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FRENCH EXPERIENCE OF REGULATION AND OPERATION

ON REPROCESSING FACILITIES OF LWR SPENT FUELS.

Abstract

This presentation describes the French experience of regulation and operation

on reprocessing facilities : how the safety assessment was made of UP3-A plant

of the La Hague establishment for the building permit and operating license

within the context of French nuclear regulations and the national debate on the

need for reprocessing. Other factors discussed are how the public was involved,

how the regulations were improved in the process and what the different stages

of commissioning consisted of.

In the design studies of a reprocessing facility, three complementary

approaches are used :

- observance of regulations born of technical considerations, and good

practice,

- analysis of the hazards, using deterministic and probabilistic methods,

within the framework of a safety report,

- review of experience feedback from such a facility or like plants.

The design of the facility must permit the prevention of accidents and limit

their consequences.Moreover, during all foreseeable cases (normal operating,

incidents and accidents), the safety of the staff, the public and the environment

with regard to consequences of radioactive releases and ionising radiations

must be ensured. In the evaluation of these consequences, the approach used is

voluntarily pessimistic in order to take into account every possible case. It is



based on the main following principles principles :

- definition of the events considered for the dimensioning of the facility,

- redundancy and diversification,

- defense in depth which consists of the multiplication of the barriers.

The experience feedback comes, on the one hand from operator's findings

aiming at improving its facility, on the other hand from incidents, the lessons of

which being taken into account after careful analysis. These incidents are

analyzed by the Safety Authority upon presentation of the data by the operator

and on site findings of inspections.

In other respects, the aim of inspections is to check that the plant and its

operating practices are conformable to the whole documents (reports and

operating rules) analyzed during safety assessment.

The procedure for commissioning of UP3-A reprocessing plant of the La

Hague COGEMA establishment associates two approaches :

- a technical one, based on safety assessment of the facility (normal

operating, incidents and accidents),

- an administrative one, involving to take the advice of the public, of the

local authorities and of the competent ministries.

The operator must demonstrate that the design is in agreement with the

safety regulations. These regulations require compliance with the ALARA

principle and limiting values for exposure of staff and public.

In other respects, the operator studied all foreseeable incident and accident

situations whose occurrence reduces the safety of the facility, the forerunner

events originating inside the installations or being specific to the site. The ability

of the systems to ensure a safety level satisfactory in all plausible

circumstances has been validated using deterministic and (whenever

probabilities can be calculated with adequate accuracy) probabilistic

approaches.



1. NUCLEAR SAFETY AND REGULATIONS IN FRANCE.

Note : This chapter is developped more thoroughly in the booklet devoted to

the control of nuclear safety by the French safety authority : "Suret6

nucl6aire : le contrdle par les pouvoirs publics en France". Technical or

non defined terms can be find therein.

1.1. Foundations.

1.1.1. Organization of nuclear safety in France.

For the major nuclear facilities, or the so-called basic nuclear facilities, four

key safety functions are identified in safety organization :

- the operator, which has responsibility for its facility,

- the safety authority,

- the technical supports of the safety authority,

- the radiological monitoring of workers, populations and national territory.

The safety authority is the Nuclear Facilities Safety Directorate ("Direction de

la Surety des Installations Nucl6aires" : DSIN). DSIN reports to the Minister for

Industry and to the Minister for Environment. This relatively small organization

with less than a hundred staff members, exercises the regulatory power under

the authority of both ministers. This Directorate has at its disposal a team of

inspectors (about a hundred) who verify by inspections (which may be

unannounced) that the regulatory provisions and the safety documents (safety

report, general operating rules and technical requirements) are complied with.

Inside the Institute for Nuclear Safety and Protection ("Institut de Protection

et de SGret6 Nucl6aire" : IPSN), the Safety Evaluation Department

("D6partement devaluation de SGretS" : DES, more than three hundred staff

members) analyses, for and at the expense of the DSIN, the technical safety

provisions implemented in facility projects.



The critic analysis by the technical supports for each facility is, at least for

important subjects, submitted to a group of experts in nuclear safety, (the

"Standing Group"), generally in the presence of the operator. In case of need,

the "Standing Group" makes recommendations which are expressed by the

DSIN in requirements to which the operators are subjected. It is the DSIN which

decides to convene the "Standing Group" to either examine a particular facility

or consider a matter relating to technical regulations.

This organization has already given ample proof of its effectiveness in

ensuring an adequate level of safety, as is shown by the absence of any major

incident in the nuclear facilities, while it has never obstructed the nuclear power

station programme of EDF ("Electricity de France"), the development of the

spent fuel reprocessing plants of COGEMA ("Compagnie G6n6ra!e des Matieres

Nucl£aires") or the creation of radioactive waste repositories.

The radioactive release licenses are given by the Ministries for Industry, for
Environment and for Health, taking into account the advice of the Central
Service for Protection against Ionising Radiation ("Service Central de Protection
contre les Rayonnements lonisants" : SCPRI). This organization is part of the
Ministry for Health, and is responsible for national radiological surveillance and
the monitoring of exposure of workers in the nuclear industry.

1.1.2. The debate on the need for reprocessing.

It is important to carefully consider the debate on the need for developing

reprocessing plants which improved in France in 1981, as it gave a public

repercussion to the analysis of the safety of the new COGEMA reprocessing

plants and contributed to acceptance of the plants by the public.

The first event was the creation in 1973, at the national level, of the High

Council for Nuclear Safety ("Conseil SupeYieur de la Suret6 Nucteaire" : CSSN),

which soon after the Chernobyl accident became the High Council for Nuclear

Safety and Information (CSSIN). Under the authority of the Ministry for

Industry, this Council includes scientists, representatives of the government, of



trade unions, of environmental protection movements, of the media and of the
operators of nuclear facilities. Its role is a consultative one and covers all
questions relating to the safety of nuclear facilities and the supply of
information to the public concerning them.

It is in the scope of the activities of this council that, when the building

permits for UP3-A and UP2-800 plants were granted in May 1981 and the

President of the Republic and the parliamentary majority changed, a commission

was created known as "the Castaing commission" after Professor Castaing who

headed it, whose task was to develop reflexions concerning reprocessing at La

Hague, possibly propose alternatives to reprocessing and, if necessary, make

recommendations concerning supplementary studies. The originality of this

commission is that it enabled an in-depth study of the technical problems of

reprocessing to be made by scientists who were not part of what can be

referred to as the "traditional nuclear lobby". Mr. Castaing himself was a

university professor in physics and some members of the commission were

known to be opposed to the development of nuclear energy.

In the conclusions of a report published in 1982, the commission stated that

COGEMA had proved its technical capacity to reprocess light water reactor fuel

after a cooling time of 3 years ("immediate" reprocessing), that the exposure of

the staff of UP2-400 plant and the radiological impact of the releases did not

represent a major problem and that there was no need to call into question the

measures taken to protect the public from the consequences of an accident.

On the other hand, the commission emphasised the problems raised by the

long-term management of reprocessing waste, particularly those containing

actinides. It clearly stated the need to continue studies to reduce the volumes,

particularly through the use of sophisticated reprocessing for the separation of

actinides and to keep direct disposal and deferred reprocessing options open.

After carrying out its first task specifically related to reprocessing, a second

"Castaing commission" was entrusted with other tasks, essentially concerned

with the R & D on radioactive wastes. The proceedings of this commission are



referred to in the "white paper" on radioactive waste discussed in the French

Parliament in June 1991 as a model for the public review of the studies to be

carried out for deep repository laboratories.

1.1.3. Public intervention in plant UP3-A licensing.

Under French regulations, the State representative at the Departement level

(the Prefect) in which an industrial facility is to be built is required to organise a

public inquiry before delivering a building permit for it. For nuclear facilities, this

local procedure, which is also followed, requires the applicant to draft a

"summary environmental impact study", which is a condensed version of the

study in the technical document which defines the bases for conception,

construction and exploitation of the facility,the so-called preliminary safety

report, for public reference for some thirty days in specific places in the region.

Members of the public can write down any remarks they may wish to make in

the registers available in the town-halls of the departement. All the remarks are

then collected by an inquiry commissioner who summarises them for the

Prefect. Local commissions may also express their opinion.

The public inquiry for plant UP3-A lasted from 7th May to 18th June 1979 in

the 19 districts surrounding the La Hague site, and COGEMA provided detailed

answers to all the questions raised.

The participation of the population in the life of the nuclear facilities was

assisted by the creation of "Local Information Committees" in accordance with

a government circular of November 1981. These committees include members

of the Prefect's staff, elected representatives, officials of the facilities,

representatives of local associations for the protection of the environment and

representatives of the local trade unions.

The creation of the La Hague local information committee was decided as

early as September 1981.



The committee meets every three months. It has a large amount of technical

documentation and half a dozen expert scientists are attached to it. It organises

technical conferences to keep its members informed and widely distributes the

information in its possession by communiques to the local press and reports

available, under Videotex standard, on any Minitel terminal connected with the

national telephone network. In France, the La Hague local information

committee is considered to be particularly active.

1.1.4. A pragmatic approach to the safety of facilities.

As a general rule, French regulations do not impose specific technical means
to reach safety objectives. The applicant must therefore supply a certain
number of dossiers to substantiate its choices. It is in this context that the
safety appraisals of the UP3-A plant were conducted, with attention given to
carefully following the changes in the projects step by step.

In the UP3-A plant preliminary safety report, COGEMA put forward the

general safety principles that it intended to comply with in construction of the

plant. The examination of this report in July 1980 by the standing group, on the

basis of the critic analysis by the IPSN, resulted in the granting in May 1981 of

the authorization decree.

Thereafter, the safety verification process was two-fold :

- detailed examination of the concept proposed by COGEMA for the

previously adopted principles in the design of certain important functions

which are common to all the workshops of the plant, such as the electrical

power supply, control of the facilities, radiological protection and fire

protection,

- separate examination of the safety of each workshop. This examination

was based at first on a document detailing the safety-related design basis

for authorization of the start of the construction work and after on a

report detailing the construction and planned exploitation so-called the

Provisional Safety Report accompanied by a report on the quality of

construction for authorising its commissioning, these authorizations being



accompanied by technical requirements to be complied with by the
operator.

The period preceding the commissioning of a workshop during which

"inactive tests" are carried out, was the subject of extremely thorough

monitoring, as two IPSN engineers were assigned to the plant site during this

period. The purpose of their presence was not only to oversee the carrying out

of the tests, but also to intervene in the programmes to propose certain tests

considered particularly important for safety, after discussion with the IPSN

project manager. The IPSN engineers who attended the tests reported the

results of their actions during the meetings of the "Standing Group". IPSN

engineers attended the overall tests of the workshops. The "Standing Group"

transmitted its recommendations to the DSIN which authorized the

commissioning of the wokshops.

Under French regulations, each basic nuclear facility must have a safety

report, general operating rules (defining the domain of exploitation to obtain

adequate safety) and an internal emergency plan (indicating means and

procedures for interventions needed to get under control accidents as well as

plausible accidents scenarios demonstrating the effectiveness of these

arrangements). In the case of plant UP3-A, the safety authorities decided,

although the facilities constitute a single basic nuclear facility ("Installation

NuclSaire de Base" N°116), that the corresponding safety report should be

submitted workshop by workshop, each workshop having its own safety report.

However, the general operating rules remain a single document applying to the

entire plant. The safety authorities also requested that for a large nuclear

complex such as the COGEMA site at La Hague (including a number of basic

nuclear facilities corresponding to UP2, UP3-A plants and the liquid effluent and

solid waste treatment stations associated with them), there should be a safety

document - referred to as the general description of the safety of the establish-

ment - concerning the supporting infrastructure for operation of these facilities

covering all aspects which can be considered common to all the different

workshops. This general description ("Presentation G6n§rale de la Suret6 de

i'Etablissement" : PGSE) includes the internal emergency plan.
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1.2. Technical and regulatory bases.

The design of UP3-A plant is the result of firstly, the research in reprocessing

carried out by the CEA and secondly, the experience acquired by COGEMA in

the commissioning and operation of spent fuel reprocessing plants using the

Purex process (UP1 plant at Marcoule since 1958 and UP2 plant at La Hague

since 1966). Current technical regulations were drawn up in this context, as an

agreement between safety authority and operators based on experience

feedback, and they are still far from comprehensive in covering all safety

problems and will be further developed in the coming years.

Analysis of the safety of plants for the removal of irradiated fuels is performed
within the framework of the procedure dealing with basic nuclear installations,
described mainly by the following documents :

Decree N°63-1228 dated 11th December 1963, relating to nuclear

installations, modified by Decrees N°73-405 dated 27th March 1973,

N°85-449 dated 23rd April 1985 and N°90-78 dated 19th January

1990,

the Decree dated 12th May 1981 authorising the Compagnie G6n6rale

des Matieres Nucl6aires to set up, at its La Hague establishment, the

plant to process irradiated fuel components from light-water nuclear

reactors known as UP3-A,

the Decree dated 12th May 1981 authorising the Compagnie G6n6rale

des Matieres Nucl6aires to set up, at its La Hague establishment, the

plant to process irradiated fuel components from light-water nuclear

reactors known as UP2-800,

the Decree dated 12th May 1981 authorising the Compagnie g£n£rale

des Matieres Nucl6aires to set up a processing station for liquid effluents

and solid wastes, at its La Hague establishment, known as STE3,

the texts mentioned below.

1.2.1. Quality assurance.

Quality has always been a major concern in the design, construction and
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operation of nuclear facilities. This fundamental regard for safety was first

reflected in a clause on quality incorporated in each decree creating a Basic

Nuclear Facility and, in 1982, by the publication of a Basic Safety Rule on the

issue, and finally and more conclusively, by regulatory requirements in the form

of the Order of 10 t h August 1984 on quality requirements for Basic Nuclear

Facilities. The provisions of this directive require all operators to make sure that

a quality commensurate with the function be defined, implemented and

maintained for the following elements :

- structures, equipment and materials,

- assemblies combining the above,

- the operating conditions of the facility.

