPSN will complete synthesis work for the RAFT pro-

gram in2OO2.

Cabri programs [PWR-Na and Pressurized Water Loop)

devoted to pressurized water reactors

IPSN has also been working since 1992 on pwr reactivity acci-

dents. The tests carried out as part of the Cabri PWR-NA pro-

gram, in which an irradiated fuel rod is subjected to a fast

power transient in the Cabri reactor sodium loop, were com-

pleted in 2000. Publication of the summary report is pending.

In spite of the significant lessons learnt from the Cabri PWR-

NA program, some aspects regarding the behavior of high-

burnup fuels during a reactivity accident require further

investigation. These aspects include the quantification of

fission gas behavior, analysis of the transient phase subse-

quent to a departure from nucleate boiling under conditions

representative of a nuclear power reactor, and the study of

phenomena after a cladding failure. This is why IPSN

launched the Pressurized Water Loop experimental program,

which involves a large number of participants from around

the world under the auspices of the OECD (EDF, United States,

The DISCO facility.

J 1 Ο (Nuclear facility safety)



Activities in the CARMELA program con-

cerned with the study of fires in electrical
cabinets were also pursued in 2001. The

latest tests contributed to the construction
and qualification of a model offering a simple,

empirical description of this type of fire. Lastly,
the study carried out jointly by IPSN and

COGEMA as part of a common interest pro-
gram focusing on solvent fires in configura-

tions representative of La Hague plant units
containing solvent, benefited from the results

of FLIP tests performed in 2000, while four
new tests were also performed.

Ex-vessel cerium: research and development

on the front line - Owing to gaps remaining

in corium-concrete interaction modeling, a

large degree of uncertainty continues to
raise problems in predicting the erosion of a

water reactor foundation raft in the event of

core meltdown and vessel failure. For this
reason, a research program has been defined
in this area to create a better qualified com-

puter code. The new code is called MEDICIS
and will be integrated in the system code

with ASTEC. It will be based on a series of

modeling and experimentation tasks to

determine qualified physical laws. These
tasks include developing a meshed code for
detailed analysis of phenomena, ARTEMIS

analytical experiments, and broader VULCANO

and MACE experiments.

New R&D approach to degraded core reflooding
A work group has been set up within IPSN

to shed light on the most significant pheno-

mena encountered in the event of degraded

core reflooding during a PWR core meltdown
accident, focusing particularly on hydrogen

production and the release of fission pro-
ducts. Other key phenomena considered

include oxidation of corium flows, loss of fuel
rod integrity, thermal-hydraulic phenomena

observed during reflooding of a bed of debris

or corium pool, and the release of fission

product deposits. The work group has also
defined needs for experimental results that

could be obtained within the context of cur-

rent or projected programs such as MADRA-

GUE, DEBRIS, or Phebus 2K. These programs
will help to validate the models developed
in the IPSN ICARE/CATHARE and ASTEC

codes.

Engineering - a key factor in industrial strategy
The year 2001 saw a major change on the

industrial scene with the choice of a new

supplier for the preparation of the FPT-3 test
device. The choice proved to be the right one,

for construction work is making good prog-

ress both in terms of lead times and quality.

Since IPSN's needs are often limited to one-
off models or very small series with very tight

deadlines and stringent dependability require-
ments, some difficulty is still encountered in

maintaining a network of qualified, competitive,
and responsive suppliers.

Within this context, it is vital for IPSN to preserve
its high degree of engineering excellence.

CARMELA facility for the study of electrical cabinet fires.

FLIP test conducted

at Cadarache

(Bouches-du-Rhone).
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United Kingdom, Spain, Switzerland, Finland, Sweden). Two

reference tests are scheduled for 2002 in the sodium loop,

with UO2 fuel and advanced cladding (offering enhanced cor-

rosion resistance). The rest of the program will be carried out

from 2005to 2007 when the facility has been revamped and

the water loop installed in the Cabri reactor.

International validation of the firstversion of
the ICARE/CATHARE computer code

2001 saw the end of the international validation work on the

first version of the ι CARE/CATH ARE computer code to be used

for computer simulation of core meltdown accidents in pres-

surized water reactors. Its use in reactor safety studies can

now be developed. The next versions of the code will integrate

physical modeling improvements, chiefly concerning the

properties of complex mixtures, material relocation mecha-

nisms, and reflooding of structures at very high temperatures.

The ICARE/CATHARE computer code is the result of a know-

ledge and tool development program studying accident situa-

tions involving core meltdown in a water-cooled reactor. The

code is designed to offer as realistic an assessment as possible

of phenomena relating to this type of accident: core overheat-

ing, meltdown then relocation of materials, hydrogen pro-

duction, formation of beds of debris, reactor vessel failure. It

was built by coupling two different tools: the ICARE core melt-

down code developed by IPSN, and the CATHARE thermal-

hydraulic accident code developed by C E A , for I P S N ,

Framatome and EOF.

This work is carried out within IPSN, based on analytical tests

and more global tests (Phebus FP) . The test results are used to

develop and evaluate the quality of computer models, partic-

ularly to check whether all the physical phenomena have been

well understood, and whether interactions between them

have been correctly processed.

Extensive international cooperation

The ICARE/CATHARE code is the fruit of extensive internation-

al cooperation. Setup in 1994, the users' club groups togeth-

er about ten countries from Europe, Asia, and South America.

It has been behind a considerable amount of collective work
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on the validation of the first version of the code. This work has
involved an estimated twenty engineer-years for the core
degradation part, and benefited from a wide range of different
skills and know-how.

Two years of validation work

The first version of the ICARE/CATH ARE coupled code was deliv-
ered to users' club members in 1999, and the validation phase
lasted from 2000 to 2001. The scale and complexity of the val-
idation and synthesis work required can be explained by the
considerable variety of core configurations to be modeled
(ranging from the fuel assemblies of a substantially intact core
to the formation of beds of debris or even molten pools) and
the different disciplines concerned by the phenomena
involved (thermal-hydraulics, chemistry, material physics,
mechanics, etc.). More than a hundred calculations were per-
formed and compared with results from some twenty experi-
mental programs. At the end of this work, the ICARE/CATHARE
code now benefits from a comprehensive summary report of
all available experimental data. Results so far have been satis-
factory, especially with regard to the code's ability to predict
hydrogen production associated with the oxidation of core
materials by water vapor. With these latest developments, the
code is more than ever considered as the international refer-
ence for modeling core meltdown accidents. It can now be
developed for use in studying power reactors.

Lines of developmentforthe coming years
In spite of these satisfactory results, there are still some gaps
in our understanding of phenomena and how to model them.
For this reason, research and development lines have been
defined for future versions of the ICARE/CATHARE code. These
will focus more on physical-chemical interactions between
materials, the transition between the first relocations of core
materials and their arrival at the bottom of the vessel, and on
reflooding, i.e. pouring water into a vessel and degraded core
heated to very high temperatures.

Storage containers awaiting delivery to the Chinon site (Indre-et-Loire).
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Deep disposal of radioactive waste:
continuing studies and research

IPSN continued its studies and research for helping to assess

the feasibility of deep disposal of radioactive waste, especially

in the clay formation studied by ANDRA on the Bure site. These

studies relate to knowledge of the site and to the assessment

of disturbances caused by installing disposal structures. As

far as the site is concerned, the geological and hydrogeologi-

cal interpretations have been refined by the use of field data.

In addition, high-performance geophysical methods are cur-

rently being qualified at the experimental station of

Tournemire, for detecting small-scale discontinuities. With

regard to disposal structures, modeling in the process of

being validated through experimental trials has improved

assessment of the mechanical damage caused by excavation,

together with the chemical changes in structures employing

large amounts of hydraulic binders.

Disposal of the Lodeve uranium-bearing mine
tailings: IPSN's appraisal

The regulation limit regarding the radiological impact of the

Lodeve mine tailing disposal facility will shortly change from

5 mSv to ι mSv per year. A provision that implies realistic dose

determination, whereas until now an "envelope" exposure

scenario could be used.

In this new context, the D R I R E of Languedoc-Roussillon

consulted IPSN regarding the calculation made by the opera-

tor, which showed an added effective dose of 0.2 to 0.8 mSv

per year according to the site and way of life of the inhabitants.Safety of
radioactive waste

While confirming this conclusion, IPSN emphasized the need

for further justification of the choice of assumptions adopted

for the calculation.

Outside the Tournemire experimental

station (Aveyron).

IPSN at the forefront of 3D seismics

Identifying faults in a clay medium is essential to qualifying

formations considered for deep disposal of radioactive waste.

High-resolution 30 seismics, a non-destructive geophysical

method, has been tested for this purpose on the Tournemire

massif, where ipsn has a well-defined experimental station.

The seismic source consists of vibrator trucks transmitting

on frequencies of ι ο to 160 Hz using a network of more than

five thousand acoustic sensors (geophones) connected to an

acquisition station. This system has been adopted owing to

its ability to detect faults with a small vertical displacement.

A three-week acquisition campaign took place in November

2001. The full results are expected in June 2002, after pro-

cessing and interpreting the data collected in collaboration

with the "Compagnie Generale de Geophysique", BRGM and

the "Ecole des Mines".
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C R I S I S Μ Α Ν Α

As part of its nuclear safety activities, IPSN takes part in organizing emergency procedures for
all French nuclear facilities. Within this context, and in order to check the effectiveness of the
various provisions planned, ten or so annual drills are conducted in cooperation with other actors
involved (operators, government authorities, etc.). The drill program was somewhat disrupted in
2001 owing to the introduction of the reinforced Vigipirate plan in the wake of the events of
September 11,2001.



Introducing quick
reaction phases

As it creates the scenarios of some drills, IPSN actively participates in their prepara-
tion and execution through its Emergency Response Center (CTC). This is equipped
with remote transmission resources, databanks, computer and mapping systems,
and can assemble I PSN experts. Its task is to analyze the accident situation, try to
predict its progress and impact on the environment, and, if necessary, suggest to
government authorities the implementation of counter-measures for protecting the
population. The various drills first provide operating feedback analyzed within I PSN,
and secondly, may lead to corrective or improved actions in the field of expert
appraisal and organization in association with various actors at the national level.

With regard to crisis management, a recent innovation is the introduction of quick
reaction phases into special contingency plans (PPI) for fast changing accident
situations. These provide for immediate action for sheltering populations and were
defined in 2001 for all French sites. Moreover, with the development of transnational
or international drills, increased cooperation with the organizations of bordering
countries has become necessary.

Emergency anils: advanced command post
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Asking the right questions in the event of
emergency < A little more than a year after
the Tokai-Mura accident, a national emer-
gency drill focused on a criticality accident.
The drill provided an excellent opportunity to
test the IPSN Emergency Response Center's
analysis capabilities.
It appears necessary to continue the effort
undertaken since the Tokai-Mura accident to
specify the questions to be resolved in the
event of a criticality accident and to define
simple rules for assessing the foreseeable
progress of such an accident using the avail-
able information, as well as the scale of the
radiological impact. >

Six nuclear emergency drills - five national
and one international < Five national nuclear
emergency drills were organized in 2001.
Three of them involved an EOF nuclear power
reactor, the other two concerned a CEA fa-
cility at Marcoule and the EURODIF facility at
Pierrelatte.
IPSN actively participated in these drills with
its emergency teams, and helped to prepare
them by setting up some scenarios.
In addition, an international drill took place
on the Gravelines site requiring greater prep-
aration. In particular, the special links with
the relevant Belgian authorities were tested
and technical information was sent to them
during the drill.

ASTRID, a European method and assessment
project in the event of an emergency < The
ASTRID project, coordinated by IPSN, began
on November 1, 2001 within the framework
of the 5th PCRD (Research and Development
Framework Program). Planned to last three
years with a budget of 2 million euros, its
purpose is to prepare a method and tool for
accidental release assessment for use in the
event of an emergency involving European
reactors. The project is aimed at harmonizing
working methods and improving mutual
understanding between European countries

liable to be affected in the event of such emer-
gencies. The Swedish, Finnish and Hungarian
authorities, as well as the German (Fzk and
GRS} and Slovakian (VUJE) technical insti-
tutes, are taking part in this project. >

The use of environmental measures in the
event of an emergency: the DATARAD data-
base < For its Emergency Response Center,
IPSN has developed and introduced a com-
puter database called DATARAD, used for
gathering the results of radiological mea-
surements performed in an accident situation
and then carrying out an initial consistency
check on this data. This tool will automati-
cally integrate the measurements transmitted
by fixed means and by the mobile teams set
up by operators and local authorities. >
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Assessing and predicting risk

Setup on May 22, 2001, the inex 2000 drill concerned the

Gravelines EDF site, comprising six 900 MWe plant units.

The scenario consisted of a break in the primary coolant

system leading to a risk of core meltdown following several

equipment failures.

In this kind of situation, the challenge for the IPSN team at the

Emergency Response Center lies in assessing and predicting

risk. The objective is not to restore normality - only the oper-

ator can fulfill this role - but to draw up an accurate situation

report to advise the competent authorities of the most appro-

priate action required to protect the population.

250 specially trained staff

For dealing with nuclear accidents, ipsn has a pool of some

250 staff specially trained in crisis management, all taking

part in at least one drill a year. A golden opportunity for

demonstrating reaction times and testing the efficiency of

methods and organizations.

Although planned within the framework of regular drills con-

ducted each year in French facilities, the Gravelines drill has

an extra dimension, because it forms part of the sequence

of four international drills in the I N E X 2 series. After

Switzerland, Finland, Hungary and Canada, it was the turn of

France to host the simulated accident for the first time. To set

it up, those in charge in the host country must cooperate with

international authorities and persons responsible in the vari-

ous countries wishing to test their ability to respond to an acci-

dent occurring abroad. In the case of Gravelines, four coun-

tries were represented: one bordering country, Belgium, and

three of IPSN'S favored partner countries (Hungary, the Slovak

Republic and the Czech Republic), with which the Institute

maintains extensive cooperation. Global international coop-

eration was ensured by IAEA on behalf of the five organizations

with a role to play in the event of a nuclear accident or in the

preparation of nuclear emergency procedures: ΝΕΑ, IAEA,

WHO, OCHA and the European Commission.

