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1. OBJECTIVES & SCOPE

W)

The majority of European countries, even those withoutleaucpower industry, produce long-lived
radioactive waste that cannot be accepted in near-susfasebsurface disposal facilities. It is widely
acknowledged that disposal in deep geological formationstecthmically feasible and safe method for
managing these types of radioactive waste. However, constraf a deep geological repository is a very
demanding and costly task.

Some countries, especially those with small and meductear programmes, may not have the resources or
full range of expertise to build their own deep geological rigmiss. Other countries may — simply as a
good, economical management practice — deem it wise to cotis@lpossibility of sharing both the costs
and the benefits of deep geological disposal with othertieasnSAPIERR (Support Action: Pilot Initiative
for European Regional Repositories) is the project undes'theramework Programme of the European
Commission which brings together representatives of the Eamapmintries interested in the shared solution
of deep geological disposal of radioactive waste. SAPIERR pilot initiative helping the European
Commission to begin to establish the boundaries of thee,issullating and integrating information in
sufficient depth to allow potential regional options to beniified in order to scope the new research and
technical development that may be needed to implement tBgéserganisations from 14 countries have
taken part in the SAPIERR project. It must be noted tthe organisations involved in the project represent
only themselves and not the official views of the respecimtries. However for simplicity, the group of
countries in question is referred to in this documsritSAPIERR countries”. The list of SAPIERR countries
comprises:

* Austria

* Belgium

* Bulgaria

* Croatia

* Czech Republic
* Hungary

o ltaly

* Latvia

e Lithuania

* The Netherlands
 Romania

» Slovakia

* Slovenia

* Switzerland.
The scope of the SAPIERR pilot project covers only théeficiation of the pre-requirements for possible

implementation projects for one or more shared Europeginnal repositories (such hypothetical facilities
are hereinafter referred to as “SAPIERR repositoryi'practice, the work scope has been restricted to:

» reviewing the international and national legal or ragprly issues that would affect implementation
of regional storage facilities or repositories

» constructing a reference inventory of the radioactive wastising in all of the 14 countries from
which organisations have joined the SAPIERR working group

* evaluating potential designs, implementation timescalet ldely costs for shared regional
repositories, based on existing documented data on Emropéanal programme

» looking at potential scenarios for organising the impleatent of European regional repositories

» identifying those aspects that require further study seaech before proceeding further.

These tasks have been addressed in the published techpmas:
* Legal Aspects [1]
* Inventory [2]
» Possible Options and Scenarios of Regional Disposafanae RTD Recommendations [3].

The objective of this report is to summarize resultseaeldl during the project implementation.
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2. LEGAL ASPECTS

A number of the SAPIERR countries have policies to ploasenuclear power (e.g. Belgium, Netherlands
and Italy) but others have no such plans and may even prplanglifetime or expand the programme. In
either case, log term management of spent fuel is a rabgiy that must be fulfiled. Moreover,
radioactive waste management is required also foindeatlith wastes from research reactors and other
nuclear technologies, and these are very widely spreadgthiwotithe Europe.

All of the countries involved in SAPIERR have establishéglgal and regulatory framework for radioactive
waste management. In some cases this has been done enlyyreowith actual or potential membership in
the EU being a strong driving factor. The frameworkasmonly based on the recommendations of the
IAEA Safety Standards documents. These standards Ibheee taken over in large part into the EU
legislation and also are embodied in the IAEA Joint Convenfibis convention, which has been signed by
all of the 14 countries represented in SAPIERR, haslaen a strong driver for establishing the necessary
framework for safe waste management.

Most countries also have an organised regulatory framefor radioactive waste disposal. Some of the
regulatory bodies are, however, newly established and havgehgroduced all required standards and
guidelines. Many — but not all — of the regulatory bodies hayeereence in the licensing of waste

management facilities for treatment and storage of wastd also for disposal of LLW. Of course, none of
the regulators has licensed a deep geological repgs#imge no European country in or out of SAPIERR
has yet implemented such a facility.

The greatest unity of regulatory approaches has been aghiettee area of radioactive transport. Here the
mature and well-tested international transport regeriatof the IAEA provide a solid basis. The success in
this area could provide a valuable lesson in the less gmahkrea of geological disposal regulations.

Coordination of disposal activities and regulations is & wavious necessity since virtually all of the
countries in the EU and in SAPIERR have agreedgealogical disposal is a long term management option
that should be pursued. The UK alone has not taken thisiaecin fact, most countries have decided that
geological disposal is the preferred option, even if othessiptities are formally kept open. The
implementation of deep geological repositories in the Elhasyever, still a considerable distance into the
future. In the next 20 years there will be at most 1-2 opgygkeological repositories. Many countries — both
large and small — are prepared to wait several deca@debundred years before starting disposal of HLW or
spent nuclear fuel.

Waiting a long time is feasible if adequate interim sieraapacity is available, and this is — or soon will be
— the case in all relevant countries. Waiting a lontgtis, moreover, often regarded as an attractive option
for three main reasons:

* The activity and heat production levels of the radioactiastesdecay significantly making handling
and disposal simpler.

* The level of societal confidence in geological disposaitils insufficient in many countries; this
may change as time passes by.

* The costs of disposal are so high that postponing thesduture date or accumulating them during
a long period of time is economically attractive.

