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Overview: The Main Lessons of 
the French Experience

More than 75% of France’s electricity production is from nuclear energy. 
Most other countries use fossil fuels for 60-70% of their electricity, despite 
these fuels’ contribution to global warming. Oil, gas and coal account for 
only 9% of France’s electricity production. 

France has been managing its nuclear waste since the 1950s. It has developed 
technical solutions for most types of waste over the nuclear fuel lifecycle, 
and is the most advanced in fi nding solutions for the most problematic, high 
activity wastes.

Waste from nuclear activities is produced in relatively small amounts – 
around 1kg per capita every year in France, of which only 10g are very highly 
radioactive. This contrasts with an overall waste production of 3,000kg per 
capita (household refuse 500kg, chemically toxins 100kg, others 2,400kg). 
However, the toxicity of nuclear waste makes it necessary to protect 
people and the environment from its potential risks. This is a scientifi c and 
technological issue, as well as social and ethical one. 

The same basic principles of good waste management apply everywhere in 
the world and in this regard many countries can offer valuable insights and 
experience. In terms of France’s particular expertise and the key messages 
and lessons it can offer based on its experience, it is noteworthy that, for 
countries contemplating the reprocessing option (see below), that France 
has the most experience of any nuclear jurisdiction, and its repository for 
high activity waste will probably be one of the fi rst in the world. Four key 
messages from France’s experience are highlighted up front.

Message No. 1 from France’s experience:
Managing nuclear waste is costly. Countries have to anticipate the necessary 
facilities, secure funding, and involve stakeholders.

For nuclear operators, public health and environmental protection must be 
a major objective of waste management. The fi nancial and environmental 
cost of today’s activities must not be left for future generations to bear as 
has happened in the past. The Blue Ribbon Commission on America’s Nuclear 
Future points out that the United States’

“… failure to come to grips with the nuclear waste issue has already proved 
damaging and costly … damaging to prospects for maintaining a potentially 
important energy option for the future, … damaging to … public confi dence 
in the federal government’s competence.” 1

The principles and techniques to manage nuclear waste are very similar across 
countries using nuclear energy. The International Atomic Energy Agency’s 
(IAEA) guides are comprehensive and precise. The main differences amongst 
countries result from domestic politics about recycling spent fuel elements 
and the difference in available geological formations adapted to waste 
disposal. 

1

France has 
signifi cant 
experience in using 
nuclear power 
and managing 
nuclear waste. They 
produce relatively 
small amounts of 
nuclear waste

Countries must plan 
ahead to handle the 
costs of managing 
nuclear waste

Other countries 
can benefi t from 
learning about 
France’s experience, 
as the general 
principles for good 
nuclear waste 
management are 
universal
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From an organisational point of view, solutions may differ from country to 
country, depending on experience and local factors, such as the respective 
importance of public and private sectors. However, general principles for 
good management are universal and local regulations are adaptable to these 
principles.

In countries with nuclear energy assets, the major part of nuclear waste 
results from electricity generation in reactors and from the fuel cycle. 
However, other waste from research laboratories, industry and medical 
applications must be included in the analysis. 

There are a number of technologies and geological locations suitable 
for disposing high-level radioactive waste in a manner that protects 
the population and environment. The diffi culties that have arisen in 
implementing such disposal options primarily result from the time required 
to research and develop sophisticated technologies but also from political 
reactions. The risks of radioactivity and radioactive materials should be dealt 
with, but not overstated. Both diffi culties have to be overcome.

Waste disposal costs in the countries to fi rst adopt nuclear power may now 
be higher than anticipated, as past methods and technologies to handle 
radioactive waste do not meet today’s regulations. As a result, some waste 
now has to be reprocessed to be acceptable in modern storage facilities in 
line with today’s regulations. 

Message No. 2 from France’s experience:
Countries starting to use nuclear energy should adopt waste disposal best 
practices, and limit the quantity and nature of waste to accommodate 
existing and planned facilities and containment. 

Public acceptance has hardly been won, as radioactivity is invisible, complex 
and prone to misunderstanding. In France, signifi cant quantities of waste 
from nuclear power generation were produced before waste repositories 
were conceived and constructed in 1969, 1992 and 2003. As a consequence, 
processing and conditioning this waste in accordance with the stringent 
regulations of the repositories has often been very diffi cult. China and 
other relative newcomers to nuclear power could take advantage of France’s 
experience to establish a strong management regime from the start, 
including standardisation of waste management (e.g. as per AREVA and EDF 
nuclear plants), and stringent repository acceptance standards (e.g. as per 
ANDRA’s acceptance specifi cations).2 

Message No. 3 from France’s experience:
The credibility of safety authorities and bodies in charge of waste, the 
environment and health is of prime importance.

The independence of public authorities from political pressures and 
nuclear facility operators has to be established. Early and continuous public 
information is recommended to reduce the misinterpretation of risks. 

Message No. 4 from France’s experience:
An inventory of waste from all sources (e.g. nuclear power, industry, and 
medicine) must be publicly available in order to encourage transparency and 
public trust. 

Managing 
radioactive waste 
is challenging but 
doable

Countries should 
aim to limit the 
impact of their 
nuclear waste 
disposal practices

Public authorities 
should be 
independent 
from politics or 
operators, but 
transparency and 
communication is 
also recommended
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Experts from countries with nuclear programmes agree that disposing 
the most toxic and radioactive waste (high activity and long life) deep 
underground is the best approach. The most studied rock formations 
for deep disposal are clay (Belgium, France, Germany and Switzerland), 
crystalline rocks (Sweden, Finland and Switzerland) and salt (Germany and 
US). The US has also studied storing waste in volcanic tuff in Yucca Mountain, 
but the project was cancelled after a long legal and political fi ght.3 However 
identifying and assessing deep underground geological disposal for highly 
radioactive waste takes time, 20 to 30 years and must be forecasted. Disposal 
methods of other nuclear waste are already rather well demonstrated and 
their quality reasonably assured.4  

Box 1: Lessons from the past – Technical issues

• Immediately sorting waste on site will markedly reduce overall 
management costs. The chemical nature of the waste, its radioactivity 
and decay time add signifi cant cost to processing, encapsulation and 
container design;

• Countries should develop their spent fuel management policy according 
to whether their fuel cycle strategy is adapted to a ’closed cycle’ or 
‘open cycle’ system, and allow for policy change if technology develops 
suffi ciently to extract further value from waste once disposed:   

 o In closed cycle systems, spent fuels are reprocessed to extract 
 specifi c materials, which could be recycled (e.g. uranium, plutonium, 
 in future, thorium) before disposal; and

 o In open cycle systems, spent fuel is disposed as it is, without 
 reprocessing;

• Both technologies require long-term interim surface storage of fuel 
elements in dedicated facilities to allow them to cool down.5 These 
facilities handle large quantities of long-lived radioactive fuel, and need 
very safe cooling equipments to avoid any radioactive releases. The 
Fukushima accident showed that these facilities, including storage pools 
on reactor site, must be extremely robust, as they can pollute vast areas 
for decades if damaged;

• Waste includes gaseous and liquid waste, which can also impact the local 
environment. The best way to manage this waste is to process it in order 
to extract and stabilise its radioactive content: pollutants are extracted 
and transferred into solid waste, while the remaining gas or liquid is 
released when cleaned; and

• Transporting nuclear waste by rail, road or water must be carefully 
managed as it is the only occasion when the general population will 
be in contact with it: accidental situations such as collisions and/or fi res 
must be considered explicitly to limit any dispersion of radioactivity 
during transportation.
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France’s Waste: Overview 

Table 1 shows France’s radioactive waste from all sources (to 2009), after 
60 years of nuclear operations, with a fl eet of 58 reactors and 63,000 MW, 
totalling 1,400 operator-years of experience and producing 420,000 GWh of 
energy a year. That is over 75% of the country’s electricity supply.

Table 1: France’s radioactive waste – all sources (2009 fi gures) 6 

Volume (m3) Volume %

Electro-nuclear industry 990,500 75  

Research 247,000 20.3 

Non-nuclear industry 4,300 3.5 

Medical applications 1,200  1.2 

TOTAL 1,220,000 100   

A modern 1,000 MW reactor produces about 100 cubic metres of waste 
annually (before conditioning) and supplies on average electricity for nearly 
1 million people. 

To put the volume of France’s radioactive waste into perspective, fi fteen 
million packages of dangerous materials of any kind (including chemicals and 
explosives) are transported every year in France and amongst them around 
900,000 contain radioactive materials, most of them medical applications 
with a very low radioactive content. Most radioactive packages are 
transported in containers.

2

France produces 
1,220,000 m3 of 
nuclear waste 
annually
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Health and Environmental Risks: 
Operators’ Responsibility 

Natural radioactivity is present everywhere, with huge differences between 
different regions and no obvious impacts on health. In France, the average 
dose of natural radioactivity is 2.4 mSv per year.7 In Kerala, India (a highly 
populated area), it is 40 to 70 mSv per year, and in Ramsar, Iran (with an 
even higher population), about 200 mSv per year. The French population 
is exposed to an overall average dose of around 4 mSv, with 1 mSv from 
medical exposure (x-rays and other radiation therapies), 0.15 mSv from food 
(natural origin) and less than 0.025 mSv from nuclear activities.8

Gaseous waste is fi ltered, chemically treated if required, and released in 
atmosphere. Filters and treatment residues are processed into solid waste. 
Liquid waste is also fi ltered and treated, with controlled release of the 
fi ltered and treated water to surface water (sea or rivers), in accordance with 
strict release authorisations and ASN’s control9. Filters and sludge are also 
processed into solid waste. The public is not in contact with solid waste.

3

Box 2: Radioactive effl uents from nuclear reactors

Radioactive effl uents from a typical nuclear reactor are shown in Table 
2. The annual gaseous and liquid radioactive releases from a 1,000 MW 
reactor are mostly rare gases, tritium and carbon-14. These elements 
cannot be fi ltered but are regarded as having a very small impact 
on health. Other radionuclide releases, once fi ltered or trapped, are 
extremely low. A reactor is permitted to release 10 to 12m3 of liquid 
radiological and 65 to 75m3 of liquid chemical effl uent per year. Only clean 
water can be released under effl uent release permits. 

Radiological surveys of the French public do not show any measurable 
external exposure from power stations over and above the natural 
terrestrial background activities (2.4 mSv per year in France). As far as 
ingestion is concerned, French experts have developed detailed models of 
the radioactive transfers through the environment, validated with in situ 
measurements, and applied to many ingestion pathways. The assessed 
doses are very low, a few hundreds of mSv per year, even when applied to 
a critical group of people, consuming local food.