Informat ion exchange via the Internet

In addition to conventional means of communication, an

Internet site was set up throughout the drill, so that each party

involved (IPSN, DSIN, the French Weather Service, EOF, the

prefecture, etc.) could disseminate technical information

there intended for foreign partners.

Altogether, the Gravelines drill was an ambitious one which,

though in no way altering the mission of the IPSN team at the

Emergency Response Center, required lengthier preparation

and more extensive supervisory work, such as consulting

the various partners on working guidelines, strengthening

contacts with participating foreign agencies, setting up

special links and developing the Internet site for putting

information on line.

IPSN Emergency Response Center.
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Dealing with accidental exposure to ionizing
radiation: ten years of experience

Approximately 600 accidents have been identified since 1945,
leading to 180 deaths by acute radiation syndrome. These acci-
dents are due to lost sources (Iran 1996, Georgia 1997,1998,
2001, Turkey 1998, Peru 1999) or those used in the industri-
al (South Africa 1998), nuclear (Sarovin Russia i997,Tokai-
Mura in Japan 1999) and medical (Panama 2000, Poland
2001) sectors.

At the national level, IPSN is generally informed of these acci-
dents by OPRI and occupational medicine departments. At the
international level, the information comes from the IAEA or
WHO. IPSN can then be called in for expertise in assessing
doses and assistance in the medical treatment of irradiated
cases. The most serious accidents in which IPSN has inter-
vened in recent years were in Tokai-Mura, Panama and
Georgia. In addition, IPSN regularly offers its expertise for
dose assessments in incidents or cases of suspected irradia-
tion (thirty or so a year).

Assessing doses

Expert appraisal begins with gathering as much data as pos-
sible on the circumstances of the accident and the condi-
tions of exposure of the victims, in order to implement the
techniques best suited to assessing doses and the extent of
radiation-induced damage which will condition the thera-
peutic strategy.
Dose assessment in cases of external exposure is based
on several, often complementary, approaches. Biological
dosimetry is used to assess the whole-body dose received
on the basis of the unstable chromosome aberration count
on circulating blood lymphocytes. It has a forensic value and
is iso-standardized by a working group lead by IPSN.
Additional techniques, some of which are under study
or being validated, are used to assess the doses for most
irradiation configurations encountered in accidents (het-
erogeneous, localized, old) and the kinds of radiation most
often involved: cobalt-Go, cesium-137, X-rays, mixed neu-
tron/gamma fluxes. Physical dosimetry proceeds in two ways:
the first involves measuring the dose from parts of the body
irradiated at the time of the accident (teeth or bones) using

Analysis of radiation-induced mutations using

fluorescent probes: chromosome 2 (green],

chromosome 4 (red), chromosome 12 (greenish

yellow) and centromere marking (green dots).
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electronic paramagnetic resonance spectrometry, the second

consists in modeling the accident situation and in estimating

the distribution of doses in the body by calculation using

computer simulation tools. In the case of internal contami-

nation, IPSN has measurement methods (whole body radia-

tion counting and radiotoxicological analysis) and calcula-

tion tools for assessing the internal dose. Research in progress

at IPSN is aimed at improving the technical platform for

assessing doses in the event of accidental exposure, in terms

of measurements (search for improved sensitivity, possibili-

ty of in vivo measurements by electronic paramagnetic reso-

nance, etc.) and calculation tools (development of realistic dig-

ital anthropomorphic phantoms from MRI or scanner images).

Radiation pathologists offer technical support or advice to the

medical teams taking care of radiation victims. The IPSN

research units set up in a hospital environment (Gustave-

Roussy Institute, Saint-Antoine CHU) allow for good synergy

in exchanging information and denning new therapeutic

regimens.

Research based on operating feedback

The research conducted at IPSN in the radiation accident field

is based on operating feedback from past accidents. This has

shown that dose assessment is insufficient for instituting a

suitable therapy because of individual sensitivity to radiation

and the heterogeneous nature of irradiation accidents.

Additional bioindicators of effect, diagnosis, or even progno-

sis (like the F 1x3 -ligand for bone marrow damage), are in the

process of being validated. The Tokai-Mura accident clearly

showed that effectively treating radiation-induced aplasia is

insufficient since accidental irradiation causes multiple-

organ damage. The objective of the therapeutic strategy devel-

oped at IPSN, based on the results previously obtained, is to

provide effective treatment for radiation-induced aplasia by

ex vivo expansion of hematopoietic cells, stimulate the resid-

ual cells by cytokines, fill the cell deficits resulting from irra-

diation by expanding mesenchymatous stem cells and limit

generalized inflammation. The possible long-term effects

after accidental irradiation or therapeutic applications are

intestinal fibrosis, chronic inflammation and thrombosis.

Studies are under way to develop preventive therapeutic

approaches for radiotherapy or curative approaches for all

types of irradiation.

Dose distribution obtained by calculation in the

thigh of a person who placed a cesium source in his

trouser pocket.

Computer model used for dosimetric reconstruction

by calculation in the event of a radiation accident. 18
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IRSN

M A N A G E M E N T O F
S E N S I T I V E M A T E R I A L S

Strengthened legitimacy for

The activities of IPSN as technical support for the Senior Defence Official (H FD) of the Ministry
of the Economy, Finance and Industry, cover every aspect of nuclear material control. Indeed, the
Institute participates in all actions designed to protect these materials against theft and malevo-
lent activities, as well as in following up international inspections. The technical aspects of these
essential missions, which often interact at a number of points, are the responsibility of IPSN. In
addition to its missions involving nuclear materials, the Institute has also been charged with hand-
ling certain issues associated with international inspections as part of the initiative to ban chem-
ical and biological weapons. This development makes it a major player in the control of weapons
of mass destruction.



Increased synergies In addition to their internal consistency, these activities display numerous synergies

with the other spheres of competence of IPSN, especially nuclear safety. This is the

case for the prevention of sabotage of nuclear facilities, a subject whose importance

has been underlined by recent events, and where the security and safety of facilities

are indissolubly linked.

In this connection, I PSN can be considered as an example at the international level,

since it combines several levels of complementarity within one and the same

Institute, for example between physical protection, accountancy and control of

nuclear materials together with an international dimension, between safety and

security, etc. These synergies should be reinforced by the creation of IRSN, and are

expressed by major exchanges of personnel, enabled by the uniformity of working

methods used within the Institute.

^«SOJ θ1 (Management of sensitive materials)
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Unannounced inspection of nuclear sites:

mission accomplished < Following the terror-

ist attacks of September 11, 2001, the Senior

Defence Official (HFD) of the Ministry of the
Economy, Finance and Industry decided to

inspect the security arrangements set up on
nuclear sites as part of the strengthened

Vigipirate plan. On Friday September 28,
twenty-six simultaneous unannounced inspec-

tions were carried out on leading nuclear
sites to report on the application of the

strengthened Vigipirate plan as soon as pos-
sible. The consistency of all these inspec-

tions was ensured through the use of an ad
hoc guide giving details of the activities to

control. This operation mobilized almost all

the nuclear materials inspectors employed by

IPSN. By October 2, the HFD had the official

inspection reports, related reports and an
initial summary of the inspections. >

Convention on the Physical Protection of
Nuclear Material: a complex revision < Carried

out as part of IAEA activities, the work of the

expert group on revising the Convention on

the Physical Protection of Nuclear Material

was continued in 2001. This convention has

so far basically dealt with the international

transport of nuclear materials. The group
considered whether the time had come to
extend the scope of the convention to the

physical protection of nuclear materials for

domestic use and to the protection of nuclear

facilities against sabotage. At the same time,

the working group drew up a set of fundamen-
tal physical protection principles that have

been adopted by a resolution of the general
conference of the IAEA. At the legal level,

discussions were about incorporating the

fundamental physical protection principles

into the Convention, and about how restric-

tive they should be. >

IPSN at the forefront of international consi-
deration of radioactive material transport <

Methods for inspecting the leaktightness of

packages, risks associated with mechanical
accidents, release risks caused by fires during

the transport of UF6, design of a guide for

introducing radiological protection programs
regarding transportation, are all subjects in

which IPSN has developed state-of-the-art
expertise. The Institute's representatives

were able to present the results obtained
by IPSN to their foreign partners during

the PATRAM conference organized this year
in Chicago and the joint meeting of the

Transportation Safety Commission and the
transportation standing committee. An area

all the more crucial as the year 2001 will
see the resumption of radioactive material
transportation with Germany to return spent

fuels for reprocessing or vitrified residues. >

Tighter control of nuclear non-proliferation:

IPSN in the front line < With a view to strength-

ening IAEA control in the sphere of nuclear

non-proliferation, France has begun work on
ratifying the additional protocol to its safe-

guards agreement. IPSN has taken part in

the deliberations of the Council of State on

the draft ratification bill, as well as in the
preparation of the draft bill defining the prac-

tical details of this new international verifi-

cation. The application of the new protocol
should eventually lead IPSN to draw up the

periodic declarations for the IAEA and to sup-

port international inspections carried out within

this framework. >

(in brief)

Inspection of the Cadarache site fencing (Bouches-du-Rh6ne).



Fighting criminal activities

The fight against criminal activities basically involves pro-
tecting nuclear facilities against acts of sabotage leading to
the risk of radioactive release into the environment. Although
this subject only became headline news in the wake of the
September ii terrorist attacks, IPSN has been working on it for Emergency inventories
many years.

what disrupted, when, following the September n attacks,
IPSN became responsible for providing recommendations to
the authorities on the adequacy of protective measures taken
on nuclear sites against possible new threats.

In matters relating to protection against sabotage, IPSN
reports both to DSIN and to the Senior Defence Official of the
Ministry of the Economy, Finance and Industry. The Institute
draws up a long-term program of work to be conducted on this
topic and submits it to the authorities for approval. It also pro-
poses various actions to both authorities to assess the sensi-
tivity and vulnerability of nuclear facilities located in France
with regard to potential criminal acts. Two main types of
threat can be distinguished: an internal threat originating
from an individual physically present on the site, and an exter-
nal threat. These two threats are associated with different
means, such as use of weapons, explosives, etc. IPSN is kept
informed of the progress of the works of the operators con-
cerned. Based on operators' conclusions, IPSN draws up an
assessment report and presents it to a group of experts. Two
separate expert groups are concerned with the prevention of
criminal activities, the first for nuclear reactors, the second
for other types offacilities (laboratories, plants, etc.).

Identifying possible targets and ensuring their security
Basically, the assessment is carried out in two stages. Firstly,
it focuses on the sensitivity of the equipment. This stage is
carried out with the Institute's safety specialists and is de-
signed to identify various targets where failure could lead to
radioactive release into the environment. Then a vulnera-
bility study is conducted to analyse the kinds of attack to
which these targets could be exposed. The security of a faci-
lity can only be accurately assessed after these two stages.
If security is found to be inadequate, IPSN proposes methods
for improvement. These are discus sed within the competent
expert groups, and the Senior Defence Official and DSIN
notify the conclusions to the operator. The operator remains
responsible for the choice of means to be used.
In all, four to six facilities are assessed every year with regard
to this type of risk. In 2001, the planned program was some-

Within the framework of the legal and statutory system gover-
ning the control of nuclear material, the first duty of opera-
tors is to have a continuous knowledge of the quantities of
materials they hold and the places where they are located. In
addition to regular, rigorous monitoring, they must also set
up a so-called emergency inventory system. If misappropria-
tion of materials is suspected, the system must enable them
to verify the credibility of information without delay.

The effectiveness of an emergency inventory procedure lies
chiefly in the ability to mobilize as quickly as possible all the
resources required to check a facility. To do this, the operator
must set up procedures and resources. Government authori-
ties, with technical support from IPSN, see to it that these pro-
cedures and resources are regularly checked through drills
conducted on the various facilities in the country. These drills
also enable them to verify the efficiency of their own organi-
zation in handling emergency situations.

A strategy of successive refinements

Each drill deals with a similar scenario. Once notified of the
misappropriation of nuclear material, the state authorities
decide to initiate an emergency inventory and inform IPSN
and the operator concerned. From the operator's point of
view, the drill is only partially expected, for the exact date is
not announced in advance.
The use of emergency inventories is based on a strategy of
successive refinements. The aim of the initial checks is to
determine any signs of break-in and identify any alarms that
have been triggered in the preceding weeks or days, etc. If the
material assumed missing is stored in packaging, the opera-
tor checks its integrity, by weighing it, for example. If no loss
is confirmed by the initial checks, the last step consists in car-
rying out nuclear measurements. In all, a drill lasts one day,
with the first checks starting early in the morning before the
stafTarrive on the site.

Rail and sea transportation of radioactive waste.
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To be effective, an emergency inventory requires the deploy-

ment of human and material resources determined by pre-

viously validated procedures. Alongside the various emer-
gency units of the operator (facility, site, national level, etc.),

a common emergency unit includes representatives of IPSN

and the HFD.
IPSN draws up a long-term program of drills that it submits to
the HFD for approval. The Institute also performs a central

role during the drill. Using the information it receives, it
assesses the credibility and scope of the threat, then informs
the government authorities of its findings. In addition, its

expert appraisal enables it, where necessary, to provide the
operator with guidance as to the measures required.
To do this, each drill calls upon ten or so IPSN experts spe-

cializing either in the facility concerned by the drill, or in the

physical protection or accountancy of nuclear materials.