The biggest factor influencing progress with disposal of kegh} radioactive waste and spent nuclear fuel
is probably the low level of public acceptance and political suppéoivever, the economic issues

associated with funding of disposal facilities are alsoajor factor determining disposal policy, in particular
in the small nuclear programmes. To meet these economilemies, most countries with nuclear power
plants have established funding mechanisms. In many casesydrpithe arrangement is relatively new, so
that only modest (or sometimes zero) funds have beermadaied. In several countries with a longer
history of nuclear power or with larger nuclear power plaaitks, substantial funding has already been
accumulated.

The issues of public acceptance and of economics are als® wioch most strongly influence national
policies with respect to regional or international réjpoies. Large nuclear programmes (e.g. in France, UK
Germany, Spain, Sweden) can relatively easily accumsilaffecient funds for a national repository by
passing costs onto electricity consumers. Accordinglyetlvesintries tend to focus on achieving adequate
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public acceptance for their national programmes. Thisldéthdo some countries expressing reservations
about efforts to promote shared (regional or internafigeglository solutions, in order to allay concerns of
their publics that foreign waste might be imported.

For small countries, the costs are definitely a polidgraeining factor. Several (e.g. Netherlands, Slovenia)
openly acknowledge that their small nuclear programmes meakeomic national repositories almost

infeasible. Consequently, the countries with smalllearcprogrammes are those with most interest in
regional waste disposal solutions, as evidenced by theipation in SAPIERR. Although some of these

countries have decided definitely that they cannot afforthteonal deep repository and must wait until

shared solutions become available, the more common piglity begin to prepare geological disposal
programmes whilst maintaining the option of sharing regional repository, should this become available.
In fact, although most of the small countries have acdated insufficient funds to implement a national

repository, there are certainly sufficient resourcesilable, if pooled, to support a serious joint waste
disposal programme aimed at clarifying the options foraaeshregional facility.

The various attitudes towards shared disposal conceptsftan reflected in the policies and in the legal /
regulatory framework of the countries. Many countreesrently ban import of wastes for disposal (e.g.
Austria, Croatia, Czech Republic, France, Hungary, Latutauania). Very few legally ban export; Finland
is an exception. A few explicitly acknowledge the possibiitymport or export and some have no formal
position. Accordingly implementation of a regional repositeould almost certainly necessitate changes in
a number of national legal systems. A few countrieg. (Bwitzerland) have already formulated rather
detailed conditions under which import or export of wastghie permissible.

At an international level, organisations such as theaB€ the IAEA have officially given support to the
concept of regional repositories. The NEA has remainkehts Reservations or opposition have been
expressed only by some major programmes seeking a natian#bsolt seems clear that more international
support for shared disposal facilities could help build aecest for the concept. The EC and IAEA could
help by making more specific the necessary legal and camiacameworks. Issues of liability, control,
inspection, finances, etc. can be regulated in bdate multinational contracts. It would be, however, very
sensible if such contracts or treaties were to be corgthuité support and guidance from an international
body such as the EC of the EU.

W)
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3. WASTE ARISINGS IN THE EU

W)

Nuclear power plays a role in many of the countrieshefEU (14 from 25 countries have nuclear power
plants). The countries participating in SAPIERR havetéthnumbers of power reactors — the total number
is 37, to be compared with 161 in the whole EU together with R@nBaigaria and Switzerland, of which
France alone has 59.

In Figure 1, the installed capacity of nuclear powertogads presented in the form of a bar chart.

Installed nuclear power
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Figure 1 Installed nuclear power in EU countries + Savland

When examining Figure 1, it is notable that the most addanae&onal programmes for deep geological
repository development are in Finland and Sweden, whicmairéhe countries with the largest nuclear
power industries.

Further analysis of the European electricity market revibalt the combined size of the nuclear industry in
the SAPIERR countries versus non-SAPIERR countries providedwaous justification for the European
regional repository concept. This comparison is highlightéedare 2. The graph in Figure 2 shows that the
10 SAPIERR countries with a nuclear power industry reptesdn 17 percent of the installed power in EU
(with Switzerland being included with the EU countrieshis context.) The combined size of nuclear power
industries in all 14 SAPIERR countries is less thanah&rance or approximately equal to that of Germany.
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Figure 2 Installed nuclear power in SAPIERR countmesomparison with other EU countries

Out of 14 SAPIERR countries, 10 operate commercial nugleaer plants and another one — ltaly — has
done so in the past. There is no history of utilisation ofeaugower for electricity production and no plans
to do so in future in Austria, Latvia, or Croatia (exckgptmal ownership of 50% of the Krsko nuclear power
plant at Slovenian territory).
In order to assess the combined inventory of spent nuciekahigh-level radioactive waste, and long-lived
intermediate-level radioactive waste from all the SAFREduUNtries, certain simplifying assumptions have
been made:

* No new nuclear power reactors will be built in the SAPRESdunNtries.

» The existing ones will operate by the end of their opanatilifetimes and will be decommissioned

immediately afterwards.
* There will be no plant life extension at the operatiragters.

These assumptions are intended only to give a referenceacalseot to reflect expected developments.