The French public 
is not exposed to 
much radioactivity 
because of nuclear 
activities
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Table 2: Gaseous and liquid releases from a typical nuclear reactor per year

Radionuclides Radioactivity 
(GBq per reactor)10  

Gas Rare gas (e.g. Xe, Kr)  600

Carbon-14  170

Tritium  420

Iodine  0.02

Others (fi ssion or activation) 0.002

Liquid Tritium 17,400

Carbon-14 13

Iodine 0.01

Others (fi ssion or activation) 0.3

Radiological measurement is the best way to determine the impact of 
radioactive emissions on the environment, as releases are very low at the 
plant stack or at the liquid discharge outlet. Measurements are carried 
out every year on ground, vegetation and aquatic fauna, and compared 
to similar non-nuclear sites. The results are made public. A full report is 
established for each site every ten years. Naturally radioactive potassium 
(K-40) is the main contributor of radioactivity in foodstuffs: between 100 
and 150 Bq per dry kg occurs naturally. Usually power plants contribute 
no detectable levels of K-40 to the environment (the detection limit for 
all activation and fi ssion products is around 0.5 and 3 Bq per dry kg).  
Only tritium is detected in river water at 60 Bq/l, ten times more than the 
natural level.

The risks for the population of solid wastes stored in nuclear plants in 
operation are imperceptible because wastes are kept within the facilities, 
where workers have themselves to be strictly protected.
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To Reprocess or Not? 
Two Different Policies

France relies on nuclear power for over 75% of its electricity. Given its 
population, its lack of substantial fossil fuel reserves, concerns about climate 
change, and the intermittent nature of available renewable energy options 
(particularly solar and wind), nuclear energy is regarded as a long-term 
source of electricity in France, rather than a temporary or transition source.  

Today’s nuclear reactors, such as those supplying Hong Kong in Daya Bay, 
use uranium originating from naturally occurring sources, which is deeply 
transformed all along the fuel cycle, as shown in Figure 1. Natural uranium, 
which is naturally radioactive, is mostly comprised of a type of uranium (an 
‘isotope’) called Uranium-238 (238U) – the number 238 refl ects the number 
of protons and neutrons in the nucleus of a uranium atom of this isotope. 
Despite 238U being the most common isotope in naturally occurring uranium 
(over 99%), it is not ‘fi ssile’,11 i.e. it cannot sustain a nuclear chain reaction, a 
necessary process in energy production. 

Another rarer isotope, Uranium-235 (235U) is fi ssile and to make natural 
uranium generally useable in nuclear reactors, it must fi rst be enriched to 
create more of the useful isotope 235U. In this operation the concentration 
of 235U is increased from the natural level of about 0.7% to about 4% in 
the enrichment plant, leaving depleted uranium behind (around 0.2% 235U 
and 99.8% 238U). After being processed into pellets that are arranged in 
fuel element four metres long, uranium is consumed in the nuclear reactor. 
The nuclear reaction produces ‘ash’ comprising fi ssion products and minor 
actinides12. These represent the main source of nuclear waste, which remain 
confi ned in the spent fuel by a zirconium alloy cladding that seals the 
uranium pellet. 

The nuclear reaction also produces neutrons, which can be absorbed 
by materials such as steel: materials subjected to neutron fl ux are made 
radioactive and contribute to the fl ow of waste.

All these radioactive products are naturally unstable and disappear in a 
process called radioactive decay, which is characterised by the timing of the 
decay or ‘half-life’, which is unique for each radioactive material (also called 
‘radioisotope’ or ‘radionuclide’).13 

Some countries, like France, recycle the spent fuel. The recent agreement 
between France (AREVA) and China considering the possibility to build a 
reprocessing plant in China suggests both countries are pursuing a similar 
strategy. France considers the remaining uranium or plutonium14 produced 
during the nuclear chain reaction from 238U worth recycling in today’s 
reactors. Depleted uranium from an enrichment plant is also considered 
valuable as a potentially huge resource of fuel for future fourth generation 
reactors, theoretically supplying thousands of years worth of fuel.  

4

Uranium-238 is 
most common, but 
Uranium-235 is 
fi ssile and useable 
in nuclear reactors

These radioactive 
products are 
characterised by the 
timing of their decay 
or ‘half-life‘

Some countries, 
including France 
and China, recycle 
the spent fuel
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The fuel cycle in France, as described in Figure 1, includes reprocessing plants 
where: 
1. Spent fuel is dissolved; 

2. Uranium and plutonium are extracted for recycling into new fuel 
elements (mixed oxide or ‘MOX’ fuel elements); and 

3. The remaining waste (fi ssion products and other actinides) are vitrifi ed.

Figure 1: Fuel Cycle in Closed Fuel Cycles15  

Chemistry
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reprocessing

Recycling 
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The benefi ts of this process, which requires sophisticated technology, include 
considerable reductions of the volume and long-term radioactivity of the 
ultimate waste, as well as resource savings (see Figure 2). Vitrifi ed waste 
contains 97% of radioactivity of ultimate waste, after reprocessing.

Other countries, such as Sweden, treat nuclear energy as a transition 
energy and consider that spent fuel waste must be disposed of without any 
transformation or processing.

 
Figure 2: Fuel element recyclable materials and waste16

A fuel contains around 500kg of uranium initially

To be recycled Waste

Fission products: 
20kg (4%)

Minor actinides: 
~ 0.5kg (0.4%)

Plutonium: 
4.5kg 
(0.9%)

Uranium: 
475kg 
(95%)

Recycling spent 
fuel considerably 
reduces the volume 
and long-term 
radioactivity of the 
nuclear waste
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Responsibility Placed 
on Producer 

The general responsibility of radioactive waste management is shared 
between the producer and the disposal operator, as presented in Figure 3.

Figure 3: Responsibility of Fuel Waste 
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French Organisations Involved in 
Radioactive Waste Management

6.1 Governance of nuclear safety and security

Figure 4 shows the governance structure for nuclear waste management in 
France, which has improved considerably in the last 20 years by supplying all 
parties with more complete information and allowing independent review.17  

The institutions in charge of energy policy are the Parliament, Government 
and Ministry of Ecology, Sustainable Development and Energy. A 
parliamentary offi ce, OPECST,18 is in charge of scientifi c questions of concern 
to the public (not limited to nuclear power), and informs the Parliament on 
scientifi c and technological options. 

The Nuclear Safety Authority (ASN),19 an independent administrative authority, 
is charged with nuclear safety and security, including waste management and 
radiation protection, as specifi ed in the TSN Act (Transparency and Security in 
the Nuclear Field Act)20 which was enacted in 2006. 

6

Box 3: ASN – The National Safety Authority 

In France, competence and independence of the ASN is facilitated by 
the fact that it reports to Parliament, not to the government, and by the 
statute of the fi ve commissioners, appointed for a single six-year term. 
The appointment cannot be revoked. The government or other authority 
cannot interfere with commissioners’ activities or decisions. Being a 
commissioner is a full-time position and any other professional or elected 
activity is forbidden. Their decisions are made by majority vote of the 
commission. The ASN advises the government on all matters within its 
fi eld of competence, takes part in international negotiations and ad hoc 
international organizations, and contributes to public information and to 
the management of nuclear crises.

ASN relies on technical support from research institutes: It makes its 
regulatory decisions after the Institute for Radiological Protection and 
Nuclear Safety (IRSN),21 a national institute, assesses applications submitted 
by nuclear operators. This institute is ASN’s technical support organisation, 
although ASN can call upon other institutions. With its 1,300 staff, the IRSN 
conducts its own research programmes. Roughly one-third of its activity 
is dedicated to assessing applications submitted to ASN, and two-thirds 
towards research and development in the safety and security fi elds. ASN 
inspectors and experts have full access to nuclear facilities at any time.

ASN is funded by the government and by a tax paid by nuclear facility 
owners (licencees): It is consulted by the government about IRSN fi nancing. 

The Nuclear Safety 
Authority (ASN), 
an independent 
body, is in charge 
of nuclear safety 
and security, 
including waste 
management

ASN relies on 
technical support 
from research 
institutes and is 
funded by a tax 
paid by nuclear 
facility owners
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Figure 4: Organisations involved in waste management
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Institute for Nuclear 
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for ASN
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Communication with the public is critical: To facilitate transparency, 
all ASN’s advice and decisions, as well as inspection reports and IRSN 
assessments, are publicly available on the ASN or IRSN websites. The TSN 
Act also installed a High Committee for Transparency and Information 
on Nuclear Safety (HCTISN)22 responsible for information, dialogue and 
debate on the risks related to nuclear activities and their impact on public 
health, the environment, and nuclear safety, including waste management. 
The HCTISN can declare a position on these areas, be questioned about 
any issue relating to the accessibility of information, and put forward any 
measure likely to guarantee or improve transparency. Nuclear facilities must 
themselves provide information to Local Information Commissions (CLI).23  
CLIs are managed by local authorities with representatives from NGOs, local 
administrations, and unions. They share their experiences in the National 
Association of Local Information Committees and Commissions (ANCCLI).24 
The CLIs are subsidised by the ASN and local authorities.
 

Communication 
with the public 
is critical. 
For instance, 
nuclear facilities 
must provide 
information to 
local authorities 
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Governance structure developed over time: Historically, all nuclear energy 
activities were initially in the hands of the French Atomic and Alternative 
Energy Commission (CEA),25 a public organisation.  In brief, the evolution 
since then has been as follows:
• Responsibility for building nuclear plants was transferred to EDF26 

(the French national electricity utility), which was responsible for the 
standardisation and full management of electricity distribution ;27

• Responsibility for construction of the nuclear steam supply system (NSSS) 
under Westinghouse license was transferred to Framatome;

• The CEA department in charge of the fuel cycle research, development 
and fabrication was transformed into an industrial company: COGEMA;

• Framatome and Cogema merged to form AREVA, which meant that full 
responsibility of the NSSS was with one single company, reinforcing the 
process of standardisation of the French nuclear fl eet.

6.2 Governance of disposal

French policy about nuclear waste management was reviewed in legislation 
in 2006 relating to the sustainable management of waste and nuclear 
materials.28 This legislation covers the research programmes and facilities 
necessary for dealing with radioactive waste. The legislation devotes special 
attention to geological disposal, the inventory, collection and transport of 
waste, as well as construction and operating cost of storages and disposal 
facilities. This law also states that waste producers are fully responsible for 
waste from production to disposal in a repository managed by the National 
Radioactive Waste Management Agency (ANDRA),29 France’s radioactive 
waste management agency in charge of constructing and operating 
repositories. An ad hoc committee (CNE; see Box 4), independent from 
ANDRA and waste producers, was formed to assess waste management. 
Waste producers cover all related costs including repositories construction 
and long-term operation (see Figures 3 and 4). 