The importance of communication
An inventory drill is carried out each year. Those carried out
until now - six in all - have been increasingly complex. The

first concentrated on a single facility, while the following ones
focused on several facilities grouped together on the same

site. A future drill should involve a single operator, but sev-

eral facilities on different sites. The main lessons learned to

date have been used to specify the contents of various proce-
dures of both the operator and IPSN. Significant progress has
also been achieved in coordination between the various
players and the transmission of information.

A major theme for the future will probably be communica-

tion with the outside, a vital aspect of crisis management

since, if a theft really were to occur in a facility, the terrorists
would obviously wish to call on the media. This aspect will be

taken into account in the next drills by testing the ability of the
various participants to coordinate their communication acti-

vities under simulated media pressure.

The measurement of nuclear materials

The law of July 1980 instituting the control of nuclear ma-

terials in France lays down the conditions required for an

enterprise to be authorized to hold such materials, physical

protection and control and accountancy rules to be observed
and the penalties applicable in the event of failure to comply

with these rules. Furthermore, the law provides for a system
of verification based firstly on analyses of files and procedu-

res, and secondly on inspections.

IPSN as the technical support of the Senior Defence Official
of the Ministry of the Economy, Finance and Industry, assists
in the implementation of this system of verification, and in

particular organizes inspections in facilities. Under the law,
the operator is responsible for the characterization (physical-

chemical form and nature) and the quantification of the ma-

terials in its possession. The materials involved range from
ore to waste, via noble substances, and cover all the physical-
chemical forms encountered in the fuel cycle.

National control inspections are chiefly concerned with veri-

fying the truth of the operators' declarations. To this end,

physical measurements are carried out on samples of items

chosen at random.

These measurements are of various kinds, ranging from the
simple detection of the presence of radioactive material and the
determination of the nature of these materials (uranium, plu-

tonium, thorium, etc.) through the weighing of items, to much

more refined measurements. The last kind of measurement,
necessary for fine characterization of nuclear materials, is used

to determine the isotopic composition of items containing
plutonium, the enrichment of uranium-bearing compounds,
and the mass of nuclear material contained in an item.

(in brief]



The measurements made at the time of inspection must meet
a number of requirements: these are non-destructive, non-
intrusive measurements, which must be carried out with
transportable devices, within a limited time (in inspection,

priority is given to the number of items checked and a com-
promise must therefore be found between the duration of a
measurement and its accuracy) and in a place where the back-
ground noise due to the possible presence of stored nuclear
material is negligible.

In order to carry out this task successfully, the IPSN depart-
ment responsible for these inspection measurements may
use off-the-shelf equipment, or specially developed devices
and methods based essentially on passive neutron counting
and gamma spectrometry. International comparisons
(CETAMA, EQRAIN, ESARDA) on certified materials enable the
performance of the techniques used to be judged. The engi-
neers responsible for developing and validating these mea-
surement techniques are also nuclear materials inspectors
and therefore carry out the measurements at the time of
inspection. This dual function is fundamental, since it en-
ables inspectors to be thoroughly expert in the methods they
use, thus putting them in a better position to detect any
discrepancies between the operators' declarations and the
results of their own measurements.
Performing an inspection requires certain logistics. Once the
facility and the subject of the inspection have been chosen,
the engineer in charge of the measurements pays a technical
visit to the facility a few weeks before the inspection to arrange

the various technical and logistical aspects (transportation of
measuring equipment, calibration sources, supply of liquid
nitrogen reserves for cooling certain detectors, etc.), and spe-
cify with the operator the premises available to the measuring
inspectors (in particular verifying the neutron and gamma
background levels). The inspection itself generally lasts one
week and requires two or three measuring inspectors,
employing several, if possible independent, measurement
systems. At the end of the inspection, a summary meeting is
organized in the presence of the operator to inform him of the
principal findings of the inspection. A detailed report is then
drawn up for the Senior Defence Official.
Every year, about ten inspections are carried out with mea-
surements. In 2001, an inspection took place for the first time
in a facility with thorium quantification by gamma spectro-
metry. In practice, this type of measurement requires a
special procedure since it is not carried out directly on tho-
rium - which cannot be detected - but on one of its daughter
products.

Finally, as part of these inspections with measurements, IPSN
may encourage operators to improve their own measure-
ments to achieve better management of nuclear materials.

Inspection of nuclear facilities.
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The chronic effects of radioactivity on the environment and on human health represent a major
field of investigation. Large-scale surveys, such as that conducted by the Njbrd-Cotentin
Radioecology Group CGRNC) for assessing doses and the risk of radiation-induced leukemia in
the La Hague region, require knowledge in this field. Therefore, IPSN has launched the Envirhom
research program, devoted to the analysis of the impact on human health and ecosystems
of chronic exposure to radionuclides in the context of multiple pollution. This program displays
a unified research approach on human health and environment.



Envirhom: understanding
the mechanisms
associated with chronic
contamination

The Envirhom program is aimed at understanding the behavior of radioelements in
living organisms exposed to chronic contamination in multiple pollution contexts, in
orderto acquire new knowledge on the consequences of such exposure, particularly
in the case of bioaccumulation, thus improving public awareness and protection.
Focusing on the radiological protection of populations in the broad sense - human,
fauna, flora - the Envirhom program relates to long-term and low-level radionuclide
contamination situations.

Essential synergies

As far as human exposure is concerned, it is important to evaluate the distribution of
radionuclides in the body for realistic contamination situations. This is because the
parameters describing the metabolism of radionuclides have been estimated for
cases of occupational exposure and are therefore based on exposure conditions
different from those experienced by populations in the event of environmental con-
tamination. Biological effects depend on the distribution of radionuclides, at both the
tissue and cell levels, and must therefore be characterized. Moreover, for an assess-
ment of the impact of chronic contamination by radionuclides to be complete, it must
take into account radiological and chemical effects, all in a context of multiple
pollution, where various contaminants are liable to interact.

Chronic contamination situations are characterized by the effects of multiple inter-
actions between human beings and the various components of the environment.
This is a major reason for establishing strong links between research on human health
and research on the environment. A second reason is that the laboratory skills and
resources used share a number of points. Two programs, Envirhom and G RNC, have
therefore been designed from the start to bring together the human health and
environmental divisions of ipsn, and take advantage of the coexistence of teams
covering all these fields within the same institute.

[Protection of human health and the environment]
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Olfactometry working for environmental pro-

tection < IPSN continued its activities in the
field of olfactometry. One of the major events

in this area was a study carried out at the
request of the committee of experts set up to

investigate the consequences of the sinking
of the levoli Sun. The purpose of the study

was to characterize odors emitted by seafood
that had remained in seawater containing

styrene. By drafting chapters on legislation

and measurement methods, IPSN also contrib-

uted to preparing a guide on odors, being
published by ADEME. Also of note are several
joint projects carried out with INERIS, which
works in an area complementary to that of

IPSN (INERIS specializes in physical-chemical
measurements, IPSN in sensory analyses).

A new instrument for measuring the grain

size of nanometric particles < In partnership
with the University of Western Brittany, IPSN

has created a prototype for measuring the
grain size distribution of the free fraction of

short-lived decay products of radon-222. The
device, made up of five annular diffusion chan-

nels for better selection, can be used to deter-
mine distribution according to particle size in

a range of 0.3 to 5 nanometers. This instru-
ment will improve the assessment of doses

absorbed by human beings, and produce finer
modeling of the activity of radon decay pro-
ducts in a ventilated enclosure or a dwelling.

Soil biology: an important factor in radionu-
clide mobility < Plant roots and a host of
microorganisms found in soils have an impact

on the processes controlling the fate of trace
elements, microbial processes of which the

form and intensity varies, among other things,
with the type of soil and element considered.

Thus, selenium-79, technetium-99 and, to a
lesser degree, iodine-129 and the transura-

nic elements are liable to behave differently

in response to complex and little known phe-

nomena. This observation led IPSN to join
with other French and international institu-

tions in setting up an experimental program
to investigate the influence of soil biology

on the speciation and mobility of long-lived
radionuclides.

Increased accumulation of radionuclides in

fish exposed to organic pollutants < As part
of the investigations conducted in the field of

multiple pollution in aquatic ecosystems, a
number of experiments were carried out on
the rainbow trout. They show that exposure

to polychlorobiphenyls, polycyclic aromatic

hydrocarbons, and herbicides or endocrine
disruptors, always induces an increase in

radionuclide bioaccumulation. For example,
cobalt-57 increased by 60% in a fish expo-

sed to estradiol. This increase probably
implies the involvement of general ecotoxi-

cological mechanisms, including increased

respiratory activity, modified membrane perm-

eability, and/or less effective defense mecha-

nisms.

Modeling sediment dynamics in river ecosys-

tems < Radionuclides found in waterways are
divided into two categories: dissolved forms,

and forms deposited on suspended matter
and on sediment at the bottom. Transfer

mechanisms depend partly on sediment move-

ment, at the root of zones of deposit buildup

that can last several decades. Recent work
carried out at IPSN has revealed that depo-

sit and erosion fluxes vary considerably in
time and space. This would mean that acti-

vity transfer mechanisms depend on the
materials found in the environment, their fate

and specific affinities with radionuclides. A
radioecological model (TRANSRIV code) has

been developed to take these phenomena into
account, and relevant sediment parameters

(particle size, deposition rate) have been
identified. This approach has already been

validated by an initial application in the Bas-
Rhone-Languedoc canal. >

Carbon-14 and tritium transfer from the sea

to the atmosphere < As part of an investiga-
tion of carbon-14 and tritium transfer in

gaseous form from the sea to the atmosphere,
IPSN took air samples in the year 2000 near

the liquid effluent outlet of the La Hague

Boris, a European program (2000-2004] considers different aspects

(mineral, organic, microorganisms} of radionuclide transfer from the soil to plants.

Plant

Roots, mycorrhiza

v v—X. Soil solution

/ \
Soil organic matrix

Collecting samples of bioindicators near

nuclearfacilities.



Envirhom Program
Towards an optimization of the present
system of radiological protection

Concerning the protection of populations in the broad sense

(human, fauna, flora), the consequences of chronic exposure

to low-level radionuclides found in the environment are still

poorly documented, mainly because of the multiple pollution

context in which they occur. The purpose of the Envirhom

program is to analyze them.

Until now, radiological protection research efforts have fo-

cused mainly on nuclear industry workers, occupationally

exposed to an acute risk of contamination by inhalation or

injury. However, knowledge concerning the impact of chro-

nic exposure to low-level radionuclides in the environment

on human health and the environment is still incomplete.

In order to overcome this problem, IPSN launched the

Envirhom program in May 2000, to acquire further knowl-

edge to improve the assessment of the risks associated with

the chronic accumulation of radionuclides by populations

and living organisms of ecosystems.

Contaminat ion in a m u l t i p l e pol lut ion context

The Envirhom program focuses on the radiation protection

of populations (human, fauna, flora). It is therefore concerned

with long-term, low-level radionuclide contamination situa-

tions, in a multiple pollution context (i.e. taking into account

the simultaneous presence of other categories of pollutants:

metals, organic micropollutants, chemical pollutants, etc.).

This program offers the original feature of integrating human

and environmental protection in a common experimental

approach, by studying the behavior of a radionuclide and its

biological effects on living organisms representative of the

vegetable and animal kingdoms. It combines multidiscipli-

nary teams from IPSN'S environmental and health divisions

and is carried out within a context of national and international

cooperation. The expected results will enable realistic

prediction of the consequences of the chronic presence of

radionuclides in the environment and improvement of the

tools for assessing environmental impact. These tools will

integrate the link between the long-term biogeochemical

behavior of a radionuclide in soils and sediments, and the

bioaccumulation processes in living organisms. For each

biological model studied, early or late functional anomalies

will be investigated at both the cell (quantification of oxidative

stress, induction of specific proteins, etc.) and tissue levels and

that of the organism as a whole (immune system dysfunctions,

behavioral problems, reduced fertility, etc.).

A complete rad io log ica l protection system

For human beings, this program will help improve the assess-

ment of radioactivity levels by taking into account the effects

of bioaccumulation in tissues. This should improve the

quantification of the carcinogenic risks due to radionuclides.

It should also enable biological effects other than cancer to

be explored, such as alterations in the functions of the repro-

ductive, immune and central nervous systems. The Envirhom

program as a whole should eventually give rise to a complete,

operational system of radiation protection for ecosystems and

populations in situations of chronic exposure.

Nord-Cotentin Radioecology Group: risk of
radiation-induced leukemia attributable to
nuclear plants

After two years' work, the Nord-Cotentin Radioecology Group

(GRNC) submitted its final report in May 2002 to the Deputy

Minister for Health and the Minister for Regional Planning

and the Environment.

GRNC was entrusted with three missions: i) analyze uncer-

tainties in estimating the risk of leukemia attributable to

nuclear facilities in Nord-Cotentin, 2) study the environ-

mental and health impact of the chemical waste of these

facilities and 3) compare the French and English approaches

in these fields.

The studies complete those carried out by GRNC on the health

impact of radioactive waste from nuclear facilities in the

Nord-Cotentin area, expressed as the number of radiation-

induced leukemia cases for the period 1978-1996 in young

people in the Beaumont-Hague district. The very low num-

ber of radiation-induced leukemia cases calculated in this first

mission (in the region of 0.002 cases compared with 4 ob-

served cases) led to the conclusion that it was unlikely that the

Whole body radiation counting apparatus.
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reprocessing plant, but in an area unaffected

by stack release. Measurements were carried
out in 2001, using a liquid scintillator at the

French Navy's underground laboratory in

Cherbourg for tritium, and the CNRS accel-

erated mass spectrometer at Gif-sur-Yvette
for carbon-14. The first results confirmed

that these two elements are transferred from

the sea to the atmosphere. The measurements

must now be refined and quantified during

two oceanographic campaigns in 2002. >

A new technique for quantifying americium-

241 < Americium-241, an alpha emitter, can

be found in the environment in different chemi-

cal forms with varying degrees of solubility,
and can enter the food chain. Owing to its

links with plutonium-241, its impact will pro-
bably increase in the future. The analytical

method adopted to measure americium-241

activity depends on the required precision and
response time. At IPSN, americium-241 can

be measured in three ways: gamma spectro-

metry, alpha spectrometry, and ICP-MS.