3.1 SAPIERR CUMULATIVE INVENTORY OF SPENT FUEL

With the above assumptions, the total spent fuel inventogiladhe SAPIERR countries for a potential
shared deep geological repository is shown in Figure 3. Aeptét amounts to 9 260 tHM and on the basis
of predictions for individual SAPIERR countries it isiggited that their total spent fuel inventory will be
equal to 25 637 tHM in 2040. Country-wise break-down of the sgeht fuel inventory available in the
SAPIERR countries in 2040 is shown in Table 1.
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Figure 3  SNF inventory in SAPIERR countries

Table 1: Inventory of spent fuel stored in SAPIERR coastin 2040

‘ Country ‘ Spent fuel inventory [tHM]
'Belgium | 4300
Bulgaria | 2039
‘Czech Republic ‘ 3 496
‘Hungary ‘ 1314
Italy | 299
Lithuania | 2504
‘ Romania ‘ 5570
'Slovakia | 2375
'Slovenia | 620
Switzerland | 3120
Total | 25 637

The combined spent fuel inventory of the SAPIERR countréas be compared to the inventories of the
countries with large nuclear programmes, for exampdaée or Germany. At the end of 2002, about 7 200
tonnes of French fuel was stored at La Hague and 3 600 tonB&¥+'s nuclear power plants. An estimate
of the amount of radioactive waste generated in Gernsattiat 9 000 tonnes of spent nuclear fuel will have
been generated by around 2020. The total amount of 10 800 tHMrafiFspent fuel is 10% larger than the
current inventory of spent fuel in all SAPIERR countrig€gking into account the policies of individual
SAPIERR countries described in the Inventory reportif2]an be expected that also in 2040 the spent fuel
inventory of all SAPIERR countries together will beldéks than the spent fuel inventory of France alone
and will be only about twice as big as the spent fuel itorgrof Germany.

Project No.: F16W-CT-2003-509071 Final version Deliverable No.: 7
Date: 18/01/2006 Page No.: 7122




SAPIERR

®
Final Report o DECEY [f D M @

Another example of a large size deep geological repositorgdent fuel is the facility planned at Yucca
Mountain in the USA. The US Department of Energy culyaatpreparing to submit a license application to
the US Nuclear Regulatory Commission for repository cang8tm authorization. The US legislation limits
the emplacement of waste at the first geologic repository0 000 tHM until such time as a second
repository is in operation. The materials that maylisposed at Yucca Mountain include about 63 000 tHM
of commercial spent fuel, about 2 333 tHM of defence programspent fuel; and about 4 667 tHM of
defence programme high-level radioactive waste.

The important messages given by the above figures draltlohthe SAPIERR reference spent fuel could fit

into a single repository smaller than that whichnéeaor the USA will need, but that the quantities agé hi
enough to suggest that it could still be economical to impiemere than one repository for regional use.

W)

3.2 HIGH-LEVEL WASTE

Five out of the fourteen SAPIERR countries have at lagsart of their spent fuel reprocessed. They are
namely Belgium, Bulgaria, Italy, the Netherlands, anitZrland. In all cases, the vitrified high-level weast
from the spent fuel reprocessing has been or will be rapedriFor the purpose of this pilot initiative, the
volumetric inventory of these vitrification products is estied.

The total volume of HLW from reprocessing is summarizefiable 2. A relatively small volume of 355 m
(excluding container and backfill) would be needed in the pateBAPIERR repository for this type of
heat-producing waste.

Table 2: Volume of heat-producing HLW from spent fuel repssing in SAPIERR countries in 2040

Volume of HLW

Country reprocessing waste [m?]
Belgium 5
Bulgaria 30
Italy 10
Netherlands 110
Switzerland 130
TOTAL 355

3.3 LONG-LIVED INTERMEDIATE-LEVEL WASTE

In addition to the spent fuel and high-level waste frornsgeel reprocessing, there are some other
categories of radioactive waste which are unacceptablai$posal together with short-lived low and
intermediate-level radioactive waste. These categmohsde:

* long-lived waste from operation of nuclear reactors

* long-lived waste from decommissioning of nuclear reactors

* some institutional radioactive waste

» waste from operation of the spent fuel encapsulatiotitfaci

» long-lived intermediate-level residues from spent fueloegssing.
It is important to have some estimate of the total itargmof such wastes since it would be of little use to
SAPIERR countries to have a shared disposal route lfoY Hnd spent fuel — but to still require a national
geological facility for other wastes.
Based on these known data, the volumes of other radioastigee to be disposed of in the potential
SAPIERR repository are estimated according to the gizéhe nuclear industry in individual SAPIERR
countries. The data obtained are not fully congruent. iEmsost probably caused by varying definitions of
the waste destined for the deep geological repository, amwdhbther conditioning and packing has been
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considered, whether reprocessing wastes are returned@hetefore certain assumptions have been made in
the table for some of the countries (higher values tharethegorted in the questionnaires are shown in

Table 3 if the size of the nuclear industry indicates thginal value might have been underestimated).

These estimates are summarized in the following table.

