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Summary

France initiated a spent nuclear fuel reprocessing program to provide plutonium for its nuclear
weapons program in Marcoule in 1958. Later, the vision of the rapid introduction of plutonium-
fuelled fast-neutron breeder reactors drove the large-scale separation of plutonium for civilian
purposes, starting with the opening of the La Hague plant in 1966, financed under the military
and civilian budgets of the Atomic Energy Commission (Commissariat 2 1’Energie Atomique,
CEA). This effort initially was supported broadly by neighboring European countries who
contributed to the French fast breeder project and, along with Japan, signed up for French
reprocessing services in the 1970s.

Military plutonium separation by France produced an estimated total of about 6 tons of weapon
grade plutonium and ceased in 1993. But civilian reprocessing continues. Virtually all other
European countries, apart from the United Kingdom, have abandoned reprocessing and the U.K.
plans to end its reprocessing within the next decade. France’s last foreign reprocessing customer
for commercial fuel is the Netherlands, which has only a single small 34-year-old power-reactor,
and Italy, which ceased generating nuclear electricity after the 1986 Chernobyl reactor accident in
the Ukraine.

This report looks at the reprocessing experience at France’s Marcoule and La Hague sites. Since
commercial reprocessing ended at the Marcoule site in 1997 and its operational history of
reprocessing gas-graphite reactor fuel is not very relevant to today’s commercial light water
reactor (LWR) reprocessing, the report focuses primarily on the La Hague site.

Since its inception, France’s reprocessing industry has benefited from strong financial, technical
and political support. The French experience therefore constitutes a case of reprocessing under
optimal conditions. Since reprocessing of spent nuclear fuel does not “close the nuclear fuel
cycle”, as is often claimed, but involves at each stage the production of significant waste streams,
we treat it as an open “fuel chain” and assess the record of French reprocessing in terms of waste
management, radioactive discharges, radiological and health impacts as well as cost.

Marcoule. France’s first reprocessing plant was the Usine de Plutonium 1 (UP1, Plutonium
Factory 1) at Marcoule. Thirteen thousand tons™ of reactor fuel from gas-graphite plutonium
production and power reactors was reprocessed there between 1958 and late 1997. Today the site
hosts a huge decommissioning and clean-up effort. In 2003, the clean up, including waste
management, was estimated to eventually cost about €6 billion ($6 billion) and is currently
expected last till 2040. In 2005, these costs and liabilities were transferred from the government-
owned nuclear-services conglomerate, AREVA NC, to the CEA.

La Hague. Between 1966 and 1987, about five thousand tons of gas graphite reactor (GGR) fuel
and, between 1976 and the end of 2006, about 23,000 tons of light water reactor fuel (LWR) fuel
were reprocessed in the UP2 and UP3 plants at La Hague. Small batches of breeder reactor and
LWR mixed uranium-plutonium oxide (MOX) fuel also have been reprocessed. Over the last few
years the two reprocessing lines together have processed about 1,100 tons annually.

" “Tons” stands for metric tons throughout this report.



Until around 2004, close to half of the LWR spent-fuel throughput at La Hague was foreign-
owned. Almost all of the foreign spent fuel under contract has been reprocessed, however, and
only minor new contracts have been signed. The 600 tons of foreign spent fuel remaining at La
Hague could be reprocessed in a few months.

France’s national utility, Electricité de France (EDF), has a large backlog of about 12,000 tons of
spent fuel, of which two thirds are stored at La Hague — the equivalent of over ten years’
throughput at the current rate of reprocessing. Since 1987, France has also built up a large
backlog of over 50 tons of its own unirradiated plutonium in various forms, of which more than
half is stored as separated plutonium at La Hague. Plutonium is being used in MOX fuel in
twenty 900-MWe LWRs that are operating with up to 30% MOX fuel in their cores. In addition,
AREVA'’s foreign clients currently store more than 30 tons of separated plutonium in France.

Economic Costs of Reprocessing in France. In 2000, an official report commissioned by the
French Prime Minister concluded that the choice of reprocessing instead of direct disposal of
spent nuclear fuel for the entire French nuclear program would result in an increase in average
generation cost of about 5.5 percent or $0.5 billion per installed GWe over a 40-year reactor life
or an 85 percent increase of the total spent fuel and waste management (‘back-end’) costs.

