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Abstract

The objective with this report is to investigate how results from the LUEQENge Underground
Concept Experiments) project can be utilized by-Ebgsanced radioactive waste management
programs, with respect to higlevel waste and spent fuel, in member stateshs European Union.
This includes an evaluation of how far the @gan Union member states have come in their
radioactive waste programs.

Highlevel longlived waste and spent fuel requires the most comprehensive disposal of all types of
radioactive wasteOne of he most safe and feasible way to take care of thistevagth i 2 Rl & Q&
technologieds by a geological disposal syst@aeological disposal is the preferred solution for most
countries with higHevel waste and spent fuel.

The purpose of the LUCOEX project idémonstratethe technical feasibility in sitéor geological
repositories for longived highlevel nuclear waste. This includes a safe and reliatastruction,
manufacturing, disposal and sealing of the repositori@go proofof-concepts are made in clay and
two in crystalline rock.

The countrig that consider clay as an option for suitable host rock for deep geological disposal are
Belgium, Bulgaria, France, Germany, Hungary, Lithuania, Netherlands, Poland, Romania, Slovakia,
Slovenia, Spain, Switzerland and United Kingdom.

The countries that@nsider crystalline rock as an option for suitable host rock for deep geological
disposal are Bulgaria, Czech Republic, Finland, Germany, Lithuania, Poland, Romania, Slovakia,
Slovenia, Spain, Switzerland and United Kingdom.

Spain, Slovakia, Hungary, Unit€ingdom, Germany, Czech Republic and Belgium are countries that
have made significant progress in their radioactive waste management programs, and therefore are
in a position where results from the LUCOEX project can be utilized in a perspicuousTisiiaso
concerns the participant countries of LUCOEX; Switzerland, France, Sweden and Finland.

In additionBulgaria, Lithuania, Poland, Romania, the Netherlands, Slovenia and Croatia can utilize the
results from the LUCOEX project to get informationré aoncept to aim for in the future.

'The LUCOEoject has received funding from the Europdary’ A ZEYRIDATONesearchprogram (FP7)
undergrant ggreement269905¢ TheLUCORE}roject.
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1 | ntroducti on

1.1 Method and Objective

The objective with this report imtinvestigate if and in wibhway results from the LUCO®Xoject

can be utilized by countries in EU with leg$vanced radioactive waste management programs, with
respect tohigh-level waste and spent fuerhis includes an evaluation leéw farthe EUmember
stateshave come in theiradioactive waste programs.

The methodused in this studhasbeeninformation processing and interviewlisiternational

contacts have been madhroughe-mailto gather information about radioactive waste

management in European countries. Afsoticipaion inthe LUCOEXorkshopat Aspd Sweden,

andthe IGDTRGeodisposatonferencein Manchester, United Kingdorhasalsobeenutilized for
O2yySOGAY3a gAlGK NBftSOLYylG NBLNBaSyalriAa@dSa FT2N 2ah

1.2 Background

1.2.1 Radioactive waste and spent fuel

Radioactive wastesimaterial which contains radionuclides with a certain l@felctivity. The waste

is a result from operation of nuclear power plants, all activities related to the nuclear fuel cycle and
also otler tasks where radioactive materialused. It is importarthat all radioactive waste is

handled in a safe mamnand that humagand their eavironment is well protectedrom the waste

[1].

1.2.2 Different types of radioactive wastes

Very low-level waste

This is radioactive waste with concentrations of actiléiyels around or just above lamit which

require radiation safety angrotection. Most of it consistef materials involved in operation and
decommissioning from nuclear industrial sitdéso other industriedor examplefood processing

and chemical, can pduce very lowlevel waste since the natural radioactivity occurs in some of the
used minerals in the processdshave very limited hazard though. For protection the waste can be
disposed in engineeredndfill surface facility typel, 3.

Low-level waste

Lowlevel waste is mainly produced in hospitals and industries. Also steps in the nuclear fuel cycle
cangenerate this wasteThiswaste is suitable for near surface disposal. Thellwel waste with

little activity doesy Qi Yy SS R & K A §pbrRahdyhandliRgiadiihg 'aste vith a/bit higher
doesand can require isation for several hundred yeafg, 3.

’The LUCOEoject has received funding from the Europdary’ A ZEYRIDATONesearchprogram (FP7)
undergrant ggreement269905¢ TheLUCORE}roject.