W)

Table 3: Estimated volumes in 2040 of SAPIERR countri¢groivastes requiring geological disposal

Country Reactors in Reactors.in Reactors qndgr Research Volume of oather
operation construction | decommissioning reactors waste [m~]
Austria 0 0 0 3 300
Belgium 7 0 0 5 5 000
Bulgaria 4 0 2 1 3 500
Croatia 0.5 0 0 0 200
Czech Republic 6 0 0 5 4 000
Hungary 4 0 0 2 1500
Italy 0 0 4 5 4 000
Latvia 0 0 0 1 200
Lithuania 2 0 0 0 1500
Netherlands 1 0 1 3 3 000
Romania 1 1 0 2 2 000
Slovakia 6 0 1 0 2 600
Slovenia 0.5 0 0 1 300
Switzerland 5 0 0 6 2900
TOTAL 37 1 8 34 31 000

Based on these considerations, a very approximate figl® @0 m of additional space would be required
in the potential SAPIERR repository for radioactivestes other than spent fuel or HLW. Compared to
355 i of heat-producing HLW from spent fuel reprocessing, the volafrtese wastes is two orders of
magnitude higher. Although the inventory of other waste is sagmifly lower in terms of radioactivity than
the one of spent fuel, its total volume will significantlyntribute to determination of the potential SAPIERR
repository size.

3.4 DISPOSAL CONTAINERSFOR SPENT FUEL

If the idea of the European regional repository is t@tb@ctive for decision makers, it will have to be not
only safe and environmentally acceptable, but also economichlgntageous. It has been shown that the
costs of the encapsulation of spent fuel assembliegseptr a significant portion of the total costs of
disposal. Therefore, one of the most important aspdtiemting the economy of spent fuel disposal in the
European regional repository is cost-effective encapsulafiba possibilities of unifying or standardizing
the disposal containers for all spent fuel assembliesstiom the SAPIERR countries have been examined.
It has been proposed that all the spent fuel assemblgl# be loaded into a limited number of disposal
containers types, thus potentially reducing enormously tisés wf research and development as well as
manufacturing.

The analysis showed that all the types of spent fuel fl@rcommercial reactors may be encapsulated into
three types of disposal containers. All three of thenehie same diameter and wall thickness and they
differ only in the length. Consequently, the costs of da@sggand fabrication of these standard containers
should be very effective. It is only the internal spacing gvhich is unique for each type of spent fuel
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assemblies. The standard disposal container is badée eristing preliminary design of the Swiss canister
depicted on the Figure 4.

1.05m
-+ -

3.7-50m

Figure 4:  Preliminary design of the Swiss canister fordibposal of spent BWR fuel — possible reference
design for SAPIERR disposal container

Assuming various internal profiles of the disposal cmets and taking into account the lengths of the fuel
assemblies (for details see [3]), the individual spenttiygees could be packaged in an encapsulation plant
into three types of disposal containers, with diffedemggths. A model calculation of year by year generation
of spent fuel disposal packages has been performed.fidduoooling period of 50 years has been taken as
input into the calculation. Thus, the oldest fuel from therae | reactor (start-up 1969) will be available for
packaging into the disposal containers in 2020 and the né&vetstom Temelin 2 and from Leibstadt will
be available for packaging into the disposal containe998. This long time span shows how demanding
European repository projects can be, whether they arenadgir national. The numbers of all three types of
spent fuel disposal packages from SAPIERR countries obtaimadhe model are depicted in Figure 5.
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Figure 5:  Throughput of encapsulation plant if all SAPIERRsheel is packaged after 50 year cooling
period

All spent fuel from the SAPIERR countries (under the abogatibned assumptions) can be packaged into
altogether 6 061 disposal containers of 5 000 mm length, 2 3ddsediscontainers of 4 300 mm length and

4 844 disposal containers of 3 700 mm length. The total nuafldisposal containers of all lengths equals

to 13 246.

Similar standardization of packages for HLW and pdytialso for ILW was assumed in order to analyze
options for a single repository for all the waste and isg¢paepositories for spent fuel and ILW in terms of
optimum point in time when they should be available artdrims of size and costs.
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4. TECHNICAL OPTIONS CONSIDERED

W)

Two possible overarching scenarios exist for the developwfeat multinational repository. These were
described by the IAEA as:

» cooperation scenarios: where several countries agrdevielop a shared facility in the territory of
one of them;

* add-on scenarios: where an existing and well-advancednah programme offers space in its
repository for other countries.

The SAPIERR project has considered only the first ofehdsis likely to prove the most appropriate
approach for the members of the SAPIERR project. TigelaEuropean radioactive waste management
programmes have chosen purely national approaches and dewespean countries have legally excluded
the possibility of accepting waste from other countrieterhational repositories may be conceivable outside
the EU; the policy of the EU is, however, to dispose afaitBoactive wastes within the Union, so that export
to third countries is not a preferred option.

Consequently, the outline designs presented here arevorshared facilities. Although the designs are
based on the concepts and designs of the Swedish, Finnish,@i8elgian repository projects, there is no
connection with these national programmes. The possible tsmdansidered for implementation of shared
disposal facilities are:

» asingle repository for all spent fuel (SNF) and HLW

» asingle repository for the above wastes and als@fg-lived intermediate level wastes (LL-ILW)
» two separate repositories for SNF/HLW

» one repository for SNF/HLW and a separate repositorizifelLW.

The option that would be finally chosen would depend uposi#teeof the inventories, the locations where
wastes arise, the possibilities for optimising transpdite economics and the political and ethical issues
associated with ensuring fairness to host countriecamnunities.