Because of its multiple element and non-

destructive properties, gamma spectrometry
can be used for screening prior to the other

two methods. For low activity levels, on the
other hand, radiochemical extraction is requi-

red. The recent development of the ICP-MS
method for measuring americium-241 offers

an alternative to alpha spectrometry, reducing
analysis time by two weeks. >

Biological indicators of release from an

industrial facility < Analysis of results ob-
tained from tritium measurements relating to
organic matter in oak leaves collected around

the Marcoule site in 1992, correlated the acti-

vity in the organic matter in the leaves with
activity in the air. The necessary calculations

were carried out using an atmospheric release

dispersion code. At the request of the local

information committee at the Valduc site, a
similar study has been started around Dijon.

The results are expected to provide better
insight into climate-related tritium transfer

mechanisms. >

IPSN contributes its know-how to help teach
radioactivity at schools < The Official Gazette

of the French Ministry of Education, pub-
lished on August 30, 2001, put radioactivity

studies back on to the syllabus for scientific

students in their final school year, coming

into effect at the beginning of the academic
year 2002. IPSN, in association with COGEMA,

has asked to contribute to the practical sylla-
bus. The experiment proposed (measuring

radon in an air sample taken from the soil)

was approved by the working group headed

by Georges Charpak. A special apparatus,

suitable for use by school pupils, is currently
under development for this purpose. The pro-

ject should help French schools to increase
public awareness concerning natural radio-
activity, as intimated in the circulars issued

by the French authorities. >

Two IPSN laboratories accredited by COFRAC
< In October 2001, two IPSN laboratories

received COFRAC accreditation to perform
tests relating to the protection of human

health. The physics, aerosol metrology and
containment laboratory [LPMAC), was accre-
dited as part of program 57 (concerning the

study of measuring instruments used for

radiological protection and radiometric pros-
pecting) to assess the performance of noble

gas contamination meters (three tests), while
the laboratory for the study of contamination

transfer, purification and ventilation (LECEV),
was accredited as part of program 123-2

(studying tests on personal protection equip-
ment) to assess the performance of the equip-

ment concerned (four tests). >

Improved use of portal monitors for radiation

detection < CTHIR, the French approval au-

thority in the field of radiological protection

instruments has been asked by central safety

management to conduct a study for a new
system for qualifying CEA portal monitors. An

experimental protocol for the use of this sys-
tem and a test program have been defined, to

ensure that alarm activation thresholds are
uniform on all portal monitors in use at CEA.

Completed work and studies still in progress
should improve the use of portal monitors,

which are used not only in the nuclear and

iron and steel industries, but also in the

health and environmental sectors.

New therapeutic prospects for cytokines <
IPSN is pursuing its assessment of the thera-

peutic potential of cytokines in mice irradiated
with a lethal dose, in order to improve thera-

peutic strategies for application after acci-

dental irradiation. The studies focus on cyto-

kines other than those used after recent
accidents which, though effective on certain

types of blood cells, do not have a significant
effect on other organs contributing to multi-
ple organ dysfunction syndrome. The results

Radon measurement campaign.
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high incidence of leukemia observed could be explained by
waste from nuclear facilities in Nord-Cotentin. Some mem-
bers of GRNC, however, preferred to withhold their opinion as
no uncertainty analysis had been performed.

Determining risk distribution

A working group responsible to GRNC was set up, led by IPSN
specialists and with a very open composition, including in
particular foreign experts from NRPB. The group's work
helped to identify major parameters contributing to risk, and
define the variation intervals of these parameters before
initiating automated risk calculation. The Monte Carlo
method was used to determine risk distribution. The results
obtained show that the variation in the risk of leukemia
attributable to nuclear plants is small: the lower bound of the
distribution corresponds approximately to the risk estimated
at the time of the first GRNC mission, the upper bound being
in the region of three times the reference value. A critical analy-
sis of this conclusion was conducted, relating chiefly to the
independence of uncertain parameters in the risk calculation.
It concluded that the variation interval should be widened.
Whatever the case, a maximalist calculation, in which the
lower bounds, then the upper bounds of variation intervals
were assigned to uncertain parameters, yielded a collective
risk of between o.i and 30 times the reference value.

The impact of chemical waste

The chemical waste impact study was carried out with the
help of specialized working groups set up for this task. These
were coordinated by an expert from I N E R I S and open to
experts from the various national agencies working in this
field. The work groups focus on waste, impact on the envi-
ronment, impact on health and measurements in the envi-
ronment. An extremely thorough reconstruction was made
of waste generated since the facilities were commissioned,
chiefly those belonging to COGEMA at La Hague. The recon-
struction basically covered twenty-six substances routinely
measured since 1987 in accordance with statutory require-
ments, the toxicological characteristics of these substances
and the quantities discharged.
As a precautionary measure, GRNC also considered the 330
substances supplied on the COGEMA site of La Hague, a small

proportion of which would be discharged. Moreover, an
evaluation of the transfer of chemical substances into the
environment is in progress and whenever possible employs
the models used for radionuclides in the first GRNC mission.
The data relating to the toxicological properties of the sub-
stances discharged - or liable to be so - has been gathered and
population exposure scenarios defined. A study has also been
carried out of the environmental measurements required.

Comparison of the British and French approaches
On April 20, 2001, a meeting was held in London attended
by experts from the GRNC, French epidemiologists accompa-
nying Professor A. Spira, the Director of Research at INSERM,
and members of COMARE, which is responsible for studying
the impact of British nuclear plants on health.
The methodological approaches of the two groups are very
similar, although the composition of the teams was very
different. In the UK, they were mostly academics (epidemi-
ologists, radiobiologists, physicians) who had not had to deal
directly with the case before the controversy, whereas in the
case of GRNC, most of the members, except for the foreign
experts, were directly involved (institutional, community
experts, operators). In both cases, the work of analysis was
prepared by institutional expert bodies, NRPB in the UK, and
IPSN in France.

Taking water samples in the vicinity of a nuclear facility

(Protection of human health and the environment)
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obtained show that thrombopoietin improves

the survival rate of mice, with fast recovery

of hematopoiesis and reduced thrombosis.

lnterleukin-4 (IL4) also increases the survi-

val rate. It does not affect hematopoiesis but

has demonstrated its anti-inflammatory

action. (See Figure 1). >

Measuring thorium in the urine of 79 former

workers at the Pargny-sur-Saulx plant <

Between 1934 and the 1970's, Orflam-Plast,

a company whose activities included extract-

ing cerium from monazite ores, generated

solid waste containing mineral sands with

a high thorium concentration. In order to

assess the related risks, the IPSN internal

dose assessment and modeling laboratory

carried out thorium-232 measurements in

the urine of 79 former workers at the Orflam

Plast plant at Pargny-sur-Saulx using sam-

ples taken by OPRI in June 2001. Results

revealed that there was no significant elimi-

nation of thorium-232 in these workers'

urine. These findings are consistent with the

conclusions of earlier studies conducted by

OPRI in association with INSERM and InVS

(the French health watch institute), which

failed to demonstrate any statistically signi-

ficant correlation between the incidence of

deaths due to lung or bladder cancer and

professional activity at Orflam-Plast.

The Oklo uranium mine [Gabon].

IPSN reports on risks relating to depleted

uranium used in weapons < In late 2000,

various pathologies including leukemia were

reported in military personnel who had taken

part in the Balkan operations. Following these

reports, a relation between these pathologies

and depleted uranium in weapons used

during the conflict was suggested. Drawing

on their experience in radiation protection

problems due to uranium after incorporation,

IPSN experts issued a summary report of

all currently available data concerning this

radioelement, including its behavior in the

organism, chemical and radiological toxicity,

and methods to detect a possible contami-

nation. According to this report, only the

chemical toxicity of uranium in the kidney

has been officially demonstrated.

Furthermore, dose calculations show that if

cases of leukemia were connected with

depleted uranium, they would have been pre-

ceded by acute renal pathologies.

AMANDE, a new accelerator for neutron pro-

duction < IPSN has decided to purchase an

instrument capable of producing single-

energy neutron beams to study and calibrate

dosimeters as a function of neutron energy.

This instrument, known as AMANDE, will

reinforce the high-technology competitive

edge of the IPSN external dosimetry design

and research laboratory in the study of

external exposure due to different types of

ionizing radiation (photons or neutrons).

Construction of the building to accommodate

AMANDE should begin at the end of 2002,

while the accelerator is due to enter service

a year later.

Helping to protect personnel at nuclear power

plants < Although all over the world collec-

tive doses at nuclear power plants have

decreased since the 1980's, reducing and

controlling radiation sources remains a major

concern. Studies performed in power plants

have shown that dose rates were mainly due

to fission products and corrosion products

(cobalt-60, cobalt-58, etc.) deposited on

primary system surfaces or carried by the

coolant. The deposits change during plant

operation, especially during cold shutdowns.

Different methods have been tested to limit

these deposits. Controlling primary system

coolant chemistry is a key factor in protect-

ing personnel against external exposure.

CIBLEX project: reliable data on exposed

populations < Obtaining more realistic dose

estimates received by population groups

exposed to ionizing radiation means gath-

ering precise data on the time spent on daily

tasks, the dietary habits and the lifestyles

representative of particular scenarios. The

CIBLEX project, funded by ADEME, has been

set up to gather these data. The database

will be ready in 2002.
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Figure 1

lnterleukin-4 (IL-4) and thrombopoietin (TPO)

improve the survival rate of mice irradiated with

a 8 Gy whole-body dose from a γ radiation source,

then treated two hours after irradiation with a

placebo, IL-4 or TPO.

TPO increases the number of blood platelets in mice

irradiated with a 8 Gy whole-body dose, whereas IL-4

has no effect.
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Areas with high levels of natural radioacti-

vity: the findings of epidemiologies! surveys

As from the 1970's, epidemiological sur-

veys were carried out in the regions of
Yangjiang in southern China and Kerala in

south-western India, where individual doses
can reach few tens of mSv per year and lead

to high doses over an individual's lifetime.
The surveys did not show any increase in
the risk of cancer, leukemia, or hereditary or

congenital disorders, although they did reveal

an increase in chromosome aberrations. Such

epidemiological surveys, however, have cer-
tain methodological limits and so far cannot
provide really informative data on the effects

of low doses and dose rates.

Risk perception - a key factor in risk manage-

ment < Since it was set up by IPSN in 1992,

the Observatory of opinions on risks and
safety has held seventeen information and

discussion meetings on how risks are per-

ceived by the public. In June 2000, an action

committee taking in other organizations was
set up with the task of ensuring that the

Observatory covers as many different areas
as possible. As part of this initiative, two meet-
ings were held in 2001 to compare actual
risks and those perceived. The first meeting

addressed food-related risks, while the second
was concerned with identifying new risks. >

The role of the intestinal epithelium in post-
irradiation multiple-organ disorders < The

intestinal epithelium is one of the largest
surfaces in the body exposed to external

hazards. If damaged, it can no longer convey

vital nutrients or fulfill its role as the body's

main protective barrier against pathogens or

molecules found in the intestinal lumen.

Research work conducted at IPSN has shown

that neuro-hormonal and inflammatory media-
tors released by the irradiated intestine contri-

bute to dysfunctions in the gastrointestinal
tract and structural and functional modifica-

tions of the intestinal epithelium. Moreover,

intestinal epithelial disorders could have an
impact on other organs. The intestine thus

could play a major role in the development
of multiple-organ dysfunction syndrome ob-

served after some accidental irradiation (e.g.
Chernobyl, Tokai-Mura). IPSN has begun
studies on new therapeutic strategies taking

into account these relations between differ-
ent organs (see Figure 2].

Intestinal lumen

Irradiation Toxins, pathogens Other organs
(lungs, kidneys, etc.]

Figure 2
Changes induced in the intestinal barrier make it

more permeable to toxins or pathogens,

and promote the release of certain neuro-hormonal

and inflammatory mediators by the intestine.

These changes can not only affect intestinal

functions, but also those of other organs.

Increased permeability Release of mediators

Blood

(Protection of human health and the environment)
IPSN activity report 2001



I NT ί N A T I O N A L A

increasingly
internationa imension

In every field of I PSN's activities, nuclear safety, radiological protection, security of nuclear ma-
terials, and for all players in the nuclear sector, international relations play an increasing role in
furthering knowledge and improving skills. For IPSN, these relations are vital to the maintenance
and development of expertise in its appraisal and research activities.



A vital contribution to
international consensus

In today's world, organizations such as IPSN can no longer afford to operate only
within their national borders. Exchange with other countries and participation
in programs with leading scientific nations not only provide them with greater
knowledge, but also help them to achieve international recognition, thus boosting
their credibility in the eyes of their national authorities.

International relations also play a vital part in achieving progress in the scientific,
technical and regulatory environment of the nuclear power sector. Consensus on the
analysis and use of research program results can only be reached through interna-
tional cooperation. Such cooperation plays an equally vital role in ensuring that these
programs are optimized and adopted as a reference value well beyond the immediate
circle of direct participants. Within this context, IPSN takes part in a wide range
of activities set up by many international organizations, bringing together experts
from all countries concerned to work on a number of crucial issues relating to safety,
radiological protection, and security.