Current projected costs by the industry and the Ministry of Industry show that, in addition to a
number of other favorable assumptions, the investment and operating costs of a future
reprocessing plant would need to be half the costs for the current La Hague facilities in order for
reprocessing to cost no more than direct disposal.

Since 1995, EDF has assigned in its accounts a zero value to its stocks of separated plutonium, as
well as to its stocks of reprocessed uranium. With the liberalization of the electricity sector, the
economic burden of reprocessing is increasingly weighing on the French utility EDF. Cost issues
constitute the main stumbling block for a new long-term agreement with AREVA following the
reprocessing / MOX fabrication contract that ended in 2007.

Waste Volumes. A major argument made for reprocessing is that it dramatically reduces the
volume of radioactive waste. A number of serious biases have been found, however, in official
comparisons made by EDF, AREVA and the National Agency for Radioactive Waste
Management (ANDRA, the organization responsible for radioactive waste disposal in France).
These include:

* Exclusion of decommissioning and clean-up wastes stemming from the post-operational
period of reprocessing plants;

* Exclusion of radioactive discharges to the environment from reprocessing. Their retention
and conditioning would greatly increase solid waste volumes;

* A focus on high-level waste (HLW) and long-lived intermediate-level waste (LL-ILW),
leaving aside the large volumes of low-level waste (LLW) and very low-level wastes
(VLLW) generated by reprocessing;

* Comparison of the volumes of spent fuel assemblies packaged for direct disposal with
those of unpackaged wastes from reprocessing, which overlooks for instance the fact that
packaging reprocessing waste is expected to increase its volume by a factor of 3 to 7; and



* Failure to include the significantly larger final disposal volumes required for spent MOX
fuel, because of its high heat generation, unless it is stored on the surface for some 150
years instead of the 50 years for low-enriched uranium spent fuel.

We find that, with past and current operating practices, there is no clear advantage for the
reprocessing option either in terms of waste volumes or repository area. Depending upon
assumptions, the underground volume required for spent MOX fuel and vitrified waste can be
smaller or larger than that for direct disposal of spent LWR fuel.

Radiological impact. The global collective dose over 100,000 years — due primarily to annual
releases to the atmosphere from La Hague of the low-level but long-lived emitters, krypton-85
(half-life of 11 years), carbon-14 (5,700 years) and iodine-129 (16 million years) — have been
recently recalculated at 3,600 man Sieverts. Continuing discharges at this level for the remaining
years of La Hague’s operation theoretically could cause over 3000 additional cancer deaths over
100,000 years.

Security risks. Reprocessing also has significant impacts in terms of safety and security. These
issues are only touched upon in the present report for the case of transportation security risks. The
recycle into MOX fuel of European power-reactor plutonium separated at La Hague results in an
average of about two truck shipments of separated plutonium per week from La Hague to the
MELOX MOX fabrication plant at Marcoule, over 1000 km away.



I. Introduction

Plutonium separation began in France as part of the nuclear weapon program that was launched
immediately after the Second World War.' Large-scale production of plutonium for military
purposes was started in 1958 and ceased between 1991 and 1993, producing an estimated total of
4.3 to 7.8tons of weapon-grade plutonium, with a mean estimate of 6 tons, which after
consumption in tests and losses in process waste has left a stock on the order of 5 tons, none of
which has been officially declared as excess.

Plutonium separation grew to its current huge scale, however, because of the dream of plutonium
fuelled fast-neutron breeder reactors. This type of reactor was expected to generate more
plutonium over time than it consumed, effectively generating more chain-reacting fuel than it
used. In order to start up a commercial size fast breeder reactor it takes about 7 tons of plutonium,
roughly the annual production of 20 large LWRs. Plutonium fuelled reactors were to replace
uranium-fueled power plants within a few decades.

While the first plutonium separation plant started operation in 1958 in Marcoule, mainly for
military purposes, the first experimental breeder Rapsodie was commissioned in 1967 followed
by the 233 MWe (net) Phénix reactor in December 1973. The breeder reactors were justified by
exaggerated projections of the growth of nuclear power and thus by an expected scarcity of
uranium. In 1974, French planners officially forecast that France’s national electricity
consumption would be 1000 TWh in the year 2000, some 2.3 times the actual consumption rate
in 2000.