Two repository design alternatives have been considertteistudy — one for hard rocks (such as granites,
gneisses and hard volcanic and sedimentary formations) androsefter sedimentary rocks (such as less
indurated clays and mudrocks). For simplicity, we havel wesesting designs and considered the issues
arising from adapting them to accommodate the large SAPIBERRtory:

+ Hard Rocks: the SKB ‘KBS-3' repository design for gtanand crystalline basement rocks,
modified for horizontal package emplacement, as developeddABRA project work and also
envisaged in the KBS-3H design currently under development Bt SK

» Sediments: the NAGRA Entsorgungsnachweis project conoeptdrizontal emplacement in clay
marls.

4.1 REFERENCE DESIGN: SINGLE SNF/HLW REPOSI TORY

Based on the NAGRA concept and SKB concept, assuming edaleatisposal tunnel length (this study has
not looked into the specific thermal properties of the &R inventory) and tunnel plugging at both ends,
we have estimated the total disposal tunnel lengths:

* 147 km for sediment: this is equivalent to 491 tunnels of 300 m length
* 116 km for hard rocks: this is equivalent to 386 tunnels ofri30&ngth.

Thus the spent fuel and HLW disposal tunnels in theeaée model occupy about 5 kand the access and
other works could occupy a further 0.5 to 1°kmlepending upon the most appropriate means of access
(shafts or inclines, or a combination).

The SAPIERR reference repository is relatively larg&+aknt, so it is likely that this type of geometrical
constraint will affect the potential suitability of Europeaites, especially in complex or laterally
discontinuous rock formations and geological environmentari@lesimpler structural situations would be
preferable.
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For a regional repository in Europe, as for any natitagility, the key siting issues will be more soaiet
than technical. Accordingly, a successful siting strateggt consider both aspects. Learning from national
programme successes and failures, some general guideligesifiog strategy can be laid down.

These include:

1) before trying to identify specific sites, ensure thabasensus has been reached by participants that
implementing one or more shared repositories is a comman go

2) establish the structures and the processes required toe absuagreed level of stakeholder
involvement;

3) develop, agree and document — in advance — the broad dtirigne repository must fulfil; avoid,
however, over-specification of detailed parameter values;

4) make clear that there is no “safest” option to be foafichlternatives considered must be shown to
offer the required high levels of safety; selection ofgred options will be based on simultaneous
evaluation of a multiplicity of siting factors;

5) develop, agree and document the technical and non-technicaltsntpatca repository will have on
the host country and community;

6) keep options open (both geological and geographical) fartirgoprocess until the chances of
successful implementation at the preferred site(syemehigh.

Examination of Figure 5 suggests that, by the middle yeateafdntury, SNF packages might be produced
at the rate of 250 — 350 per year, and the repository woeld toehandle them at this rate to dispose of the
whole inventory over a period of 50 — 60 years.

Consideration of the rate of spent fuel arisings showniguré 5 suggests that a reference repository
operational date should be set at some point on the upvepe that indicates a rapid increase in waste
package production, before it reaches its more-or-lessaminsite of 250 — 350 containers ‘ready for
disposal’ each year (assuming that an encapsulationyasilin stream) — this would thus be between 2031
and 2038. The HLW inventory does not influence a decision eratipnal date, owing to the comparatively
small number of packages.

The approach proposed in the SAPIERR pilot project wouditlahe need for a large buffer storage facility
for spent fuel. By 2035, about 850 spent fuel packages couldadg fer disposal if encapsulation was
already available — implying significant storage requéeets if no repository is available. A date of 2030 for
commissioning of an encapsulation facility thus appears apptepallowing 5 years to gain operational
experience and handle the small backlog of cooled spent f8@0 (packages) that will then be available.
However, it should be noted that there are already ittare 1 100 containers of HLW requiring storage
until 2053 and a further ~1 000 will be produce over the next 20.yHaese is thus potential for considering

a centralised storage facility for HLW that couldoade&commodate the small backlog of spent fuel packages
discussed above.

A reference operational date for the repository of 2@#6wing a reasonable time for site selection, site
investigation, construction and licensing of 20 - 25 yearsefth@n experience from those countries with
advanced programmes), indicates that the siting prograshmed be underway by 2010 - 2015. It is clearly
not too early today to be thinking about the steps thatbeiltequired before that to plan the approach and
establish the terms of co-operation between partnersharadsrepository project.

Three main options present themselves for the locatienczpsulation facilities:
* atthe repository site(s);
* at a separate facility or facilities, not at theasory site(s);
» atthe reactor or storage sites, if encapsulationnsuiti-purpose containers.

For an encapsulation facility at the repository site,kpges can be manufactured, stored in an adjacent
buffer storage building and transferred directly to th@sépry at the appropriate time. The whole complex
can be designed so that no off-site movement of waste packagequired. SNF/HLW need only be
transported once — from reactor/store to encapsulation plant

Separating the encapsulation facility from the repositdey lss the potential advantage of uncoupling the
encapsulation programme from the selection and licensing dfittheof the repository, which is often a
difficult step in overall disposal programmes. Providing #raencapsulation system can be identified that is

W)
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suitable for any of the potential sites, encapsulationoccammence at a time, and proceed at a pace, that
accounts for practical and economic considerations ofewassing rate and storage needs. The option of
multiple encapsulation plants could facilitate production iedeént packages at different plants — to serve
different regional requirements, for example. In this optieste would have to be transported twice: from
reactor/store to encapsulation plant and then on to plesitery site.