To implement the institutional structures for safe management of wastes 
requires signifi cant inputs of time, communication and explanation.

Waste management is subjected to the strict control of the Parliament 
(via OPECST) and the CNE, which is an independent expert commission. 
Informational transparency is closely supervised by the HCTISN on a national 
level and the CLIs locally. The ASN relies on the IRSN to assess any subject 
covering waste. 

In France, decisions are made at the national level, even if local authorities 
are consulted. In some jurisdictions – e.g. Germany and some states in the US 
– local authorities could oppose the central government decisions, especially 
in relation to waste.

Responsibility for 
nuclear activities 
have moved away 
from the hands of 
the French Atomic 
and Alternative 
Energy Commission

Organizations that 
produce waste are 
fully responsible 
for it, and the 
related costs, from 
production to 
disposal



19

Box 4: Summary of institutional arrangements30 

• ANDRA is a national agency fully independent from operators and 
is responsible for the long-term management of radioactive waste 
produced in France. It operates waste repositories, defi nes the criteria 
for packaging waste in the repositories and specifi es the quality of 
the operator’s waste production and transport. The agency is also in 
charge of designing, siting, and building new disposal facilities;

• The National Review Board (CNE),31 an expert review committee, 
assesses and reviews the various programmes carried out for the 
management of high-level and long-lived intermediate-level 
radioactive waste;

• The owners of nuclear facilities are fully responsible for their 
waste including sorting, conditioning, interim storage, transport 
packaging, and transport, until delivered to ANDRA. They must 
make arrangements for fi nancing existing and forecasted waste 
management. They are also liable to specifi c taxes to fi nance the 
research and development activities of ANDRA;

• The National Plan for the Management of Nuclear Materials and 
Waste (PNGMDR)32 is updated every three years. Its purpose is to assess 
existing modes of waste management and identify foreseeable needs 
of storage. The plan is reviewed by the OPECST; and 

• ANDRA updates the National Inventory of Radioactive Waste and 
Recoverable Materials on a three-yearly basis. It is mandatory for 
operators to supply ANDRA with relevant information.

In brief, the main elements of waste management governance are as 
follows:

• The Government established by law a comprehensive programme 
to ensure the full management of waste (PNGMDR) and control its 
execution;

• An independent safety authority was also established by law, as well as 
a high level committee in charge of information, and an expert group 
in charge of evaluating the effi cacy of the repository;

• The operator of a nuclear facility is technically fully in charge of 
its waste, until it has been delivered to the ANDRA (the national 
dedicated agency) and accepted by it. The operator is also in charge 
of the fi nancing of all expenses related to its waste, including the 
construction, operation and surveillance of the repositories; and

• ANDRA is fully in charge of all repositories (fi nanced by operators) 
and of acceptance specifi cations for waste containers coming into the 
repositories.
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Classifi cation of Waste: 
an Essential First Step 

Classifi cation of waste draws attention to logical and economical ways to 
manage different classes of waste. The International Atomic Energy Agency 
(IAEA) has issued safety standards and General Safety Guides (GSG)33 with 
six levels of waste depending on radioactivity. No strict limits are specifi ed 
amongst them.34 

The French authorities have adapted IAEA Safety Standards to France’s 
situation by introducing a classifi cation giving more emphasis to the decay 
period and with no exemptions.35 This last point is important as it means any 
waste issued from a ‘contaminated nuclear zone’ is considered radioactive. 
The French classifi cation also includes fi ve categories of waste, somewhat 
different from IAEA’s classifi cation, but covering the same range.

7

Box 5: French waste classifi cation and related disposal 
facilities

• Very short life: On site radioactive decay and conventional disposal;

• Very low level waste (VLLW): Includes waste that is exempt in 
other countries and waste originating from used components and 
decommissioning of nuclear facilities, or from conventional industrial 
plants in various sectors (e.g. chemistry, metallurgy, non-nuclear 
energy production) which use radioactive materials. It also originates 
from clean-up and rehabilitation of sites formerly polluted by 
radioactivity. Around 50% of this waste is ‘common industrial waste’ 
(scrap metal and plastics), 40% is inert waste (concrete, bricks, earth, 
rubble, etc.) and 10% is ‘special waste‘ such as sludge and, in some 
cases, powdery waste (ashes, etc.). The average activity in disposal 
never exceeds more than a few tens of becquerel per gram, a level 
of radioactivity close to naturally occurring radioactivity (between 
1 and 100 Bq/g). It contains short-lived and very small quantities of 
long-lived radionuclides. Waste disposal involves no special processing 
or conditioning, except for handling requirements. This waste is 
managed in a specifi c disposal facility, the CSTFA (see Section 15.1);36 

• Low level and intermediate level short life waste (LILW-SL): Mostly 
originates from the nuclear power industry, activities of CEA’s 
laboratories and waste from hospitals, research institutes and 
university laboratories. It includes waste related to maintenance 
operations such as treatment of gaseous and liquid effl uents (fi lters 
and sludge). This waste contains medium lived radionuclides, such 
as Cobalt-60. The waste’s specifi c activity level is suffi ciently high to 
justify protective conditioning and confi nement until the activity has 
decreased to harmless levels (a few centuries). It is suitable for surface 

The IAEA has 
issued standards 
for classifying 
nuclear waste, 
which determines 
the appropriate 
means of managing 
waste
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disposal at ANDRA’s facilities called CSFMA37 (see Section 15.2). Low 
concentrations of long-lived radionuclides may be present: a limit 
as high as 400 Bq/g on average (and up to 4,000 Bq/g for individual 
packages) for long lived alpha-emitting radionuclides has been 
adopted in some countries such as Germany;

• Low and intermediate level and long life waste (LILW-LL): It is mainly 
‘radium-bearing‘ waste and graphite from the fi rst generation of 
French reactors, now stopped, and some reprocessing waste. Radium-
bearing waste comes from mineral processing, for example, fi ne 
metallurgy and rare earth extraction. There are other sources of 
LLW-LL, such as old radioactive objects (e.g. radium fountains) and 
sealed sources (e.g. lightning conductors and fi re detectors). In most 
cases, production has either ceased or must cease shortly. Disposal 
for this type of waste needs long periods of isolation in facilities with 
natural and engineered barriers at a depth of a few tens of metres; and

• High level waste (HLW-LL): Consists mainly of vitrifi ed residues of spent 
fuels and a limited portion of non-reprocessed spent fuels, as well as 
fuel element structural materials contaminated with actinides. They 
generate signifi cant quantities of heat from radioactive decay, and 
will do so for several centuries. Containment and isolation is usually 
provided by the integrity and stability of a deep geological disposal, 
with engineered barriers. Heat dissipation is an important factor that 
has to be taken into account in the design of the disposal facility. Such 
a facility, CIGÉO,38 is planned in France in clay by ANDRA (see Section 
15.3). A laboratory has successfully operated in the same clay layer 
for the last 15 years to assess its characteristics. A large research and 
development programme is under way. Public consultation on CIGÉO 
is taking place in the second half of 2013 organised by the National 
Commission for Public Debate39.
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Inventory of French Wastes  

The total volume of waste generated by the French nuclear programme40 
since its origin is shown in Table 3. The table’s classifi cation is somewhat 
different from IAEA’s classifi cation, but it covers the same range.

Table 3: Waste generated by the entire French nuclear programme to 201041

Waste Volume
(m3)

Radioactivity
(Bq)

% 
radioactivity

Volume
(m3/year)

High level waste (HLW-LL) 2,700 2.1020 96 110

Intermediate level waste 
long life (ILW-LL)

40,000 500

Low level waste long life 
(LLW-LL)

87,000 5.1018 4 2,600

Low and intermediate level 
short live waste (LILW-SL)

830,000 18,000

Very low level waste 
(VLLW) 

360,000 1.1015  
0.01

33,000

8
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Conditioning Nuclear Waste  

In the context of radioactive waste management, ‘conditioning’ means 
the process of producing a waste package suitable for handling, transport, 
storage and/or disposal, and includes converting waste to a solid form and 
enclosure of the waste in containers.42

Radioactive elements contained in radioactive waste emit various types 
of radiation (alpha and beta, easily stopped by a thin shield, and gamma 
rays, which require thick shields). The two key requirements for protecting 
people and the environment are to create barriers which confi ne radioactive 
materials and provide the appropriate thickness of shielding. The fi rst of 
these barriers is the matrix (cement, resins, bitumen) that confi nes the 
radioactive material, avoiding dispersion. It is enclosed in a sealed package, 
which protects it from external impacts and provides a shield against 
radiation. 

The barriers must be designed to remain leak-proof: they must withstand any 
possible chemical reactions of pollutants within the waste along the waste 
migration pathway, and they must be stable and resistant to corrosion over 
the long-term, for example from radiolysis. This requires precise knowledge 
of the waste’s origin, chemical composition, radioactive makeup (e.g. 
alpha, beta and gamma rays), as well as the mechanical resistance of the 
packaging to shocks and external corrosion. The packaging and confi nement 
media must pass through rigorous tests, ranging from testing of samples to 
assessment of the entire package.

Very low activity waste can be transferred in simple bags to storage.

Figure 5: Unloading big bags in CIRES43 
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Box 6: Steps and considerations for packaging radioactive 
waste in France

• Sorting – Waste is sorted according to type of radiation, chemical 
composition (e.g. organic, mineral, sludge, fi lters, and ash), and level 
of radioactivity. This fi rst step, which is accomplished manually or 
remotely, depending on the level of radioactivity, is essential, as each 
category requires specifi c handling. Quality sorting limits the quantity 
of different packages and limits the volume for storage and fi nal 
disposal;

• Packaging – Waste is packaged so that it may be handled easily and 
safely (see Figures 5 to 7). The package is designed to ensure that 
radioactive elements (as well as toxins) are not disseminated. Packaging 
includes concrete and steel containers of various sizes;

• Further conditioning – Low and medium activity waste is usually 
incinerated (organic waste) or compacted and encapsulated in 
concrete. Wet waste such as sludge is solidifi ed together with ash from 
incineration. It is important to note that some materials are accepted 
only in small quantities, such as toxins, and aluminium (which can crack 
the packaging through swelling on oxidation);

• Specifi cations – The specifi cations for encapsulation or solidifi cation, 
which are determined by ANDRA, are very stringent to ensure the long-
term integrity of the packages. The main risk to cemented packages 
is cracking due to physical and chemical changes as the concrete ages, 
waste-cement interactions, and corrosion. Such risks can be reduced 
using tailored concrete formulae and reinforcing materials (such as 
fi bres);

• Monitoring – Qualifi ed laboratories are required to measure 
radioactivity and control chemical composition. Laboratories must 
obtain ANDRA endorsement;

• Chemical reactions – Special attention must be given to radiolysis, which 
can produce highly explosive hydrogen, and to oxidation of metals, 
which can swell waste materials and impair packaging; 

• Storage – Packages are stored and periodically maintained in dedicated 
storages, which can be a simple warehouse for very low activity waste, 
a tightly sealed building with controlled ventilation, or for high activity 
packages, wells or hot cells with remote handling. The storage must be 
designed to give access to waste packages for periodic maintenance; 
and  

• Quality assurance – It is a prerequisite to ensure that a package will 
be accepted in the fi nal disposal by ANDRA. A failure could require 
the operator to completely re-process the waste from sorting out to 
encapsulation, which would be extremely expensive.  
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Figure 6: Standard packaging for low and medium level waste44

Figure 7: Standard concrete 
container for primary package 
shielding45

Figure 8: Cemented technological 
waste 46
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Conditioning to Reduce Volume  

Reducing the volume of waste is highly recommended in order to optimise 
the utilisation of storages and disposals. Technologies such as incinerators for 
organic materials, and melting units and presses to process short-lived low-
level radioactive metal waste are very effi cient at reducing waste volume.