Expertise valued around
the world

This international approach also helps IPSN to offer its expertise to foreign safety and
radiological protection organizations. The purpose is to help organizations in other
countries to modernize their regulatory systems, methods and tools, and even help
solve a number of special problems encountered in these areas. This cooperation,
largely funded by the European Commission and the EBRD, is carried out in associa-
tion with many foreign partners around the world, principally in central and eastern
Europe and in Asia.
In this way, IPSN can build up a broad network of international relations offering
synergies that promote the consistency and effectiveness of its work both in France
and on the international scene.

*tS ((International activities)
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Radiation protection: productive cooperation
between IPSN and MINATOM < In July,
MINATOM and IPSN held the first meeting
of the steering committee set up to improve
follow-up and develop strategic guidelines
for their cooperation in the field of radiation
protection. The meeting concluded about
activities carried out since 1996 in this field,
with particular regard to dose monitoring in
nuclear fuel cycle workers, and considered
new areas of cooperation. In this respect,
two projects with the Moscow Institute of
Biophysics and several partners from Russia
and other countries should be submitted
to the International Scientific and Technical
Center (CIST) in Moscow, IPSN's partner
since July 2001. One of these projects
concerns whole body radiation measurements
for transuranic elements, and the other is
concerned with dose reconstruction in the
event of accident. >

IPSN chairs the EURADOS association < Since
last May, IPSN has chaired EURADOS, an
association founded in 1981 with two main
goals: improving knowledge of the basic
scientific principles of ionizing radiation
dosimetry, and promoting the development
and application of methods and instruments
used in dosimetry in compliance with inter-
national directives. More than thirty European
research, expertise and service organizations
belong to EURADOS, which is backed by EC
radiation protection programs. >

Radiation protection: cooperation with the
Autoridad Regulatoria Nuclear (ARM, Argentina)
< A memorandum of cooperation in the radia-
tion protection field was signed in June 2001
between the Autoridad Regulatoria Nuclear
(Argentina), the Curie Institute and IPSN.
Cooperation focuses on radiological acci-
dents, covering such aspects as radiopath-
ology, physical and biological dosimetry, and
therapeutic strategies. The agreement also
includes provisions for studying complica-
tions encountered in radiotherapy. >

Four new European contracts < Four European
contracts relating to radiation protection and
involving IPSN participation were signed in
2001. The projects are: EVIDOS (evaluation
of individual dosimetry in mixed neutron-
photon fields) coordinated by PTB (Germany),
IDEAS (internal dose assessment) and IDEA
(development of internal exposure measure-
ment), respectively coordinated by FzK in
Karlsruhe (Germany) and ARCS (Austria),
and NAIMORI (novel approaches in the
management of radiation injury) coordinated
by CIEMAT (Spain). The projects complement
IPSN's active participation in the 5th research
and development framework program (PCRD)
in the fields of neutron and cosmic radiation
dosimetry, internal dosimetry, epidemiology,
biological dosimetry, radiopathology and
related treatments. >

Two major European projects < Two new proj-
ects coordinated by IPSN concerning core
meltdown accidents were selected at the
end of the second invitation to tender of the
European Commission's 5th PCRD. One of
these projects, THENPHEBISP, will bring
together the fifteen European organizations
taking part in the 46th ISP exercise of the
OECD Nuclear Energy Agency, the purpose of
which is to compare output from several
computer codes with the results of the
Phebus FPT-1 test. The other project, EUR-
SAFE, will require nineteen organizations
from eleven countries to define a common
European position with regard to priority
research programs in the next few years
concerning core meltdown accidents, and
will promote the construction of a European
network of excellence in this field. >

5th PCRD: promising results at the half-way
stage < IPSN continued its participation
in the European Commission's 5th PCRD
through a number of different projects, inclu-
ding ASTRID, a project investigating organi-
zation and assessment methods in the event
of crisis, and six other projects devoted to
core meltdown accidents. These six projects
are: COLOSS concerning core degradation,
ENTHALPY for a European thermodynamic
database on corium, EVITA for the release
and validation of the ASTEC code, ICHEMM
studying iodine chemistry, LPP investigating
fission product release from corium pools,
and PHEBEN2 which aims to validate codes
on the basis of Pliebus FP program results.
At the half-way stage, these projects have
already produced some significant results
relating to degradation and oxidation in B4C
rods, the creation of an initial corium data-
base using AEA-T and IPSN data, validation
of the ASTEC VO code and preparations for
the new version, ASTEC VI, basic experi-
mental data on iodine chemistry, ruthenium
transport mechanisms, and fission product
release from corium pools.

IPSN and NRC: increased cooperation <
Cooperation between IPSN and NRC, the
Nuclear Regulatory Commission in the USA,
was stepped up during the year. Examples
are the signing of a bilateral agreement on
the Cabri water-loop international program,
the secondment of an IPSN expert to NRC to
assess safety software, and discussions be-
tween experts from both organizations as part
of an agreement on probabilistic studies. The
partnership should be further strengthened
by a new research agreement, currently at

[in brief)



Cooperation with countries in central and
eastern Europe

Since the early iggo's, IPSN has continually put nuclear safety

in central and eastern Europe high on its list of priority
actions. While pursuing this policy, the Institute is also

extending its activities to address other important nuclear

safety issues.

IPSN is pursuing its active participation in various projects
concerning the countries of central and eastern Europe as

part of the European PHARE and TACIS programs and E B R D

projects. It carries out this participation jointly with GRS,

through their common subsidiary Riskaudit, and in associa-
tion with other European technical safety organizations, as
well as with the American company Scientech for some proj-
ects. It is within this context that the Institute is involved
in decommissioning the Chernobyl nuclear power plant,

and also in reducing the risks presented by the current

sarcophagus, a ten-year program launched in 1998. Work

carried out in 2001 as part of this program concerned
defining external hazards to be taken into account in

the design of the new sarcophagus.

In addition, IPSN is taking part in the work on overall im-

provements to nuclear power plants in Ukraine. It is also

involved in many other projects in central and eastern
Europe, including assessing the radiological impact of waste

disposal sites in Romania, analyzing an effluent treatment

facility for the Saint Petersburg plant, waste disposal

and management in Russia, assisting the Lithuanian safety

authority, and examining proposed improvements to the
Medzamor nuclear power plant in Armenia.

Broader cooperation
Cooperation with countries in central and eastern Europe,

which until now has focused on nuclear reactor safety,
should be seeing a great deal of change in the coming years
affecting both the relations between partners and the

questions addressed.
In view of the progress made in these countries, assistance

operations should gradually give way to more balanced forms

of cooperation. This process has now been accelerated as
some of these countries prepare for membership of the
European Union.
The scope of cooperation has also been extended and now
fully covers the problems relating to nuclear power plant

decommissioning, safety issues raised by spent fuel and

radioactive waste management, and safety in nuclear reactors

of more recent design. Cooperation in activities relating to the
protection of human health and the environment, and the

security of nuclear materials is also on the increase.

Pilote site at Chernobyl: studying the behavior

of radionuclides in the soil.
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the negotiation stage, concerning fire mod-

eling and experimentation. >

Active participation in the work of international

organizations < International organizations

play a major role in the search for consensus

in rules and practices, and in furthering

scientific and technical knowledge in the

fields of nuclear safety, radiological protec-

tion, and the control of nuclear and sensitive

materials. Within this context, IPSN actively

contributes to the work of a number of advi-

sory councils, committees and working groups

set up by these organizations, leading exam-

ples being IAEA, ΝΕΑ, UNSCEAR, ICRP and

the European Commission. As regards the EC,

IPSN has also helped to prepare the nuclear

section (waste management, radiological

protection, nuclear safety) of the 6th PCRD,

by taking part in working groups set up by

the French authorities or European bodies. >

China: a special partner < In 2001, IPSN

continued to cooperate regularly with its

Chinese partners on nuclear safety issues.

As part of an agreement signed in 2000 with

the operator of the Daya Bay and Ling Ao

nuclear power plants (GNP/JVC), work was

continued on adapting IPSN's SESAME crisis

management software to the specific charac-

teristics of the two plants. In addition, IPSN,

NNSA and the Chinese technical organiza-

tions arranged several seminars and training

courses on safety-related issues, both in

China (assessing the possible extension of

irradiation cycle times to eighteen months at

the Daya Bay plant, increasing burnup, safety

of fast neutron reactors), and in France. A

training course on safety assessment and

operating feedback was also arranged for an

NSC expert. >

IPSN steps up its support to SSTC in Ukraine

< In July 2001, SSTC and IPSN signed a

cooperation agreement on expert appraisal

and research in nuclear safety and radiologi-

cal protection. Following a seminar organized

in Kiev in September to allow discussions

among experts from both organizations, the

first concrete applications of this cooperation

were initiated. They concern long-term train-

ing courses for Ukrainian experts at IPSN in

the fields of contract management, safety

assessment, and analysis of core meltdown

accidents (ASTEC computer code). >

Lithuania: assistance in full swing < Over the

year 2001, IPSN continued its participation

in the activities of a group of six western

nations (Germany, USA, Finland, France, UK

and Sweden) set up to provide the Lithuanian

safety authority with on-going assistance

in its control tasks. IPSN also continues to

assist NSAC, an advisory committee respon-

sible for advising the Lithuanian government

on matters relating to the Ignalina nuclear

power plant. Lastly, the Institute joined INSTN

(Saclay) in playing host to eleven Lithuanian

nuclear power specialists for a two-week

course on nuclear reactor core physics. >

IPSN/JNC cooperate in developing the SIM-

MER III code < As part of the cooperation

agreement between IPSN and JNC, a new

cooperation project was signed by the two

organizations in October 2001 for a period of

four years. It provides for IPSN participation

in the development and use of the SIMMER

III code, under similar terms to the other

partners in this JNC development, FzK and

CEA. The originality of the SIMMER III code

lies in its ability to describe the degradation

of a fast neutron reactor core (and, more

broadly, systems comprising several compo-

nents in different physical phases), taking

into account neutronic effects induced by

this degradation. The first application of this

code by the Institute will be the study of an

assembly accident in the Phenix reactor. >

Cooperation in PSA use for analyzing signifi-

cant events < The use of Probabilistic safety

studies for event analysis provides quantita-

tive information concerning significant events.

In this approach, the impact of events on

safety is assessed by examining their poten-

tial consequences and calculating the condi-

tional core damage probability. Results high-

light the importance of certain problems and

can be used to prioritize corrective action.

This approach was initiated in the USA in the

1980's under the name of Precursor program.

Since then, Precursor programs have been

developed in many countries, particularly in

France at EOF and IPSN. An exercise com-

paring different methods in use was conduc-

ted by the technical support organizations of

nuclear safety authorities, namely IPSN in

France, NUPEC in Japan, and GRS in Germany.

The exercise provided a lot of feedback

concerning numerical results and method-

ology. Common cause failure analysis was

one point examined in detail. >

Increased cooperation with Finnish organiza-

tions < IPSN and its Finnish partners increased

their cooperation in 2001. The Institute ex-

tended its cooperation agreement with VTT

Energy for a further five years. The extension

primarily concerns reactivity accidents and

the SCANAIR computer code, the SESAME

crisis management software, and its applica-

tions to VVER type reactors. The two organi-

zations also signed a bilateral agreement in

2001 to participate in the Cabri water loop

(in brief)



research program. Lastly, IPSN and STUK

pursued their collaboration, with a particular

focus this year on fire hazards and the exper-

imental study of fires in nuclear facilities. >

Panama: expert appraisal of a serious radio-

therapy accident < IPSN took part in the

mission organized by IAEA in May 2001 at the

request of Panama, to investigate a serious

radiotherapy accident at the country's national

oncology institute. The mission traced the

cause of overexposure of twenty-eight

patients, most of whom were treated for can-

cer of the uterus or prostate, to incorrect use

of a dosimetry software program. The medi-

cal consequences of the accident remain

difficult to ascertain. Intestinal occlusions

and radionecrosis of the rectum or colon may

occur several months or even several years

after the overexposure. Radiation-induced

intestinal pathologies are studied at the

IPSN-Gustave Roussy Institute joint labora-

tory in order to propose preventive measures

and effective therapeutic strategies. >

New initiatives in seismic research < IPSN is

a regular participant in expert appraisal mis-

sions organized by the French paraseismic

engineering agency after violent earth-

quakes. In 2001, a geologist and seismolo-

gist from IPSN went to India after the magni-

tude 7.3 intraplate earthquake in the State of

Gujarat on January 26, to observe the effects

of the quake on the terrain (liquefaction, sur-

face breakage) and the response of buildings.

IPSN is also involved in the European COR-

SEIS project, devoted to the observation and

understanding of an active fault in the Gulf of

Corinth. For this purpose, recordings from a

surface and deep subsurface accelerometric

network will be used to study the non linear

behavior of soils occurring as from a certain

level of seismic stress. >

An international task force for the Cabri-PWR

Na 1 test < An international task force has

been set up to determine whether the early

failure observed during the Cabri-PWR Nal

test was caused by possible artifacts due to

isothermal tests performed prior to the tran-

sient. A detailed study of the behavior of

hydrides and their impact on the mechanical

properties of fuel cladding during the pre-test

phase was therefore carried out by experts

from EOF, CEA and IPSN. Currently available

data does not reveal any artifacts. >

IPSN to supervise the return of an irradiator

from Ivory Coast < In September 2001, IPSN

was chosen by the CEA's natural heritage

and decontamination division (DPA) to carry

out or supervise operations concerning

the return to France of a LISA 3 irradiator

installed at Cocody University in Ivory Coast.