The operator identifies and classifies the equipment, systems, operating
conditions and, more generally, the quality-related activities as a function of the
gravity of the potential consequences of their failure.

The Order of August 1984 also requires operators to classify any incidents

and deviations from the norm that they may have discovered in the operation of

their facility, and that the so-called significant incidents must be declared to the

safety authority.

1.2.2. Radiological protection.

1.2.2.1. Radiological protection of staff.

The limits set by French law for external exposure to ionising radiations and

atmospheric contamination are mainly contained in the following regulatory

enactments :

- decree N°66-450 of 10 t n June 1966 concerning the general principles of

protection against ionising radiation, modified by decree N°88-521 of 1 8 ^

April 1988,

- decree N°75-306 of 28 t n April 1975 concerning the protection of workers

against the dangers of ionising radiations in basic nuclear facilities,
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modified by decree N°88-662 of 6 t h May 1988,

- order of 7 t h July 1977 applying article 18 of decree N°75-06 of 28 t h April

1975 establishing, for basic nuclear facilities, the thresholds and means of

indicating the specially restricted or forbidden areas inside controlled

areas,

- decree N°86-1103 of 2 n d October 1986 concerning the protection of

workers against the dangers of ionising radiations.

These regulations require :

- compliance with the ALARA principle,

- provisions concerning surveillance of working conditions (work place

surveillance and medical surveillance),

- the frequency of checking the protection, detection and alarm devices,

- limiting exposure of staff to 50 mSv/year,

- assigning rooms in areas of different categories as regards the

characteristics of irradiation and contamination as indicated in Table 1.

Application of the ALARA principle by CO GEM A resulted in the objective of

the number of staff for which the equivalent dose over one year exceeding

5 mSv be zero or nearly zero in normal operating conditions, which was deemed

satisfactory by the safety authority. This resulted in providing adequate

shielding to. ensure that the dose rate in permanent workstations is less than

2.5x10'3 mSv/h.



TABLE I

Designations of areas and corresponding
exposure thresholds and atmospheric contamination levels

ZONE DESIGNATION

PROVISIONS OF DECREE
88-662 DATED 06/05/82

Unrestricted area

Monitored area

Basic controlled area

Controlled area

with special restrictions

Forbidden area

AREA MARKING COLOUR
(DIRECTIVE OF 07/07/77)

FOR RADIOLOGICAL
PROTECTION

GREEN

YELLOW

ORANGE

RED

RATES EQUIVALENT TO
ACCEPTABLE EXPOSURE

(Whole-body exposure in
fSv/h)

0-2.5

2.5-7.5

7.5-25

25 - 2000

2000 -105

>105

MAXIMUM LIMITS
ACCEPTABLE

(Dispersion in air, unit:
LDCA)

0-0.1

0.1 - 0.3

0.3-1

1-80

80 - 400

>4000

H
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1.2.2.2. Protection of the population.

As provided in the regulations, the licenses for liquid and gaseous releases

were the subject of two separate procedures featuring public inquiries, as in the

case of a basic nuclear facility building permit:

Authorization (27th February 1984) for releases of gaseous radioactive

effluents by plants known as UP2-800 and UP3-A and by the station

for processing of liquid effluents and solid wastes known as STE3 at the

nuclear site at la Hague (Manche).

Authorization (28th March 1984) for the release of liquid radioactive

elements by the plants known as UP2-800 and UP3-A and by the

station for processing liquid effluents and solid wastes known as STE3

at the nuclear site at La Hague (Manche).

The releases at the plant were authorized by the Ministries for Industry,for

Environment and for Health after the report of SCPRI, as also required under the

regulations. This was based on the computer codes for transfer to the

environment developed by the IPSN for verifying the release limits proposed by

the operator, to limit irradiation of the population to a value far lower (by a

factor of around 100) than the regulatory limit of 5 mSv/year.

The government authorities required that the increase in the capacity of the

La Hague reprocessing plants from 400 t/year to 1600 t/year should not result

in an increase in the radioactive releases authorization.
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1.2.3. Basic safety rules which formerly express certain safety approaches.

In the field of technical regulation, the French safety authorities have set the

objective of drawing up basic safety rules of a nature clearly illustrated in the

following extracts from the foreword at the beginning of each rule :

"... These rules should facilitate safety analysis and promote mutual

comprehension between those interested in nuclear safety matters. They in no

way reduce the responsibility of the operator... the operator may not apply

them if he can provide proof that the safety objectives of the rule are reached

by other means proposed by him within the framework of the regulatory

procedures".

The drafting of a rule is frequently a long process as it is regarded to be the
result of experience and also because the safety authorities search for the
broadest possible agreement of the different operators concerned.

The existing rules relating to the safety of reprocessing plants (published

during UP3-A construction) cover:

- criticality,

- fire protection,

- design and operation of the ventilation systems,

which require special attention in reprocessing plants.

Rules concerning the determination of design basis earthquake, and

allowance for the hazards associated with aircraft crashes are soon to be

issued.
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1.2.4. Probabilistic approach.

When the safety principles were put forward by COGEMA in the preliminary

safety report of plant UP3-A, the question of applying a probabilistic approach

to accident situations for reprocessing plants had not yet been raised. It was

only during construction of the plant when development of probabilistic

methods for nuclear reactors was far more advanced, that COGEMA proposed

an accident situation acceptability that divides situations into probability-

consequence levels.

The acceptability graph, in which probabilities and consequences are

correlated, is shown in Figure 1. In this chart, situations are divided into five

frequency categories.

The first category covers the common operating incidents, with the

frequency of greater than 10'1 per year, classified as normal operation, in

which the annual liquid and gaseous radioactive waste release limits authorised

by ministerial orders are not to be exceeded. These release limits correspond to

an irradiation of the population far lower (by a factor around 100) than the

regulatory limit of 5 mSv per year.

As regards the other categories, COGEMA has proposed to limit the

radiological consequences for the most exposed members of the public on the

basis of the estimated annual probability per workshop and per family of

initiating events, as indicated below :

- Category 2 : annual probability between 10'^ and 10"1 and annual

radiation exposure less than 0.5 mSv (0.05 rem).

- Category 3 : annual probability between 10 ' 5 and 10~3 and annual

radiation exposure less than 5 mSv (0.5 rem).

- Category 4 : annual probability between 10~7 and 10"5 and annual

radiation exposure less than 150 mSv (15 rem).
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FIGURE 1

Acceptability graph

Consequences
(mSv)

t
150

5 -

0.5 -

Unacceptable accident
domain

Design-basis accident
domain

'//. CURVE

Minor accident domain

10 io- 10*1

Probability per year per workshop per
family or initiating events



18

Category 5 : annual probability lower than 10 .

The fifth and last category corresponds to "beyond-design-basis"

accidents. This annual probability value of 10 per workshop and per family of

events is such that, in view of the number of workshops and the number of

families of events of significant effects, the overall risk for an establishment

such as La Hague, once UP3-A and UP2-800 are commissioned, should be of

the same order of size as the objective laid down for the Electricity de France

(EDF) sites equipped with pressurised water reactors.

The approach shown in the probability versus consequence acceptability

graph is not of a regulatory nature but was judged an acceptable practice by the

safety authority. It is used, whenever possible, to assess the provisions made in

the design of the facilities to limit the probabilities and/or the consequences of

accidents.

Note :

Hereafter, the expression "unacceptable consequences" shall be taken

to mean unacceptable consequences as defined in the acceptability graph in

Figure 1.

For use of the acceptability graph, the scenarios are, in estimation of the

probabilities, grouped by families of similar events and the consequences of the

worst case scenarios are taken into consideration.

In the design process, COGEMA paid particular care to the means of

minimising the consequences of common mode failures of certain auxiliary

functions contributing to the execution of functions important for safety, in

particular diversification of the electrical power supplies of the workshops as

well as the sweeping air supply system.

As concerns the reliability data, when there was a divergence in views
between COGEMA and the safety authority, the latter had a sensitivity study
carried out to make it possible to assess the impact of the choice of data on the
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order of magnitude of the overall result. On the basis of the conclusions of the

study, a more accurate assessment of the data was made.

As regards human error, these have not been the subject of

quantification in the design-basis probabilistic assessment. The safety authority

then considered with particular care the operating documents, the training and

the problems associated with the man-machine interface.

The safety authority recommended thus COGEMA should record and

manage the data relating to the main items of equipment considered in the

reliability studies, such as the duration of operation, the number of calls, the

number of failures, the duration of the corresponding unavailabilities, and the

duration of partial unavailabilities for maintenance, so as to make it possible,

after a few years of experience, to analyze the elementary reliability of these

items of equipment.

This probabilistic approach has no regulatory dimension but was considered

to be an acceptable practice by the safety authorities. It is used, whenever

possible, to assess the suitability of the arrangements made in the design of the

facilities to limit the frequency and/or the consequences of an accident. It is

used in the case where probabilities can be calculated with sufficient accuracy,

for example for external hazards such as aircraft crashes or explosions and in

the case of events associated with failure of systems such as the electrical

power supply, cooling, supply of air and handling systems, for which sufficient

data are available.

On the other hand, for events of natural origins such as earthquakes, and for

criticality or fire hazards, deterministic rules are applied.

The main effect of this approach on the design of the facilities is in the

arrangements taken to obtain an annual probability of occurrence lower than

10"7 per workshop for each family of events liable to lead to greater irradiation

than 0.15 Sv for the most exposed member of the public.
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The probabilistic method is now extending, as is already the case for nuclear

reactors, in the development of studies of certain beyond-design basis scenarios

for determining simple construction arrangements and/or procedures making it

possible to limit the consequences of such situations. Any such situations will

then be included in the internal emergency plan.
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1.3. Rules for dimensioning and analysis of the potential risks.

The design basis of a nuclear installation is established using a
methodology in which a distinction is drawn between normal, incident and
accident situations.

The design work on plant for the UP2-800 and UP3-A plants and for the

STE3 effluent treatment station are bases upon three complementary

approaches :

on compliance with the rules and regulations of the profession,

on the review of experience feedback,

on the analysis of the potential risks, performed using deterministic

methods or probabilistic methods (when the reliability data allow

sufficiently accurate calculations to be made).

The main technical rules used in the design work were those put

forward by COGEMA in the plant UP3-A preliminary safety reports of plants

UP3-A and UP2-800 and of effluent treatment station STE3 ; after appraisal

by the "Standing Group", they received the approval of the safety authorities,

which was followed by the decrees of 12 t n May 1981 authorising the

construction of plants UP3-A and UP2-800 and of effluent treatment station

STE3.

For the workshops of these facilities, the "safety-related design basis"

was used in this process. This basis was examined by the "Standing Group"

and approved by the safety authorities. These documents include a list of the

situations adopted for the design basis of the installations and the

corresponding criteria deduced by using the above approach.

These documents present in particular the list of situations selected for the

dimensioning of installations and the corresponding criteria.

Identifying the plausible accidents necessitates investigating the possible

precursor events. Some of these originate inside the installations while others
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are specific to the site, having effects inside the installations which cause
accidents.

A) The precursor events which are always envisaged when assessing the

safety of each plant workshop are the following :

a) Events of internal origin : these are linked to the process being operated in
the workshop concerned and to the auxiliary systems necessary to the
operation of the workshop ; the events considered are those belonging to
the following families of risk :

a1) Internal risks of nuclear origin :

- irradiation,

- spreading of radioactive materials (contamination),

- critical excursion,

- radiolysis,

- thermal emissions,

a2) Internal risks of non-nuclear origin :
- corrosion,

- failure of an important component,

- risks linked to handling (load dropping),

- fire,

- risks due to the use of equipment under pressure,

- abnormal pressure variations (low or high pressure phenomena),

- emission of internal projectiles,

- explosions,

- risks due to the use of chemical reagents,

- failure of electrical power supply,

- failure of cooling or heating circuits.

b) Events of external origin : These depend on the site (the choice of which

has allowed the probabilities of certain precursor events to be limited to a

certain extent) ; the events considered belong to the following risk
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families :

b1) Natural phenomena :

- earthquakes,
- floods,

- climatic phenomena (temperature variations, storms, lightning,
precipitation, frost, wind).

b2) Risks linked to human activity :

- air crashes,

- failure of main power supplies and of utilities supplied from outside

the organization, (such as electric power, steam,

super-heated water, water for cooling purposes,

chemical reagents, compressed air),

- risks linked to neighboring installations (fire, explosion).

B) The safety functions of a workshop are defined as functions whose

loss or degradation reduces the safety of the workshop. These can be classified

into four main categories :

- "containment" functions, which ensure that sufficient integrity and
sealing of the barriers is maintained (containment of radioactive solids, liquids,
aerosols and gases, and containment of chemical reagents),

- "structural" functions, designed to preserve the resistance of the

structures which support or contain equipment participating in other safety

functions (civil engineering structures, equipment supports, fixed shields

providing protection against external exposure to ionising radiation),

- "auxiliary" functions, designed to maintain the physical and chemical

conditions necessary for preserving the containment (control of temperatures,

transfer of radioactive materials, handling equipment for maintenance and repair

work, supply of power and services, and ventilation of buildings),
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- "control" functions, designed to maintain satisfactory operating
conditions (process control and radiological protection control).

Of these safety functions, those considered to be most "important for

safety" are those of whose loss or degradation would result in environmental

radiological consequences greater than 150 mSv (15 rem).

C) Choice of design basis accidents is based on an analysis in which

allowance is made for the action of forerunner events on the equipment of the

workshop and study of the resulting scenarios assuming either proper operation

or failure of the sub-systems participating in the safety functions. The study of

each plausible scenario, particularly the development of the effects of the

forerunner event on the installation and its consequences is carried out

determjnistically.