Figure 9: Incineration of organic technological waste (IRIS process)47 
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Figure 10: Press drum prior to compaction (left) and compacted “pancake” 
(right)48 

Reducing the 
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disposal
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Processing Spent Fuel Elements 

In nuclear reactors operated by EDF49 in France, spent fuel elements are 
stored for a few years in a pool adjacent to the reactor and are then 
transferred in special casks to AREVA’s plant at La Hague, for storage in a 
dedicated pool before reprocessing (see Figures 11 and 12). The spent fuel 
elements must be cooled permanently during these operations to avoid any 
melt down.

Figure 11: Temporary storage of spent fuel elements at a reactor site50
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Figure 12: Interim storage pool for spent fuel assembly at AREVA’s 
reprocessing plant at La Hague51

The spent fuel 
elements must be 
cooled permanently 
in pools to avoid 
melt down



28

These storage pools handle large quantities of fuel assemblies, from a 
few to dozens of reactor cores, and if short decay time fi ssion products 
have disappeared, the balance of long-life fi ssion products, notably 
Caesium-137 (Cs-137), and actinides (plutonium and minor actinides such 
as curium, neptunium and americium) could be huge. Cs-137 for instance is 
a very volatile component which can be almost completely released in the 
environment if the storage fails or if the pool cooling system is out of order 
for over a week. Quality in design and construction of these storage facilities 
is essential, especially to ensure the permanence and redundancy of the 
cooling systems as well as the safety of all transfer equipment. They must 
be able to withstand external aggression, and quality of operation must be 
constantly assessed. 
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Reprocessing Spent Fuels 

In closed-cycle systems (such as France’s), at the end of a power-generating 
cycle, the fuel assembly is dismantled, fuel pins are dissolved and structural 
waste consisting of cladding hulls, nozzles and grids are compacted into 
‘pancakes’ (see Figure 10), which are piled into a stainless steel container (see 
Figure 13). 

12

Figure 13: 
Stainless 
steel package 
containing 
compacted 
‘pancakes’52    

Figure 14: Stages of waste processing: vitrifi cation (left)53, containment in 
stainless steel drums (middle)54, and storage of drums (right)55

Uranium and plutonium are recovered to be recycled 
and stored in safes in dedicated canisters. Fissions 
products and minor actinides (curium, neptunium and 
americium) are embedded in a glass matrix, encapsulated 
in a stainless steel drum which is stored in a dry well for 
long-term storage before transfer to disposal facilities 
(see Figure 14). It must be noted that reprocessing does 
not avoid long-term disposal but allows an important 
reduction of the volume, radioactivity of waste and heat 
generated by the waste.

In closed-cycle 
systems, the spent 
fuels are handled 
with vitrifi cation 
and storage in steel 
drums
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Conditioning of 
Non-Reprocessed Spent Fuels   

Even the closed-cycle fuel management system that France has adopted 
produces quantities (albeit very limited quantities) of spent fuel assemblies 
(e.g. experimental assemblies), which must be sent for fi nal disposal 
without reprocessing. Researchers are investigating a strategy of long-
term dry storage (see Box 7) after the underwater storage in the La Hague 
reprocessing plant pools, after which the waste will be transferred to 
the deep geological repository. As storage space in the deep geological 
repository is costly, the advantage of the long-term dry storage beforehand 
is that the waste will be reduced in volume, as well as cooler.

13

Box 7: Dry storage and disposal without reprocessing 

Before transfer to dry storage, each spent fuel assembly is fi rst 
encapsulated in a welded case. This case is the second barrier, in addition 
to the cladding around the fuel, which is the fi rst barrier. Seven cases are 
then transferred into a larger welded container (the third barrier) before 
being sent in a massive cask to the interim dry storage facility. The main 
functions of the third barrier are confi nement, release of residual heat, 
insurance of sub-criticality,56 and ease of handling. Biological shielding, 
physical protection and external cooling are transferred to the cask during 
transport and then to the long-term dry storage facility. Dry storage makes 
use of natural convection cooling, the heat generated being substantially 
lower than in the La Hague pools. 

After the interim storage period (over 100 years), the cases will be 
extracted from the containers for processing into a disposal container 
(4 cases in each container). The disposal container will be transported and 
inserted in the geological disposal facility, though it is planned to allow the 
containers to be retrievable for 300 years.

Figures 15:  Container specifi cations for non-reprocessed spent fuels 
assemblies57 
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Figure 16: Mock-up of a dry storage container for seven spent fuel 
assemblies in their case (no reprocessing)58

Figure 17: Mock-up of four spent fuel cases in a disposal container59
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Transport of Waste   

Transportation is the phase when nuclear waste comes nearest to the general 
public and, as such, public safety during this phase is a major preoccupation 
for nuclear operators. In reality, only workers responsible for transporting 
nuclear waste come in close contact with it. 

The risks involved in normal operations are:
• Inhalation of radioactive particles from contaminated parcels; and

• External irradiation from gamma radioactivity leaking through the 
parcels’ shielding.

The methods to protect the population are well understood and utilised. 
ANDRA has produced a guide for nuclear waste removal for all nuclear 
waste producers,60 including nuclear power plants, the industry as a whole, 
university laboratories and the medical sector. The main principles are:
• All individuals must be protected from irradiation by penetrating 

radiations, primarily gamma rays. By giving attention to adequately thick 
casks, the contact dose at the surface of the package can be quantifi ed 
and systematically controlled;

• Protection from external contamination and ingestion relies on tight 
containment and strict control of the contamination of package’s external 
surface, before access to public areas. Special attention is given to liquid 
waste by including a second barrier to limit any risk of leakage; and

• The limits of acceptable irradiation and contamination must be within 
international standards. The French limits are as follows:

Maximum authorised limit

Package surface 
contamination

Gamma and beta emitters: 
4 Bq/cm2

Alpha emitters: 
0.4 Bq/cm2

External irradiation At package contact: 
2 mSv/h

2m from package: 
0.1 mSv/h

• The quantity of fi ssile material in a package is strictly controlled and the 
internal geometry of the container must be subcritical;61  

• The transport container or cask has to be strong enough to resist any 
accident in transit, to prevent an unacceptable release of radioactivity to 
the populace. The container is usually transported within a transfer or 
shipping cask adapted to the content and the risk involved, in specially 
equipped vehicles (trucks, ships or rail); and

• The waste producer has full responsibility for transportation, even if some 
operations are subcontracted.

In conclusion, transport risk has to be managed with great attention. Even 
where public safety is not at risk, any incident during transport can affect 
public confi dence and even provoke panic in a local community.62 Security 

14

Transportation 
is the phase of 
nuclear waste 
management which 
poses the greatest 
public safety 
concern

However, the 
protocol for 
transporting 
nuclear waste 
protects the 
public from 
any substantial 
exposure



33

precautions for the transport of spent fuel elements need to be managed 
at governmental level. Twenty-two European safety authorities with 
responsibilities related to the transport of radioactive materials have agreed 
on a common process for assessment and inspection.

Box 8: More about transporting waste

There are clear and mandatory rules for air, road and train transport of 
nuclear waste consistent with IAEA standards.

• The producers of waste are fully responsible for the design of the 
packaging in accordance with the specifi cations of ANDRA. The 
packaging is crucial to safety and must be designed and adapted to take 
account of the radioactivity and radiotoxicity of the contents. All types 
of packaging must be approved by ASN after a complete assessment of 
their design, fabrication, and resistance to accidents. There are three 
categories of packages – A, B and C – depending on waste toxicity; 

 The resistance tests are as follows:

A-type packages

• Inundation: 5cm of water for 
1 hour

• Fall of 1.2m on a non-
deformable surface

• Compression equivalent to 5 
times the mass of the parcel

• Penetration by fall of a standard 
bar from a height of 1m

• The means of transport depend on the type and content of parcels 
and include covered semitrailers and container ships carrying rigid roof 
20-foot, 20-foot IP2 and 40-foot maritime containers. Some waste, for 
instance the 200-litre barrels of waste must be transported exclusively in 
20-foot or 40-foot transport containers; 

• ANDRA oversees qualifi cation of drivers and transport companies, and 
qualifi cation must be renewed every year;

• Packages are checked by the producer before leaving the nuclear 
installation and by ANDRA at the arrival on the disposal site: any 
discrepancy requires a declaration to safety authorities. Some examples 
of transport packages are shown in Figures 18 to 20; and

• Personnel from the waste producer and ANDRA must be on call to deal 
with any possible incident or accident that might occur in the course of 
transport.

B- and C-type packages

Three tests in series: 

• Fall of 9m on a non-deformable 
surface

• Fall of 1m on a metallic punch
• Enveloping fi re: 800°C for 

30 minutes
Immersion in water: depth 15m for 
waste and 200m for irradiated fuels.
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Figure 18:  Cubic containers for 
unpacked waste63

Figure 19: Spent fuel cask64

Figure 20: Road transport of nuclear materials65 
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ANDRA Repositories 

To recap, ANDRA is the National Radioactive Waste Management Agency, 
and long-term management of waste relies on ANDRA repositories. The 
classifi cation of repositories and their attributions have been outlined 
in the PNGMDR (national plan of management of nuclear materials and 
radioactive waste). The fi rst repository has been operating since 1969 and 
two new repositories for very low, low, and medium activity waste have 
been operating since 1992 and 2003. A public inquiry prior to construction 
of a high activity waste repository has been launched in mid-May to mid-
October 2013. The time needed to develop such facilities is extremely long 
and the process diffi cult. Therefore, the process should be initiated with the 
expectation of a long lead time. 

