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ABSTRACT

In France, EDF, operating 58 pressurised watetoescAREVA, operating the fuel cycle
facilities and Andra, managing the final waste s{awies are three major players in the
nuclear field. The French Atomic Energy CommisgiG&A) is a major player as provider of
technologies, processes and R&D in the field oftevasanagement and is the owner and
operator of nuclear facilities in France, includfagilities which are in the D&D stage. The
CEA is the majority shareholder of AREVA.

For the last 30 years, France has set up induatr@legislative tools, leading to an efficient
radioactive waste management.The present papey wéhl EDF, AREVA and Andra
complementary skills covering conditioning, treatmestorage and final disposal.

The French radioactive waste regulatory frameworktie management of radioactive waste
and nuclear material is set by the French 2006nptgnAct, in line with the European
Directive. The law requires in particular the NaabPlan for the Management of Radioactive
Waste and Material (PNGMDR).

The elaboration of the “PNGMDR” is led by the Galddirectorate for Energy and Climate
(DGEC) / Ministry of Ecology, Sustainable Developthand Energy — and the Nuclear
Safety Authority (ASN), in the framework of a pllistic working group including operators
(notably EDF, AREVA and Andra), and NGOs. The doealris updated every 3 years.
Based on the national waste inventory, its purp@$e draw up a progress report on existing
management measures of radioactive materials astéwa make an inventory on
foreseeable needs for storage and waste disposatiitate the necessary capacities for such
installations and the duration of storage andtHerradioactive wastes for which a definitive
management route does not yet exist, to deterrhmelbjectives to achieved. It establishes a
strategic roadmap concerning all radioactive matamd waste.

In respect with the protection of human healthetseind environment, the French strategy
adopted for sustainable management of radioactastenis as follows : limit the waste
guantities and toxicity (at the generation stagbyorecycling or by treatment); sort out the
radioactive waste by nature and activity leveliden to facilitate the treatment, conditioning
and disposal ; package the radwaste as soonsagdherated ; limit the use of storage and
send to disposal as soon as reasonably practicable.

Comprehensive and safe management routes areyalreageration for the large majority of
short-lived wastes generated both by power plamdsfael cycle facilities in service and
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during decommissioning. They largely rely on the asAndra’s repositories and of the
CENTRACO waste processing plant, operated by SOOQ@Ditbsidiary of EDF Group.
Regarding the long-lived radioactive waste, thelagioal disposal centre is under
development and will be available in 2025.

On an international level, the increased awareokt®e general public and authorities of the
issue of radioactive waste, combined with the drgthray of power plants, will lead certain
countries to review the implementation of managemelutions for their waste. Based on
their know-how in France and other countries, ERREVA and Andra are able to provide
them with recognised technical expertise on wasteagement solutions.

INTRODUCTION

The reduction of the overall impact of radioactivaste has been one of the key drivers for
the implementation of the French nuclear prograrteractions between the nuclear industry
including EDF and AREVA, ANDRA, the administratiaihe competent authorities and other
stakeholders including the civil society has ledat@ontinuous evolution of the industrial
facilities, practices, solutions and products tosentowards waste minimization.

The outcome is the implementation of a consistadt@mplete scheme for the management
of radioactive materials and waste, which allowskoin an optimal manner EDF’s nuclear
power plants, AREVA fuel cycle facilities and ANDRArepositories.

Used fuel recycling has been the cornerstone of Rlench nuclear program since its
inception leading to structure the waste managematrding to three main streams:

- the ultimate waste stemming from the recycling sédifuel;
- the waste stemming from the plants operation;
- the waste stemming from the dismantling of fa@sti

The solutions implemented for the management cfettstreams have been both contributing
to and impacted by the French regulatory framevemdution.

40 YEARS OF REGULATORY FRAMEWORK CONSOLIDATION

Radioactive waste management began in France lgsasat969, with the creation of the first
radioactive waste disposal in La Manche, near thélague recycling facility. In 1979, Andra,
the French National Radioactive Waste Managemernéygwas created as part of CEA (the
French Atomic Commission).

A first law was passed in 1991[1] for 15 yearsaxfaarch on High Level Waste. Based on the
results achieved during this 15 year research gpeaonew Act was passed in 2006 [2] in
order to define the industrial options for all malitive waste generated in France, and
especially for used fuels.