The device was supplied by France in 1969

and originally contained 1.5x1015 Bq of

cesium-137 divided into eight bars (i.e. about

0.75x1015Bq today). This highly complex

operation, organized in close cooperation

with the Ivory Coast authorities, IAEA, the

French Ministry of Foreign Affairs, and CEA,

was described in specifications prepared by

IPSN at the end of 2001. The feasibility file

will be confirmed during an expert appraisal

mission scheduled for the beginning of 2002,

and sent to DSIN to consider the possibility

of organizing special transportation condi-

tions. >

Steel wall of the sarcophagus covering the unit damaged

by the accident at the Chernobyl Ν PP.
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Eurosafe forum confirms its previous success

< IPSN and GRS, in association with AVN in

Belgium, HSE in the UK, CSN in Spain, and

SKI in Sweden, held the third Eurosafe Forum

on November 5 and 6, 2001. The event attrac-

ted more than five hundred experts, research-

ers, and decision-makers from different EU

member states, Switzerland, central and east

European countries, and international organi-

zations. Topics addressed included nuclear

facility safety, waste management, radiologi-

cal protection and the security of nuclear

materials.

Set up to promote cooperation between tech-

nical safety and radiological protection organi-

zations, and the convergence of safety prac-

tices in Europe, the Eurosafe forum offers an

unrivaled opportunity for debate on questions

relating to nuclear risk management. The

next Eurosafe forum will take place in Berlin

on November 4 and 5, 2002 - an event not to

be missed! >

ASTEC code validation well under way <

Version V0.4 of the ASTEC integrated code

was validated by IPSN and GRS following

some thirty different analytical or global

experiments. This version is designed to

process all the predominant phenomena

in-volved during a severe accident scenario

in a PWR. The conclusions of the validation

procedure are satisfactory for some pheno-

mena such as in-vessel hydrogen production,

fission product and aerosol transport and

drawdown, and thermal-hydraulics in the

containment building. The procedure did

reveal, however, some limitations concerning

the advanced core degradation phase, the

high-temperature chemistry of fission pro-

ducts, generation of organic iodines by paint

on the containment walls, and the long-term

phase of corium-concrete interaction. Some

of these limitations should be resolved with

the next version of ASTEC, planned for 2002.

Others will require further experimental results.

Contributions from European partners in-

volved in the EVITA project to validate the

ASTEC code, conducted within the context

of the European Commission's 5th PCRD,

should also help progress in this validation

procedure. >

IFA: promising results < Inaugurated by IPSN,

GRS, and the Chernobyl center in Ukraine in

1997, the French-German Initiative (FGI) for

Chernobyl receives contributions from about

thirty institutes in Belarus, Russia, and

Ukraine. The project represents an invest-

ment of 6 million euros and is funded by the

French and German authorities, EOF and

VdEW (a consortium of German electric utili-

ties). The aim of the initiative is to gather all

the available technical data relating to the

consequences of the 1986 Chernobyl accident.

Three main areas are concerned: sarcopha-

gus safety, the transfer of radionuclides to

the environment, and human health. Thirty-

seven sub-projects address these areas and

considerable progress has already been

made. An initial version of the sarcophagus

database is already available, and a website

is being prepared to present the general

results in all three areas. >

Chernobyl news update < The Ukrainian

government, in cooperation with the Belarus

and Russian authorities and several interna-

tional organizations, organized a conference

in Kiev to take stock of lessons learned from

the Chernobyl accident. On the agenda were

environmental, health-related and social

consequences, questions concerning sarco-

phagus safety, and the effectiveness of

counter-measures deployed in the three

countries. During the conference, IPSN and

GRS, both members of the conference pro-

gram committee, presented the work carried

out as part of the French-German initiative

for Chernobyl . >

The third year of the Eurosafe forum.

ι



IPSN-GRS:
a partnership with a
European vocation

Concerned with expert appraisal and research activities in the
fields of nuclear safety and radioactive waste, GRS is IPSN'S
German counterpart and an ideal partner. For these reasons,
IPSN and GRS are working hand in hand to develop an ambi-
tious, internationally recognized partnership, which aims
to build a European pool of experts in the nuclear safety
appraisal and research field.

For more than ten years now, IPSN and GRS have come to-
gether on a series of different joint projects. One example
of this is the ASTEC project to develop a French-German com-
puter code to serve as an international reference for severe
accidents.
As part of the initiative to define safety guidelines for future
pressurized water reactors, IPSN and GRS have worked to-
gether on many assessment reports relating to the EPR proj-
ect for a French-German reactor.

The French-German initiative for Chernobyl moves forward
In another area, I P S N and GRS moved forward with the
French-German initiative for Chernobyl (1997-2003 pro-
gram). The aim of the initiative is to gather all the available
technical data concerning the consequences of the 1986 acci-
dent to build databases on a number of subjects, including
sarcophagus safety, transfer of radioelements to the atmo-
sphere, health of exposed populations, etc. IPSN and GRS, in
association with the Chernobyl Center, cooperate with thirty
of so institutes from Belarus, Russia, and Ukraine, which
carry out work in the field, collecting, analyzing, validating,
and shaping the information gathered. With a budget of six
million euros, this French-German project promotes the
development of local expertise and know-how and will pro-
vide government authorities, the general public, and scien-
tists with access to unprecedented databases.

Eurosafe - the international forum for European safety

organizations

Another joint initiative of IPSN and GRS concerns their
work to bring about convergence of nuclear safety technical
practices in Europe, with a long-term ambition to create
a European group of appraisal pool in the field. The Eurosafe
international forum was set up for this purpose. It is
intended for experts from safety organizations, research
institutes, electric utilities, industry, government authorities,
and non-governmental organizations. The yearly Eurosafe
Forum, held alternately in France and Germany, provides
these different organizations with an opportunity to present
their current work and highlight areas of convergence and
divergence. In 2001, Eurosafe acquired two new tools, a
scientific review called the Eurosafe Tribune, and a website
(www.eurosafe-forum.org). These tools allow participants
to pursue their discussions and look into issues more

deeply, outside the framework of organized meetings.
Although IPSN and GRS remain the driving force behind
this initiative, other organizations have made formal com-
mitments to it, and a Eurosafe program committee has
been formed, comprising not only IPSN and GRS, but also
organizations from Belgium (AVN), Spain (CSN), the United
Kingdom (HSE), and Sweden (SKI).
At the same time, the Directorate set up between the two
institutes in 1998, continues its work in coordinating and
aligning respective strategies in the nuclear safety field.
With financial backing from the European Commission and
the E B R D , IPSN and GRS, through their joint subsidiary
Riskaudit, have held on to their position as European leaders
in assessing projects for improving nuclear safety in central
and eastern Europe.
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ADEME Agency for the Environment and Energy Control [France} DPRE

AEA-T AEA-T Atomic Energy Authority-Technology (UK) DRIRE

AFSSE French Agency for Environmental Safety DRIVER

AMANDE Accelerator for metrology and neutronics applications for external
dosimetry DRS

ANDRA National Agency for Radioactive Waste Management [France] DSIN

APAVE Association of Steam and Electrical Equipment Owners DSMR
ARCS Austrian Research Centre Seibersdorf [Austria)

ARN Autoridad Regulatoria Nuclear [Argentina) EAS

ARTEMIS Experimental program for the study of corium-concrete interaction EBRD
[conum = molten reactor core) EOF

ASG Auxiliary Feedwater System ENTHALPY

ASTEC Accident Source Term Evaluation Code (computer code) Envirhom
ASTRID Assessment of Source Term for emergency Response based on

Installation Data EPIC

AVN Association Vingotte Nudeaire (Belgium) EPICUR

Epithelium
B$C Boron carbide used as an absorbent in nuclear reactor control rods Ε PR

BARC Bhabba Atomic Research Centre (India) EPR

BEP Pressurized water loop EQRAIN

Bismuth Heavy element in the periodic table produced by radium decay ESARDA

BORIS Bio-availability of Radionuclides in Soils. Name of a European program EU

BRGM Geological and Mining Research Bureau EURADOS

EURODIF

Cabri Experimental reactor devoted to the study of reactivity accidents EVIDOS
Cadmium Metal with exceptionally high neutron absorbing powers

CANDU Canadian deuterium-uranium reactor EVITA

CARME LA Research program on fires in nuclear facilities aimed at gaining further Ex vivo

insight into electrical cabinet fires

CAROL Camargue-Rhone-Languedoc, project for studying the distribution of

artificial radionuclides in the Lower-Rhone region FIGARO

CATHARE Advanced thermal-hydraulic code for studying the response of FLIP

pressurized water reactors under accident conditions FLT3-ligand

CEA Atomic Energy Commission (France) Framatome

CETAMA CEA Committee for Defining Analytical Methods FzK

CHIP Program for the study of gas-phase iodine chemistry in a PWR primary

system in the event of a core meltdown accident

IPSN Department for the Protection of the Environment

Regional agency for industry, research and the environment
Small-scale test facility (12 mlong) belonging to the Kurchatov Institute

to study hydrogen combustion

IPSN Security Research Department

Directorate for Nuclear Facility Safety (France)

I PS Ν Department for the Security of Radioactive Materials

Containment Spray System

European Bank for Reconstruction and Development

French National Electric Utility

European corium thermodynamic database

1RSN health and environment research program to study the effects of
chronic exposure to low-dose radionuclides

Public establishment of an industrial and commercial nature

Physical-chemical studies of iodine confined under radiation

Tissue covering the surface and cavities of the body

European Pressurized water Reactor

Electron Paramagnetic Resonance

Circuit for assessing the quality of analysis results in nuclear facilities

European Safeguards Research and Development Association

European Union

European Radiation Dosimetry group
European gaseous diffusion enrichment plant

Evaluation of individual dosimetry in mixed neutron-photon fields:

research program funded by the European Community

European Validation of the Integral Code ASTEC

Refers to phenomena observed in a tissue or organ removed from, then

returned to the body

Furnace used in the MADRAGU Ε program

Liquid fuel fire interacting with a wall (test campaign)

Cytokine (FLT3:fms-like tyrosine kinase 3)

Manufacturer of nuclear steam supply systems

Forschungszentrum Karlsruhe (Germany)

Glossary

3HU French university hospital

DIBLEX Databank on radiological exposure of populations in the vicinity
of polluted sites

Z\ EMAT Centra de Investigaciones Energeticas Medioambientales y

Technologicas (Spain)

3INOG Experimental demonstration program

CIST International Scientific and Technical Center [Russia)

CNRS French National Center for Scientific Research

COFRAC French accreditation committee

COGEMA Nuclear materials company

COLOSS European project devoted to the study of core degradation in the event
of a severe accident

30MARE Committee on the Medical Aspects of Radiation in the Environment

^orium Molten core of a nuclear reactor

ORSEIS European project to gain insight into the workings of a fault

(earthquakes) in the Corinthian Gulf

",SN ConsejodeSegundadNiicleai (Spain)

GNPJVC Guangdong Nuclear Plant Joint Venture Company (China)

Grain size Measurement of particle dimensions
distribution

G RNC Nord-Cotentin Radioecology Group

G RS Gesellschaft fur Anlagen- und Reaktorsicherheit (Germany)

Gy Gray, unit of absorbed dose (1 Gray (Gy)=l J.kg~')

Hematopoietic Adjective relating to the formation of blood cells (red cells, white cells,

platelets)

HFD Senior Official for Defense

HSE Health and Safety Executive (United Kingdom)
HYCOM Test program for the study of hydrogen combustion

Hz Hertz, unit of frequency: 1 Hertz (Hz) corresponds to one period

per second

IAEA International Atomic Energy Agency
ICARE Interpretation of damaged cores for water-cooled reactors

CTC Emergency Response Center
CTHIR Technical Center for the Approval of Radiological Protection ICHEMM

Instrumentation ICPE

Cytokine Protein secreted by one cell that fixes to another cell triggering various ICP-MS

phenomena (division, differentiation, etc.) ICRP
IDEA

DATARAD Database of radiological measurements in the environment

DCS Central safety directorate IDFAS

DEBRIS Study of debris bed behavior after reflooding the core in the reactor

vessel

DEN Nuclear Engineering Division IFA
DES IPSN Safety Assessment Department IL4

DGS Directorate General for Health In vim
DISCO Facility for the study of inactive powders in different atmospheres for the INERIS

Aerooontamination program INEX

DIVA Devices for the study of fires, ventilation and airborne contamination IIMSERM

DPA Natural Heritage and Decontamination Division (CEA division) INSTN

DPEA IPSN Department for the Prevention and Study of Accidents InVS
DPHD IPSN Departmentfor Human Health Protection and Dosimetry IPSN

(computer code)
European iodine chemistry project

Listed environmental protection facility
Inductive Coupled Plasma associated with Mass Spectrometry

International Commission on Radiological Protection
Internal Dosimetry-Enhancement in Application: research program

funded by the European Community

General guidelines for the estimation of committed dose from

incorporation monitoring data: research program funded by the

European Community

French-German Initiative
Interleukin A (cytokine)

Refers to phenomena observed in the entire body
National Institute of the Industrial Environment and Hazards (France)

International exercises
National Health and Medical Research Institute (France)

National Institute for Nuclear Science and Technology (CEA)
French health watch institute
Institut de protection et de surete nucleaire (France)



IRSN Institut de radioprotection et de surete nucleaire (France]

ISO International Organization for Standardization

ISO 9001 European standard for quality management systems

Isotope Elements with the same atomic number but a different mass number

(i.e. with a different number of neutrons]

ISP International Standard Problem

JNC Japan Nuclear Cycle Institute (Japan)

Kl Kurchatov Institute (Russia]

Laser doppler Optical velocity measurement technique using the Doppler effect

velocimetry

LECEV Laboratory for the Study of Contamination Transfer, Purification and

Ventilation

LED IPSNdosimetric analysis laboratory

LISAS Typeofirradiator

LOCA Loss of coolant accident

LPMAC Physics, aerosol metrology and containment laboratory

LPP European program concerning fission product release into a corium pool

M5 Type of pressurized water fuel cladding

MACE Melt Attack Coolability Experiment Program

MADRAGUE Facility for testing boron carbide and fuel rods simulating core

degradation

mbar Millibar (100 Pascal]