Table 4: Destiny of different classes of waste

Radioactivity Very short decay 
time (< 100 d)

Short decay time 
(< 31 y)

Long decay time
(> 31 y)

Very low level Radioactive decay 
on site

Surface storage CSTFA 
(in operation)

Low level Storage in 
conventional 
landfi lls or recycled

CSA Surface 
storage (in 
operation)

Subsurface 
storage (under 
study)

Intermediate 
level

(in operation) (CIGÉO ongoing 
project)

High level Deep geological 
storage

Note: Decay time corresponds to the time necessary for the radionuclide to lose half of its 
activity

15.1 CSTFA: Very low level waste repository 

The CSTFA came into operation in Morvilliers (north-central France) in 
2003. Waste is disposed of in special vaults excavated in a clay formation 
and protected by an underlying synthetic membrane, over which a layer of 
clay is laid, as shown in Figure 21.  The design includes features to prevent 
groundwater pollution. The disposal capacity is 650,000m3 or 750,000 tonnes 
on about 30 hectares. When a vault is fi lled, it is closed, and is monitored for 
30 years. 
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Figure 21: Cross section of disposal cells in a Very Low Level Waste 
repository 66 

Figure 22: Aerial view of CIRES (left)67 and disposal cell at the Morvilliers 
Very Low Level Waste repository (right)68

Figure 23: View of La Manche Repository Center69

m
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15.2 Low and intermediate level short live waste  
 (LILW-SL)

The fi rst repository for LILW-SL was the CSM70 facility built at La Hague in 
north-west France. CSM operated from 1969 to 1994 and stores 527,000m3 
of waste. It was tightly covered between 1991 to 1997 with a geomembrane, 
clay cover and vegetation (see Figure 23). It is now in its monitoring phase. 

The second repository for LILW-SL, called CSA71 has operated at Soulaines-
Dhuys in the Aube region of north-east France since 1992, with an expected 
life of over 60 years. Its storage capacity is 1 million m3 on 30 hectares (see 
Figure 24). It includes a press for waste compaction and a laboratory to test 
packages and survey the environment (15,000 measures per year). 

The storage consists of large and deep concrete structures resting on a clay 
base, a drainage system and a geomembrane. Around 400 of these structures 
will be built and more than 120 are already closed (see Figure 24). Solid waste 
packages are piled up in this structures and the remaining space is fi lled with 
sand or concrete, depending on waste package characteristics (see Figure 
25). The fi lled structures are then closed with a concrete roof (see Figure 26). 
The whole structure will be covered with clay, a geomembrane, earth and 
vegetation. Large objects such as steam generators can also be disposed of in 
the same structures.

Figure 24: Aerial view (left)72 and disposal structures (right)73 at 
CSA’s LILW-SL facility

Figure 25: Waste package piled into the structure (left)74  and voids between 
packages fi lled with concrete or sand (right)75 at Aube Repository Center

There are two 
repositories for 
the low and 
intermediate level 
short live waste, 
and they are stored 
in large, deep 
concrete structures 
resting on a clay 
base
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Figure 26: Structure closed with a concrete roof at Aube Repository Center76

15.3 CIGÉO Project 
 

The storage of high activity and long life waste (HLW-LL) remains the 
main challenge of countries involved in nuclear energy. There is a general 
agreement that deep geologic disposal is the best way to ensure very long-
term confi nement. The design of structures and packaging depend on the 
underlying geology in the relevant jurisdiction: it could be clay (France, 
Belgium and UK), granite (Sweden, Finland and France), salt (Germany), or 
bedded-tuff (Yucca Mountain, US). There is also a social dimension to the 
acceptance of waste storage (see Box 9).

The forecasted volume of these wastes, using whole-of-life estimates from 
existing French nuclear facilities, is 10,000m3. The storage will be reversible 
for a limited period of time after site closure, and the conditions of 
reversibility will be defi ned in 2016. The facility will accept HLW-LL, including 
fi ssion products and minor actinides encapsulated in glass, as well as spent 
fuel elements.

ANDRA is studying the development of a dedicated facility called the 
Industrial Centre for Geological Storage (CIGÉO) which should come into 
operation in 2025 (see Boxes 10 and 11). The site will be chosen in 2013 after 
extensive public debate, and technical documentation for licence application 
is due to be submitted to the ASN in 2015 for construction to commence in 
2017. 

An underground research laboratory has been operating at Bure in the north 
of France since 1997 (see Figures 27 to 30) and CIGÉO could be installed in the 
same geological layer. 

ANDRA is still 
researching about 
the storage of high 
activity and long 
life waste at CIGÉO
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Box 9: Social acceptance of waste storage

National public debate on the French deep geological disposal facility, 
known as CIGÉO, was launched on 15 May 2013 with the objectives to 
inform the public, allow people to express themselves freely and fully on 
the project, its objectives, its methods, its characteristics and its impacts, 
and allow the decision maker (the State) to be fully informed when he 
ultimately decides on the creation of the CIGÉO disposal facility.

Recent evolution in France of this debate has revealed the sensitivity of 
the issue: “the fi rst two meetings scheduled in June had to be interrupted 
early after disruption from opponents to the project. That made any 
exchange with the public, recognised personalities and experts attending 
these meetings impossible. The National Commission for Public Debate, 
responsible for the process, issued a revised debate method on 3 July, 
extended by two months to December, ensuring that everyone who 
desires so can be heard”.77 Local meetings are replaced by internet 
debates, the public sending questions by SMS to a small panel of specialists 
representing all sensibilities. Associations, enterprises, individual can 
also send “Actors documents” which are printed and distributed by the 
National Commission, but also short pieces of advice.78

Several international conferences are organised to allow exchanges of 
practices and experiences on waste management, both on technical issues 
and on public involvement practices:

• The International Conferences on Geological repository:

 o ICGR 2003 Stockholm: Political and technical progress

 o ICGR 2007 Bern: A common objective, a variety of paths

 o ICGR 2012 was held in Toronto (Canada) and especially dedicated to  
 ‘National commitment, local and regional involvement‘.

• The International Conferences on Environmental Remediation and 
radioactive waste Management: ICEM 2013 was held in Brussels 
September 2013.

From the summary session of the ICGR 2012 Toronto Conference79, the 
following points can be recognised as ‘international consensus’ amongst 
agencies in charge of nuclear waste management:

• For Spent Fuel and HLW, Geological Disposal is recognised as safe and 
feasible solution and is on the way towards industrial implementation:

o In operation: US-WIPP (Waste Isolation Pilot Plant-fi rst reference, for 
TRU waste) 

o Siting / Licence application / operation 2020-2025 
– HLW / SF: Finland, France, Sweden, 
– LLW / ILW: Canada, Germany, Hungary 

o Policy defi nition / siting dialogue 
– Belgium, Canada, China, Czech Republic, Switzerland, UK, US 

o (Re-)setting the scene 
– Germany, Japan 
– Countries with small nuclear programmes (possibility of shared 

repositories)
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• In order to fi nd a sustainable solution, it is important to take various 
aspects into account simutaneously:

o Technical and scientifi c

o Environmental and safety related

o Financial and economic

o Societal and ethical

• National commitment is necessary for continuity of policy, programme 
with clear decisional milestones, clarity of roles and regulation in 
advance of licensing process as well as clarity on funding mechanisms.

• National commitment has to be balanced with strong regional and 
local involvement: time is required for understanding, fl exibility of 
adapting is needed, bridges for debates are necessary, and diversity of 
approaches is benefi cial.

• International cooperation and peer review is a key factor for success.

• Continuity of R&D is a key factor for success. 

Figure 27: View of surface facilities above the underground research 
laboratory in Meuse/Haute Marne80  
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The Callovo-Oxfordian clay sedimentary layer is 500m deep and has highly 
suitable properties for radioactive waste disposal, including stability over the 
past 150 million years, very low permeability, slow diffusion-migration rates 
of dissolved elements, and good mechanical behaviour. The area is seismically 
stable.

Figure 28: Drawing of the underground laboratory at Bures with access 
wells, 500m deep horizontal experimental tunnels, and surface facilities81  

Some of the arguments given in favour of deep geologic storage of HLW-LL 
include:
• Tight containment (suitable media, seismically stable, very limited 

circulation of underground water);

• The media forming the repository (clay, granite) is abundant elsewhere, 
which means future generations will not need to in these materials from 
the site;

• Limited surface area (in comparison with toxic waste disposed at or near 
the ground surface);

• In the improbable event that the repository is forgotten over centuries, 
only a sophisticated civilisation will be in position to explore the site 
500m below the surface; and

• Even if the repository is re-opened in future centuries, the impact will be 
local and limited (as the packages themselves ensure a high degree of 
containment). 

Surface facilities
Auxiliary shaft entrance

Centralised command building
Shafts services area

Auxiliary shaftMain access shaft

Main shaft entrances

445m underground 
490m underground

Tunnels drilled on 14 February 2012

Tunnels to be drilled before 2015

There are many 
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storage of HLW-LL 
waste
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Figure 29: Geological profi le surrounding ANDRA’s laboratory82

Site selection has to take account of the stability of the site, the expected 
performance of engineered and geologic barriers, transit time of the most 
mobile material to the surface. A default monitoring phase 300 years is 
mandatory, with the monitoring regime to be adjusted depending on the 
performance of the repository after closure.

Figure 30: South communication gallery in underground research laboratory 
in Meuse/Haute Marne83

The performance of the laboratory has been reviewed by the CNE (National 
Review Board) as well as by the OPECST, and the geological characteristics 
are considered suitable for siting the CIGÉO repository in the same area. 
ANDRA works with scientifi c community in France (CNRS84 and universities) 
and abroad in order to bring together a wide range of competencies, both 
nuclear and non-nuclear (such as geology and chemistry, and also on human 
science, sociology and history). This is an important aspect of improving 
public confi dence.
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Box 10: CIGÉO blueprint
 
CIGÉO will cover an underground area of 15km2 (5km x 3km), as shown 
in Figure 31, with access for waste packages via a long downward tunnel 
(marked with the French word  ‘descenderie’ in the fi gure) to the several 
storages (‘stockage’ in the fi gure) for high or medium activity materials. 

Figure 31:  The CIGÉO project plan: disposal 500m deep in a clay layer85 

Each high activity package (HLW-LL) will be inserted in a transfer 
handling cask which will be taken down to the repository through the 
descenderie, moved to its storage cavity, and after passing a shielded 
door, manoeuvred into its fi nal position by a remotely operated handling 
vehicle (see Figures 32 and 33).