If a repository design option is selected in which SNfHare disposed of in multi-purpose containers
(MPC) — for example, in caverns that are subsequentifiled — then ‘encapsulation’ in MPCs can take
place at each reactor site or HLW waste store. Baiple MPCs that could be used for storage, transport an
disposal would need to be developed and the cost implnsabf this option (development and container
costs) have not been considered in this project. SNF/IHe®¥d only be transported once — from reactor/store
to repository site.

In all of the above models, all SNF and HLW must be brotmlite encapsulation plant and/or repository
from nuclear power plants and stores across Europe.ihgdae repository and encapsulation facility so as
to take advantage of a harbour and good links to the Eurapéanetwork is obviously advantageous. The
flow of SNF transports into the facilities would be a$singontinuous — a daily occurrence — for several
decades. Given this volume of traffic, rail and seai(@r) transport is preferable to road transport in terms
of environmental impact and social acceptability.

W)
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Figure 6:  Location of SNF stores in the SAPIERR countiede that only sites where extended storage
is foreseen are shown. Power reactor sites with faelirg in ponds and research reactors

where the fuel is moved off-site are not shown.

Figure 6 shows the location of SNF stores in the SAPIEBRtries. It is clear that the sources are widely
spread and it would be impossible to make use of only @ue rof transport. Although it could be possible
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to use local transfer stations for sea transport foresomantries (or groups of countries), this would only be
useful if the repository itself (or encapsulation fagjlihad good rail links with a harbour or was located near
the coast.

The rough costs of a SAPIERR repository have been asithby scaling from mixed data from other
national programmes. This is of course approximate siatienal programmes include differing cost items.
The indicative repository costs (excluding encapsulatian)ife SAPIERR SNF and HLW inventory are:

* 5 billion EUR (hard rock)
* 6.5 billion EUR (sediment)

W)

4.2 REFERENCE DESIGN: SEPARATE |LW REPOSITORY

The SAPIERR LL-ILW inventory comprises 31 000 mf conditioned wastes. SKB hard rock design
suggests that a rough factor of between 3.5 and 6 couldedgasonvert waste volume to cavern volume.
For the SAPIERR inventory, a factor of 5 would lead t@quirement for about 150 000 of cavern space,
or approximately four SFL3-type caverns of ~140 m length (560ta).

The NAGRA LMA-1 design for clay suggests a factor of ab®ufcavern / waste volume) to be more
appropriate. A more direct comparison of just the waste velith that of NAGRA shows a total length of
disposal cavern of about 1 050 m would be required for tHdE5RR inventory.

The hard rock design requires a smaller length of tunnehBatger excavated volume than the sediment
design. Construction (excavation and rock support) in heclls is more straightforward than in many
argillaceous environments. The difference between a 560 rthlehgavern in hard rock and a 1 050 m
cavern length in sedimentary formations is thus a sigmficliscriminator on the grounds of practicality. A
design similar to that of NAGRA with, say, ten 105 m l@magerns accessed from a single, long operational
tunnel for the SAPIERR inventory would occupy an areaboiu 192 000 &) a factor of 2.3 times larger
than for the hard rock design. Owing to the requirementgéntly curved and angled tunnel designs in
sediments (compared to the orthogonal intersections poseild&anger rocks), the access works for a
sedimentary rock repository are also likely to occupyearspace.

The times of arising of LL-ILW from reactor operatiomdadecommissioning (and the operation of
HLW/SNF stores and encapsulation plants), will be spvaddly over the next decades and are dependent
on the planned operational lives of facilities, refurbishimaamd plant-life extension possibilities. In the
SAPIERR project, we have not attempted to produce agemeence plot of arisings, as we did for HLW
and SNF.

From the viewpoint of timing, it would be preferable todn@a disposal facility available at the time of waste
arising, in order to avoid having to provide national star&ggnificant ‘new’ waste arising comes with NPP
decommissioning: national stores exist for operationalesa3the shielded storage buildings that are needed
for some of these wastes (e.g. HABOG in the NetherlandsZWILAG in Switzerland) represent major
investments and present possible siting problems. If preddems and costs can be avoided by provision of
a shared repository, this would benefit all user toes

Consequently, we assumed that it would be of mosievid have an operational LL-ILW repository before
any substantial decommissioning starts to occur. Sectiosug@ested an operational date for a SNF/HLW
repository of 2035, with the likely requirement for a calited storage facility for the earlier HLW arisings

and a small backlog of SNF that would exist by then. Ahmegrlier timescale would be appropriate for a
LL-ILW repository as most of the SAPIERR countriesleac power plants will be in decommissioning long

before 2035 (see Figure 7).

This figure suggests a fairly steady rate of LL-ILW veaatisings from decommissioning over at least the
next 20 years, at which point there is a peak, as seven N#¥Psdperation in 2025. If a repository is not
available, then the wastes (both accumulated operhatwwastes and those from past and near-future
decommissioning) will have to continue to be stored ifmspeaised fashion (possibly with requirements for
extended size in future at existing stores) or making udeeafuggested central store for HLW-SNF.
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There is thus an argument for considering a shared M/ -tepository immediately, if future storage costs
are to be reduced. This suggests early implementatiarLbfILW repository may be useful, even if a later
HLW/SNF repository also includes LL-ILW.
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Figure 7:  Number of nuclear power plants in SAPIERR taes1ceasing operation and assumed, for the
purposes of this study, to enter decommissioning immediately.