The decision to build the commercial-scale (1,250 MWe) European Superphénix fast breeder
reactor was taken in 1976.” At that time the French Atomic Energy Commission (CEA) forecast
540 Superphénix-type reactors operating in the world by year 2000 — about 20 in France alone.
In reality, as of year 2000, there was not a single commercial size plutonium-fuelled breeder
reactor in the world. Superphénix operated with an average capacity factor of six percent for ten
years, before being shut down on Christmas Eve 1996. The red-green government that came in as
of 1997, decided to keep it shut down permanently. Many within the national electricity utility,
Electricité de France (EDF) management welcomed that decision.* But this was never made
public. Two reactor cores, one partially irradiated and one fresh, containing together 12 to 14 tons
of plutonium, remain in interim storage at the reactor site.

Even before Superphénix was connected to the grid in 1986, the commercial failure of the fast
breeder reactor had become obvious. The forecasted huge growth of nuclear capacity around the
world had not materialized and natural uranium was abundant and cheap. The savings from the
higher uranium efficiency of the breeder reactors were therefore much smaller than expected. At
the same time reprocessing and breeder reactors had turned out to be costly and fast breeder
technology was experiencing a long list of technical problems. Due to the short period that it
actually operated, the average cost of the electricity generated by Superphénix was at least ten
times higher than from light water reactors. How much higher will not be known until the plant is
dismantled.
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With the suspension of the breeder program, it would have been natural to abandon the
commercial separation of plutonium. At the time, however, the extra costs of recycling separated
plutonium in LWR fuel was estimated to be relatively small -- some FRF 2.3 billion (€ 350
million) over a ten-year period.® The fuel division of France’s national electricity utility, EDF,
therefore concluded in 1989 that “putting into question that option [reprocessing] does not have
an economic basis and would have other significant international repercussions harmful for the
entire nuclear sector.”’

In 1989, France’s government-owned fuel-cycle company, COGEMA, which subsequently was
absorbed into AREVA, had just opened a new large reprocessing plant (UP3) at La Hague,
almost entirely pre-financed by foreign clients. Germany’s utilities had just cancelled their



Wackersdorf reprocessing plant project and had instead signed a new series of reprocessing
contracts with France. EDF’s decision to give up reprocessing at that point would indeed have
sent a shock wave through the international nuclear community.

As of 2007, France operates 58 pressurized water reactors® and one 233-MWe fast breeder
reactor, which is to be shut down in 2008. EDF’s official strategy is to continue reprocessing 850
tons of EDF fuel annually at La Hague, out of a total of about 1,200 tons of spent fuel discharged
per year. That leaves a significant share of France’s spent fuel unreprocessed, but the rate of
plutonium separation corresponds approximately to the current MOX fuel fabrication capacity
available to EDF.

The two reprocessing sites, La Hague and Marcoule, contain over 90 percent of France’s
radioactive waste inventory. Their inventories include spent fuel, separated plutonium, large
quantities of liquid and vitrified high level waste, and various types of intermediate, transuranic
and low level radioactive wastes. A significant fraction of these wastes remains unconditioned.
Conditioning techniques have been under development for decades. In view of changing
standards, much of the waste that was conditioned between the 1950s and the 1970s will have to
be reconditioned.



I1. The Economics of Reprocessing

For many years, the only available cost assessments of French reprocessing were studies based on
the methodology used in OECD Nuclear Energy Agency (NEA) reports.” This methodology was
developed primarily under the auspices of the French Ministry of Industry for comparing nuclear
power to other electricity sources.' It excludes a great deal of the complexity associated with the
reprocessing option, especially the issues and costs associated with waste management. (This is
discussed further in the next section.)

A 1982 report prepared by a CEA nuclear engineer for the Superior Council for Nuclear Safety
(Conseil Supérieur de la Streté Nucléaire or CSSN, then a consultative body for the French
government) concluded, however, that “interim storage (40 to 100 years, or more) of light water
reactor spent fuel followed by geological disposal (non-reprocessing option) is infinitely less
costly than the reprocessing option.”"! The report added that “recycling plutonium in light water
reactors is an economic aberration, and only provides theoretical savings of 18 percent in natural
uranium needs.” Economic assessments were carried out internally by the French nuclear industry
in 1985 but, even though they showed no advantage for the reprocessing option and the reuse of
the resulting separated plutonium in MOX fuel, it was decided to develop the “reprocess-recycle”
scheme to commercial scale.'