1. Waste packages receiving and 
preparation zone

2. ‘Descenderie‘ tunnel

3. CIGÉO underground repository 
(several zones to be progressively 
developed according to 
requirements)

4. Vertical shafts (fi ve, to allow 
underground facilities access 
for workers, materials, and 
evacuation of drilling debris)

5. Support zone for drilling 
operations, drilling debris 
storage
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Figure 33: Fuel 
elements transfer 
in disposal 
cavity87

Figure 32: Packages are lowered to the disposal level through a tunnel86
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Box 11: CIGÉO timeline88 

The timeframe for such a complex project is very long especially as public 
acceptance is essential. The overall timeline of CIGÉO project (to date and 
forecasted) is outlined below as follows:

1991 Research started in accordance with the fi rst French law on 
the radioactive waste management. 

2005-06 Public debate on French national policy regarding radioactive 
waste. 

2006 After 15 years of research on various possible solutions, 
storage in clay was enshrined in law as the reference solution.

2009 After two years of dialogue, ANDRA proposed an area for 
the underground storage installation, near its underground 
research laboratory in Meuse. 

2010 The government approved continued research of the favoured 
geological zone.

2012 The industrial phase of the project war launched. 

2013 National public debate on the project and the proposed site.

2015 ASN and IRSN will assess the application for the construction 
of the new facility. The assessment will includes facility safety 
and impact on environment. 

2016 Conditions of reversibility of storage will be defi ned in law.

2017 Assuming authorization will be obtained, construction starts.

2025 CIGÉO will be put in operation.

The whole process, nearly 25 years long, was preceded by decades of 
researches on waste management and benefi ts from knowledge acquired 
from geological exploration for oil.
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International Experience   

Only a few countries – Belgium, Sweden, Switzerland, and France – have 
an advanced repository programme for high-level activity long life waste, 
including spent fuels. Other nuclear countries, such as the US, Germany 
and the UK are less advanced due to strong local opposition (Germany), 
legal diffi culties (US), or an ageing nuclear programme with mostly fi rst-
generation reactors. There are noticeable differences between the respective 
roles of public and private sectors in nuclear fi elds but independence 
and skills are the main criteria. These countries benefi t generally from 
international evaluation of their programmes. The experiences of three 
jurisdictions are outlined in this section in order to provide a contrast with 
the French experience – these include two of the three other most advanced 
systems (Belgium is not outlined as its system is substantially similar to 
France), as well as the USA.89

16.1 Sweden 

Sweden does not reprocess spent fuels, and thus is included in this section as 
a contrasting case to France. This summary is drawn from information from 
the OECD’s Nuclear Energy Agency.90 

Sweden is one of the most advanced countries in nuclear waste management, 
especially in relation to the disposal of spent fuel elements. The only 
available geology for deep storage in Sweden is granite, and the Swedes 
have extensively studied its pros and cons.

Organisational structure
The Swedish organisational structure for nuclear waste management differs 
substantially from France, because Sweden gives most of the management 
responsibility to the nuclear industry, under the control of regulatory bodies. 

The key industry organisations in the Swedish model are as follows:
• The nuclear power plant (NPP) utilities are responsible for the safe 

management and storage of spent fuel and nuclear waste at the NPP 
sites, as well as decommissioning of the NPPs and associated facilities. 
They are jointly responsible for establishing necessary management and 
disposal facilities and arrangements to accomplish safe disposal of spent 
fuel and nuclear waste;

• The Swedish Nuclear Fuel and Waste Management Company (SKB) is 
jointly owned by the NPP utilities and is responsible for management of 
spent fuel and nuclear waste, including transport and disposal. The SKB is 
responsible for research and development; and

• Studsvik Nuclear AB is a company responsible for management and 
disposal of legacy waste.
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The main regulatory organisations are as follows (see also Figure 34) :
• The Parliament (Riksdag), which promulgates general laws;

• The Government, which promulgates more specifi c requirements via 
ordinances and regulations. The Government grants licences for facilities 
and activities. The Ministry of the Environment has overall responsibility 
for compliance of operations with legislation and regulations;

• The Swedish Radiation Safety Authority (SSM) is the responsible 
regulatory authority with regard to nuclear safety and radiation 
protection; and

• The National Council for Nuclear Waste is an independent committee 
attached to the Ministry of the Environment. The Council’s mandate is 
to study issues relating to nuclear waste, including spent nuclear fuel 
and the decommissioning of nuclear installations, and to advise the 
Government and certain authorities on these issues. The Council reports 
to the Ministry of the Environment.

 
Figure 34: Organisational chart of Swedish regulatory institutions relating to 
nuclear waste disposal91  

Waste classifi cation
Waste classifi cation is very similar to the French system, as shown in Table 5, 
but Sweden has adopted an open cycle system for fuels, meaning there is no 
recycling of nuclear material. 
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Table 5: Swedish nuclear waste categories and disposal pathways92

Waste Category Origin Endpoint

VLLW Operational waste
Decomissioning waste
Waste from fuel 
fabrication

Cleared for disposal at 
municipal landfi lls, or 
disposed of at shallow land 
burials at nuclear sites

LILW – short lived Operational waste
Decomissioning waste
Disused sealed sources
Institutional waste

Repository for short-lived 
waste (SFR)

LILW – long lived Internal parts
TRU-waste
High-activity sealed 
sources

Repository for long-lived 
waste (SFL)

Spent Fuel Spent nuclear fuel Repository for spent fuel 
(SFK)

Key: VLLW = very low level waste; LILW = low and intermediate level waste

There are four Swedish sites with shallow land burials for solid short-lived 
low-level waste – the Ringhals, Forsmark, Oskarshamn NPP sites and the site 
operated by the Studsvik company. Each burial is licensed for a total activity 
of 100 to 200 GBq and total storage capacity is around 40,000m3. 

Low and intermediate level waste is disposed in a repository operated by 
the Swedish Nuclear Fuel and Waste Management Company (SKB). Storage 
capacity is 63,000m3. A consultation process has been initiated to site a 
repository for short-lived low and intermediate level decommissioning waste 
as an extension to the existing repository (SFR). Investigation of the bedrock 
commenced in 2008 and the repository is scheduled to come into operation 
in 2020.

The fi nal repository for long-lived low- and intermediate-level waste (SFL) is 
intended for core components and reactor internals. The plan is to locate the 
repository at a depth of 300 m. Preparations are under way for dry storage 
in the Rock Cavern for Waste (BFA) in Simpevarp. The BFA facility has been 
licensed and will soon open for operation.

The spent nuclear fuels from all Swedish nuclear power reactors are stored 
in a central interim storage (Clab) situated at the Oskarshamn NPP. The fuel 
is stored in water pools in rock caverns 25m deep in the bedrock. The current 
total storage capacity is approximately 8,000 tonnes of spent fuel, and 5,222 
tonnes were being stored at the end of 2011. The site investigations for the 
spent nuclear fuel geological repository have been fi nalized and a licence 
application has been submitted under the Nuclear Activities Act. It will be 
sited at Forsmark in granite. SKB has submitted a licence application under 
the Environmental Code for both the encapsulation plant and the repository 
for spent fuel.

The licensee of a nuclear facility that generates or has generated residual 
products must pay a nuclear waste fee and must provide a guarantee for 
fees incurred but as yet unpaid. The fee covers the licensee’s share of the 
total costs for management and disposal of all spent fuel and nuclear waste 
generated from all nuclear facilities. The Swedish Radiation Safety Authority 

The licensee of 
a nuclear facility 
must pay a nuclear 
waste fee, and 
the Nuclear Waste 
Fund is also used 
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reviews the cost estimates submitted by the nuclear industry, the Swedish 
Nuclear Waste Fund administers the fees, and the Swedish National Debt 
Offi ce administers the guarantees.

The issues involved in the fi nal disposal of spent fuel and radioactive waste 
are very complex and require involvement of all stakeholders in the society. 
However, the very complexity limits the ability of stakeholders to become 
involved. Therefore, the Parliament has approved legislation that makes 
it possible for non-profi t organisations to apply for fi nancing from the 
Nuclear Waste Fund in order to take part in deliberations. Also, the fund 
reimburses municipalities that host waste facilities for the costs they incur in 
communicating information to citizens about the facilities.

The spent fuel assembly repository
The difference between a granite and clay repository is that it is impossible 
to avoid fractures in granite. As the repository is under the water table, 
water infi ltration through the fractures cannot be avoided. The spent fuels 
are encased in copper-clad canisters and are placed in wells in the bedrock 
with a bentonite fi lling between the canister and the granite. The bentonite 
fi lling will absorb water and swell, limiting further water penetration (see 
Figure 35). 

Figure 35: Multi-barrier concept for disposal in granite93 

16.2 Switzerland

Switzerland’s waste management system is outlined here because it 
represents an interesting case of a jurisdiction that sends spent fuel abroad 
for reprocessing, but remains responsible for ultimate disposal of radioactive 
materials. The rationale for reprocessing abroad relates to the size of its 
nuclear power estate. A reprocessing plant is a major investment and it is 
understandable that a country with a relatively small fl eet of reactors (fi ve in 
the Swiss case) would prefer to fi nd reprocessing services on the market.

This summary is drawn from information from the OECD’s Nuclear Energy 
Agency.94 
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Switzerland has reprocessed a large part of its spent nuclear fuels, but with 
the decision to phase out nuclear power, the Swiss will have also to directly 
manage spent fuel elements. Waste producers are responsible for radioactive 
waste management as well as spent fuels. The legislation requires, in 
principle, disposal of Swiss radioactive waste in Switzerland, but the option 
for disposal elsewhere under bilateral or multilateral agreements has been 
kept open.  

The strategies chosen by nuclear power plant operators include both 
reprocessing and direct disposal of spent fuel. The reprocessing takes place 
abroad (France and UK), but radioactive waste arising from it will return to 
Switzerland (vitrifi ed). Plutonium and uranium gained from reprocessing are 
used for fuel fabrication and recycled in Swiss nuclear power plants. Spent 
fuels are currently stored at the Central Storage Facility; an additional storage 
capacity for spent fuel is under construction at two nuclear power plants.

Each nuclear power plant has the interim storage capacity for its own 
operational waste. The radioactive waste from medicine, industry and 
research is stored at the Federal Storage Facility. Radioactive waste returning 
from reprocessing abroad is stored at the Central Storage Facility operated by 
the company ZWILAG.

Two repositories are scheduled to be built, one for short-lived low and 
intermediate level waste and the other for high level waste and spent fuel as 
well as long-lived intermediate level waste (mainly from reprocessing). Prior 
to the realization of the repositories, the feasibility of safe and permanent 
disposal has to be demonstrated.

The operators of nuclear power plants and (for the waste from medicine, 
industry and research) the federal government formed the National 
Co-operative for the Disposal of Radioactive Waste (NAGRA), which is 
responsible for the disposal of all kinds of radioactive waste. 