M EDEC French trade fair for professionals in the health sector

MEDICIS New corium-concrete interaction model in the ASTEC severe accident

computer code

MINATOM Russian Atomic Energy Ministry

MOX Mixed oxide fuel

mSv milliSievert

MWe MegaWatt electric

N4 Series of 1450 MWe pressurized water reactors operated by EOF

ΝΑΙ MORI Novel Approaches in the Management of the Radiation Injury: research

program funded by the European Community

Nanometric In the nanometer range (1 nm=10"ni)

QMS Quality Management System

RAFT Reactivity Accident Fuel Test

Raman scattering Inelastic scattering of light

RAPSODIE Experimental fast neutron reactor, decommissioned in 1983

RBMK Reactor Bolshoi Moshchnosti Kipiashchi (boiling water reactor]

RES Test reactor

RFS Basic Safety Rule

RIS Safety Injection System

Riskaudit Subsidiary of IRSN and GRS

RPN Nuclear instrumentation system

RUT Large-scale test facility (100m long] belonging to the Kurchatov

Institute, used to study hydrogen combustion, from deflagration to

detonation

SAP Name of a German ERP software package

SCANAIR Computer system for the analysis of injection reactivity accidents

SEQUOIA Progressive quality system, I PSN's goal for the future

SESAME Accident situation progression plan and assessment methods

SILE Ν Ε An I PS Ν experimental reactor used for criticality experiments

SIMMER-HI Computing system devoted to the study of core accidents in fast neutron

reactors

SKI Statens Karnkraftinspektion (Sweden)

SSTC State Scientific and Technical Center (Ukraine)

STARMANIA Station for the study of airborne contamination transfer and mechanical

strength under incident and accident conditions

STUK Radiation and Nuclear Safety Authority (Finland)

Super-Phenix Fast neutron reactor

TACIS European cooperation program with the countries of Eastern Europe

THENPHEBISP European thematic network extending calculations of International

Standard Problem ISP46 (relating to the Phebus FPT1 test)

TN A Elementary sodium treatment system

TON US Code system dedicated to hydrogen risk modeling

TORPEDO Small-scale test facility (12m long) belonging to the Kurchatov Institute

to study hydrogen combustion

TOSQAN Tonus analytical qualification: experimental facility used for TON US code

system qualification tests

Ν EA OECD Nuclear Energy Agency TPO

NNSA National Nuclear Safety Administration (China) TRANSRIV

NOAH Process for destroying sodium by transforming it into soda

NRC Nuclear Regulatory Commission (United States) UF§

NRPB National Radiological Protection Board (United Kingdom) UNSCEAR

NSAC Nuclear Safety Advisory Committee (Lithuania) UU2

NSC National Safety Center (China)

NUPEC Nuclear Power Engineering Corporation (Japan) VdEW

VERDI

OCHA Office for the Coordination of Humanitarian Affairs (United Nations) VTT

OECD Organization for Economic Cooperation and Development VUJ Ε

OLHF OECD Lower Head Failure: study of the effects of a PWR vessel lower VULCANO

head failure in the event of a severe accident VVER

OPRI Office de protection contre les rayonnements ionisants (France)

P'4 Series comprising the twelve most recent 1300 Μ We pressurized water WHO

reactors in France WMO

P4 Series of eight 1300 MWe pressurized water reactors at Paluel,

Flamanville and Saint-Alban

Particle image Opticaltechniqueformeasuringvelocityfieldsinagas

velocimetry

PATRAM Packaging and Transportation of Radioactive Materials

PCRD Research and development framework program

PHARE European cooperation program with the countries of Central Europe

PHEBEN 2 European project for the validation of codes describing fission product

behavior in the system and containment on Phebus tests

Phebus Experimental reactor

Phebus FP Research program devoted to the study of fission product (FP) behavior

Phenix 250 MWe fast neutron reactor

PIC Common Interest Program

JPOLLUTEC_ International trade fair for environment-related equipment, technologies

and services for industry

PPI Particular Action Plan

Programme Test program relating to personal protection equipment

123-2

PROMETRA Study of mechanical properties of irradiated cladding as a function of

corrosion, deformation rate and temperature

PSA Probabilistic Safety Assessment

PTB Physikallsch-technische Bundesanstalt (Germany)

PTR Reactor Cavity and Spent Fuel Pit Cooling and Treatment System

PWR Pressurized Water Reactor

Thrombopojetin (cytokine)

Computer cfade modeling the sedimentary dynamics of river ecosystems

Uranium hekafluoride

United Nations Scientific Committee on the Effects of Atomic Radiation

Uranium dioxide

Group of German electric utilities

Furnace us4d in the MADRAGUE program

Technical reteearch center in Finland

Nuclear Power Plant Research Institute of the Slovak Republic

Corium test;program at DEN Cadarache

Vodaa Vodi^nee Energiticheski Reactor, type of Russian pressurized

water reactor

World Health Organization

World Meteorological Organization (United Nations)
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Looking ahead to its merger with OPRI and the imminent creation of IRSN, IPSN has acquired a degree of relative inde-
pendence from CEA over the past two years. This transitional period has allowed the Institute to prepare the ground for its
future corporate status by creating functional management divisions to complement its operational management divisions.
The new status also implies that genera I management and human resource managers assume their role and legal respon-
sibilities as employer.
Furthermore, the impact on human resource policy will not simply be a matter of degree, but will affect its very nature.
The future IRSN will form a corporate group of some 1,500 people, with 300 employees from IPSN, 200 from OPRI, and more
than 1,000 from CEA. For this reason, IPSN has had to reinforce its administrative structure to perform all the functions
imposed by the change. Setting up IRSN is a huge project that management will have to see through, working hand in hand
with five partners: corporate management, line management, industrial partners, employees, and the relevant external
organizations.

Supporting the transition
IPSN human resource management is keen to support the coming transitional phase. First of all, by setting up a new struc-
ture for working relations, including collective and company-wide agreements. This is a big step for it aims to define a work
and employment context following on from the current situation at IPSN. These social measures, encouraged by the de-
cree of February 22,2002, will be implemented through negotiations with the trade unions in the first few months of IRSN's
existence, and at the same time, employees representatives will be elected.
The transition is not, however, simply a matter of legal framework and industrial relations. More important still will be the
concerted effort of all those involved in setting up the new organization. In this respect, emphasis must be placed on the
importance and future of the new Institute. Research and expert appraisal activities in the field of nuclear safety and ma-
terial control have been clearly reasserted, and even reinforced in the area of radiological protection. The new Institute will
be engaged in a wide range of specialist activities and, for this reason, will offer its employees exciting prospects for career
development and promotion.

Preserving our original corporate culture
Human resource policy will take up a number of priorities in the new Institute. Firstly, the identity of IRSN must be asserted
and, at the same time, its strong and original corporate structure must be preserved to continue working closely with CEA,
the organization from which it sprang. Existing bridges to CEA must also be developed and, driven by a strong human
resource policy, extended to other organizations in the research and engineering field. The extra mobility induced must have
a positive effect on the employees themselves, as well as on the development of cooperation within the nuclear sector.
The new IRSN represents a genuine challenge for it will involve profound changes in core competencies and mindsets.
Human resources have a leading part to play in this transition - training, mobility, career management - every activity is
concerned. Management is going to face up to this challenge with renewed energy, leaning on the broader powers it has
acquired concerning the general management of the new Institute.

RSN, a change

Louis Croux ι met

PaulCandes
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The third important guideline concerns the need for a

quality system with a structure that is independent of the

Institute's organizational structure. This will minimize

the number of modifications imposed by future organi-

zational changes. Lastly, emphasis was placed on the

need to provide the Institute's management team with

all the quality tools it requires to apply and sustain the

quality system.

The underlying principles of the future quality sys-

tem were defined at the same time as these guidelines.

They include specifying the Institute's customers and

products, identifying macroprocesses and mapping out

interactions between them, giving an initial description

of the main production macroprocesses, and providing

an overview of the documentation architecture of the

future quality system and the quality organization.

A demanding method

Once these working principles had been defined, the

proposed initiative to rework the quality system was

implemented on a trial basis for the supply and opera-

tion of personal dosimeters at the dosimetric operations

laboratory. This trial, implying the active involvement of

laboratory personnel, served to perfect and formalize the

overall approach that must now be applied to all of the

Institute's macroprocesses.

Basically, the approach comprises several steps. First of

all, methods must be identified and described for each

process having an impact on the quality of the Institute's

products. Related risks must then be analyzed. This vital

step identifies failure modes and their possible causes

and evaluates their effects to highlight the delicate stages

of different processes, and then determines, as effi-

ciently and reliably as possible, what human, technical,

organizational or document-related provisions can be

improved or created to control them. Risk assessment is

based on a participative approach involving the people

working within the activity under examination, thereby

promoting the interchange of experience and skills.

Documentation provisions must be streamlined and

grouped together within a consistent set of documents.

The degree of working method harmonization must cor-

respond to the type of activity concerned.

A well organized project

As reworking the quality system will require the involve-

ment of many people grouped together in different types

of activity, a management plan was created to ensure

smooth operation. The aim of this plan is to describe the

adopted organizational structure, the role of each per-

son involved, and all the rules and provisions relating to

project planning, completion and follow-up.

1 At this level of description, each process (or set of activities) is

considered as a whole. For example, all the activities in a produc-

tion process (from receiving the customer's request to delivering

the product or service to the customer), and in the case of support

and management processes, all activities coming under a particular

theme. It is in this context that the term "macroprocess" is used.

Regulatory
requirements.
Internal require-
ments.
Professional
ethics

[ Business management) f Activity management

Measurement, analysis and improvement

Purchasing) ( Η R management) Management of resources
relating to infrastructures
and working environment

I Documentation l
\ management i

Λ
Γ Intellectual and industrial
ν property management

r Customer and mterna
V supplier relations

( Outside information

Ϊ

External crisis management
Customer
satisfaction

Customer
requirements

Testing and calibration Sale of catalog products



The foundations of the Institute's future quality system

were laid down with precision, based on the first pro-

posals made following the Bougival orientation seminar

at the end of 2000, and the conclusions of the work

group set up to investigate them more fully.

Precise guidelines

A number of guidelines emerged from this preliminary

approach, the most important being the need to comply

with the underlying principles of the 1509001 standard,

version 2000, which encourages the use of a process1

approach emphasizing the need to understand and sat-

isfy customer requirements, objective indicators to

make regular assessments of the performance and effec-

tiveness of measures taken, and the dynamics of added

value and continuous improvement. Another guideline

adopted by the Institute is the application of a common

system to all its activities. In view of the changes to come,

this unifying method is vital. The foundations of the

future system will be representative of current activities,

allowing the gradual integration of new activities, par-

ticularly those arising from the creation of IRS Ν .

SEQUOIA: heading for
ISO 9001 certification

All through 2001, preparations for launching the SEQUOIA project were pursued.
This project aims to bring the Institute's quality system into line with the ISO 9001 stan-
dard and obtain certification for all or some of its activities.

Rework in three phases < The Institute's

quality system will be reworked in three

phases, each leading to a certification

request:

1. Obtaining a certifiable quality system

for the Institute's expert appraisal and

engineering activities.

2. Extending the certifiable quality system

to external crisis management, testing

and calibration, studies, inspection and

development.

3. Extending the certifiable quality system

to research, the sale of catalog products,

outside information and teaching.

Started at the beginning of 2002, the first

phase of this project should be completed

by mid 2004. >

An Intranet site < A special Intranet site

has been created to broadcast informa-

tion about the SEQUOIA project as widely

as possible. The site allows each person

concerned to become involved in the proj-

ect, understand all the necessary details,

and keep track of its progress, phase by

phase, until it is completed. The people

involved in the project can access the
site's documentation base at any time and

communicate with one another in that way.

The information available on the site is

regularly updated to ensure that the new

tool is put to optimum use. >

New accreditations < While work was pur-

sued on the SEQUOIA project, the differ-

ent departments of the Institute continued

their own quality-related initiatives. New

accreditations were thus obtained for

activities in the airborne contamination

and containment study and research unit

of the department for the prevention and

study of accidents. >



Greater independence

With the new Institute on the horizon, IPSN acquired
a greater degree of independence within the Atomic
Energy Commission during 2001. This allowed it to set
up its own functional units and management system in
preparation for those of the new Institute. The experi-
ence acquired over this period brought with it many
improvements to management procedures and to the
SAP ERP software package, which was successfully imple-
mented in a very short time.
A specific work plan was set up in the second half of
2001 to pave the way for operations within the new inde-
pendent organization. A great deal of effort was under-
taken to face the formidable scale and range of tasks
involved, including administrative formalities, the ini-
tial steps concerning the knowledge base and agree-
ments for transferring the assets, rights and obligations
of the future organization, discussions about the work-
ing capital and initial steps for acquiring it, outside adver-
tising, preparing recruitment operations for the new
I R S N , organizing operations with OPRI , putting the
finishing touches to the SAP software package and adjust-
ing management data, internal and external communi-
cation plans and so on.

New relations with CEA

The plans for an independent IRSN also entailed a con-
siderable amount of work to prepare contracts govern-
ing relations between the future Institute and CEA. These
mainly concern IRSN use of nuclear research facilities of
which CEA remains the nuclear operator, provision of
scientific services by CEA, IRSN occupation of rooms
located in CEA centers, security measures, provision of
logistic services by CEA, secondment of CEA personnel to
IRSN and provisions made to promote mobility of per-

sonnel between the two organizations. Draft agree-
ments and protocols were prepared in 2001 to cover all
these points, and matters requiring arbitration by the
public authorities were also identified. An agreement
was reached relating to the transmission to IRSN of CEA
access rights to certain areas of the Fontenay-aux-Roses
center. Work in this area began in 2001.