The 2006 Planning Act set up the framework:

» At the technical level, it gives a roadmap for thelioactive waste management in
France



WM2014 Conference, March 2-6, 2014, Phoenix, Arizan USA

o All the radioactive waste are recorded in the Naldnventory, which gives a
mapping of the wastes, with indication of their amis, locations and
radioactive characteristics.

o The management of the radioactive waste is defmed National Plan for
radioactive materials and waste Management (PNGM[BR)Its elaboration
is led by the Ministry of Ecology, Sustainable Dieyenent and Energy, and
by the Nuclear Safety Authority (ASN). It is prepdrin the framework of a
pluralistic working group including operators (noita EDF, AREVA and
Andra), and NGOs. Based on the national waste tovenits purpose is to
draw up a progress report on existing managememisunes of radioactive
materials and waste, to make an inventory on fedsle needs for storage and
waste disposal, to indicate the necessary capadaiesuch installations and
the duration of storage and, for the radioactivestes for which a definitive
management route does not yet exist, to deterrhmehjectives to achieved.

* At the industrial level

o The reduction of the quantity and toxicity of raalitive waste shall be sought
notably by processing used fuel and by processidgcanditioning waste

o Any radioactive material pending processing and attynate radioactive
waste pending disposal shall be stored within aapgcdesigned and
dedicated facilities

0 After storage, any ultimate radioactive waste uiakle for disposal in surface
or shallow facility due to concerns pertaining taclear safety shall be
disposed of within a deep geological formation. Tgemlogical repository,
subject to its license, would be commissioned 520

» At the financial level, it secures the funding afure radioactive waste management,
with :

0 A tax on nuclear facilities to finance R&D on HLWamagement

o The obligation to nuclear operators to dedicatetas®r funding of long term
management of their radioactive waste

Regarding the information given to the public, t2@06 Planning Act represents a key
element for acceptance of radioactive waste managesolutions and acceptance of nuclear
energy : the National Plan and the National Invenéme made public every 3 years.

In France, there are 5 waste categories, class#cetrding to their disposal solution. The
classification is mainly based on the two followipgrameters: the level of radioactivity and
the half-life resulting to the following categoriessery-low-level waste (VLLW), low- and
intermediate-level short-lived waste (LILW-SL), ldevel long-lived waste (LLW-LL),
intermediate-level long-lived waste (ILW-LL), hidavel waste (HLW). Figure 1 gives an
overview of the radioactive waste classificationd atihe disposals (operating or under
development) associated to each class of radi@aataste. Industrial repositories already exist
in France providing definitive solutions for VLLWhd LILW-SL. 90% of the total volume of
radioactive waste generated each year in Frardiepssed of at actual facilities.
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Short-lived waste Long-lived waste
Period= 31 years Period = 31 years
Very low level Waste mainly from dismantling operations (CIRES since 2003)
=100B4/g, ~10Ba/g
Graphite, radium-bearing waste
Low level Waste mainly from day-to-day
operation of NPPs (under development)
Afew 10°Balg
(CSM from 1969 to 1994)
(CSAsince 1992) |
Intermediate |evel
Afew 10°Bglg i |
' Waste stemming from UF recycling
High level ) ) e . .
(CIGEO geological disposal facility in France to be commissioned in 2025)

Figure 1 Overview of French radioactive waste clagfication

40 YEARS OF OPERATIONAL EXPERIENCE IN THE FIELD OF NUCLEAR
MATERIALS & RADIOACTIVE WASTE MANAGEMENT

The French nuclear program boomed in the sevewiibsthe commissioning of a first PWR
in 1977 in Fessenheim, the commissioning of thet LtWR recycling plant in 1976 (La
Hague UP2-400) and the commissioning of a firstos@pry, involving since the very
beginning the three blocks of a sustainable wasteagement solution (Electricity generation
— Fuel Cycle solutions — Waste disposal).

Since then, this program nourished from the impletiatgon of complementary facilities,
processes and practices evolution based on opeabfieedback and innovation, leading to
the current nuclear framework.
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Figure 2 EDF, AREVA & ANDRA facilities in France
As illustrated in Figure 2, French nuclear faciittiare as follows:

» EDF owns and operates 58 PWR NPP :
o 34 PWR 900 MW
o 20 PWR 1300 MW
o 4 PWR 1500 MW

» EDF is currently building 1 EPR, under construction
* 9 NPP are under decommissioning by EDF
» EDF operates CENTRACO facilities for radioactivesteatreatment

« AREVA’s range of nuclear activities covers the emtfuel cycle from mining,
extraction, conversion, enrichment, manufactureraogcling, to logistics and storage
services. La Hague plant is dedicated to used ffieeycling and ultimate waste
conditioning. AREVA operates recycled fuel fabrioatplants including the MELOX
plant (for MOX fabrication).

* AREVA is currently working on the dismantling ofetfiirst French recycling facilities
(UP2-400 and UP1) and of the first French MOX fiaddrication facility in Cadarache.