For all the events chosen, emphasis is placed on justification of the

determination of the parameters taken into consideration and the "bounding"

nature of the analyses.

The corresponding risks were taken into account in the course of designing

and constructing installations and buildings and have resulted in the installation

of special devices, some examples of which are given in chapter 5.

The choice of the process and the choice of the materials take account of the

risks related to the chemical nature of the reagents and materials.
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2. SAFETY EXAMINATIONS OF UP3-A REPROCESSING PLANT.

2.1 . Organization of UP3-A plant.

UP3-A plant, with a capacity of 800 tonnes per year, was commissioned by

stages between 1989 and 1990. For at least ten years, it will be devoted

entirely to reprocessing UO2 fuel assemblies belonging to foreign electricity

companies.

Plant UP3-A has been designed to reprocess UO2 reference fuel assemblies

from pressurised water reactors. Indeed, various types of fuel assemblies, both

from boiling water reactors (BWR) and pressurised water reactors (PWR) can be

accepted, provided that they comply with the technical safety regulations

applicable to the various workshops in the plant.

Spent fuel is transported to the plant by ship, rail and road in huge transport

casks weighing around 100 tonnes, at a rate of about one shipment a day.

After a limited period in an interim storage area, the casks are emptied in air in a

special workshop (TO, see figure 2). Unloading in air is one of the innovations

compared to UP2-400 plant.

The fuel assemblies are transferred and stored in a pond (ponds D and E with

a total capacity of 4000 tonnes of uranium).

After a period of radioactive decay, counted from the date they were

unloaded from the reactor (3 years for PWR fuel with a burn up of less than

38,000 MWdf 1 and 4 years for PWR fuel with a burn up between 38,000 and

43,000 MWdf 1 , maximum initial enrichment of 3.5 %), the fuel assemblies are

taken to the shearing and dissolution workshop (workshop T1). Here they are

chopped and the pieces of fuel pin, guide tube and grid fall into a continuously-

operating dissolution device using boiling nitric acid solution. The tops and

bottoms (end-pieces) of the fuel assemblies move into an independent rinsing

system. Undissoived debris (hulls and end-pieces) are embedded with a cement

matrix as they are produced, whereas in UP2-400 they are stored under water
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in silos. Workshop T1 comprises two parallel shearing, dissolution and hulls and

end-pieces treatment systems.

The liquor contains solid particles known as "fines" which include filings

produced during shearing and undissolved grains of fuel (uranium and plutonium

oxides, platinoids etc.). The fines are extracted by centrifugation, stored in

tanks and added to high activity waste which is vitrified.

The radioactive gases (rare gases, aerosols and 12^iodine) which are
released during shearing and dissolution operations are extracted through the
plant stack after purification (gas treatment and filtration).

The clarified liquor is then transferred to the extraction workshop

(workshop T2) where the Purex process takes place.

Fission products are first of ail separated out from the uranium and piutonium

in pulsed columns in which the liquor is mixed, in a countercurrent system with

the solvent TBP diluted to 30 % strength in dodecane. The uranium and

plutonium go in the form of nitrates in the organic phase, whereas the fission

products and transuranic elements other than plutonium remain in the aqueous

solution.
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The uranium and plutonium then have to be separated ; this is done by

altering the valency of the plutonium using a reducing agent (uraneous nitrate

stabilised in hydrazine), and making it switch to the organic phase in an

aqueous solution in mixers-settlers.

The uranium is finally re-extracted from the organic phase by introducing a

slightly acidic aqueous solution into the mixers-settlers.

The solvent, cleared of fissile and radioactive materials, is continuously

processed with sodium carbonate to eliminate TBP degradation products formed

by radiolysis, for being reused. The used solvents are processed in a solvent

distillation workshop in order to be recovered.

The uranium nitrate solution is washed in a diluting agent, concentrated by

evaporation and transferred to the uranium purification workshop (T3) where

two additional TBP-dodecane extraction cycles and two concentration

operations bring the uranium to the desired degree of purity. The uranium is

stored in tanks in the form of uranyl nitrate (workshop : T5).

The aqueous plutonium solution is washed in a diluting agent, reoxidised by
nitrous fumes and transferred to the plutonium purification workshop (T4),
where it undergoes two extraction cycles similar to those described above. The
purified ptutonium nitrate solution is treated with oxalic acid to get a precipitate
of plutonium oxalate. The oxalate is filtered, dried and calcined to produce
plutonium oxide powder.

The plutonium oxide is packed in 2.5 kg boxes. These boxes are put in

containers which are stored in a specially-protected facility named BSI

("BStiment de Stockage International" : international storage building) in

compliance with the regulations for the protection and control of nuclear

materials.

The process is not a continuous one ; between successive stages, buffer
tanks are used for intermediate chemical checks and adjustment of the
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operating rates of the different units.

The fission products and transuranic elements solution is concentrated in an

evaporator and stored in tanks, in order that the time counted from the date the

fuel was unloaded from the reactor is at least 4 years. Then it is transferred to

the vitrification workshop (T7) which implements the same process as that used

at Marcoule.

The fission products and transuranic elements solution, dissolution fines and

high activity sodium effluents are calcined and incorporated into molten glass.

The glass is poured into stainless steel containers, each holding 150 liters of

glass. One tonne of reprocessed fuel corresponds to approximately one

container of vitrified waste.

The low and medium activity liquid radioactive effluents produced in the

various plant workshops are collected at the effluent treatment station (STE 3)

where they are subjected to various purification processes by coprecipitation

using several chemical reagents. The radioactive sludge produced by these

operations is embedded in bitumen. Workshop STE 3 comprises two bitumen-

encapsulation systems. The purified effluents are discharged into the sea

through a pipe several kilometres long.

Solid waste resulting from workshop upkeep or maintenance is gathered and

packaged in a special workshop (AD2).

The La Hague plant comprises facilities for storing different types of waste

packages pending their removal by their owners : there is a storage period of

two years for hulls and end-pieces, three years for technological waste from

zone 4 ("red area") and five years, for vitrified waste (extensions are possible).

This on-line treatment of the waste arising from reprocessing operations is a

basic feature of the new La Hague UP3-A plant :

- production of very high activity glass retaining more than 99% of the
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fission products and alpha activity in a small volume (0.15 m^ per tonne

of reprocessed uranium),

- production of bitumen in a new liquid waste treatment station (STE 3)

which came in operation in 1989,

- production of cemented process waste holding the metallic parts of the

fuel assemblies (end-pieces and hulls), in the T1 facility,

- production of cemented technological waste and compacted drums in a

new building (AD2) which came in operation in February 1990.

This packaging of radioactive wastes as they are produced is an important

innovation which avoids the accumulation of waste in dispersable form. The

wastes are produced in accordance with a set of specifications drawn up in

advance ; conformance of waste packages to the specifications is checked as

part of a product quality control programme, largely based on process operation

quality control.

2.2. UP3-A safety objectives and improvements.

Challenges in the safety assessment of UP3-A arose from having set the

highest safety standards for this plant, with the use of high technology, some

of it specific to the reprocessing field, but much involving other sophisticated

technologies such as computers, electronics, new maintenance concepts,

advanced mechanics and new materials (the use of zirconium to make the large

dissolvers is just one such example).

As said above, considerable effort has been made to integrate experience

gained from plant UP2 operation into the design of UP3-A, particularly as

regards :

- electrical power supplies, whose reliability has been significantly increased,
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- packaging of radioactive waste as it is produced,

- radiation protection.

The improvements made over plant UP2 to reach this objective are based on
the following design modifications :

- plant UP3-A operation is remote-controlled from a centralised control room

located in the central building (workshop BC : "BStiment Central") ; only

some locally controlled operations still exist in lightly-exposed areas (such

as preparation of new packages for waste),

- sampling associated with normal operation is carried out using automatic

devices, with no break in the containment or protection against radiation,

- radioactive apparatus maintenance operations are carried out with no break
in the containment thanks to the use of mobile casks to remove equipment
(pumps, valves, filters, ejectors nozzles and sampling bench components
in particular). Several devices (shearing or vitrification devices) are
designed to be maintained by remote handling in zone 4 (red area).

2.3. Safety assessment of UP3-A and step by step commissioning.

2.3.1. Safety examinations.

Examination of the preliminary safety report of plant UP3-A at La Hague

during the "standing group" meeting on 2nd July 1980 was followed by a

licence to create this basic nuclear facility being granted in May 1981 (figure 3).

This first meeting of the standing group responsible for basic nuclear facilities

other than nuclear reactors was followed by 36 other study sessions about the

plant (figures 4 and 5).
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Chronologically, these study sessions dealt first of all with the modalities for
applying the safety principles defined during examination of the UP3-A
preliminary safety report.

These modalities were defined by COGEMA for all extensions to the

La Hague plants (UP3-A and UP2-800) in engineering documents considered

as basic documents. The main basic documents studied by the standing group

are related to electrical power supplies, process operation, radiation protection,

protection against fire hazards, assessment of consequences for the

environment of accidental releases.

The modalities for applying safety principles have been detailed, workshop-

by-workshop, in documents known as "safety-related design bases" or "safety

design rules". The "safety-related design bases" for the important nuclear

workshops in plant UP3-A were analyzed by the standing group, in 1984 and

1985.

These intermediate meetings (analysis of basic documents and safety-related

design bases) were followed by sessions to study the workshop provisional

safety reports (in particular, two sessions for each of the following : T1 , T2, T3-

T5, T4, BSI and BC), from November 1987 to May 1990.

The safety studies for each workshop were followed by four sessions :

- two in October 1989 to examine the remaining safety problems and the

quality of construction of the different workshops, except T 1 , and the

general working rules of the UP3-A plant,

- two in June 1990 to examine several remaining safety and quality

problems and, especially, the general presentation of La Hague safety

(PGSE) and the La Hague emergency plan.

2.3.2. Framework of the step by step commissioning.

As with any nuclear fuel facility, there were two main steps in the

commissioning process : "inactive" commissioning, which involves testing the
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plant with non-radioactive materials; and "active" commissioning, in which

radioactive materials are introduced. The general schedule of the "inactive" and

"active" commissioning operations is shown in figure 6.

At the end of the construction phase, a smooth transfer was completed from

the construction teams to the test teams. The continuing assistance of the

former was used for the necessary adjustments and modifications, which gave

a supplementary guarantee for the safety of the plant.

Commissioning a nuclear plant incorporating many chemical and mechanical

processes must be carefully planned and integrated into the construction

programme. A stepwise approach was used in order to achieve maximum

confidence in the plant (and to save time during "active" operation). Between

the various stages of commissioning some improvements were made to the

facilities.



37

Figure 6 : UP3-A step by step commissioning : key dates.
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2.4. Non radioactive ("inactive") tests (1987-June 1989).

"Inactive" testing started in 1987 in all UP3-A facilities, except the

vitrification workshop and associated storage areas which had construction and

test schedules more than a year behind the other units. This was because the

vitrification facilities will not be needed until one and a half year after the main

plant.

Inactive tests for each facility included :

- mechanical tests,

- water tests,
- acid solvent tests,

- natural uranium tests.

2.5. Radioactive commissioning.

2.5.1. Licences for progressive commissioning.

The following licences were granted :

- Decree of 12 t h May 1981 authorising COGEMA to build, on its La Hague

site, a reprocessing plant for spent fuel from water reactors, plant to be

known as UP3-A,

- Decree of 12 t h May 1981 authorising COGEMA to build a liquid effluent

and solid waste processing plant on its La Hague site, plant to be known

as STE 3,

- Licence (27 t n February 1984) authorising the release of gaseous

radioactive effluents by plants UP2-800 and UP3-A and by liquid

effluent and solid waste processing plant STE 3 on the La Hague nuclear

site (Manche de"partement),

- Licence (28 t h March 1984) authorising the release of liquid radioactive
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effluents by plants UP2-800 and UP3-A and by liquid effluent and solid
waste processing plant STE 3 on La Hague nuclear site (Manche
d6partement),

The progressive test phase for plant UP3-A was governed by the following

licences :

- 23 r d June 1989

Authorization to fill storage tanks in workshop T5 with uranyl nitrate

produced by the reprocessing of GCR (gas-cooled reactor) assemblies.

- 24 t h July 1989

Authorization to carry out tests of workshops T2, T3, T5 and Central Building

(BC) using the uranyl nitrate stored in workshop T5,

- 4 t h August 1989

Authorization to complete tests on uranium from GCR fuel assembly

reprocessing by tests on uranium from LWR (light water reactor) fuel assembly

reprocessing (batch of 30.6 tonnes of uranium transferred to workshop T5),

- 1 1 t h August 1989

Confirmation of licence granted on 4th August 1989 (because of a change in
composition of the 30.6 tonnes batch).
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- Ministerial letter of 16 t h November 1989 authorising :

.commissioning of workshops T2, T3, T5, BC, T4 and BSI in UP3-A

plant. The uranium and plutonium solutions came from workshop

HA-DE in UP2 plant. Workshop T1 , isolated from the other workshops

in UP3-A plant, was placed in a controlled zone,

.processing, in facility STE 3, of liquid radioactive effluents produced in

plant UP3-A and bitumen-encapsulation of sludge produced, with a

limit to the amount of activity which could be produced.

- The licence to commission workshop T1 was granted on 17 t h August 1990,
by ministerial letter.

These licences are subject to compliance with the technical guidelines

appended to the ministerial letters and to compliance with the technical

specifications indicated for STE 3 commissioning (letter SIN FAR A 67/3183 of

28 t h December 1987).

- The licence to commission workshop T7 (vitrification) will not be granted
until the safety documents for the workshop have been examined by the
standing group (forecast for the end of February 1992).

(Vitrification workshop R7 in plant UP2-800 has already been commissioned

- licence granted on 9 t n June 1989).
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2.5.2. General tests with reprocessed uranium (June-November 1989).