Intermediate-level waste

Thiswaste comegrimarilyfrom chemicabkludgeand used reactor core componentatermediate

waste contains Ioglived radionuclides and need more isolation than is provided by near surface
disposal. The disposal needs to be between tens and hundreds meters underground. This makes it
possible to use both natural and engared barriers in the isolatiof2, 3.

High-level waste

This is waste with higlevels of activitylt is produced when uranium fuel is burned in a eacl
reactor. HigHevel wastecanalsobe generatedvhen spent fuel is reprocesseBecause of the
process of radionuclides decay, significant amtaaf heat can be generated. It can alsmtain large
guantities of londived radionuclidesThis waste requiresven more isolation than intermediate
waste and this is possible with disposah deep geological repositofg, 3.

Spent fuel is vieweds its entirety Figurel showshow much spent fuel the member states have
generated and how much they are expedt® produce in the near futurf].

Spent fuel in storage and arising amounts
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Figurel [4]



1.2.3 Geological Disposal

It is the highlevel longlived waste and spent fuel that requiri®e most comprehensive dispdsaf

all thetypes of wastd4]. It has to be isolated from humans and the environment for several
GK2dzalyR 8SINA® 2AGK (2RIFIé&Qa (1y2¢ftSRIST GKS Yzal
by a geological dispos@ 11 SY® ¢KA& Aa | aeadsSy GKIFIG Ayg2ft @Sa
engineered materials to establish several barriers with different funstionkeep the safety

functions ata high level. The disposal takes place hundreds of meters underground disthnce

also contributes to thesolation[5].

Many countries have adopted deep geological disposal as the solution for theilekhiglhwasteand
spent fuelin a longterm perspective. Several countries are making advancement towards
implementation ofgeologichdisposal. Some countries fackallenges thatanmake them take a
step back, but still the geological disposal pedeing the reference optidb].

1.2.4 Reprocessing

In the current situation, there are three major options to manage the spent foeé is direct
disposal, which includegeological disposal. Another one is the storage and postponed decision
which isl wditanda SSé 2 LJi A 2 yate alsoQte yeprocéssing arfd Sdi@ing optifiis

Reprocessing means that the spent fuakisycled ad also that the amount of higlevel waste can

be reduced[7]. It can also impree the use of fissile materigl§]® 2 AGK G2RIF&@Q&a LRt AO&c
states will continue with reprocessingrftheir spent fuel and thesera Bulgaria, Francétaly and

the Netherlandq4].

Historically, reprocessing was made to produce plutonium for nuclear weapons. Latetloa, in
M p s eohtrieswith nuclear programsvhich had plans for reprocessing had it witke aim to
supply star up fuel for breede reactors. These reactors tued out to be less economic than
expected. Today, reprocessing @ an option in most countries with nuclear pow@&.

1.2.5 LUCOEX project

The pupose of the LUCOEX projent-financed byEURTOMresearchprogramunder Frame

Program 7isto demonstrate the technical feasibility in sitor geological repositories for loAged
highlevel nuclear waste. This includes a safe and reliedstruction, manufacturing, disposal and
sealing of the repositorieg he project involves four nations in Europe; Sweden, Finland, France and
SwitzerlandFor each of the proebf-concept installations, there are various focusas and

geological conditionf9, 10]



Horizontal disposal in Callovo-Oxfordian clay

The objective with the proebf-concept installatiorin Bure is to optimize the design of theeRch
repository concept for highevel waste dispad. The concept consists a highlevel waste cell which

in this case is anpgroximately80 m long micro tunnel with a diamat of around 0.7 m. In the cell

body part where the packages can be storadd also a cellead are positioned. These two
components are separated by a steel radiological protection plug. A swelling plug presses against a
concrete pug to manage to close the c§llo, 11]

Figure 2 An illustration of the proebf-concept intllation in Burglwww.lucoex.eu)

Thisconceptincludesexcavatingdf a cell demonstrator whicham be representative of the higlevel
wastestorage celleference concept. Alselectrical heatersre usedwhich aim to simulate the
thermal load that isnduced by the waste packages. The thermal load behavior is further studied of
the body part and insert and also the operation of the extension of the cell body and when it slides
into the insert. Also the thermal load behavior of the rock interface andtwhpact it has on the

linear mechaical load are beingnalyzed10, 11}



Horizontal disposal in Opalinus Clay

The objective with thiproof-of-conceptis to confirm the sustainability of the Swiss repository
concept in Opalinus Gidor highlevel wase disposalThis is made in fucale[10, 12]