* ANDRA operates 3 repositories
o0 1 Low and Intermediate Level Waste repository alioseunder monitoring in
La Manche district, next to the La Hague AREVAOgssing plant
o0 1 Low and Intermediate Level Waste repository (CR®Allaine)
0 1 Low Level Waste repository (CIRES Morvilliers)
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The solutions implemented by the French nucleaustrgl provide a comprehensive and
funded solution for the waste generated by thetiagileet for its entire life, as illustrated on
Figure 3.

Materials

W'ay!\\f L ‘
‘“‘) N~

Fuel Cycle
Facilities

Nuclear Power
Plants

Wastes

Final Disposal
Facilities

Figure 3 Nuclear materials & radioactive waste flavs overview
NPP Materials and Waste management

Used fuel

As leading nuclear power plant operator in the doofEDF is also among the largest
radioactive waste producers. The fleet of 58 pmemst water reactors in operation in France
generates every year 1 200 tons of used nuclekiffom which 1 050 tons are reprocessed at
AREVA'’s La Hague facility, giving rise to around @8° of high level waste (HLW) and
200 n? of intermediate level waste (ILW) per year. Reiyglvaluable materials (Pu and U)
while minimizing the volume and long term radiotdty of the ultimate waste to be disposed
of into the geological repository is at the hedithe overall management strategy.

Operational waste

The fleet also generates every year 10 000 to 050of short-lived waste (technological,
maintenance and process waste) stemming from Np&siton.

The strategy adopted by EDF for sustainable manageaoi the related waste is as follows:
- To limit the waste quantities at the generatiogestdy recycling or treatment ;

- To sort out the radioactive waste by nature antigctevel in order to facilitate the
treatment, conditioning and disposal ;

- To package the radioactive waste as soon asdénergted ;
- To limit the use of storage and send to disposabag as reasonably practicable.



WM2014 Conference, March 2-6, 2014, Phoenix, Arizan USA

The rationale for processing operational wastéeaptants is illustrated on Figure 4.

CSA

(LLW & SL-ILW
repository)

Recycling

Figure 4 Radioactive waste overview

Waste treatment at CENTRACO

For waste volume reduction, a major developmentiwed with the commissioning in 1999
of the CENTRACO waste treatment facility, operated SOCODEI, a 100% owned
subsidiary of the EDF Group. This facility offersaste volume reduction services by
incineration and metal melting: in the range froro %0, and more than 90 % of its capacity
is used to process EDF LLW. The CENTRACO incinemtinit is designed to process short-
lived LL radioactive combustible solid and liquidaste produced in nuclear installations
(boots, clothing, wash-liquors). The CENTRACO nmdtiunit has the capacity to melt and
recycle scrap metal and metallic components pratlirc@uclear installations during routine
operation, during process maintenance and durirgmalitling. The start-up of the
CENTRACO facility also enabled the treatment oftaier wastes which remained without a
management route and which in certain cases warainéng in interim storage on the station
sites (oil and solvents, various aqueous wastessgrwaste)

The large majority of final waste is disposed othe two ANDRA'’s surface repositories in
the Aube district: the Soulaines repository forrstiwed LILW, commissioned in 1992, and
the Morvilliers repository for VLLW commissioned #003.

Decommissioning waste

The decommissioning program of EDF comprises 9-dbuin reactors, planned through to
the 2030s and that will generate a total amourit86f 000 tons of radioactive waste, mainly
very low level waste (VLLW) and low level waste ().

The role of EDF in radioactive waste managementlésrly defined in the French law
through the 2006 waste act, which was reinforcegQibl with the Nuclear Waste European
Directive[4]. These two legal texts clearly pladee tfull and entire responsibility on the

7
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industrial operators whose activities are the sewfdhe wastes. Thus, EDF is responsible for
the radioactive wastes it has generated, with resipdity to transfer the responsibility and
with no limit in time: on the one hand, EDF is respible for assuring or making sure that
they are properly managed; on the other hand EBRdaecure the funding for the long term
management of its wastes.

From the very outset of France’s nuclear power ranog EDF developed industrial-scale
management of the radioactive waste produced byatpe and maintenance of its 58
pressurized water reactors in service. This managemrocess has constantly progressed
thanks to feedback and experience and in line elitinges in the regulations and available
technologies.