General tests with reprocessed uranium were conducted in two steps :

- a first step involving each particular building in which natural and depleted

uranium were used. Shearing and dissolution were performed on depleted

uranium mock-up fuel bundles,

- a second step involving all units working together (general tests) ;

reprocessed uranium produced by the UP2 plant was fed to the UP3-A

units.

These last integration tests, performed with all facilities tested together, were

the final phase before "active" commissioning.

From the beginning of the test programme, future COGEMA operators were

progressively introduced into the test team. During this period, these future

operators worked closely with the designers, equipment makers and

constructors in the conduct of the tests. This ensured a smooth transfer of the

facilities to the future operating teams and provided a key part of the training

programme. During these tests, the personnel acquired visual, and practical

knowledge of the equipment housed in the high-activity cells, which are no

longer accessible after active start up.

UP3-A's normal operating team consists of about 400 people. Of these,

25 % are experienced individuals from the UP2 facility and the remainder are

new staff recruited for UP3-A.

2.5.3. "Active" commissioning.

"Active" commissioning was also conducted in two steps on actual UP3-A

fuel : in the first step the majority of the highly active fission products were

removed from the solution fed to the plant, thus enabling access to process

cells if necessary, in the second step all fission products entered into the plant.
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2.5.3.1. First phase of "active" commissioning (November 1989-March 1990).

The first step of active commissioning of UP3-A started on the 17th of

November 1989 after the French Minister of Industry and the French Minister of

Environment both granted authorization. A first campaign of 30 tonnes was

carried out by the end of 1989 and a second campaign of 70 tonnes was

carried out in February and March 1990.

The fuel was sheared and dissolved using the UP2 head end. The solution

was first decontaminated of fission products in UP2, before entering UP3-A as

a "U + Pu" solution. Short runs were successively performed in order to test

the various units and to check progressively the flexibility of the whole plant.

Figure 7 shows the detailed organization set up to process these 100 t :

- dissolution of PWR and BWR fuel in UP2,

- removal of fission products in the first extraction cycle of UP2,

- feeding of the mixed uranium and plutonium solution to the first

extraction cycle of UP3-A : workshop T2,

- processing in workshops T2/T3/T4,

- interim storage of uranium and plutonium in workshops T5 and BSI.

Selection of the fuel was dictated by technical considerations, starting with

solutions close to nominal PWR fuel, then shifting to BWR fuel. The various

facilities operated with no major problems and several operating regimes were

successfully tested. It must be stressed that the final products of reprocessing

met the commercial specifications from the beginning. As only low activity

solutions had been introduced, ingress into the hot cells was possible at a later

stage to make final adjustments.
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2.5.3.2. Further phase of "active" commissioning.

The second step of active commissioning started in August 1990, after the

ministerial authorization, of the 17th of August.

Spent fuel assemblies, after shearing, were dissolved in the T1 new zirconium

dissolvers.

These dissolvers have a very specific design which requires outstanding

knowledge of zirconium technology. The first dissolvers installed in T1 were

considered not satisfactory with respect to the 30 years life time requirements

and decision to replace these has been taken. The new dissolvers have been

installed in February 1990 and started active operation in August 1990.
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Figure 7 : First phase of active commissioning of UP3-A.
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At the end of September 1990, 15 tonnes of spent fuel had been

successfully reprocessed.

In October 1990, 35 tonnes had been reprocessed.

By the end of 1990, COGEMA had reprocessed about 125 tonnes of fuel in

its new UP3-A facilities.

350 tonnes were reprocessed at the end of 1991.

450 tonnes will be reprocessed during 1992.

The nominal capacity of the UP3-A plant should be achieved in future years,

thus allowing safe and successful reprocessing of the first contracted 7000

tonnes by the turn of the century.
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3 RADIOLOGICAL PROTECTION OF THE STAFF AND OF THE POPULATION.

3 .1 . Radiological protection of the staff.

3.1.1. Protection of the staff.

The access conditions to the working areas are established in accordance
with the dose rate and the risk of radioactive contamination, in compliance with
the regulations which are derived from the recommendations of the International
Commission on Radiological Protection (ICRP).

The areas concerned are marked with the clover symbol in conventional

colour in line with the Order dated 7th July 1977, according to the dose rates

actually measured by the Radiological Protection Service of COGEMA. In the

case of areas through which mobile sources are moved, the colour is

determined by the dose rate for which these sources are responsible.

From the yellow area, which is outside of the permanent work area, the

access times are supervised by the Radiological Protection Service.

Conventional dose-metering equipment is available generally as individual
films, dose-meter pen or zone film.

Furthermore, at the exact points which are liable to become radioactive

sources, meters are installed, with the capability of giving an evacuation alarm,

(with extension to the central radiological surveillance station or not). This is the

case, for example :

for the outlets from red area of the vacuum circuits,

for the rooms in which V effluents (V for verification) are moved or

stored, when the nominal activity of these can be more than

1.85 GBq.m"3 (5.10'2 Ci.m"3),

the vacuum capacity rooms,

the transmitter rooms connected to tanks in which the activity is greater

than 7.4 TBq.rrf3 (200 Ci.m'3) for certain activity spectra, and half of
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this activity for other spectra,

the outlets from red area of the circuits connected to these transmitters,

the rear panels of screened analysis chains (the waste outlet bins are

attached to this panel) which are also engaged in the detection of

blockages of the analysis jugs in the area before arrival in the chain,

the manual or automatic sampling benches,

the unscreened filter rooms for the air extraction system,

the waste outlets in bins in mobile equipement replacement cask

(MERC), in accordance with the frequency of use.

Experience gained from plant UP2 shows that :

- traditional methods for calculating protection used at the design stage

produce large margins,

the personnel exposed to the lowest amount of radioactivity are those

working in high activity workshops, whereas those who work in medium

activity workshops (MA) are most exposed. This is explained by the fact

that in plant UP2, part of the upkeep and maintenance in medium activity

workshop involves contact, which is, of course, not the case for high

activity workshops. This demonstrates, ipso facto, that the part of the

exposure received in the presence of fixed biological protection is negligible.

The improvements expected in the les plants (UP2-800, UP3-A and the

STE3 effluent treatment station) are based on design modifications allowing

maintenance under biological protection (see figure 8 below).

3.1.2. The results of exposing staff to radiations.

The legal limits for the equivalent dose to the whole organism of staff

working in an ionising environment have been fixed at 50 mSv/yr.

At the present time, the average annual dose per staff member for the

La Hague establishment is approximately 1.5 mSv for the whole organism

(0.15 rem), the collective dose amounting to approximately 7 man.Sv for the

whole organism (700 man.rems) over one year. These values concern all of the

staff monitored by the PRS, including the staff of non-COGEMA companies and
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the established units which cover all of the activity of the establishment,

including the sites where dismantling is taking place. The values for the

operation proper are therefore lower than the values shown above (in particular,

the value of the collective dose affecting the operation of reprocessing plants is

less than 5 man.Sv).

More precisely, for all persons monitored in 1989 at the La Hague plant, from

a radiation protection point of view, the average individual dose per COGEMA

employee is currently around 1.2 mSv/year; in the case of 14 employees, the

dose exceeded 15 mSv/year in 1989 and the maximum value for one employee

was 25 mSv/year. (The legal dose limit for persons working in a radioactive

environment is 50 mSv/year).
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Figure 8
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3.1.3. Exposure reduction.

The exposure of the personnel reduces from year to year as a result of the

introduction of improvements into the methods of UP2 plant operation.

Improvements of the same nature are being introduced into the operation of

UP2-800 and UP3-A plants and the STE 3 effluent treatment station ; In

addition, other innovations which make maintenance and repair operations

easier have also been introduced.

3.1.4. Dose measurement of neutrons and low doses

The staff are in possession of an individual dose-measuring badge (the LH2)

which consists of :

a regulation film with its screens,

4 dose-measuring pastilles which enable alpha, beta, and gamma

radiation and neutrons to be measured separately by

thermoluminescence of lithium fluoride.

These badges are collected every month, discharged automatically, and read
automatically by a HARSHAW 8800 machine in the case of the pastilles, with
computerised recording of the results, or semi-automatic in the case of the
regulation films.

Where an incident occurs before the monthly collection of badges, the

pastilles can be read in five minutes.

Depending on the type of pastilles, the sensitivity can drop to 5 or 10 mrad.

In fact, only the values from the regulation films are recorded. Any films with a

zero count are identified. Films with a non-zero count of under 13 mrad are

recorded as being zero. On average, these films represent about 5 % of the

total number of films.
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Reminder:

The regulations applicable in France (Order dated 19th April 1968,

specifying the conditions covering the use of individual dosemeters)

give a value of 50 mrad as the measurement limit threshold level.

3.1.5. The personnel of "external" companies (non-COGEMA).

The average values of individual doses for the staff of "external" companies

are not very different from those of the COGEMA staff (a difference of less than

40% in 1989). the average values and the difference between them are both

following a downward trend.

In the case of the collective dose, that recorded in 1989 for the COGEMA

staff represents about 40 % for the whole of the establishment for a staff

number which was slightly lower than that for the external companies (including

established units and dismantling works at installations not belonging to

COGEMA). The collective doses are also falling, both for COGEMA staff and for

the staff of the external companies, and somewhat more pronounced in the

case of COGEMA staff when one considers the greater growth in company

personnel because of the increase in plant size.
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3.2. Radiological protection for the population.

The behavior of the radionuclides in the environment of the La Hague

establishment is subjected to rigorous surveillance procedures. The surveillance

scheme was set up in consultation with the public authorities and approved by

them.

The SCPRI, which is part of the Ministry for Health, has the responsibility

for surveillance of atmospheric and marine waste discharges and for the state of

the environment {see paragraph 1.1.1.). This organization draws up the

authorizations for waste discharges, inspects and supervises the Radiological

Protection Service of COGEMA, which in turn is responsible for following the

progress of these discharges.

Each month, the SCPRI analyses an average sample of marine discharges.

At periodic intervals, it samples and analyses the local fauna, flora, sediments,

sea water and river water. Each day, it samples and analyses the contents of a

sampling filter which is installed in one of the five COGEMA measuring stations

located outside the perimeter of the site (that located at Gr6ville). And finally,

the SCPRI also has a sampling station of its own, located close to the

MAUPERTUS aerodrome.

In addition, the marine radio-ecology laboratory of the Atomic Energy

Commission ("Commissariat a 1'Energie Atomique" : CEA), located at the

La Hague site, which is carrying out fundamental and applied research work on

fauna, flora, and seawater sediments, is able to blend in with the analyses

performed by COGEMA and is thus able to contribute to an independent

surveillance of the marine environment.

The radioactive waste discharges for the whole of the La Hague

establishment are regulated by the inter-ministerial Orders already mentioned

above (gaseous wastes: 27 t h February 1984, liquid wastes: 28 t h March

1984); the limit values are such that the individual dose equivalent, calculated

using conventional models, for the members of the public who are most

exposed, is considerably below the regulation limits (the factor is approximately
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one hundredth).

The public authorities have insisted that the increase in the capacity of the

reprocessing plants, from 400 tonnes per annum (UP2-400 plant) to 1600

tonnes per annum (UP2-800 and UP3-A plants), should be achieved without

any increase in the authorizations for radioactive waste discharges.

3.2.1. Gaseous effluents.

3.2.1.1. The results for gaseous effluents.

As a guide only, the discharges of gaseous radioactive wastes at La Hague in
1989 represented, as a percentage of the waste authorised for the whole of the
establishment, about 8.8% for 8 5Kr, 1.1 % for tritium, 25 % for all of the
halogens and 0.03 % for alpha-beta aerosol emitters.

3.2.1.2. Arrangements aimed at reducing gaseous effluent discharges.

The need to comply with the discharge limits independently of any increase in

the capacity of the plants at la Hague has necessitated the setting up in these

new plants of arrangements which :

- improve the effectiveness of gas discharge trapping (iodine and 1 4 C in

particular),

- reduce the alpha emitter content of the liquid effluents and the volume of

the effluents conducted to the STE3 treatment station. The

purification process for effluents used in the STE3 station have

been approved separately in order to ensure that the desired

decontamination factors are attained (for ruthenium in particular, as

a result of using cobalt sulphide). The initial operating results of the

STE3 effluent treatment station give decontamination factors which

meet the expected standards.
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3.2.2. Liquid effluents.

3.2.2.1. The results for liquid effluents.

For information only, the discharges of liquid radioactive wastes at La Hague

in 1988 represented, as a percentage of the waste authorised for the whole of

the establishment, the following values :

Discharges of liquid radioactive effluents at

the COG EM A establishment at La Hague.

Nuclides

Tritium
Other beta emitters
(incl. 9 0Srand 1 3 7Cs)
Alpha emitters

Observed

(% of authorized discharges)

1988

7
34

(22)
21

1989

10
35

(19)
22

The site at La Hague (Manche) possesses an outlet arrangement with a very

high dilution power. The effluents are discharged into the sea through several

kilometres of piping, ending some 1,700 metres from the shoreline. Research

studies (tests, models and the introduction of tracers into the sea) on the

dispersion of materials in the discharge area concerned, show that the area of

Raz Blanchard between the island of Aurigny (Alderney) and the cape of La

Hague possesses strong currents which favour the dispersion of any discharges.

A marine map has been drawn up on the basis of these studies, showing the

zones in the water which show identical concentrations. This map demonstrates

that the concentration of discharged radioactive materials diminishes by a factor

of about 10 6 in an area at a distance of 500 m from the point of discharge. On

the shoreline of the cape of La Hague, the dilution reached 4.10 7 (western

shore) and 1.10° (the remainder of the shoreline). Further along the coast, at

Cherbourg for example, the dilution is greater than 2.5.10**.
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The environment surveillance scheme is consistent with the authorizations for

liquid radioactive discharges : in particular, a certain number of characteristic

tracers , where analysis is possible, are subjected to a monitoring procedure

which enable the absence of any anomaly to be detected in the discharges,

independently of the direct measurement on the discharges. To the extent that

it is possible, the tracers used are radionuclides, la contribution of which to the

dose received by the population is the highest, especially cobalt-60, ruthenium-

106, antimony-125 and caesium-137.