Organisation
The Swiss Federal Nuclear Safety Inspectorate (HSK) is part of the Federal 
Offi ce of Energy (BFE), and it supervises nuclear facilities. HSK also specifi es 
detailed safety requirements and reviews licence applications.

The licensing authority is the Federal Department for Environment, 
Transportation, Energy and Communication, supported by the BFE, 
which manages the licensing procedures. The regulatory organisation is 
complemented by two advisory bodies: the Swiss Federal Nuclear Safety 
Commission (KSA) comments on licence applications and on fundamental 
nuclear safety and radiation protection issues; and the Geological 
Commission on Nuclear Waste Management (KNE) is the advisory body on 
geological aspects of radioactive waste disposal. The Interdepartmental 
Working Group on Radioactive Waste Management (AGNEB) prepares 
technical and political documents for governmental decisions.

Storage facilities
The following radioactive waste management facilities exist in Switzerland: 
• All four Swiss nuclear power plants have on-site installations for the 

conditioning and storage of their own operational waste;
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• Central Storage Facility: This facility operated by the ZWILAG company 
in Würenlingen features storage buildings for spent fuel and all kinds of 
radioactive waste, conditioning installations and a plasma furnace for 
melting and incineration of low level waste;

• Separate storage facility ZWIBEZ at Beznau nuclear power plant: It 
consists of a hall for low level operational waste and a hall for the dry 
storage of spent fuel; and

• National Collection Centre and Federal Storage Facility: These installations 
deal with radioactive waste from medicine, industry and research and are 
operated by the Paul Scherrer Institute in Würenlingen. 

Up to now, most of the spent fuel has been sent to France and the UK for 
reprocessing. The waste arising from reprocessing is eventually returned to 
Switzerland and stored in transport and storage casks at the Central Storage 
Facility, which started operation in 2001.

Repository
The Swiss programme is currently considering options for the siting of a deep 
repository for low and intermediate level waste and for high-level radioactive 
waste disposal. Research on sedimentary rock (especially Opalinus Clay) is 
carried out at the Mont Terri rock laboratory and on granite at the Grimsel 
rock laboratory. Both laboratories have partners from several countries. 
Construction of a repository is not anticipated until well into this century and 
has met with strong local oppositions (the fi rst sub-surface site for low and 
intermediate level waste was abandoned following two local refusals).

Financing
Swiss law establishes two funds, which are paid for by nuclear operators and 
administered by an independent commission of the federal government. 
The Decommissioning Fund covers the costs for the decommissioning and 
dismantling of nuclear facilities. The Radioactive Waste Management Fund 
covers the costs for the management of radioactive waste, which will arise 
after fi nal shut-down of the nuclear power plants. 

16.3 United States

The US case is outlined in this section because it is the world’s biggest 
producer of nuclear power and consequently, has the largest volume of 
nuclear waste to deal with. This summary is drawn mostly from information 
on the Nuclear Regulatory Commission (NRC) website.95 

Being a federal system, the US coordinates the federate authorities 
responsible for nuclear waste amanagement and the states that host nuclear 
facilities. The Nuclear Regulatory Commission (NRC) is the US Federal agency 
responsible for protecting the health and safety of the public and the 
environment, by licensing and regulating the civilian uses of the radioactive 
materials. 
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The NRC and the states coordinate the regulation of radioactive materials 
through the National Materials Program. To that end, the NRC retains a 
leadership and oversight role in the programme through the Integrated 
Materials Performance Evaluation Process (IMPEP). In particular, IMPEP 
ensures uniform nationwide regulation by reviewing the regulatory 
performance of both the NRC and the states using a common set of 
performance criteria.96

The NRC also co-operates with state regulatory programmes by providing 
technical support and maintaining databases of regulatory information. To 
facilitate that co-operation, the NRC’s regional offi ces have designated staff, 
who serve as the primary point-of-contact with the states hosting nuclear 
facilities. Under certain conditions (as allowed by the Atomic Energy Act), the 
NRC may enter an agreement with a state, to authorise it to regulate the use 
of specifi c radioactive materials within its borders. This includes radioisotopes 
used in medicine and industry.97 

States that agree to regulate materials using the same standards as the NRC 
are called Agreement States. Typically, Agreement States regulate the sources 
of radiation that the NRC does not. This generally includes all naturally 
occurring radioactive materials (such as radium and radon) within their 
borders. Currently, 35 states have such agreements with the NRC.98

The NRC regulates about 4,900 licences for the possession and use 
of radioactive materials.  In addition, 32 Agreement States regulate 
approximately 16,250 radioactive materials licences. The NRC and the 
Agreement States oversee licensees’ management and disposal of radioactive 
waste products. Various states have banded together in low-level waste 
compacts, with a plan to have one disposal facility per compact in a selected 
host state.99

Of the four categories of regulated waste noted by the NRC, this summary 
will focus on low- and high-level wastes respectively:100  
• Low-level waste (LLW) includes protective clothing contaminated with 

radioactivity through exposure to neutron radiation. This waste typically 
consists of shoe covers and clothing, wiping rags, mops, fi lters, reactor 
water treatment residues, equipment and tools, luminous dials, medical 
tubes, swabs, injection needles, syringes, laboratory animal carcasses and 
tissues, and many other items.

 There are three low-level disposal facilities that accept a broad range 
of low-level wastes.  They are located in Barnwell (South Carolina), 
Richland (Washington state) and Clive (Utah). Whether a facility accepts 
a specifi c lot of waste depends on its licence conditions (imposed by the 
state) and on the state-to-state agreements (‘compacts‘) that the state 
has entered into. For example, the Barnwell site accepts waste from the 
Atlantic compact states (Connecticut, New Jersey, and South Carolina), 
but not from states in the Rocky Mountain and Northwest Compacts. The 
Richland facility accepts waste from the Northwest and Rocky Mountain 
compacts, and the Clive site accepts waste from all regions of the USA.101

• High-level waste (HLW) is ‘irradiated‘ or used nuclear reactor fuel and 
the Nuclear Waste Policy Act (1982) was meant to resolve issues about the 
fi nal disposal of HLW. The Act specifi ed that HLW would be disposed of 
underground in a deep geologic repository, and that Yucca Mountain, 
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Nevada, was to be the single candidate site for characterisation as 
a potential geologic repository. However the issue of permanent 
disposal of HLW is politically volatile and remains unresolved. In the 
meantime, there are two acceptable storage methods for spent fuel 
after it is removed from the reactor core:

o Spent Fuel Pools – Currently, most spent nuclear fuel is stored in 
specially designed pools at individual reactor sites around the 
country; and

o Dry Cask Storage – If pool capacity is reached, licensees may use 
above-ground dry storage casks (see the right-hand image in 
Figure 36).102

Figure 36: Nuclear power plant in operation (top left), concrete 
decontamination (top right) and dismantled site (bottom)103

According to the US Congressional Research Service, the US had 
accumulated 67,450 tonnes of spent commercial fuel at the end of 
2011, about three-quarters of which was stored in wet pools. The total 
increases by about 2,000 tonnes annually. As of December 2011, spent 
nuclear fuel was stored at 77 sites across 35 states. Nine of the sites are 
decommissioned so there is no operating nuclear reactor on the site.104
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Conclusion    

Looking at experience gained in countries which have been engaged for 
nearly half a century in nuclear energy and waste management, we discover 
that their policies to control and manage nuclear waste are quite similar, 
even if respective importance of public and private sectors is quite different. 

Public policy, rules to be applied, and control mechanisms must be in 
the hand of independent institutions, even if the role of government 
and parliament building and evaluating a complete organization are of 
prime importance. Very skilled people, with a high level of education and 
experience are required.

Transparency and public accessibility of information are needed but a 
vast educational programme for local populations, administrations and 
associations is also important. It must not be forgotten that clear, accurate 
and transparent information could generate concern in any population 
that has not had an opportunity to develop its understanding of the issues. 
It is important to support scientifi c associations and other civil society 
organisations supplying objective and accessible information to media, 
opinion leaders, statutory offi cials, industry players, as well as anti-nuclear 
groups.

The waste industry is complex and requires a large number of operations. 
As minimisation of production and a good knowledge of the inventory and 
available processes are required. The full responsibility of the waste producers 
has to be formally established by law, to protect the workers and the public 
and to ensure full fi nancing of waste management. However the fi nal disposal 
of waste requires an organisation whose existence is assured for the very long 
term. Even if the day-by-day management can be subcontracted, the fi nal 
responsibility of disposals must be in the hand of the state.
  
The quality of waste conditioning at the entrance of the disposal process 
is essential as any incident in this disposal will be a huge burden and will 
generate very high costs. For this reason the specifi cations and design of 
waste parcels will have to be established in strict accordance with disposal 
operator requirements, to be assessed by independent experts, and remain 
under the full control of safety authorities.

Action in energy industries needs years and decades. Key questions to 
consider include: Have resources to manage waste in the long term been 
secured, and have research and development programmes been launched in 
due time? 

Crisis organisation must be strong and its effi ciency confi rmed through 
periodic exercises, including media and population participation and 
information. In this regard, it is interesting to analyze relatively minor 
incidents or accidents, which have no radiological impact, but which have 
had a considerable media impact.

Time is essential, as it takes decades to prove the quality of respository. All 
academic forces have to be activated. 

17

The control of 
nuclear waste 
management must 
be in the hands 
of independent 
institutions with 
highly-skilled people

The state 
should support 
organisations to 
provide the public 
with information 
and education 
about nuclear 
activities and waste 
management

The waste industry 
is complex and 
involves many 
actors, but the fi nal 
disposal must be 
in the hands of the 
state

Waste conditioning 
must be performed 
carefully 
throughout the 
disposal process

Development of 
repositories takes a 
long time; research 
must be launched 
in due time
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Appendices 

Appendix 1: Key French public organisations in nuclear 
waste management105 

ANDRA The National Radioactive Waste Management Agency of France 
(Ĺ agence nationale pour la gestion des déchets radioactifs), 
a specifi c public agency with responsibility for the long-term 
management of radioactive waste produced in France (but not 
foreign waste or waste originating from foreign spent fuel 
processing). ANDRA operates waste repositories, defi nes the 
acceptance criteria for waste packages in these repositories 
and controls the quality of their production. The agency is also 
in charge of designing, siting, and constructing new disposal 
facilities. It updates the National Inventory of Radioactive Waste 
and Recoverable Materials in France (including forecasts of 
waste) every three years.

ASN The French Nuclear Safety Authority (Ĺ autorité de sûreté 
nucléaire), created in 2006 by the Transparency and Security in 
the Nuclear Field Act (TSN Act) as an independent administrative 
body. The ASN makes regulatory decisions after assessment 
of the licence applications by the IRSN. The ASN is supported 
administratively by the General Directorate for Nuclear Safety 
and Radioprotection, a centralized administration based in Paris 
and the Division of Nuclear Safety and Radioprotection set up 
within the Regional Directorates for Industry, Research and the 
Environment.