Fuel cycle facilities Material and Waste management

Recycling facilities: minimizing the overall environmental footprint through used fuel
recycling
40 years of improvements in waste management rpleg;iples and processes at La Hague

plant has led to impressive reduction of the wastemes as synthesized in Figure 5.
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Figure 5 Reference main streams at La Hague
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AREVA has implemented recycling capabilities asated with an optimized ultimate waste
management with the so-called “Universal Canis{elC) Strategy (Figure 6). This strategy
based on recycling and waste conditioning standatidin by using a single type of package
for long lived waste, leads to important savinggerms of volume (up to 5 compared to
direct disposal) and long term radiotoxicity (up X6 compared to direct disposal). This
ultimate waste consists mainly in fission produatsl minor actinides traces, as well as
structural assembly parts. The fission productsrarerporated into a stable borosilicate glass
matrix and conditioned in the UC-V (Universal Caeidor Vitrified waste) ensuring stability
and containment during a very long period (oventh@0 000 years). The structural assembly
parts - hulls and end pieces — are compacted amditmmed in UC-C (Universal Canister for
Compacted waste).. One of the challenges is thdunteduce the ratio UC/tHM taken into
account the used fuel evolution including the iasein Burn-up.

The UC strategy provides the ability to rationalitee global waste management from

8
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reception and storage of waste to final disposaks{le handling, transport operations, and
geological disposal selection, design and constmicare indeed facilitated thanks to the
uniqueness of packaging with smaller volumes addaed thermal constraints. The resulting
costs are therefore lowered.

Stainless steel
enveloppe

Waste
Hulls, End-fittings immobilized
and technological in glass
waste matrix

uc-c uc-v

Figure 6 Universal canister

The UC strategy complements the recycling strategygn economically sound way. Solving
the waste issue has become the prime contributouttear program sustainability: recycling
with practical and already visible steps in theimimation of the nuclear legacy to the future
generations through the UC strategy contributesd&ing the final waste issue solvable.

In the French case, the geological repository shbalve a footprint of around 15 km2 taking
into account that the whole used fuel inventory Mdoe recycled. The shift in the policy

from recycling to direct disposal would lead tagngficant increase in the volume of HLW to

be disposed of (90 000°ninstead of 10 000 M and thus to a significant increase in the
repository footprint (25 km2).

Recycling facilities: operational waste
The La Hague recycling plant operation leads alghé generation of waste including :

— solid wastes mainly consisting of gloves, work loés, toolings, and parts originating
from operation and routine maintenance in La Hagagkshops

Depending on their nature and activity, they argerided either to the existing surface
repositories (VLLW and LILW-SL) or the upcoming @ig repository for HL —ILLL waste.

For these wastes, the general approach basedriithe reduction at the source consists in the
optimization of the waste conditioning, at evempstfrom their generation to their disposal in
existing or future repositories. This approach magiude the conditioning in primary
packaging following specific treatment includingimeration (e.g. for gloves), melting (e.g.
scrap metal), bitumization (e.g. for radioactivadgle), cementation (e.g. for solid waste),
compaction (e.g. for technological waste) and figmtion ; the trend is towards the
replacement of some of the above mentioned prosdfseexample bitumization) by more
efficient ones.

Along with used fuel recycling, AREVA’s range of ¢lear activities covers the entire fuel
cycle from mining, extraction, conversion, enricmpenanufacture and recycling, to logistics
and storage services. The development of all tlaesgities has been also anchored in a
policy for the systematic reduction of volumes dradmfulness of the waste based upon the
following general principles:
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- preventing and reducing the volume and harmfuloé#ise waste at the source,
- implementing treatment solutions with the emphasiseuse, recycling, elimination,
- organizing shipments in a way that minimizes wastemes and distances shipped,

- implement waste management that does not cause tmatime environment or to
public health,

- informing the public of the potential environmentaipacts or health effects from
waste production and management.
Recycling facilities: decommissioning waste

AREVA is currently working on the dismantling ofettiirst French recycling facilities (UP2-
400 and UP1) and of the first French MOX fuel fahtion facility in Cadarache

The first industrial recycling plant at AREVA's lHague site, UP2 400, was shut down at the
end of 2003. The dismantling operations include dlean-up of all facilities, and also the
conditioning of waste, as suitable procedures wetevailable at the time.

This extremely large worksite, begun in 2009, stidag operational for 25 years.

The dismantling of the UP1 recycling plant locatedhe Marcoule site started ten years ago
the worksite should still last for another ten year

A number of remotely controlled, chemical decontaation and cutting techniques were
developed for this worksite. A specialist faciliso enables onsite waste processing and
conditioning (rubble, scrap metal, bitumen drums).€This reclamation project constitutes a
world first for a nuclear site of this size.

Safe storage awaiting final disposal

Transition

Pending the commissioning of Cigéo, existing HLWd dbW-LL packages are already dry
stored in dedicated buildings at their productibg, snainly in La Hague (Manche).