The results of the marine surveillance carried out during the years 1988 to 1990

can be compared with the forecast values :
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The calculated and measured concentrations of radioactive products in seawater
(Ba/I) :

Nuclide

60Co

106Ru

125Sb

137Cs

Forecast value

1.8 10"2

4.8 10"1

1.2 10"1

9.8 10"2

Measured value (1)

<3.2 10"2 to <4.5 10"2

<6.4 10"1 to <8.1 10"1

<1.1 10"1 to <1.3 10"1

<4.1 10"2 to <7.2 10"2

(1) : < means "less than the indicated detection thresholds"

Surveillance of the environment confirms good agreement with all of the
forecast calculations.

3.2.2.2. Research and development programmes on the improved processes
for the treatment of liquid effluents.

Although the exposures resulting from discharges of liquid radioactive
discharges at la Hague are considerably lower than the regulatory limits,
research and development programs are continuing in France with the aim of
optimising the management of liquid effluents (the "ALARA" principle):

- modifications of the current process in order to improve further still he
separation of solids and liquids (centrifuging, ultra-fixing),

- additional processing of ion-exchanging resins,

- liquid effluent processing by evaporation,

- on the concentrates resulting from such evaporation, the envisaged
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researches are based on thermal denitration using the technique of

the fluidised bed, la ceramisation of denitrated concentrates, the

separation of long-life radioactive elements (from the concentrates,

using the techniques of liquid membranes or by chemical

precipitation).

3.3 Radioactive wastes.

At the UP3-A plant (and also in the future UP2-800 plant), the radioactive

wastes are packed as they are produced, representing an important innovation

in relation to the UP2 plant, with the objective of avoiding the accumulation of

wastes in a dispersable form. The radioactive wastes are produced in a manner

which conforms to the specifications established in advance ; the conformity of

the containers of waste, packed to the pre-established specifications is then

subjected to a product quality monitoring programme, based to a large extent

on the approval of the process and on monitoring the operational quality of the

process itself.

3.3.1 Wastes arising from the reprocessing process.

a) High-activity vitrified wastes (HA).

In reprocessing plants which operate by the Purex process, the high-activity

solutions are similar in chemical composition, namely a nitric concentrate of

solutions of fission products relieved of uranium and plutonium salts fission

products by extraction.

Production will rise by an average of about 0.75 containers of glass per

tonne of heavy metal irradiated at 33 GWj/t. Vitrification occurs no earlier than

after 4 years of cooling. The content in fission products is 11.1 % and the

content in actinides is 0.9 %. Also vitrified will be material from the clarification

centrifuges. The glass and its container represent a volume of 175 liters for a

gross weight of about 500 kg, the residual power being 2 kW. The content of

fission products in the glass in relation to the fuel element follows the following
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approximate ratio : 3.5 % in the combustible and 12 % in the glass. The
process of vitrification is fully approved : the Marcoule vitrification facility
("Atelier de Vitrification de Marcoule" : AVM) has been operating since 1978
and the R7 vitrification facility was brought into active service at the UP2 plant
in 1989.

The specifications for vitrified wastes have received the approval of the
safety authorities.

b) Solid wastes from the "head-end" units (shells and end-fittings).

Here are included also the wastes from the process : tops and bottoms of
assemblies, shells and other components of the structures of the assemblies
(struts, guide-tubing, springs, e tc . ) , which are shrouded in a matrix of cement
in the UP3-A plant (this will also apply to the UP2-800 plant).

For each tonne of heavy metal removed, one 0.4 container is obtained. The
final weight comes to about 3.5 tonnes per container, which represents 1.4
tonne of packed waste per tonne of uranium.

c) The precipitation muds of the process effluents of medium activity from
the UP3-A plant.

The liquid radioactive wastes of low and medium activity produced by the
UP3-A plant are processed in the STE 3 plant, the function of which is to purify
these effluents to allow them to be discharged into the sea. This process is
based essentially on a co-precipitation process using various chemical products.
The purified effluents discharged into the sea following checks. They contain in
particular iodine and tritium, in addition to residues which could not precipitate.
The precipitation silts are dried and shrouded by hot bitumen. Provisional
specifications, which are prudent in respect of the maximum radioactivity per
pack in consideration of the possibility of swelling, have been defined for the



59

first bitumen-wrapped wastes produced by the UP3-A plant.

3.3.2. Wastes other than those from the process.

a) Technological wastes of medium activity.

This includes essentially wastes coming from the parts of the contaminated

installations which are dismantled and which, because of their residual

radioactivity, are placed in the "medium activity" category, meaning that they

require protection in respect of the risk of exposure to ionising radiation. These

parts are cemented or are dismantled first so that they will fit into the

dimensions of the container.

b) Technological wastes with alpha radioactivity.

In this case also, cement shrouding will be applied, but most of the

containers will hold material radiating at such a low level (beta and gamma) that

no additional protection is required in respect of ionising radiation.

c) Technological wastes with beta radioactivity and gamma radioactivity in

the "low activity" category.

These wastes represent the major part of containers and contain not only

compacting filters and decontamination products, but also clothing, paper, and

installation components of low activity.

There is a plan to reduce volumes by compacting, followed by cementing into

concrete containers.
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3.3.3. Summary of the volumes and weights of wastes per tonne of withdrawn
uranium.

For the UP3-A plant, the situation is as follows, per tonne of heavy metal
withdrawn (reference fuel at 33000 MWj.t"1 :

HA vitrified
(with dissolution
materials)

Shells and
structural
elements

Bitumen

Technological
wastes
(alpha)

Technological
wastes
(low activity)

Number

0.75

0.4

3

1.4

5.4

Volume
(1)

150

600

600(*)

1,700C)

3,800

Weight
(kg)

400

1 400

750(*)

3,100(*)

6,500

(*) : under biological protection.
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4. EXPERIMENTAL FEEDBACK.

Reprocessing has been an industrial activity for more than thirty years in

France : the first large reprocessing plant, UP1, started activity back in 1958 on

the Marcoule site in the South of France. UP1 was originally designed to

process fuel from plutonium producing reactors on the Marcoule site (reactor G1

followed by reactors G2 and G3). Since they were commissioned at the end of

the fifties, all the facilities have been modified and extended to receive and

process gas-cooled, graphite moderated reactor fuels and fuels from the fast

breeder reactor Phoenix. The first industrial vitrification facility for high active

wastes was completed at Marcoule in 1978 (AVM).

UP1 has reprocessed today more than 3700 tonnes of gas cooled reactor
fuels and is continuing activity on french and Spanish fuels of this type.

Based on experience gained from the Marcoule plant, in the sixties, a second

plant UP2 has been built at La Hague.

4 .1 . Organization of UP2 reprocessing plant.

UP2 reprocessing plant at La Hague was commissioned in 1966 to process

gas-cooled, graphite-moderated reactor fuels. When gas-cooled reactors (GCR)

were abandoned in favour of pressurised water reactors in 1969, plant UP2 had

to be modified to broaden its scope ; the corresponding work was completed in

1975.

Spent fuel reprocessing programmes (for PWR, BWR and other fuels), which

have been increasing gradually since 1976, have made it possible to reach the

nominal capacity of the plant (400 tonnes of reprocessed uranium per year),

proving

that the technological choices made were sound.

In 1984, a cruising speed of 40 reprocessed tonnes per month was reached and

418 tonnes were reprocessed between November 1984 and November 1985

(see figure n°9).
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Since January 1987 (after 5 000 tonnes GCR fuels reprocessed), plant UP2

has been devoted entirely to reprocessing spent fuel from light water reactors

(PWR and BWR).

The main differences between the UP3-A and UP2 plants have been

presented above (paragraphs 2.1 and 2.2). Figure 10 makes a comparison

between the UP2 plant, the future UP2-800 plant (see later) and the UP3-A

plant.

The spent fuel is transported to the plant by road in special transport casks.
After a limited period in the interim storage area, the casks are immersed in a
storage pond and emptied. For this operation, they are fitted with a hermetic
cuff to avoid them being contaminated.

The spent fuel assemblies are then transferred and stored in a storage pond.

After a period of three years (counted from the date they were unloaded from
the reactor), during which the level of radioactivity decreases, the fuel
assemblies are taken to the shearing and dissolution workshop (HAO south).
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Figure n°9 : UP2 monthly rate
(1976-1989)
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Figure n°10 : La Hague reprocessing plants.
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The clarified liquor is then transferred to extraction workshop HADE where

the Purex process takes place. Fission products are first of all separated out

from the uranium and plutonium in mixer-settlers in which the liquor is mixed

with the tributylphosphate (TBP) solvent diluted to 30 % in hydrogenated

tetrapropylene (HTP). The uranium and plutonium form nitrates in the organic

phase while the fission products and transuranic elements other than plutonium

remain in the aqueous solution.

The purified uranium and plutonium solution is re-extracted in the aqueous

phase and then concentrated before being transferred to uranium medium

activity workshop {MAU).

Uranium and plutonium are extracted in workshop MAU where the uranium

nitrate solution obtained undergoes two additional extraction-by-solvent

cycles (TBP-HTP), allowing the uranium to be brought to the desired degree of

purity. The uranium is stored in tanks if the form of uranyl nitrate.

The plutonium solution is transferred to the plutonium purification

workshop (MAPu) where it undergoes two extraction cycles similar to those

described above. The plutonium oxide is packed in stainless steel boxes.

These boxes are put into containers which are stored in the specially-

protected building BST1.

Once the solvent has been cleared of fissile and radioactive material, it is

processed in workshop HA-DE to eliminate any TBP degradation products, with

a view to being reused. The solvents used are transferred in storage tanks

located in a unit near building PF, pending subsequent processing.

The fission product and transuranic element solution is transferred to

building PF to be concentrated in evaporators. The concentrated solutions are

stored in tanks located in the fission product storage workshops (SPF1 to

SFP6).
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The concentrated fission product solutions are transferred to vitrification

workshop R7 which uses the same process as that used in the Marcoule

vitrification workshop.

In August 1991, the cumulative total of UO2 reprocessed by plant UP2

exceeded 3600 tonnes, representing approximately 80 % of the world total (see

figure n°11).

Specifications for the final products (PuO2 and uranyl nitrate) were complied
with. The radiological consequences decreased constantly (see paragraphs 3.1
and 3.2).
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Figure 11 : Total LWR fuels reprocessed by UP2 plant

(1976-1989)
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4.2. Accidents and operating incidents at the UP2 plant.

4.2.1. Events which can lead to the risk of Criticality.

Three unexpected events which have arisen in the UP2 plant have given rise

to the risk of criticality.

a) The first, which occurred on 11th November 1979, concerned the

sending of shearing devices into the tube of the dissolver in the HAO plant, not

equipped with its sub-critical basket. This incident was caused by a design fault

in the control systems. The basket, after filling and following the dissolving

process, is withdrawn from the tube of the dissolver by means of a clamp

which takes it to a draining position for empty containers, and then puts it back

into position for refilling, after which the clamp is removed from the container

and repositioned. The container was not detached from the clamp even though

it had in fact been activated, and was returned to its high position with the

clamp still attached. Since this incident was detected in an indirect fashion,

(only the operation of the clamp was being monitored), the error was not

detected at once.

The safety margins in the calculations were such that the actual fuel

sheared was not capable of causing a criticality accident.

An additional detecting arrangement to check the passage of the container

was added, allowing the movements of the container to be followed more

effectively. On the new installations, special attention has been paid to safety

detection devices, placed in a manner which avoids the need for indirect

detection.

b) The second, which occurred on 21st May 1980, was the unplanned

draining of the batteries of mixer-settlers in the MAPu plant, following a drop in

the 48-volt control voltage, causing the control system to issue incorrect

orders. The order was issued to drain the system, and the batteries were

drained into the sub-critical tank provided to receive the contents of part of
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these batteries only. This tank then overflowed through its vent into one of the

drain compartments which, in turn, overflowed into the room concerned. The

concentration and the surfaces available for spreading were such that the

critical thickness could not be attained. Following this incident, a safety

arrangement stopping all commands whenever the control voltage drops was

installed, and the drain siphons of the batteries were equipped with a separate

locking device which prevents the start of draining even when such an order is

received by them. These systems have also been installed in the UP3-A and

UP2-800 plants.

c) The third incident, which occurred on 3 1 s t January 1983, was the

draining in the HAO plant of dissolving solutions into an effluents tank which

was not sub-critical whatever the concentration of the fissile materials. In this

plant, the two discontinued dissolvers are used, after dissolution and

transmission of the solution downstream of the process, to rinse out the empty

containers, and the last rinsing water is emptied into a non-sub-critical effluents

tank. On the day of the incident, which occurred at the end of a shift, the first

dissolver had completed the last rinsing of containers, and was ready to be

emptied into the effluents tank. The second was at the end of its dissolving

cycle, partially drained, and ready for the end of transfer of the solution

downstream of the process.

The upper density pipe was therefore immersed, and the residual height of

the liquid on the lower rod brought up a density reading of approximately 1.

Deceived by this value, the operator unlocked the circuits and drained the

second dissolver, instead of the first, into the effluents tank. The irradiation

characteristics of the fuel in solution, and the concentration and the absence of

precipitation were such that a criticality accident was not possible.

In the aftermath of this event, a lock, controlled by the control system, was

added to the manual valves of the circuit of the effluents tank. This lock opens

only if the complete sequence preceding the sending of the solution to the

effluents tank has actually been detected (including the transfer of the

dissolving solution downstream of the process).
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In addition, any manual forcing of the lock triggers off an alarm to attract
the attention of the shift supervisor.