This takes place in Mont fire Switzerland. The concejst testing howinduced thermehydro-
mechanicaprocessesn the Opalinus @y carry out It also aims to verifhow the emplacements
techniques funtion under repository conditiong.0, 12]

The demonstratiortontains construction of an emplacement tunnel, manufacturing bentonite buffer
componentsand test equipment for buffer and waste emplacement, and also perfagaaf the
installation proces§l10, 12]

The Fullscale EmplacemertEE)gallery measures 2.7 m in diameter anidhathe length of 50 m. In
NAGRZAs repository concept, the waste emplacementnels will be up to 800 m lori@0, 12]

Figure 3The illustration shows the horizontal disal in Mont Terrigwww.lucoex.eu)

Both the demonstrators in Callov@xfordian clay and Opalinusaylaimto investigate the

Fdzy OlAz2zylftAGe 2F GKS NBLIRaAlG2NER 02y O0SLIiaqQ O2NB
techniques and backfilling.#o to explore the thermal heat monitoring effects are mutuahese

two conceptq10,11,12].



Vertical disposal in crystalline hard rock

The objective with this proabf-conceptis to develop necessary machinery and a quality control
programme. The gramme includes problem management for the installation of the buffer in
vertical deposition in crystalline rockhe reference concept is KBS[10, 13]

The primary activities ar® develop the installation technique for vertical bentonite buffdrettools
and methods for this buffer and also the required tools for problem handlingekpected problems
occurduring the buffer installatiofi10, 13]

The demonstrationakes place in Onkalo, Finland, which also will host the planned deep geological
repository[10, 13]

Figure 4 Vertical disposal in crystalline rogkww.lucoex.eu)

The KBS repository concept means that spent fuel is encapsulated in dense canisters which are
resistant to corrosion and loadbearing. These canisters are depositgstalline rock and several
hundred meters underground. The canisters are also surrounded by a buffer. This is to protect the
canisters and prohibit the flow of water. The tunnels and openings in the rock that are involved in
the disposawill be backfied and closedi14].



Figure 5An illustration of he KBS method. The referenaesignwith vertical disposaKBS3V, is
shown to the left and to the right is the alternative with horizontal disposak3B@vww.lucoex.eu)

Horizontal disposal in crystalline hard rock

The objective with this proabf-conceptis to verify horizontal design fahe highlevel waste
repositorywhich is beingesearchedThe test is based dkBS3V as the reference concefitO, 15]

The name of the test ihe Multi-Purpose ést and the focus is to do ftdkale tests with the system
components in combinatiowith each other. This is to verify the design implementation and
component function. The main components are the supentainer, distance blocks and a plug. It

also contains a transition zone with a transition block and pellets. The test takes place in a 95 m long
drift with a diameter of 1.85 m at Aspo, Swedgt0, 15]

Air evacuation pipe Transition zone

component
_Pilot hole O’ST Distance Block 3,0m Supercontainer 5,5m Distance Block 3,0m Transition block 4,5m Pellet filling

Figure 6 Horizontal disposal in the MuRurpose tesfwww.lucoex.eu)



1.2.6 Radioactive waste and spent fuel management directive

LY HammI GKS O2dzyOAf 2F GKS 9dz2NRPLISIY !'yAzy I R2LI
manager Sy i RA NB Ol A @ Sembeb #akeOts prés&htjndrSralprdgravimes that should

include where, when and how they plém construct and manage final repositories that should

guarantee the highest safety standards. This directive was suggested by the European Commission.

In 2015, the member states have to submit the first report about the implemeonati their

national pogrammeq16].

In thedocument, there are two statements focusing on the member states national programme:

AiNati onal programmes
1. Each Member State shall ensure the implementation of its national programme for the management
of spent fuel and radioaceév wast e (o6nati onal programmed), cover

radioactive waste under its jurisdiction and all stages of spent fuel and radioactive waste management
from generation to disposal.

2. Each Member State shall regularly review and updateational programme, taking into account
technical and scientific progress as appropriate as well as recommendations, lessons learned and
good practices [f6f om peer reviews. o0

This is a step forward in EU to make all member states urged to invest@akan the
implementation and progress on their national programme for the management of spent fuel and
radioactive waste.