{ 13 .

e

Storages such as the “EEVLH”", designed
for a 100 year lifetime, and commissioned
in 2013 at the La Hague site (Figure 7) are
therefore only blocks of a comprehensive
solution for managing radioactive waste
from nuclear power generation, Cigéo
being the last one.

Figure 7 EEVLH facility for HLW storage

The concept used for these facilities is modulad allows toexpand gradually the overall
capacity. An industrial waste management prograneldped jointly between Andra and
operators was launched in order to plan and impineeherent industrial resources, in
particular storage capacity, pending the availghbdf the Cigéo project, It describes the waste

10
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inventory to be stored and then to be disposedndf defines the scheduling and forecast
flows of waste packages deliveries.

DISPOSAL FACILITIES

Short lives waste: operational routes

The Manche disposal facility (CSM) is France’stfissposal facility. From 1969 to 1994 it
received 527,225 frof low and intermediate level radioactive wastés turrently in the
monitoring phase, which will last several centuries

The very low level waste disposal facility (CIRES)mainly dedicated to disposal of wastes
from dismantling operations. Ithas a capacity d3,680 m3 and has been receiving very low
level waste since 2003. After its final closunepected during the 2020s,it will be monitored
during a first 30 year period, which could be readwThe CIRES as well hosts temporary
storage capacities for some long lived waste fram-electronuclear activities, and waiting
for a disposal solution.

The low and intermediate level waste disposal #gc{CSA), in Soulaines, has a 95-hectare
footprint and a capacity of 1.000.000 m3. It isidated to low- and intermediate-level short-
lived waste. Commissioned in 1992, it took ovemirthe Manche disposal facility, thus
taking stock of the experience already acquireder®0 years operation the facility will be
monitored during about 300 years. The CSA, by desan accommodate any type and size
of waste, including for example NPPs vessel heads.

High and intermediate long lived waste: the Cigéo €ological Disposal facility

High-level activity (HL) waste and intermediateg¢viong-lived (IL/LL) waste, both
originating from electronuclear production, will desposed of in a geological repository, as
requested by law, and as internationally recogna=ethe reference option.

The geological repository for HL and IL/LL wastgherwise known as the Industrial Centre
for Geological Disposal (Cigéo) (Figure 8) will Inde surface installations connected to the
underground installations designed for waste dispos

Surface installations will be spread over two sitdee first, with a footprint of the order of 20
ha, will be located directly above the undergroumstallations. It will include the required
industrial workshops (1a) for the constructiontwd tepository, administrative buildings and a
specific stockpile area for the muck removed duting gradual excavation of the facility. A
second site, located a few kilometers away witbadrint of 100 extra hectares, will include
mostly the nuclear installations (1b) where radivacwaste packages will be controlled and
conditioned in containers, if required, before beitransferred to the underground
installations. The second site will also integratespecific stockpile area for the muck
resulting from the opening of the incline.

Connecting infrastructures (2) will ensure transfdretween surface and underground
installations, notably for conveying staff, transiieg disposal containers and worksite
machinery, as well as ventilating underground itetians.

Underground installations (3) will be progressivelgded as the operation progresses until
they reach a total maximum area of about 15 knt2r about 120 years. Located at a depth of
approximately 500m, those installations will cohsisspecific disposal areas for the different

waste categories, as well as connecting driftstacighical installations.

11
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Figure 8 Cigéo project

According to the 2006 Planning Act, the Cigéo ggilal repository must be commissioned
by 2025. After its license has been granted, coostm works will begin before 2020.

CONCLUSION

Continuous improvements in NPP design, fuel managermand NPP operation have helped
to divide the amount of short-lived waste by adactf 4 over the past 25 years.

Global approach for waste management, based oonatimplementary skills and know-how,
lead us to implement, complete and safe manageroatds from generation to disposal for
the large majority of short-lived waste generatethtby power plants in service and during
decommissioning, representing 90 % in volume ofrelradioactive waste generated by EDF
nuclear stations.

Disposals are under development for long livedaadiive waste.

The solutions implemented by the French nucleaustrg provide a comprehensive and
funded solution for the waste generated by thetiegigleet for its entire life as illustrated on
Picture 3.

EDF, as a nuclear power plants operator, AREVAam®perator of the entire nuclear fuel
cycle and in particular, as operator of the used fiecycling plants and Andra, as the national
nuclear waste agency hasemplementary skillsandknow-how and are thus able to provide
any utility and nuclear operator witecognized and proven technical expertise on waste
management solutions.

12
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