It took fifteen years after the launch of France’s massive plutonium economy for the first public,
comprehensive assessment of the economics of the French nuclear industry, including its fuel
chain. The 2000 “Charpin-Dessus-Pellat” (CDP) Report was commissioned by France’s Prime
Minister, and was based on actual data provided by the industry. This report found that, when the
decision was taken “to launch in 1985 the reprocessing path and recycling in PWRs, its
competitiveness, compared with a long term storage solution, required the cost of uranium to be
high” — which did not materialize."

The report estimated the material flows and economic costs of the current French nuclear
facilities over their lifetimes on the basis of a year-to-year analysis. The assessment period ran
from the start-up of EDF's first pressurized water reactor (PWR) in 1977 until 1999, and
projected future costs up to 2049, the end of the operational life of the last reactor in the fleet,
assuming an average 45-year operating lifetime.

Different scenarios for spent fuel management were considered:

* The “dual-management” strategy pursued since 1985 in which about 70 percent of
France’s spent LEU fuel is reprocessed and MOX fuel is used in around 20 PWRs;"*

* Extension to the reprocessing of all LEU fuel and the use of MOX fuel in the 28 PWRs
technically designed to use it; or

* The complete phase-out of reprocessing in 2010."
The first two scenarios assumed reprocessing at La Hague until 2030'® but no successor

reprocessing plant, i.e. storage of spent uranium oxide fuel discharged after 2030."” The main
results of the comparison are presented in Table 1.



Table 1. Material balances and costs of nuclear power in France industry for four scenarios""

Scenario / Reprocessing End in 2010 Partial Full None®
Material balances

Natural uranium (thousand tons) 460 447 437 475

Reprocessed LEU fuel (thousand tons) 15 26.2 36.1 0.0

Plutonium reused (tons) 146 275 387 0

Irradiated LEU fuel® (thousand tons) 41 28.6 17.6 58.3

Irradiated MOX fuel®(thousand tons) 2 3.5 4.8 0.0

Plutonium Content™ (tons) 602 555 514 667

Intermediate Level Waste (m?) 31,786 34,825 38,091 20,000

From operation 20,000 20,000 20,000 20,000

From reprocessing 11,786 14,825 18,091 0

High Level Waste (m®) 1,601 3,325 4,808 0

Power Generation Cost® ($/MWh) 29.3 29.5 29.6 28.0

Total Cost ($ billion)© 592 597 600 566

* Investment” 140 140 140 134

* Operation 266 266 266 266

* Fuel 185 190 193 166

Detail of fuel chain costs 185.1 189.6 193.1 165.6

Fuel chain | front-end 123.4 120.7 118.5 125.3

Front-end 1977-1998 55.6 55.6 55.6 55.6

Front-end 1999-2049 67.9 65.2 62.9 69.7

Fuel chain | back-end® 61.7 68.9 74.6 40.4

Back-end 1977-1998 19.1 19.1 19.1 0.0

Back-end 1999-2049 20.9 28.5 34.8 17.6

Final disposal ILW + HLW 2.5 4.3 5.9 0.0

Final disposal spent fuel 19.3 16.8 14.8 22.8

Source: based on CDP (2000), Girard (2000)
Notes:

(1) All scenarios are based on the assumption of a total nuclear capacity of 62.4 GWe and an average 45-year
lifetime for nuclear reactors. Total cumulated electricity generation would be 20,238 TWh.

(2) Retrospective scenario corresponding to the same operation of the current nuclear power plants without any
reprocessing, even in the past (1977-2000).

(3) Quantities of irradiated uranium oxide fuel and MOX left in storage in 2050.

(4) Plutonium content (including Americium-241) in spent uranium oxide and MOX fuels that are not reprocessed at
the end of the period (by the time the last reactor closes).

(5) Conversion to $ from constant 1999 French Francs (FRF)., Undiscounted estimated costs levelized over the
operational life of the power plants.

(6) Conversion of 1999 FRF, with the rate 1 FRF = 0.20499 §$.

(7) The difference in investment costs between the scenarios with and without reprocessing is due to the
FRF30 billion of R&D costs ($6 billion) for the back-end of the fuel chain in the reprocessing scenarios.