IPSN-OPRI-a solid alliance

The preparatory work for the merger between OPRI and
IPSN was stepped up at the beginning of 2001. The man-
agement teams of both organizations met regularly
to coordinate all the different activities carried out.
These include scientific and technical exchanges con-
cerning each organization's programs, seeking out and
promoting areas where synergies exist and where
resources can be pooled, presenting the projected IRSN
management system and identifying points that need to
be adapted for OPRI , coordinating groundwork for the
2002 budgets for each organization, specifying condi-

tions that could be offered to OPRI employees wishing
to opt for a private employment contract with IRSN,
internal communication operations to encourage per-
sonnel in each entity to familiarize themselves with the
activities and personnel of the opposite organization,
and building the first IRSN website.



The creation of IRSN was included in the AFSSE bill dur-

ing its second reading at the National Assembly on
December 12,2000. The law, which includes an amend-
ment providing for the creation of IRSN in accordance
with government guidelines, was finally passed by the
President of the Republic and published in the Official
Gazette of May, 10, 2001.

The same scope of activity

During the year 2001, discussions were held concern-
ing the possible transfer of IPSN'S expert appraisal activ-
ities in defense-related areas to the French Atomic
Energy Commission. Such a decision would have com-
plicated the reform under way. Following the French
Cabinet meeting of July 4,2001, the government finally
specified that IRSN would be responsible for expert
appraisal activities regarding the nuclear safety not only
for civil facilities, but also for defense-related facilities
under conditions consistent with national security and
defined by decree. The draft decree relating to IRSN took
these considerations into account and was transmitted
to the State Council on November 23,2001.

On the way to IRSN

In June 2000, the French government decided to create the Institut de radioprotection
et de surete nucleaire through legislative channels. IRSN was officially instituted by
Article 5 of the AFSSE law. The scope of activity and organizational structure of the new
Institute were defined by the decree of February 22,2002, published in the French Official
Gaze te on February 26,2002.



Stepping up communication for target groups

25.000 visitors at the "The nuclear sector under close

supervision" exhibition

The exhibition designed by the Directorate for Nuclear

Facility Safety and IPSN, Le nucleaire sous haute sur-

veillance, ("The nuclear sector under close supervi-

sion") went to the cities of Toulon, Villeneuve-d'Ascq,

Aix-en-Provence, Rouen and Evreux in 2001. Intended

primarily for schools and the general public, this exhi-

bition looks at the risks related to nuclear power and the

steps taken to overcome them. For schools, special vi-

sits were organized for regional teaching inspectors and

teachers' associations in the subjects concerned to pro-

mote class visits.

Awareness campaign on radon

A special awareness campaign was called for to promote

the recently initiated risk management policy concern-

ing radon. This gas is the first source of exposure to nat-

ural radioactivity. In answer to this need, three one-day

radon seminars were organized in Rennes, Montlugon

and Lyons at the end of 2001 and beginning of 2002.

This joint initiative of ipsn and the Directorate General

for Health (DGS) aimed to bring local decision makers

www.ipsn.fr: online information

The ι PSN website continued throughout the year to pass

on expert opinions and scientific research information

to its different visitors. Information included the report

on depleted uranium and the methodological guide to

radiation contaminated site management. Since the

beginning of 2001, visitors have been able to order

online all communication documents through the site

"Bookshop". The number of visitors to the site rose by

70% to 170.000 in 2001 - clearly demonstrating the

importance of this means of communication.

Annual meetings for professionals in the health and

environment sector

IPSN took part in the MEDEC and POLLUTEC trade fairs

as it does every year. At POLLUTEC, the Institute worked

alongside I N E R I S and BRGM in a new area specially

devoted to risk management, while experts from

the Institute spoke in the series of conferences on

"Risk assessment and management" held during the

four-day event.

together to exchange their points of view concerning

this issue.

enucleaire^
sous haute surveillance |



Reflecting events
A number of essential dates appeared on IPSN'S calendar

inzool, such as the i5th anniversary of the Chernobyl di-
saster. IPSN also released a great deal of information about

its activities to the media. Examples of topics covered were
a press trip for the Ecorad 2001 international congress,
introductions to research programs and laboratories,

sending two experts to Panama following a serious radio-
therapy accident, and the development of a new portable
system for mapping radioactivity in the environment.

The year also saw a number of unexpected major events

in the headlines, and IPSN responded by making several

declarations to the media. The most significant events

were the September n terrorist attacks, in the wake of
which the media were able to interview many experts,
focusing essentially on nuclear power plant resistance

to aircraft crashes. Earthquake-related issues were also
in the news. The Institute's website released an infor-

mation sheet on the physical protection of nuclear facil-

ities, along with information on a number of other

subjects, including risks relating to depleted uranium,
or nuclear materials trafficking following the seizure of
five grams of uranium in France in mid-July.

As in

Communication:
a varied approach

previous years, IPSN published a great deal of information about its research
and dxpert appraisal activities. It strengthened its communication and information ini-
tiatives aimed at key targets: the media, specialists, and institutional organiza-
tions! Concrete examples of this activity were the creation of the "Eurosafe Tribune",
seminars on radon, and press releases in response to events in the headlines.

A new tribune for the Eurosafe forum
< The Eurosafe forum, bringing together
international research institutes, safety
organizations, producers, industrial rep-
resentatives, public authorities and asso-
ciations, was held in Paris on November
5 and 6, 2001. IPSN and its German part-
ner GRS, took advantage of the 2001 forum
to launch the Eurosafe Tribune . The idea
is to make this magazine a reference tool
for the international scientific and techno-
logical community by forging links between
Eurosafe annual events, and serving to
initiate, record and pursue discussions.
As part of the initiative to create a Euro-
pean club for specialists in nuclear safety,
IPSN and GRS set up a joint site to back
up the Eurosafe forum and magazine.

Looking to the future... < The law concern-
ing the French Agency for Environmen-
tal Safety (AFSSE} was passed in 2001.
The same law created IRSN. The year thus
marked a turning point in IPSN's commu-
nication activities and saw the creation
of a website for the future IRSN that pro-
vides an introduction to IPSN and OPRI,
and traces the history of events leading
up to the creation of the new Institute.
A number of events were organized for
IPSN and OPRI employees, including
mutual introductions, open days, and the
creation of a joint section on the Intranet
networks of each organization. >

New scientific publications < Some new
publications were added to the IPSN sci-
entific collection:
• ICRP 84 - Pregnancy and Medical

Irradiation
• Radioactive Pollutants:

Impact on the Environment
' Nuclear Catastrophes and Accidents

in the Former Soviet Union
' Uranium: From the Environment

to Humans >
< A new IPSN booklet entitled Radioecol-
ogy was published in 2001 to coincide
with the Ecorad congress held in Aix-en-
Provence, France. The booklet explains that
the purpose of radioecology is to detect
radionuclides, measure their concentra-
tions, understand their transfer mecha-
nisms, and provide data to estimate the
radiation doses received by populations. >



In preparation for future challenges, human resource man-
agement had to acquire a number of new tools. The first

phase of this initiative, the implementation of the SAP

ERP software, ensured that management was operational
at the beginning of 2002. Another important phase

relating to the creation of IRSN is to assume the full

responsibilities of employer, for the new Institute has all
the capabilities and obligations specific to a company.

Helping to create IRSN
All through 2001, human resource management pur-

sued the initiative undertaken by general management,
working to strengthen ties with OPRI through joint work
groups on three key issues: the legal status of each organi-

zation, the conditions governing the OPRI personnel's

acquisition of private sector employee status, and the
resources and tools to be implemented to guarantee

smooth and efficient administration and personnel

management at IRSN.
Within this context, human resource management

worked throughout the year to promote employment at the
Institute with a new recruitment operation. Despite a net

balance of 15 additional employees, the total of 1,345 jobs

filled at the end of December fell short of the target figure.

Boosting the workforce
In order to achieve this result, the Institute has already

had to launch a major recruitment drive owing to per-

sonnel interchange with CEA. This mobility is a sign of

the recognition that the Institute's employees enjoy,
and of the strong links forged between the two organi-

zations. One figure stands out in this area: the number

of employees leaving the CEA (from IPSN, for retirement
or other reasons) has returned to a normal, or even mod-

erate, level (4.7% of the workforce).

Overall recruitment figures have varied from one sector

to another. While functional divisions saw their work-

force increase by 52 as they completed their recruitment
for 2001, certain operational departments witnessed

a fall in their numbers.

Banking entraining
In this context of overall growth, IPSN must pay particu-
lar attention to integrating new employees, not only in
terms of career paths, but also in updating skills. For this

reason, training policy favors initiation and refresher

courses in scientific and technical disciplines (about 24%)

and languages (24%). This determined effort has made

it easier for newcomers to adapt to IPSN core competen-

cies, and has promoted the Institute's know-how at the
international level. Training initiatives were also pur-

sued in the areas of human relations, communication and

management (14%).

Recruitment results 2001

Age Group Engineers, Technicians Total

researchers and admin-

and administra- istrative

live managers employees

Sex Engineers, Technicians Total

researchers and admin-

and administra- istrative

live managers employees

Under 35 years

Over 35 years

Total

62

35

97

25

13

38

87 Women

48 Men

135 Total

36

61

97

22

1 6

38

58

77

135

The average recruitment age for engineers, researchers, and administrative managers was 34 years.

The average recruitment age for technicians and administrative employees was 34 years.



Changes in IPSN's workforce by personnel category from 1997 to 2001

1997

1998

1999

2000

2001

Engineers,

researchers,

and administrative

managers

831.5

837.0

835.0

903.5

923.0

Technicians Total

and administrative

employees

427.0

415.0

414.0

425.5

422.0

1258.5

1252.0

1269.0

1329.0

1345.0

Total

Engineers,
researchers,
and administrative
managers

Technicians and
administrative
employees

1400

1200

1000

800

600

400

200

0

1997 1998 1999 2000 2001

Human resources:
a key to the future

Introducing new tools, adapting internal organizational structures to the newly cre-
ated IjRSN, pursuing policies launched during the previous year- 2001 marked a turning
point for human resource management.

Changes in IPSN recruitment from 1997 to 2001

1997

1998

1999

2000

2001

Engineers,

researchers,

and administrative

managers

45

44

76

98

97

Technicians Total

and administrative

employees

24

32

32

42

38

69

76

108

140

135

Total

Engineers,
researchers,
and administrative
managers

Technicians and
administrative
employees

150

100 _

50

1997 1998 1999 2000 2001



IPSN was awarded a budget of 219.6 million euros for the

year 2001, with 86% funded by a State subsidy and 14%

by external revenues. Expert appraisal activities carried

out under the agreement signed with the Directorate for

Nuclear Facility Safety were funded by a direct subsidy

to IPSN.

A negative execution balance for 2001

The balance for 2001 expressed as credit payments

was - 6.1 million euros (including -1.6 million euros

carried over from the previous fiscal year). This negative

balance can be explained by the fact that a large propor-

tion (14.2 million euros) of the subsidy, item 20, was not

paid in 2001. A sharp drop in expenditure accompanied

the fall in resources. Compared to the previous fiscal

year, these factors led to a drop of approximately 9.4%

in resources, and 9.6% in expenditure.

More independent administrative management

Under the provisions of the Order of 1990, IPSN gained

a greater degree of independence in its administrative

management as of January i, 2001. The support func-

tions set up in 1999 to pave the way for the creation of

an independent organization partially or totally took

over from services previously provided by CEA centers.

The ERP software package, SAP, which was set up in

2000, was put into service.

Shortfall in executed budget

The executed budget fell considerably short of the initial

budget at - 7.5% for total revenues (including -12.5%

for revenues relating to studies and services) and - 4.9%

for expenditure. The date of creation of irsn was repeat-

edly postponed and this certainly had a detrimental

effect on the budget. Actual figures remained constantly

below forecasts and several major investments were

delayed, including those to prepare the installation of a

water loop in the Cabri reactor. Nonetheless, operations

concerning the construction of the AMANDE accelerator

at Cadarache were started. In the long term, this facility

will help to improve neutron dosimetry.

Execution of the budget for fiscal year 2001
expressed as credit payments in millions of euros

Revenues

• Public resources

Item 1 0

Item 20

• Carry-over

• Cooperative research

activities

EOF

COGEMA(PIC)

Other partners

(EC, Ν U PEC]

•Studies and services

Total

Initial 01

budget

203.4

1476

55.8

21.1

9.1

3.2

8.7

12.9

237.4

Actual 01 %

budget init./act.

188.4 -7.4

146.8 -0.6

41.6 -25.4

- 1.6

21.5 2.2

10.5 15.0

2.3 - 27.0

8.7

11.3 -12.5

219.6 - 7.5

Expenditure

• Salaries and contributions

CEA or IPS Ν contractual

personnel

Non-contractual personnel

Early retirements, employment

premium, etc.

Transportat on and travel expenses

• Program support

CEA logistic subcontracting

Other CEA services

and overheads

CEA scientific

subcontracting

Other costs and

outside subcontracting

• Investments

• Provision for tax

Total

Balance

Initial 01

budget

99.8

86.6

1.4

5.5

6.3

109.0

9.4

22.4

16.0

61.1

19.2

9.3

237.4

0

Actual 01

budget

95.8

82.4

1.8

5.5

6.2

107.7

9.5

21.5

14.3

62.4

13.8

8.4

225.7

-6.1

o/o

init./act.

-4.0

-4

21

9

9

0.0

- 1

- 1

1

-4

- 10

2

5

2

2

1

7

0

-28.3

- 10 0

-4.9



Execution of budget for fiscal year 2001: breakdown by activity

expressed as a percentage
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Budget 2001

IPSN revenues excluding State subsidy in 2001

in millions of euros
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Head office: 77-83, avenue du General-de-Gaulle -92140 Clamart!
Postal address: B.P. 17-92262 Fontenay-aux-Roses Cedex I phone:

+33 (0)158 35 88 88 : for further details, visit our website on: www.irsn.org