 

CEA The French Atomic and Alternative Energy Commission (Le 
commissariat à l’énergie atomique et aux énergies alternatives), 
created in 1945 to carry out research and development for 
civilian nuclear activities (energy, industry, research and health). 
In 1991, the CEA was entrusted with research and development 
on high-level and long-lived intermediate-level radioactive waste 
management.

CNE The National Review Board (Le commission nationale 
d’evaluation), created in 1991 to assess and review the various 
programmes for the management of high-level and long-lived 
intermediate-level radioactive waste. The CNE is considered 
neither a formal regulator (it cannot grant licences) nor an 
implementer. In 2006, the Planning Act extended CNE’s mission 
to cover the review of all radioactive waste management 
research and development programmes in the National Plan for 
the Management of Nuclear Materials and Waste (PNGMDR). 
There are 12 members of the CNE, six experts (of which at least 
two are international) proposed by Parliament, two by the 
Academy of Moral and Political Sciences, and four (of which at 
least one is international) by the Academy of Sciences. Members 
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are appointed for six-year terms, renewable for one extra term 
only, with half the membership renewed every three years. The 
members elect the president of the board every three years. 
To foster impartiality, members are prohibited from direct or 
indirect involvement (as offi ceholder, employee, consultant, 
etc.) with any other organisation or company that deals with 
radioactive waste. The CNE reports annually and its reports are 
made public.

IRSN The French Institute for Radiological Protection and Nuclear 
Safety (L Ínstitut de radioprotection et de sûreté nucléaire) is 
the public body in charge of the scientifi c assessment of nuclear 
and radiation risks. It advises relevant public authorities and 
contributes to public policy, as well as national and international 
research activities relating to safety of nuclear installations 
and waste, severe accidents in nuclear reactors, emergency 
preparedness, radioactivity and ecosystems, and radiation 
protection. IRSN supports regulators and policymakers in relation 
to radiation protection, reactors, plants, laboratories, transport 
and waste safety, and protection and control of nuclear and 
sensitive materials. It has also developed a specifi c organisation 
devoted to managing emergencies due to nuclear crises. 
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Appendix 2: IAEA classifi cation of waste and related 
storages106

Exempt waste 
(EW)

Contains such small concentrations of radionuclides 
that it does not require provisions for radiation 
protection, irrespective of whether the waste is 
disposed of in conventional landfi lls or recycled. 
Effective doses to individuals should be 10 µSv 
(or 0.01 mSv) or less in a year.

Very short lived 
waste (VSLW)

Contains only radionuclides with very short half-lives 
but with activity concentrations above the clearance 
levels. Can be stored until the activity has fallen 
beneath the levels for clearance, allowing for the 
cleared waste to be managed as conventional waste. 
This kind of waste is frequent in the medical fi eld or in 
non-destructive industrial control. 

Very low level 
waste (VLLW)

Does not necessarily meet the EW criteria, but does 
not need a high level of containment and isolation 
and, therefore, is suitable for disposal in near surface 
landfi ll type facilities with limited regulatory control. 
Such landfi ll type facilities may also contain other 
hazardous waste. Includes soil and rubble with low 
levels of activity concentration. Concentrations of 
longer-lived radionuclides are generally very limited. 

Low level waste 
(LLW)

Suitable for near surface disposal. Robust containment 
and isolation are needed for limited periods of time up 
to a few hundred years. Low concentrations of long-
lived radionuclides may be present.107 

Intermediate 
level waste (ILW) 

Needs long periods of isolation in facilities with natural 
and engineered barriers at a depth between tens and 
hundreds of metres.

High level waste 
(HLW)

Could generate signifi cant quantities of heat from 
radioactive decay, and normally continues to generate 
heat for several centuries (fi ssion products108 and 
actinides109). Disposal in deep, stable geological 
formations usually several hundred metres or more 
below the surface is the generally recognized option. 
Containment, isolation and heat dissipation are the 
important design factors that must be taken into 
account in geological disposal facilities. HLW includes 
un-recycled spent fuel elements.
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Glossary

ANDRA The National Radioactive Waste Management Agency of France 
(Ĺ agence nationale pour la gestion des déchets radioactifs).

ASN The French Nuclear Safety Authority (Ĺ autorité de sûreté 
nucléaire).

CEA The French Atomic and Alternative Energy Commission (Le 
commissariat à l’énergie atomique et aux énergies alternatives).

CNE The French National Review Board (Commission Nationale 
d’Evaluation).

HCTISN The French High Committee for Transparency and Information 
on Nuclear Safety (Ĺ haut comité pour la transparence et 
l’information sur la sécurité nucléaire).

IAEA International Atomic Energy Agency.

IRSN The French Institute for Radiological Protection and Nuclear 
Safety (Ĺ institut de radioprotection et de sûreté nucléaire).

PNGMDR The French National Plan for the Management of Nuclear 
Materials and Waste (Le plan national de gestion des matières et 
des déchets radioactifs).

OPECST The French Parliamentary Offi ce for the Evaluation of Scientifi c 
and Technological Options (Ĺ offi ce parlementaire d’évaluation 
des choix scientifi ques et technologiques). 
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1. Blue Ribbon Commission On America’s Nuclear 
Future (2012). Report to the Secretary of Energy, 
January. Retrieved from http://cybercemetery.unt.
edu/archive/brc/20120620220235/http://brc.gov/
sites/default/fi les/documents/brc_fi nalreport_
jan2012.pdf (assessed 16 October 2013).

2. For information on ANDRA, AREVA, and EDF see 
Section 6.

3. A high-level repository has operated for defense 
transuranic waste at the Waste Isolation Pilot Plant 
(WIPP) in Carlsbad, New Mexico, for over 13 years, 
with no problems of public acceptance.

4. In this report, ‘storage’ is an interim facility to 
house waste before expedition to an ultimate 
disposal facility.

5. Fuel elements emit a substantial quantity of heat 
that decreases with radioactivity. They are placed 
in dedicated facilities (pools or wells) to cool down 
before disposal.

6. ANDRA (Agence nationale pour la gestion des 
déchets radioactifs) or National Radioactive Waste 
Management Agency (2009). 2009 Inventaire 
national des matières et déchets radioactifs 
– Catalogue descriptif des familles (National 
Inventory of Radioactive Materials and Waste 
2009 – Descriptive Catalogue of Families). Retrieved 
from http://www.andra.fr/download/site-principal/
document/editions/350.pdf (assessed 16 October 
2013) (French only). The ANDRA inventory is 
updated every 3 years. The forecast for 2020 is 1.8 
million m3, increasing to 2.25 million m3 in 2030.

7. Millisievert (mSv) is a unit expressing the biological 
effects of ionizing radiations.

8. In France, the authorized dose from nuclear 
activities is not exceeding 20 mSv/year for 
professionals and 1 mSv /year for the general 
population (medical doses excluded). For further 
information, please refer to Civic Exchange’s paper 
on Radiation & Public Health: Wong, T. Y., & Yip, 
S. T. (2013). Research Paper – Radiation & Public 
Health, April, Civic Exchange. Retrieved from 
http://www.civic-exchange.org/wp/wp-content/
uploads/2013/04/energy-radiation&publichealth_
en.pdf (accessed 16 October 2013).

9. ASN (Autorité de sûreté nucléaire) or the Nuclear 
Safety Agency is an independent agency. See ASN 
(2013). Radioactive waste and contaminated sites 
and soils, Chapter 16, Nuclear Safety and radiation 
protection in France in 2012, July. Retrieved from 
http://www.french-nuclear-safety.fr/index.php/
English-version/ASN-s-publications/ASN-s-annual-
reports/Nuclear-safety-and-radiation-protection-
in-France-in-2012 (accessed 16 October 2013).

10. Bq or becquerel is the unit of radioactivity. It is a 
tiny unit and generally activity of nuclear materials 
is expressed in kBq, MBq or GBq (thousand, million 
or billion Bq). Waste radioactivity is expressed in Bq 
(or Bq per unit of volume or weight). The impact 

of radioactivity on human health (expressed 
in sieverts) is a function of the type of the 
radioactivity (alpha, beta, gamma ray or neutrons) 
and its biological action on the human body.

11. 238-U is not fi ssile, but is ‘fertile’, meaning it can 
be converted into fi ssile materials.

12. Fission products result from the ‘fi ssion’ or 
splitting of uranium atoms. Actinides present 
in spent fuel element are essentially remaining 
uranium, plutonium, and ‘minor actinides’ such as 
neptunium, americium and curium which result 
from neutron absorption in actinides. Decay time 
of actinides is long: they are the main contributors 
to the heat generated in nuclear waste.

13. The decay rate of a radioactive substance is 
measured by its ‘radioactive period’ or ‘half-life’, 
which is the time taken for half the radionuclide’s 
atoms to decay, or in other words, for radioactivity 
to reduce to half the initial value. After 10 half-
lives the radioactivity of the substance is 1,000 
times lower. In contrast, the toxicity of substances 
such as lead and other heavy metals never decays.

14. There is more fi ssile 235-U in spent fuel than in 
natural uranium, and plutonium is also fi ssile.

15. Adapted from AREVA (2004). The Nuclear Power 
Cycle, P.7. Retrieved from http://www.areva.com/
mediatheque/liblocal/docs/groupe/Savoir-Cycle-
nucleaire/pdf-savoir-cycle-nuc-va.pdf (accessed 16 
October 2013).

16. Adapted from AREVA (2013). ‘AREVA’s Back End 
Activities’. Retrieved from http://www.areva.
com/EN/operations-1153/used-fuel-recycling-
transportation-nuclear-site-cleanup-back-end-
operations.html (accessed 16 October 2013).

17. For more detail on the key organisations, see 
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Civic Exchange. Retrieved from http://www.civic-
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0914frenergyreport_en1.pdf (accessed 16 October 
2013).

18. OPECST - Offi ce Parlementaire d’Evaluation 
des Choix Scientifi ques et Technologiques 
(Parliamentary Offi ce for the Evaluation of 
Scientifi c and Technological Options). This offi ce 
is composed of eighteen deputies and eighteen 
senators. For details, please see http://www.senat.
fr/opecst/eng/ (accessed 16 October 2013).

19. ASN (2013). Retrieved from http://www.french-
nuclear-safety.fr/ (accessed 16 October 2013).

20. Legifrance (unknown date). Lio N° 2006-686 du 
juin 13 2006 relative à la transparence et à la 
sécurité en matière nucléaire. Retrieved from 
http://www.legifrance.gouv.fr/affi chTexte.do?cidTe
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(accessed 16 October 2013) (French only). An 
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