Since only SKB data have been used to develop a scdlpttesof the costs for the LL-ILW repository,
only costs for the hard rock option have been calculdéthin the project constraints we have not been
able to obtain sufficiently clear data on the sedimetibo.

The SKB data for the SFL 3-5 facility are complicatedtsey assume that it is co-located with the spesit f
repository. Consequently, the siting and some of the sicoests are convoluted with those of SFL 1.
Nevertheless, using the data that are applicable, making @ssuenptions about costs shared between SNF
and LL-ILW repository development, and scaling by wastieime, we derived an estimate of the total cost
of about 804M EUR for SAPIERR wastes.

This compares with the incremental cost provided by SKBcéedisposal with SNF, of about 63M EUR.
However, the latter appears simply to cover underground construcperation and closure and it is not
known whether this number includes any R&D costs (it doesnotude any underground access or surface
facilities). Nevertheless the considerable cost savings-tdcation are apparent, despite these uncertainties.
The main saving is clearly siting costs — about 27% oéstienated total for SAPIERR. For the co-location
increment on stand-alone HLW/SF repository cost, we #astimed a reasonably conservative figure of
25% of the stand-alone LL-ILW repository cost (i.e. al#@M EUR).

It can be seen that, when scaling with the SKB datacdse of a stand-alone LL-ILW repository for the
SAPIERR waste is 12-16% of the cost of a SAPIERR SNWHepository, for the hard rock and sediment
options.
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4.3 ECONOMIC ASPECTS

W)

One of the strongest drivers for shared repository condsptBe potential economic advantage. The
economics of scale are obvious both for encapsulation paxtseven more so, for repositories. In both
cases the fixed costs are high and can be better aewbwith a high throughput.

We have compared diverse international cost estimas¢hdélve been published for spent fuel and found a
broad consistency. The unit cost of disposal of SNF safrgen 80'000 to 1'200°'000 EUR/t with the most
common values from 300 000 - 600 000 EUR/t.

Of course, the unit costs vary with the size of the iramgni.e. there are economies of scale. To illustiate t
economy of scale in large repositories, one can plot thedosts against SNF inventory on a double
logarithmic scale (Figure 8) and then fit an approximaseght line which indicates that the costs increase
with the " power of the tonnage, where nis 0.6, i.e. less than gigaciportionally. The figures plotted
have removed the allowances for R&D and for contingencieso@te, extrapolating linearly to very low
tonnages of SNF will become increasingly unrealistigesthe fixed costs associated with a repository
programme will become increasingly important at low ingges. Nevertheless, the derived relationship
indicates that doubling the inventory will increase tbstg only by a factor® = 1.5. The scaling results
from these rather diverse cost estimates are confirnoedilyrby specific cost calculations done in Canada.
For a repository in which only the inventory changes, doublisgiumber of spent fuel bundles to be
disposed of from 5M to 10M increased the overall costs ffor2B CAD to 15.3B CAD i.e. by a factor 1.5.
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Figure 8: Deep Repository Costs as a Function of Qygent Fuel only)

Plotting the 10 SAPIERR countries with nuclear power indep@hyden the averaged straight line of Figure
8 and summing the costs gives a total of 14B EUR. Usingsdinge approximate relationship a single
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repository for the 25 637 tonnes of SAPIERR country spehifues a cost of 6B EUR. This figure agrees
fairly well with the specific estimates of 5.0B and 6.EBIR derived for a single SNF/HLW SAPIERR

repository. The apparent savings by implementing one rétharl0 repositories are thus 7-9B EUR in this
approximation. These substantial savings could result fmoperative initiatives to implement a common
repository. A further key point is that the multiple purabtional facilities approach still leaves the non-
nuclear power countries looking for a solution for disposédmj-lived wastes.

W)
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5. A POTENTIAL SCENARIO FOR REALISATION OF A REGIONAL
REPOSITORY IN EUROPE

W)

A potential scenario for realisation of a Europeanaegii repository has been postulated by the SAPIERR
project. It is a “partner scenario” which is laid delow as a series of sequential steps. It is iniageshat
they do not differ greatly from steps taken within a fellerarganised state to seek a national disposal
solution. A very preliminary timescale is suggested fohesdep.

Step 1: Pilot feasibility studies (now — 2010)

Step 2: A formalised study consortium (2008 — 2012)

Step 3: A dedicated Regional Repository Project Team (201Q5) 20

Step 4: Siting studies leading to candidate siting aredigf@ment partner countries (2015 — 2025)

Step 5: Establishment of a Business Consortium or aVeiriure (2020)

Step 6: Establish a construction and operation company (2025)

Step 7: Repository operation (2035 — 2095)

Step 8: Closure and post-closure (2095 — indefinite)