(8) The “back-end” lines include reprocessing and interim storage of final waste. The “final disposal” lines include
geological disposal of unreprocessed spent uranium oxide and MOX fuels and ILW and HLW from reprocessing
(but not ILW from reactor operation).

Even with “optimistic” assumptions about the smooth operation of the fuel-cycle facilities, the
report concluded that the direct disposal option had a clear economic advantage.'® Despite the fact
that the capital investments in the reprocessing and MOX-fuel fabrication plants were sunk costs,
phase-out of reprocessing in 2010, compared to its extension to “all-reprocessing,” would save
FRF39 billion ($8 billion). Per year, the savings would be FRF800 million ($160 million) or 12
percent of the 2001 operating costs of France’s fleet of LWRs.



The report also calculated the savings had France not built the reprocessing and MOX-fuel
fabrication facilities and instead operated its nuclear fleet with a once-through fuel strategy for its
entire lifetime. Compared to the “all-reprocessing” scenario, the total savings would have been
FRF164 billion ($33.5 billion) or a 5.5 percent decrease in the cost of nuclear electricity.

In April 2000, Bernard Esteve, then Director of EDF’s Nuclear Fuel Division, declared that there
was no market for plutonium and that, even if there was, the plutonium value would be
negative."” (Apparently the Dutch utilities have paid the French industry to keep the plutonium
and uranium recovered from the reprocessing of their fuel.) This reflects the fact that, even if
plutonium was obtained at no cost (instead of the actual cost of reprocessing), using it in MOX
fuel still represents a loss compared to using uranium fuel. The reason is the substantial
difference in fuel fabrication costs.”

In 2003, the French Government’s General Directorate of Energy and Primary Materials
(DGEMP) acknowledged that “for the time being, the low prices in the front-end of the fuel
cycle (natural uranium and enrichment services) do not justify the reprocessing of spent fuel on
purely economic grounds.”'

DGEMP introduced new cost assumptions, however, that reduced the cost difference between
reprocessing and direct disposal from $1.6 to $0.13 per megawatt hour. It explained that the cost
numbers used in the CDP report are “representative of the current economics of the fuel cycle,
but in some cases quite different from those envisaged by the industry for the period 2015-
2075.”%* The projected lower costs were established in confidential discussions with AREVA, the
company that built and operates France’s reprocessing plant.”

Specifically, the DGEMP report assumed a cost for reprocessing of 450 €/kg (605 $/kg) on
average for the period 2025-2085. This value is less than half the cost calculated in the CDP
report, which is in the range of 1,200 to 1,600 $/kg.**** The difference of about $1000/kgHM for
a burnup of 60 MWd/kgHM would correspond to a difference of $2.1/MWh, which is, indeed,
enough to explain the reduction in the difference with direct disposal. Future costs would include
the investment cost of a new reprocessing plant. AREVA chose to assume a reduction by half or
so in both the investment costs (including decommissioning) and the operation costs of this new
plant compared to the existing ones. As DGEMP explained, “the cost of reprocessing used in the
study is the cost objective needed to guarantee the competitiveness of reprocessing compared to
the direct disposal option.”*

The optimism of these projected costs is not shared by all players in the French nuclear industry.
In a March 2007 note presented to a working group updating the DGEMP report, Electricité de
France, the main customer of the La Hague plants says that it “expects the new [reprocessing]
facilities to allow for some gains in productivity, in investment as well as operating costs, thanks
to the cumulated experience, technological progress, and possibly scale effects” but that “one
must remain cautious about the final impact on reprocessing costs, which will also strongly
depend over a time scale of a few decades on the environmental performances sought and
potential changes of the costs of goods and services.” The note concluded that, therefore, “EDF
regards the values used in the [DGEMP’s 2003] report as a low estimate.”
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ANDRA'’s projected geological disposal costs for France’s radioactive wastes, as summarized by
the Cour des Comptes (CdC), the French Government Accounting Office, rose from
€14.7 billion ($19.8 billion) in 1996 to a range of €15.9 billion to €58.0 billion ($21.4 billion to
$78.0 billion) in 2003.” In the 2003 estimate, ANDRA found ending reprocessing in 2010 to cost
more than twice as much as continued reprocessing $46.7 billion to $78.0 billion versus
$21.4 billion to $32.7 billion). In the full reprocessing scenario, however, more than half of the
separated plutonium and uranium is transferred to a hypothetical next generation of reactors and
therefore is not accounted for in any way in the cost assessment.