No such configuration exists in the UP3-A and UP2-800 plants, which
would justify similar design rearrangements.

4.2.2. Significant incidents in the UP2 plant.

a) The main significant event to affect the UP2 plant and which could give
rise to feedback to the UP3-A plant, was the complete loss of electric power
after a fire in an area which was common to the power sources (normal and
standby) and the command wiring (15 tn April 1980).

The main lessons drawn from this incident are the following :

The main electric station of the establishment was recast in an attempt
to achieve two independent paths, for both power and control feeds,
each capable of full-power operation. This arrangement has now been in
service for several years.

The principle of separation into two independent paths has been used
right up to the main distribution boards in the new-generation units.

In the case of functions which, if lost, could lead to serious
consequences (cooling of the ponds, cooling of the concentrated
solutions of fission products, sweeping out of radiolysis gases, cleaning
out of the centrifuge setting tank, e tc . ) , a final local backup
arrangement involving redundant diesel generators, independent of the
main system feeding the plant, was installed in the new plants.

It has been possible to install backup power supplies in a very short time
(in approximately 8 hours for the cooling of the fission product
concentrated solution tanks, and in approximately 24 hours maximum
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for all other receptacles), either by the use of electrical generators

recovered on the site or from the region, or by making provisional

tappings onto the rural EDF system. This demonstrates that there exist

standby possibilities over and above the resources which are installed

for this purpose.

It was noticed that the speeds of raising temperature in the fission

product concentrated solution intermediate storage tanks and of the

ponds was considerably lower than those expected from the design

calculations. In fact, there exists a large disparity between the design

thermal powers and those which are actually called for in the working

plant.

b) One can also make reference to the special climatic conditions which

arose on 14 t n January 1987, when a negative ambient temperature was

accompanied by a violent wind and snow.

This caused perturbations on the EDF electric supply system EDF, with one

complete breakdown, and problems in the establishment:

blockage of traffic and accesses,

freezing of the batteries for preheating the ventilation air,

a risk of freezing of the air cooling for the fission product concentrated

solution tanks,

freezing of the reagent pipes.

The following actions were taken locally :

access clearing using machine available on the site,

draining of certain equipment,
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tarpaulins applied to the air-cooling substances for the fission product
concentrated solution tanks with the installation of air heaters,
allowing control to be regained without the need to halt production.

Following these events, a study was started on the basis of a hypothetical
temperature of - 10°C combined with a wind of 30 m/s, far worse than any
probable values based on historical readings (- 2° C without accompanying
wind). On both the UP2 plant and the UP3-A and UP2-800 plants, this study
led to :

the reinforcement of insulation materials,

the reinforcement of tracing wires,

arrangement for graining of circuits and mobile resources for the re-
supply of the plant (especially with formol),

glycol application to cooling or heating circuits,

the introduction of an instruction to pass to a lower ventilation speed
(50 %) when the temperature in ventilated areas fails below 7°C,
and reinforcement of the heating battery if it is incapable of
maintaining this temperature at the reduced ventilation rate for an
ambient temperature of -10°C,

the installation of snow-clearing machines, to be available on a
continuous basis.

c) One can also refer to problems which arose concerning the submerged
part of the equipment for discharge into the sea, which is approximately
5 000 metres in length. In January 1980, an abnormal progression in certain
parameters sensitive to the environment enabled a deterioration in the pipe at a
point close to its start point to be highlighted. A detailed inspection by divers
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showed that at certain points the pipe had suffered from erosion of its upper

part due to solids carried in the marine currents, probably worsened by

corrosion. This had consumed the whole thickness of the upper section after

16 years of service.

Temporary local repairs were performed, and during the two years which

followed a new pipe was installed, and the old one removed. In order to make

use of the experience gained from this incident, the new pipe :

has been installed in a modular manner (30-metre lengths connected by

metal-metal flanges),

is stabilised in position by means of concrete ties,

is covered externally by a coating of reinforced pitch to protect it from

erosion,

is fitted with cathodic protection,

is checked annually by divers, with a visual examination and

measurement of its thickness at critical points..

This new pipe is used for wastes from all of the plants (including those from

the UP3-A and UP2-800 plants).

d) The following table summarises the incidents declared by the COGEMA

establishment at La Hague between 1978 and 1989.
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Incidents at the La Hague COGEMA establishment from 1978 to 1989

YEAR

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

FOR 12 YEARS

NUMBER OF INCIDENTS

7
5
6
8
4
3
6
8
8
8
3
3

70

Of these 70 incidents :

54 occurred during normal operation of the installations, most being

caused by equipment failures,

11 occurred during normal operation of the installations, but happened

during maintenance operations,

5 occurred during inter-campaign shutdown, during maintenance

operations
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Fire was the cause of two of the most significant incidents which have
occurred at the UP2 plant :

on 15 t h April 1980, a fire caused by a short-circuit resulted in total loss

of the electric power supply, without consequence for the staff and the

environment (see above) ;

on 6 t h January 1981, a fire broke out in a waste graphite storage silo
(originating from gas cooled reactor fuel) and resulted in a limited
release, mainly of cesium, into the environment. In UP3-A and
UP2-800 plants, radioactive wastes (originating from light water
reactor fuel) are packaged as they are produced, which avoids the
accumulation of wastes in dispersable form.

The great majority of the 70 incidents declared in 12 years by the COGEMA
establishment at La Hague have had no notable radiological consequences. As
an example, the incidents for 1988 and 1989 were the following :

8 t n March 1988 : incident during the running of the chemical treatment

of low radioactive liquid wastes in the STE2 effluent treatment station.

18 t n April 1988 : damages on a low radioactive waste pipe during the

works related to the connection between future workshop R2

(UP2-800) and MAU (UP2).

22 t n April 1988 : firing of oil, due to the light associated with a video

camera, during a routine verification of a dissolver plug in workshop

HAO (UP2).

14 t n March 1989 : loss of electric power supply in plant UP2 (time

duration : 1 hour).

1 s t August 1989 : floor contamination in plant UP2 during the
transportation of a contaminated pump from MAPu (plutonium
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workshop) to AD1-BDH (decontamination workshop).

8 t h August 1989 : during maintenance operations in plant UP2,

loss of electrical power in fission products storage SPF2 (time

duration : 1.5 hour),

loss of monitoring of the main stack (time duration : 11 hours).

18 t h August 1989 : in vitrification workshop R7 (UP2-800), abnormal

irradiation level of an HEPA filter.

e) In general, a considerable effort has been made to incorporate the
operational experience from the UP2 plant in the design of the UP3-A and
UP2-800 plants, in particular by the setting-up of working groups (consisting
of the main contractor, the operator, the sponsor of the process, the engineers)
to reflect on various themes. As examples of feedback from incidents of low
importance, one can quote in particular:

the more general use of zirconium for the manufacture of high-

concentration acid evaporators, in which several failures have

occurred in the UP2 plant, generally without any great radiological

consequence, due to the low radioactivities present in the equipment

affected,

the cessation of vinyl polychloride in the packaging of plutonium oxide,
replaced by a welded stainless steel casing, which is a more reliable
solution,

the organization of containment (more rigorous continuity of primary

containment) and of ventilation (complete separation of ventilation

arrangements for equipment, in the primary containment system and

the second system),

the surveillance of the primary barrier of welded waterproof equipment,

by monitoring the air extracted from the cells,



77

the design and installation of standardised equipment which can be
removed without interference with containment using screened
mobile equipment replacement casks (MERC).

4.3. Experience from the containment barriers.

The system installed at the UP2 plant has proved its worth, even when

stationary, with the ventilation halted, (including one very long period during

1980), since all of the rare contamination incidents which did arise were easily

controlled.

The system of barriers installed in the new installations take account

particularly of the experience gained on the UP2 plant, by effecting an

improvement in particular by the complete separation of the gaseous effluents

from the process and by the ventilation of the buildings.

On the new plants (in particular the TO fuel unloading plant, the STE3

effluent treatment station and the R7 vitrification plant, which contains millions

of curies), no contamination incident was detected, in spite of several

unplanned halts of the ventilation system.

4.4. Emergency Plans.

In the establishment at La Hague, there exists an Internal Emergency Plan

("Plan d'Urgence Interne" : PUI) and a Special Intervention Plan ("Plan

Particulier d'Intervention" : PPI), the latter being prepared and updated by the

prefectoral authorities of the dipartement of La Manche. These plans have

never been called into action since their creation for lack of need (the Internal

Emergency Plan did not exist in April 1980 at the time of the fire at the electric

supply station).

Nevertheless, full size emergency exercises, with the setting-up of crisis
cells and the participation of the authorities, and with evacuation of staff, are
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carried out periodically on the basis of a supposed accident.

4.5. UP2-800.

In order to meet the needs for reprocessing of Electricity de France (EDF) fuel

in the future it has been decided to increase the nominal annual capacity of the

UP2 plant to 800 tonnes. A number of new buildings have been constructed,

some of which are already in operation :

- The new La Hague ponds (NPH) and the new flask unloading facility came in

operation in 1981,

- R1 building will perform shearing and continuous dissolution of the fuel,

starting end of 1993. Today the structure of the building is completed

and the stainless steel vessels are in place,

- R2 building will house the first solvent extraction cycle with partitioning of

uranium and plutonium. It has the same status as the R1 building.

- R7 started operation in June 1989 and produces glass holding the fission

products from the irradiated fuel. This facility has three vitrification lines

and is currently vitrifying the backlog of UP2 fission products

concentrates that have been stored during the past plant operation.

However, the UP2-800 plant will still make use of some of the older units for

uranium and plutonium purification (MAU, MAPU), as these units were capable

of such high throughput. They will be replaced by new workshop (R4) at the

beginning of the 2 1 s t century.

For the design, manufacture and introduction into service of the new units of

the UP2-800 plant, feedback is used very widely, in particular that acquired

recently during the progressive installation of the UP3-A plant.
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4.6. The importance of feedback.

Feedback is considered to be very important in the dimensioning, the

surveillance and the control of the process, with a view to the continuous

improvement of safety. The operator is subjected to an obligation to declare all

significant incidents to the DSIN : Decree No 63-1228 dated 11th December

1963, relating to nuclear installations. Feedback represents a vital component,

which adds to and enhances the nuclear rules and the deterministic and

probabilistic safety objectives for the calculation of the dimensions of an

installation. The dimensioning of the UP3-A and UP2-800 plants brought about

considerable improvements in safety - for example, the reliability of the

electrical supply was improved, to the point that an incident such as the loss of

all electrical power sources for a period of several hours at the UP2 plant, as

took place on 15 t h April 1980, is now far less probable. Other important

improvements in safety have also been introduces, especially due to the

standardization of equipment, to the methods used for preparation of

interventions in a radioactive environment, to the use of mobile equipment

replacement casks (MERC) for repair and maintenance operations, and to the

continuous and improved training of staff. The reduction in the average

individual dose to staff over time also demonstrates the effectiveness of this

feedback system.
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5. ANALYSIS OF THE RISKS.

5.1 . Prevention of internal risks of nuclear origin.

5.1.1. Prevention of the risk of irradiation.

The objective of the number of staff for which the equivalent dose over one

year exceeding 5 mSv be zero or nearly zero in normal operating conditions

resulted in providing adequate shielding to ensure that the dose rate in

permanent workstations is less than 2.5x10"** mSv.h"' (see paragraph

1.2.2.1.).

5.1.2. Prevention of the risk of dissemination of radioactive materials :

containment systems.

Two containment systems, to which are added a complementary surveillance

system, constitute an assembly which is designed to warn of a risk of

dissemination of radioactive materials.

A) The primarv containment system is composed of the following barriers :

. a first barrier composed of the equipment of the process (piping,

instruments, e t c . ) , any cowlings where they exist (equipment

carrying powdery products), in addition to any systems directly

associated with these (in particular, the vents of equipment) and

the containment sheathings and matrices, all of which contribute to

the primary containment of the radioactivity. The process

installations for gases from these equipments form an integral part

of this barrier. The integrity of this first barrier is subjected to

special surveillance ;

. a second barrier, made up by the walls of red area and the associated

devices (in particular ventilation and protections against alpha,

beta, gamma, and neutron radiation), which contribute to ensuring
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protection against exposure to radiation, and also to the
containment of the radioactivity whenever the integrity of the first
barrier is no longer certain. The integrity of this second barrier is
also afforded very special monitoring.

This first system is designed to provide to most complete containment

possible of the radioactivity. It has to take account of the need to perform

certain operations which imply the temporary removal of barriers : exceptional

repairs carried out outside of red area, the removal of materials or of sub-

products, the supply of fluids to the process from zones outside red area.

BIThe second system of containment is therefore provided at any point

where the lifetime of the continuity of the first system cannot be

guaranteed. This second system is composed of at least one barrier

providing suitable additional protection against the dissemination of

radioactive materials. In general, green, yellow and orange areas, their

external limits (which can be the walls of the building, for example) and

their associated functions (sas), form part of the second containment

system.

C) Complementary surveillance system

To these two containment systems is also added, mainly for the purpose of

surveillance and of limiting the consequences of incidents on the

environment, a system surrounding the whole plant, which amounts to a

general surveillance of the site, to comply with the current legal

requirements.

5.1.3. Prevention of the risk of critical excursion.

The risk of criticality is handled in the first place by preventive measures, in

a way which renders a criticality accident extremely improbable.
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The prevention arrangement adopted during the design of the plants, and
also those selected for their operation, to which are added the technical
requirements of the safety authorities which COGEMA is obliged to meet in
respect of operation, are all aimed at eliminating the risk of a criticality accident.

Considering these special measures, it would be necessary, as required by

the fundamental rule of safety relating to criticality (rule No I.3.C. issued in

1984), at least the coincidence of two independent events, each having a low

probability, in order to bring about a situation with a risk of criticality ("the

double contingency principle").