The kernel of the problem lies of course in the sitingasdHowever, this is also a difficult problem in
national programmes — but has not prevented local comnsinitiesome countries agreeing to host
repositories. In Europe, exchanges of all goods and of peoplecontinually increasing between EU
Member States. Industrial facilities providing servicesltacountries are not uniformly spread across the
community; nor are mining operations nor even toxic wdsposal facilities. It is conceivable that well
designed, high-tech, safe repositories could ultimatelying@emented on a multi-national basis. It is
important to ensure that partnering concepts do not faahaearly stage by trying to force the premature
identification of a site or sites. As in successfulior@l programmes, multiple siting options should be
maintained over a long time and the ultimate selectiqurefierred sites should be an open process in which

all technical, societal, economic and political issuestabéed simultaneously. This is why SAPIERR has
been a “Siteless Pilot Project”.
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6. RTD REQUIREMENTS

A major objective of the SAPIERR pilot study was to idfigrdreas in which further research and technology
development could help to progress further multinationabsigpry concepts in Europe. The proposals
developed can then be assessed, evaluated and rankedthétli@ framework in order to allocate future
support funding.

It is acknowledged that various technical activities prop@sedalready being tackled at national level in
countries interested in region approaches. They avertheless, included here if it appears that they could
be effectively coordinated in a co-operative regional Ewopgpproach. It is also recognised that some of
the cooperative efforts mentioned have already been ightifithin the EC as being of value for all EU
countries involved in geological disposal, independently of mérghey are pursuing national, dual-track or
purely regional strategies towards final disposal.

The following requirements have been defined:

TECHNICAL AND ENGINEERING REQUIREMENTS

o0 Improvement/coordination of national inventories

o Encapsulation of spent fuel or HLW

o Conditioning and packaging of other long-lived wastes

o Design of repository systems for multinational use

0 Transportation studies
GEOLOGICAL AND ENVIRONMENTAL STUDIES

0 Safety Studies

o Compilation of siting criteria for geological repositories

0 Integrate geological screening studies from SAPIERR cosntrie

o Contribution of investigations in underground laboratories
SOCIO-POLITICAL STUDIES

o Public attitudes to geological disposal and to shared tepiesi

0 Harmonisation of legal and regulatory issues

o0 Compensation of hosts

0 Review of current exchanges of toxic wastes in the EU
INSTITUTIONAL FRAMEWORK

0 Security of storage and disposal facilities

0 EU legal and legislative study

0 Structures for a multinational disposal organisation

o Costs and Financing

o Coordinated project planning

The top priority items are related to the institutiofrainework to be established since increased ac#vitie
could then be set into an overall systematic approaulis, Tthe top priorities are the proposals to coordinate
national plans of countries interested in regional smigtand to establish efficient, transparent structures fo
guiding and executing future project work. At the closinginamof SAPIERR in Brussels in November
2005, these suggestions were discussed, based on the more cexdgpldmations in Reference 3. A
selection of the possible research topics was includadinaft proposal for a follow up project to SAPIERR.
The exchange of views at the meeting indicated that tivasesignificant support for moving ahead to
structure a true multinational disposal organisatiooweler, there were still reservations about becoming
too site specific in the next phase of work; integratieglogical studies from EU countries was therefore
judged to have lower priority. Items that were thought mogent were assessment of public attitudes to
multinational repositories and better quantificatiortha financial issues involved. Undisputed is the view
that a structured formalised EU project organisatiamyshg the possible implementation of a European
repository should have a secured place on the internastage alongside the waste management agencies
of countries with purely national disposal programmes.

W)
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7.

CONCLUSIONS

The following points highlight the top level conclusions to be dr&em the SAPIERR project.

The potential benefits of multinational, regional refmoges are recognized widely throughout the
EU, as evidenced by the participation in SAPIERR of nemerorganisations from 14 different
countries in Europe.

The most obvious benefits are in the economic area whereed repositories would lead to
substantial reduction in expenditures throughout the CommuBitgn with the current rough
estimates of disposal costs, it is apparent that sawihgsveral billion Euros could be achieved or
that the total costs may be reduced by about half.

Many or most of the problems faced by regional repositaitiatives are common to those to be
tackled by national disposal programmes. In particulatasle of siting the facility is, in both cases,
challenging. Time must be allowed not only for technical pegpars but also for achieving the
necessary degree of public and political consensus.

If shared regional repositories are to be implemergédrts must be increased already now. The
optimal dates for implementation of shared faciliaes around 2030 for an encapsulation plant and
2035 for the repository operation. Experience in nationagmammes show that the implied 3
decade lead time has been often necessary. If eanfidermentation is the goal (as suggested in first
Waste Directive drafts) then correspondingly greatertsffare required.

Before greatly enlarging the scale of the work on regioapbsitories, a structured framework
should be established. This can, in principle, be done byecatpn of individual Member States in
the EU. However, start-up funding, organisational supportgamthnce by the Commission would
greatly ease this process and bring forward the dathiah a self-sufficient, joint undertaking type
of organisation could be established.

The EU countries with small nuclear power programnoespnly radioactive wastes from other
sources, should continue their efforts within the EUestablish the shared regional repository
concept as being no less valid, important or urgent threapuhely national disposal projects being
pursued in some Member States.

SAPIERR succeeded in its objectives to bring together theested representatives from multiple countries
and to outline the issues associated with the potéfuiapean regional repository including the proposal for
further RTD under the European Commission Framework Proges. More information on the SAPIERR
project, its history, events, and all published documeats be found on the project dedicated website:
www.sapierr.net.
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