Reducing cost uncertainties became critical with the requirement in France’s 2006 law on
radioactive waste management that nuclear plant operators establish funds to cover the long-term
costs of waste management. DGEMP set up a working group with the concerned industry
players to establish common assumptions.”® The group proceeded with two studies. The result
was a reduction of cost estimates for the total reprocessing scenario to €11.5-12.9 billion ($15.5-
17.4 billion). The working group failed to address two key issues raised by the CdC, however: the
uncertainties of waste-site design and size. The CdC criticized the working group exercise in its
subsequent annual report, noting that the assumptions used are “a choice the authors justify by the
strategy announced by EDF,” but that “announcing a strategy doesn't make it necessarily happen,
as it will depend both on decisions by government...and on its feasibility.””

Table 2 shows that, in 2003, the plutonium separation plants at La Hague and Marcoule
accounted for over 88 percent of AREVA NC’s total provisions for future decommissioning
costs. If one adds the plutonium fuel factories MELOX and Cadarache, the percentage increases
to over 92%. The funds are expected to fully cover the decommissioning costs.

The decommissioning funds decreased by over €4 billion ($5.7 billion) in 2005 because of a bail-
out agreement in which the operating license and decommissioning responsibility for the
Marcoule site were transferred from COGEMA’s parent company, AREVA NC, to the CEA (i.e.
France’s Government) in exchange for a lump sum payment by AREVA of €427 million ($574
million) and its commitment to make a future contribution of €158 million ($212 million) to the
decommissioning fund. The large third-party share at La Hague in the table represents expected
contributions by EDF.

Table 2. Decommissioning Funds by Site (in M€, COGEMA is now part of AREVA)

Provisions in 2003 Provisions in 2004
(in M<€) (in M<€)

Provision Third Party COGEMA Provision Third Party COGEMA
Site Share Share Share Share
La Hague 6,479 4,298 2,181 6,415 4,163 2,252
Marcoule 4,325 3,656 669 158 158
Pierrelatte 239 206 33 189 142 47
Melox 404 404 423 423
Cadarache 149 148 220 220
Eurodif 471 470 492 492
Others 162 30 134 115 3 113
Total 12,229 8,190 4,039 8,012 4,308 3,705

Source: COGEMA in CdC (2005)
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II1. Reprocessing and Nuclear Waste Management

In the early 1970s, the CEA began to link its strategic goal of separating plutonium from LWR
fuel to feed a fast breeder reactor program with a second objective, the reduction of the
radiotoxicity levels of the final waste to be disposed of in a geological repository. Given that
plutonium would be the largest contributor to the overall radiotoxicity of irradiated fuel in the
longer term, indefinitely recycling plutonium was presented as a way to eliminate it from the final
waste inventory, and therefore to reduce by as much as ten-fold the corresponding long-term
radiotoxicity.”

Mining ~Chemistry

Enrichment

NUCLEAR

fuel cycle

Spent Fuel
Reprocessing

Reactor

Figure 2. The fuel cycle according to AREVA. The reprocessing of spent nuclear fuel and reuse of the recovered
plutonium and uranium are often referred to as “closing the fuel cycle.” This simplified diagram does not, however,
reflect the complexity of the materials flows resulting from reprocessing (source: www.areva.com).

More recently, after the failure of the effort to commercialize fast breeders, the reprocessing
industry elaborated the waste minimization rationale for reprocessing and recycling. Specifically,
AREVA claims that “the volume of ultimate waste to be disposed of in any geological repository
is drastically reduced by treatment-conditioning.””' According to AREVA, reprocessing would
produce 0.5 m’ of intermediate (ILW) and high level waste (HLW) residues per ton of heavy
metal (tHM, i.e. uranium) in uranium oxide fuel (UOX), compared to more than 2 m*/tHM to be
disposed of in case of direct geological disposal of the irradiated fuel.” During one of the public
meetings of the French national debate on long-lived radioactive waste management that took
place between September 2005 and January 2006, an EDF spokesman explained that
reprocessing, compared to the direct storage of spent LWR fuel, is “a process that reduces by a
factor 10 the volume of highly active long-lived waste.””> The Commission Particuliére du Débat
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Public (CPDP), in charge of the preparation and organization of this public debate, noted that “for
AREVA the ... impact of reprocessing on the volume of final waste is the remarkable result of
research conducted since 1991. AREVA actually stresses that this is the argument to sell
reprocessing to the Americans, who study geological disposal but consider the reprocessing
option as a way to reduce the volume of disposal.”**