This risk is examined very early during the design of plants, since the

preventive measures necessary will have a bearing on the choice, on the

design, and on the organization of the process equipment (for the UP3-A plant,

research work of this nature was begun in 1976). In fact, it is by the geometry

of the equipment that one is able to ensure, as far as possible, the prevention of

the risk of criticality. This is the case for the dissolvers in the form of plates, the

annular pulsed columns, the storage vessels for plutonium, for example. When a

"safe geometry" cannot be obtained for all conditions of operation, the special

arrangements are made :

limitation of the isotopic composition, of the mass or of the

concentration of fissile materials,

limitation of the quantity of hydrogenated materials,

prevention of occurrences of water or oil,

use of neutron absorbers (storage baskets for fuel assemblies in the

ponds).

In consideration of the risk of criticality, the following constraints in
particular have been imposed :
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Entry into the shearing unit : entry of the fuel is subjected to the

verification of the isotopic composition of the residual uranium contained

in the fuel ; this verification consists of measuring the rate of combustion

and identification of the assemblage (the cooling time and the initial

composition in

- Shearing and loading of the dissolver : the sub-criticality is assured by

limiting the oxide mass, taking account of a limitation of moderation

through the absence of water.

- Dissolution : the sub-criticality is obtained through the geometry and

limitation of the concentration in solution (U + Pu < 380g.V1) taking

account of the ^^Uranium c o n t e n t estimated from the combustion rate

measurement, if the isotopic composition of the uranium does not allow

sub-criticality to be guaranteed by the geometry and the concentration in

solution, it is then guaranteed by an additional constraint which is

limitation of the mass loaded into the buckets of the dissolver.

- Dust remover : the sub-criticality is ensured by the absence of an

accumulation of non-dissolved oxide and by the geometry (reference fissile

environment: solution).

- From the output from the dissolution, the process guarantees a sufficient

absence of oxide to enable this to be neglected as a reference fissile

environment.

- Evaluation unit at the entry to the first cycle : the isotopic compositions of

the Plutonium24** and Uranium23** are monitored and the following limits

must be respected :
240Plutonium > 17 % 235Uranium <. 2 %

Plutonium total Uranium total

- Extractions from the first cycle : criticality-safety is provided by the
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geometry, and the concentration in fissile material.

In addition to this, precautions (usually locking) are taken, both to avoid the

accidental introduction of fissile solutions into vessels which, since they are not

counted as containing such solutions, have not been designed to take account

of the risk of criticaiity, and also to prevent the introduction of reagents which

may lead to the precipitation of fissile materials.

The prevention of criticaiity accidents is therefore based on principles and

requirements which aim to make such an event extremely improbable.

Detection and alarm devices designed to cause rapid evacuation and

measures for the protection of staff are nevertheless included. This is the case

particularly in the zones accessible to personnel, which may be the place, in the

case of an criticaiity accident, of a significant increase in the radiation level. The

following zones are therefore subject to surveillance :

in the T2 workshop, above the metal slabs protecting the batteries of

mixer-settlers of the first extraction cycle, the geometry of which is

such that they are not sub-critical whatever the concentration in

Plutonium and where the risk of criticaiity is controlled by limiting this

concentration,

in the T4 workshop :

above the metal slabs protecting the batteries of mixer-settlers of

the head of the solvent process, which are the first equipment of a

geometry such that they are not sub-critical whatever may be the

concentration in plutonium encountered in the lines of the process

after the "alpha barriers" of reliable geometry,

in the vicinity of the dismantling and of the "material-flushing"
enclosures for which the prevention of risk of criticaiity depends on
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respecting a limitation of the plutonium mass associated with
complex administrative rules, therefore introducing the human
factor.

The calculation of external doses and of the releases radioactive substances

was effected on the basis of a criticality accident leading to 5.10 1** fissions in

ten minutes.

This number of fissions is considered to be a reasonable envelope value and

results from the use of experimental CRAC and SILENE programmes carried out

by the IPSN on aqueous solutions of very enriched uranium, in order to

characterise the criticality accidents which are liable to occur in the equipment

of the process.

After calculation of the doses, this hypothetical event enabled the

evacuation paths, organised for the removal of the operators from the radiation

source, to be defined

The consequences on the environment of a critical-type excursion of

5.10 1® fissions have been evaluated on the assumption that the fission

products released are removed by the ventilation of the process and that the

filters stop all materials in the liquid or solid phase, but also allow all materials in

the gaseous phase to pass (halogens and rare gases) which are discharges by

the main stack of the plant (height 100 m). This is a pessimistic scenario (the

criticality experiments performed by the IPSN show that at most 10 % of iodine

produced in the course of the critical excursion could be released into the

environment). It was concluded that the consequences of a criticality accident

on environment would be low, and would require no special arrangements to

limit these consequences.

The criticality detection and alarm assembly ("Ensemble de Detection et

d'Alarme de Criticit6" : EDAC) was designed and developed by the French

Atomic Energy Commission (CEA).
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Its design includes information gained from the experimental CRAC and

SILENE programmes mentioned earlier.

This can include up to six "surveillance units", each composed of at least

three probes, which in the current version of the system are sensitive to gamma

and neutron radiation. The response of these probes is balanced, meaning that

triggering always occurs for the same fixed dose, the probes are always

subjected to gamma radiation alone or to mixed gamma and neutron radiation.

In the future, the probes will be only sensible to gamma radiation. The signals

from the probes of a surveillance unit are processed on the basis of a 2/n logic,

where n >_ 3. The coincidence time of the information coming from the probes

is not limited. In the La Hague establishment, each surveiiiance unit has the

number n = 4 probes, the signals of which are therefore processed according

to a 2/4 logic. The criticality detection and alarm system triggers the evacuation

of personnel present in the plant. It also enables the accident site to be located

and the ambient dose rate to be measured in the plant concerned, with a view

to providing guidance in any rescue operation mounted.
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5.1.4. The prevention of risks due to the production of hydrogen by radiolysis.

The prevention of explosions caused by the accumulation of hydrogen

produced by radiolysis is based on the use of highly reliable systems which are

used to dilute the tank atmospheres with air.

Allowance, at the design stage, for the hazards resulting from the

production of hydrogen by radiolysis involves the following main stages:

a) Design basis of sweeping air system.

This stage consists of :

• identifying the tanks where there is an explosion hazard due to the

concentration of radiolysis hydrogen,

- assessing the maximum flow rate of generated hydrogen, particularly

as regards the heat output of the solutions and the hydrogen generation rate

G (H2),

- assessing the minimum air flushing rate ensuring that a concentration

of 2% is not exceeded in the tank atmospheres ; a corresponding air flushing

system is installed.

b) Assessment of the time taken to reach a concentration of 4% (the

lower limit of flammability) after total loss of flushing.

c) Study of flushing system reliability making it possible to estimate the

probability of redundant loss of flushing liable to create an explosion hazard.

The results indicate explosion probabilities in the tanks affected of less

than 10" ' .year , which places such accidents in the beyond-design-basis

accident domain.
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The air necessary for flushing is produced by two passive redundant

booster pumps.

In the event of unavailability of the two booster pumps, it is possible to

supply the distribution header directly with the industrial compressed air of the

plant {with the possibility of interconnecting with the plant UP2 production

unit).

The solutions stored in certain tanks (example : High active liquid wastes

storage tanks) are homogenised with pulsed air devices. In the probabilistic

study, allowance was made for the availability of these devices ; when they are

operational the time to reach a critical concentration of 4% is in certain cases

extremely long.

As a back-up measure, sweeping with nitrogen is possible. The

availability of the related devices was not taken into account in the probabilistic

demonstration.
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5.1.5. The prevention of risks due thermal emissions of nuclear origin ;

Examples of selected event analyses : Failure of high activity liquid effluent

cooling systems.

In reprocessing plant UP3-A (see paragraph 2.1.), fuel assemblies are

sheared and dissolved in workshop T1 after a period of radioactive decay. In

workshop T2, the fission products are first separated from the uranium and

Plutonium, then concentrated to 300 liters per tonne of reprocessed uranium.

They are then stored in order that the time counted from the date the fuel was

unloaded from the reactor is at least 4 years, before vitrification in workshop

T7. These concentrates are highly radioactive and, as they release large

amounts of heat, the tanks in which they are stored have to be permanently

cooled.

a) Plant UP3-A cooling unit (unit 6260) is located on the roof of

workshop T2. It consists of six forced draft cooling towers, each with two fans

driven by two speed motors which under normal operating conditions, produce

and distribute the cold water necessary for cooling of the equipment of

workshops T1 , T2 and T7.

Water is distributed to the internal loops and the equipment to be cooled

via three headers, with one pump each, two being active while the other is on

standby. Under normal operating conditions, four cooling towers are assigned to

the two active headers, while the other two remain on standby (see Figure 12).
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Figure n°12 : Plant UP3-A cooling unit.
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In workshop T2, the fission product concentrate solution storage tanks

(volume of each : 120 m^) are cooled by unit 6220 in the following manner:

each tank is cooled by two independent internal cooling loops, each capable of

removing the maximum amount of heat released in the tank and consisting of

five coils (see Figure 13).

The design of these systems is essentially based on :

- thermal performance calculations allowing for worst case scenarios,

• from the point of view of the heat output per unit volume of the

solutions,

• from the point of view of the climatic conditions of the site,

- earthquake resistance calculations making it possible to guarantee the

permanence of the cooling function after a "maximum safety

earthquake" ("Seisme Majors de S6curit6": SMS),

- studies of accidents concerning loss of cooling.



Figure n°13 : Cooling of a tank.
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b) The study of accident situations involving loss of cooling can be
divided into four stages :

- characterization of the events,

- assessment of the reliability parameters of the different systems,

- estimation of the consequences (function of the duration of the loss
of cooling),

- assessment of the corresponding probabilities and determination of
the acceptability of the different situations.

The results are shown in Figure 14, where all the points representing the
development of loss of cooling accident situations in the probability-
consequence graph fall within the acceptability domain determined at the design
stage (the different cases marked A, B, C etc. correspond to loss of cooling
scenarios affecting the equipment of workshops T1, T2 and T7).

Case E is the worst case for loss of cooling of a fission product storage
tank. With the most conservative postulate, the times taken to reach
environmental radiological consequences are the following:

- 0.5 mSv (0.05 rem):6 hours after total loss of cooling,
- 5 mSv (0.5 rem) : 7 hours after total loss of cooling,
- 150 mSv (15 rem): 25 hours after total loss of cooling.
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Figure n°14 : Acceptability of accident situations.
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During the evaporation of the solution, the concentration in nitric acid
increases, which leads to the formation of volatile species of ruthenium.
Ruthenium would not be released in volatile form before the third day.

c) The accidental release values are based on the following predicates:

d) The radionuclides escape from tanks in the form of aerosols,

c2) The factor for entrainment of radioactivity from the tanks by

aerosols escaping from them is taken to be 10 .

This value represents the upper bound of the results obtained in

laboratory experiments in which fission product solutions were boiled.

c3) The factor for transfer between the tank outlet and the stack outlet

is taken to be 4x10"^.

This value was obtained by mathematically modelling the propagation of

aerosols in the vent lines from the storage tank outlet to the plant stack outlet,

essentially using the following parameters:

- the diameter and the flow rate of the aerosols at the point of release,
the values of which were obtained by experimental studies,

- the flow rate of the air in the ducts (natural draft ventilation),

- the relative humidity of the ambient air etc.

d) The action to be taken in the event of deterioration of the situation, is

specified in the general operating rules applicable to plant UP3-A and is detailed

in the instructions and procedures.

The study of loss of cooling of concentrated fission products

demonstrates that all the plausible scenarios remain within the acceptability

graph limits as defined earlier.
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The least improbable cases of loss of cooling correspond to short
duration shutdowns (of less than the time necessary for reaching boiling of the
solutions, i.e. about six hours under the worst conditions). The causes could be
the following :

d1) Failure of a cooling system component:

Due to the design provisions to ensure redundancy and reliability of the

equipment, the preventive maintenance policy and the spare part management

policy applied at the La Hague site, action can be taken to restore the cooling

function within due time.

d2) Loss of main electrical power supplies:

The La Hague site is normally supplied from the Electricity de France

(EDF) national grid by two 90 kV lines.

These two lines rated for 400 kV are used at 90 kV. Both

simultaneously supply the site, the load being roughly equally divided between

them. However, either of the two lines can supply the site alone.

These lines lead to switchyard P90 whose function is to redistribute the

electric current to all the site installations via a set of bus bars after

transformation to 20 kV.

The design principle adopted for the 20 kV network is to separate the

entire system into two distribution lines A and B, which are independent under

normal conditions, dividing the consumers between them to ensure that their

respective loads are virtually equal. However, these two trains can be used to

back each other up if certain connections are made.

The 20 kV network includes (see Figure 15) :

- distribution stations DEA ("Distribution Electrique, voie A") and DEB
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{"Distribution Electrique, voie B"),

- distribution sub-stations ("Sous Stations de Repartition Electrique" :

SSRE) throughout the site,

- "building unit" sub-stations ("Sous Station, Building-Unit" : SSBU)

associated with each workshop of plant UP3-A,

- a self-contained standby power plant with three electric generating

sets.

In the event of failure of the EDF grid, standby power is supplied by the

self-contained power plant which automatically starts after 12 seconds. The

consumers thus supplied are those of type E ("emergency supplied" or

"essential").
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Figure n°15 : Schematic diagram of electrical power generation and distribution
from the site to the workshops.
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The gradual resupply of electrical power to the consumers is optimised

by the load shedding/return system ("System de D6lestage-Relestage" : SDR) on

the basis of:

- their importance for safety,

- the power available from the self-contained power plant, making it

necessary to classify the emergency supplied consumers into three families:

• family A:

consumers which, during loss of the EDF electrical power supply,

are resupplied if at least one of the generating sets of the self-

contained standby power plant is operating,

• family B:

consumers which, during loss of the EDF electrical power supply,
are resupplied if at least two of the generating sets of the self-
contained standby power plant are operating,

• family C:

consumers which, during loss of the EDF electrical power supply,

are resupplied if at least three of the generating sets of the self-

contained standby power plant are operating.