The nuclear waste law of 1991 set a time frame of 15 years for the decision-making process on
France’s waste management options.”” The national public debate came during the preparation of
a draft bill, which was discussed in Parliament and passed in June 2006.%

The 2006 legislation emphasizes the role of reprocessing in the French nuclear waste
management strategy. Article 6-I of the new law stipulated that a National Radioactive Material
and Waste Management Plan had to be established by the end of 2006.” The first of the
guidelines is that “the reduction of the quantity and toxicity of radioactive waste shall be sought
especially by processing spent fuel and by processing and conditioning radioactive waste.” The
licenses of the La Hague plants had already been modified in 2003, to allow them to reprocess in
addition to spent fuel various other materials containing uranium or plutonium such as scrap from
the production of plutonium-containing fuels. **

France defines six classes of radioactive waste on the basis of the concentration and the lifetime
of their radioactivity. Table 3 shows these categories and the current management status of each.

Short-lived intermediate and low-level wastes (SL-ILW/LLW) are disposed of in dedicated
surface sites. A decision has yet to be taken, however, on the long-term management of the high-
level and long-lived intermediate-level wastes (HLW and LL-ILW), most of which arises from
spent fuel management. According to Article 3 of the law of 28 June 2006, research on the
management of these wastes must be pursued in three “complementary” programs, each with its
own deadlines:*

1. Partitioning and transmutation of long-lived radionuclides. A strategy is to be selected
in 2012 and a prototype reactor is to be in operation by 2020;"

2. Interim storage. By 2015, existing sites must be expanded or new ones created to satisfy
estimated needs; and

3. Geological disposal. The licensing process for a site is to be started by 2015 and it is to
be put into operation in 2025.
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Table 3. Categories of radioactive waste in France and their current management status

, , VSL -
LL — Long-lived SL - Short-lived Very short-lived
Period < 30 years
Activity > 30 years > 100 days = 100 days
Under study
HL - High Level >10° Bq/g | Art. 3 of the law of 28 June 2006
1 laboratory for geological disposal: Bures
< 10° Bq/e Under study Surface disposal®
IL - Intermediate Level ; 10° Ba/g Art. 3 of the law of | 1 closed facility:
28 June 2006 Centre de stockage Management
Manche (CSM) by radioactive
<10’ Bg/g Study of 1 facility in operation: | decay
LL - Low Level >10” Bg/g dedicated Centre de stockage

subsurface disposal de I’Aube (CSA)

Dedicated surface disposal
VLL - Very Low Level |<10°Bg/g |1 site in operation: Morvilliers
Limited recycling for some categories

Notes: (a) With the exception of specific waste, e.g. contaminated with tritium, for which dedicated management is
still being studied.

Reprocessing definitely makes waste management more complex qualitatively (see Figure 3). In
the direct disposal option, there is basically one type of high-level waste to deal with, spent fuel
assemblies; and one type of intermediate-level waste, irradiated pressure vessels and their internal
core-support structures.”' There are also large volumes of long-lived low-level or very low-level
waste in the form of uranium mill tailings and depleted uranium.

In the reprocessing option, many more waste streams need to be dealt with. First, there are the
wastes from reprocessing itself:

* High-level vitrified waste, containing the minor transuranic elements and fission
products;

¢ Intermediate-level structural wastes—such as hulls and nozzles from LWR fuel
assemblies; and

* Intermediate level process waste -- sludge from liquid effluent treatment in particular.
Unlike the case of direct disposal, however, the residual uranium in the fuel (95% of the original

LEU) and plutonium (1%) are separated for reuse. Their reuse produces new irradiated material
and waste streams:

e Spent MOX fuel and scrap MOX from the fuel fabrication process,
* Spent re-enriched reprocessed uranium fuel and the depleted reprocessed uranium from
the re-enrichment process.

Finally, each of the industrial processes eventually produces decommissioning waste-- especially
intermediate-level waste from the reprocessing plants.
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