Also, certain "type P" or "permanent" consumers supplied with current

from the EDF grid or the self-contained standby power plant include an

independent circuit (batteries and inverters). The following are of this type : the

instrumentation control systems (self-contained operation for 30 minutes), the

emergency lighting of radiological protection devices (self-contained operation

for 1 hour) and the criticality detection and fire detection circuits (self-contained

operation for 12 hours).

In the event of total loss of both the EDF power supply and the power

supply from the self-contained standby power plant, electricity is supplied by
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double local "safeguard" diesel generating sets making it possible to resupply

the consumers required for functions important to safety (including the

concentrated fission product solution cooling function) which are referred to as

"type S" or "safeguarded" consumers. These safeguarded consumers are

supplied by safeguard electrical generating sets via two independent and

mutually redundant trains.

These safeguarded consumers are an integral part of family A, i.e. any
consumer for which the safeguard power supply is possible can also be supplied
from the self-contained standby power plant if at least one generating set is
operating.

The division of the consumers into four types: N ("normal", supplied

only from the EDF grid), E, P or S results from the analysis made of the safety

of the installations and feedback of experience concerning electrical power

blackouts.

Indeed, a number of incidents involving the temporary loss of

concentrated fission product cooling have occurred at the UP2 reprocessing

plant on La Hague site caused by the failure of electrical power supplies : on

15 t h April 1980 after a fire in electrical power sub-station PO (several hours), on

14 t h March 1989 (one hour) and on 8 t n August 1989 (1.5 hour). During these

incidents, no significant variations in the temperatures of the concentrated

fission product solutions were observed.

The "safeguard operating system" makes it possible to preserve the

operability of the functions whose purpose is to protect the environment from

unacceptable consequences after an accident.

The operating instructions specify, for each workshop, the conditions of

utilization of the safeguard system. A "safeguard operating mode" enables the

shift supervisor and the workshop operators to implement safeguard provisions.

This operating mode provides sequences of operations that the operators are

required to carry out in chronological order, and guidelines for the shift
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supervisor which enable him to monitor, in liaison with the operators, the

different phases of safeguarding of the workshop. This document gives the

locations of the call points, the routes to be followed by the operators and an

estimation of the time necessary for carrying out the main operations.

The shift supervisor (or possibly his deputy) coordinates the operations

involved in safeguarding the workshop and operating it under such conditions.

He orders the operations to be started, then coordinates and monitors them

from a room in the workshop termed the "fallback room".

Once the safeguard provisions have been implemented, the operating

parameters are monitored and a unit operating log is kept updated.
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Throughout safeguard mode operation, the operating team :

- provides permanent presence in the current distribution rooms and the

fallback rooms (safeguard control panel),

- monitors the important parameters,

- establishes the necessary liaison with the plant manager and the shift

engineer.

To ensure proper completion of the actions necessary for safeguard
switchover within the time specified, exercises are carried out periodically.

To sum up, UP3-A reprocessing plant takes off-site electrical power from

the national grid and on-site electrical power from diesel generators, combined

with on-site distribution from two geographically segregated lines ; furthermore,

the consumers considered important for safety can be re-supplied by

seismically-designed safeguard diesel generators. These features ensure a high

level of reliability of electrical supply, resulting in the acceptability graph of

figure 14.
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5.2. The prevention of internal risks of non-nuclear origin ; examples of the
selected risk analysis.

5.2.1. The risks of explosion in the cells of the process.

Apart from the risks due to the accumulation of hydrogen produced by

radiolysis, the main risks of explosion in the cells of the process are as follows :

a) Risks due to the possible presence of "red oils".

The corresponding risks have been analyzed in the light of knowledge on

the risks of violent reactions and of explosions due to the organic compounds

known as "red oils", in particular incidents in the Savannah River plant (in 1953

and 1975), and of the available theoretical knowledge.

These risks have been analyzed for the concentration of fission products

solutions and for the concentration of uranyl nitrate solutions following

extraction by solvent.

a1) Concentration of fission product solutions.

The fission products solutions coming from extraction cycles which are sent

on to the fission product concentration units, contain only small quantities of

uranium and also benefit before concentration by a washing operation in a

diluting solution which eliminates the residual organic phase and limit the

quantity of used solvent.

These two characteristics of the process which were implemented in the La

Hague plants mean that one finds oneself outside of the domain in which the

heavy organic phases described in the literature develop.

Moreover, the tests carried out in the laboratories of the French Atomic

Energy Commission have shown that in the absence of the wash in diluting

solution, the presence of solvent in the aqueous leads to the formation of large
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volumes of foam in the concentration evaporator, but do not lead to explosive

reactions in the range of temperatures physically possible in the process.

Finally, the design of the heat-carrying circuit of the installed fission product

evaporators is such that the temperature of the solution within the evaporator

stays below 135°C, which results in a safety margin in relation to the

temperature necessary to trigger an explosive reaction.

This accident has been classified as outside the dimensioning area.

a2) Concentration of solutions of uranyl nitrate.

This operation gives rise to large concentrations of uranium. On the other

hand, the solubility of tributylphosphate (TBP) in the solution to be concentrated

is very low.

As a result, only accidental occurrences of solvent in the solution feeding

the evaporator could lead to the formation of heavy organic compounds. In

order to eliminate the risk of sudden decomposition of such compounds, the

heating circuit of the evaporator is equipped with temperature regulation and

with a warning system which automatically stops the heating process as soon

as the temperature becomes too high (more than 135°C).

However, the risk of explosion has been classified as an accident of the

dimensioning type. A study of the consequences of such an explosion has been

conducted, and has led to the reinforcement of the walls of the cell containing

the evaporator.

b) Risks due to the presence of solvent.

bDthe design of the organic effluent treatment unit ("Traitement des

Effluents Organiques" :TEO) takes account of the risk of explosion in this unit:

the risk of an explosive reaction between the TBP and the nitrates or
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the nitric acid is not very probable due to the design of the installation

(distillation under vacuum at low temperature). In any case, it has been verified

that the consequences of an explosive reaction between these products are

negligible,

an explosive reaction between the solvent vapors (and/or) the air

diluter in the parts of the installation under vacuum, where the temperature is

greater than that of the flashpoint has also been the subject of study. This

study was conducted on the reinforcement of certain cell walls.

b2)The use of solvent in the process leads to the existence in the

UP2-800 and UP3-A plants of a risk of explosion and of fire. This is presented

in a more general manner in the following paragraph.
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5.2.2. A further example of the analysis of events of internal non-nuclear
origin : prevention of the fire risk.

Elimination of the fire risk concerns some very simple principles consisting of

avoidance of combinations of conditions favourable to the start and

development of a fire, particularly in the zones containing sufficient quantities of

radioactive to lead, if they were dispersed, to significant consequences for

those members of the public most exposed. The equipment of the process is

distributed amongst separate cells, of relatively small dimensions and "fire

sectors" have been designated. These are elementary volumes separated by

structural elements for which a degree of fire resistance has been selected in

accordance with the likely characteristics of.any fire which may occur there,

threatening the area concerned and the safety and extinction equipment

installed. The zones where the risk of fire is considered to be significant are

equipped with fire detection systems. Whenever a "fire sector" contains a large

quantity of radioactive materials, it must also have a "fire and containment

sector". Special extinction equipment are then installed, in a manner which that

a fire can be extinguished within a time which is compatible with the

specification of the fire containment system, (walls, windows, ventilation

shafts, filters, etc).
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5.3. Examples of events concerning external aggression.

In general, the plant must present an appropriate resistance in respect of

aggression from the outside.

5.3.1. Loss of the electrical power supply.

It is to be remembered that the electrical power distribution system of UP2 plant

was the subject of a general failure due to a fire in the electrical rooms on 15 t h

April 1980.

At the present time, the La Hague establishment takes off-site electrical

power from the national grid and on-site electrical power from diesel generators,

combined with on-site distribution from two geographically segregated lines.

Furthermore, the consumers considered important for safety can be re-supplied

by seismically-designed safeguard diesels generators (see paragraph 5.1.4.).

5.3.2. Risks associated with nearby industrial facilities.

The explosion hazards associated with the industrial activities and the

transport of dangerous materials also do not necessitate special reinforcements

due to the particularities of the site (isolation, distance and height above sea

level).

5.3.3. Aircraft crash hazard.

In view of the way in which air space is organised, the nature of flights

(general, military and commercial aviation), and the existing accident statistics

(by mode of propulsion and weight and by phase of flight), it is possible to

calculate the probability of the fall of a reference aircraft for a given site per

square metre.



1 0 8

For the La Hague site :

- the probability of a fall per square metre is 4.4x10"1 1 per year,

- the reference aircraft chosen is a Cessna 210 falling at a maximum

speed of 100 m.s'1,

- the fall trajectories selected are, on an equal basis, vertical and 45° at
any azimuth.

The tests carried out by the Centre d'Etudes Scientifiques and

Techniques d'Aquitaine (CESTA) have demonstrated that 50 cm of concrete

representative of workshop walls constitute an effective shield for the reference

missile.

The "target" to be protected is considered to be all the structures and

equipment necessary for the safety functions of the workshop. Where it is not

possible to study the consequences of the hazard for the target itself or one of

its parts, the building or the part of the building in which it is contained is

conservatively adopted.

For assessment of the probability of a fall on each of the targets, the

formulae include the concept of the virtual area of the building or buildings

housing each safety function of the workshop : this area constitutes the area of

the target to be allowed for and corresponds to the mean probable area of the

cylindrical projection to ground level at the possible directions of fall of the

aircraft of the apparent area of these buildings.

For each of the plant UP3-A workshops, the annual probability of an

aircraft crash causing unacceptable consequences is less than 10 ' 7 year' ' .

Consequently, this hazard is not included in the design basis.

In the scope of beyond-design basis accident studies, the study of the
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mechanical effects of the fall of a business aircraft (a Cessna 210) on the spent

fuel interim storage ponds has furthermore indicated that the ponds would

remain sealed.

5.3.4. The risk of explosion related to industrial activity or to transportation of
dangerous materials.

The risk of explosion linked to industrial activity or to the transportation of

dangerous materials do not require any special reinforcement either, due to the

special character of the site (isolation, distance and height above sea level).

5.3.5. The earthquake case.

Natural events such as earthquakes cannot be treated probabilistically.

For nuclear reactors, as IPSN had developed a method for determining the

earthquake intensity to be allowed for in the design basis of the facilities, this

method was also applied to UP3-A plant. This initially consists of historical and

geological studies to assess the intensity of what is termed the "maximum

historically probable earthquake", the earthquake taken into consideration in the

design basis then being the "maximum safety earthquake" defined as being one

degree higher than the maximum historically probable earthquake in the MSK

scale. This intensity is associated with response spectra with a number of

damping values, this being established by using a collection of data on recent

earthquakes from different regions of the world.

All the facilities liable, in the event of a "maximum safety earthquake"

("Earthquake Majore" de S6curit6" : SMS), to cause greater irradiation exposure

than 0.15 Sv for the most exposed member of the public were designed to

withstand the earthquake, which for the La Hague site has an intensity of VIII.

Additional arrangements are also planned on a workshop by workshop basis to

limit radiological consequences in the event of a "maximum safety earthquake"

(SMS).
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5.4. Operational surveillance and monitoring of safety in operation.

The control and command of the UP3-A plant includes both a normal

computerised system, and a wired safety system which comes with

conventional display panels. These systems are decoupled from each other and

are geographically separated. The workshops of the UP3-A plant are also

equipped with a control system (operated from a fallback centre} which is

decentralised from the back-up systems.
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6. CONCLUSION.

In France, the safety assessment of an irradiated fuel reprocessing plant is

conducted within the framework of safety reports and their examination. The

responsibility for these studies and their presentation is thus primarily borne by

the builder or operator, i.e. COGEMA (Compagnie G6n6rale des Matieres

nucl£aires). These reports are then analyzed and deductions made from them by

IPSN (Institute for Nuclear Safety and Protection), which presents its judgement

to the government authority so that the appropriate decisions can be taken. The

critic analysis by IPSN is, at least for important subjects, submitted to the

"Standing Group". In addition, several IPSN engineers work at La Hague; they

determine which tests are important from a safety point of view, attend these

tests and analyze their results.

The Purex process used for the processing of spent fuel has been

operating successfully, as regards safety, at plant UP1 at Marcoule since 1958

and plant UP2 at La Hague since 1966. One of the greatest challenges in

designing plant UP3-A has resulted from the application of even more stringent

safety criteria to further restrict the frequency and consequences of accidents.

The probabilistic approach, used in cases where probabilities can be

calculated with adequate accuracy, has borne out the provisions made in the

design of the installations to attain this goal. This approach represents an

essential resource, which supplements and strengthens the nuclear rules and

deterministic safety objectives for assessing the design basis of the

installations. The design basis of plant UP3-A results in significantly higher

safety, for instance the concentrated fission product solution cooling systems

have attained an extremely high level of reliability (essentially due to the greater

reliability of electrical supply, an incident involving a several hours long blackout

of all the electrical power supplies of plant UP2 of the type which occurred on

15 t n April 1980 is now far more improbable).

The lessons which have been learnt from previous experience have been

taken into account. This information has been used for the design and future
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operation of the UP3-A plant and of the UP2-800 plant. This feedback will
naturally continue to be used with a view to further improving the safety of the
operation.

Safety assessment of UP3-A design, construction, commissioning, and start-

up operations is now ending. For those involved, it has been a fantastic

experience. Many people worked on it for many years, and due to their

expertise and the high level of technology which they mastered, the

construction, commissioning and safety assessment of UP3-A can be

considered as successfully completed.