2 Situation for countries with
wasmanagenpernotgr ams

In a global perspectivehere are seeral countriesthat have to manage hazard radioactive waste
and spent fuethat they have generated This concerns 43 countries of which 25 have made
decisions that declare that deep geological disposal is the most secure and safest solution for this
management. Somef the countries have made great advancement in their radioactive waste and
spent fuel management programs. The European Union have several countries with severe
progression in their programs. Also countries like Canada have made extensive work iratbé are
geological disposal and are therefore well aheath@ir waste management progranit7].

In this report, focus is on the member states in the European Union plus Switzerland.

2.1 Finland

The company Posiva responsible for the preparations and thdldeving implementation of disposal
of spent fuelin Finland18].

At the end of 2013 about 1984 tois HM(heavy metalspent fuel was stored in Finlan@ihe spent
fuel is stored in pools at the sites wherd@vebeen generated18].

The construction gplication for construction of a disposal fagilivas submitted in 2012
comprehensive research, development and design programme is ongoing to remain some open
issues related to the licensifi$i8]. The operation license application are planned to bersitited in
2020 and the final disposare expected to start in 20429].

The reference concept for the deep geological disposal is based on the Swed3kysBm
Finland is currently applying KBS, which means that the canisters are placed vertic#the ground
of crystalline rocK18].

Posivéhas a substantial collaboration with SKB in Sweden and also with ANDRA in France, DBE
Germany and the Swiss NAGR&].

The producers of nuclear waste, TVO and Fortum, are according to the Nuclear Attergy
responsible for implementing the management of nuclear waste which is produced in the Olkiluoto
and Loviisa nuclear power plants. They are also resplenfor the costs thaincurred[20].

In the 1980s, the Finnish Nucleglectricity company TVOatedto focus on final disposal of spent
nuclear fuel and adapted theoncept of KBS [21]. In 2004, an underground rock characterisation
facility was started to be constructed and was finished a fews/der[22].

Waste management and decommissiagicosts are included in the price of the nuclear electricity.
Every three years the licendwlders pay contributionsata fund so the requiredecurity igorovided
to the state[18].

a |



2.2 France

In 1991, the public agency ANDRA was established. ANDRA issiesptor the longerm
management for radioactive wastbat is produced in Frand@3].

In the end of 2010, there was 2700 high-level waste in France. In 2020, the amount are expected
to be 4000 mMand in 2030, 5300 Aj23]. The highlevel waste isdday stored atts production site
[24].

One of the topics for the research and studies sustainable management of radioactive materials and
waste is to investigate reversible disposal in deep geological formations. This includes choosing a site
and desigmg a disposal facility so it will be possible to file in an application in 2015 for an
authorization. After this the facilityan be in operation by 20223].

Several studighaveled to the reversibility concept. This is wider thiwe retrievability corcept
sinceit permits an operational stepwise disposal process which will be determined bltiagdo
decisionmaking procesg23].

ANDRA has &search facility in form of amndlerground researchaboratory(URL)n Bure. The aim
with this facility is tostudy the feasibility of reversible geological disposal with respect tolkigt
and longlived intermediatelevel radioactive waste in Callov@xfordian clay. This was licensed in
1999 and its construction &s achieved in 2006. Nearby, a technical leitibin facility was built in
2007. The objective with this is to design and ope@rototypes and demonstratorf@3].

In 2005, ANDRAstaad y | NBLI2Z NI GKFG GAYy LINAYOALX Sz GKS TSI
Y26 I Olj dzA NEBRE @ He abstécl@SshEe oy ik Nife betdyy r¢searched. This because
of less flexibility compared toftiiere were more sitef24].

The responsibility for the financing of the radioactive waste management is held by the operators of
the nuclear installdons. Additional financing to basic nuclearsiallations have been added by a
Planning At in 2006. This is to fund the economic development scheme that involves local
municipalities in the geological repository for hilgivel and longived intermediatelevel mdioactive
waste projecf23, 25]

2.3 Sweden

The Swedish nuclear fuel and wastamagement Co, SKB, is responsible for management of spent
fuel and radioactive waste. This includes the dsy and transporf26].

The estimated amount of spent fuel that withve been produced during the existing nuclear power
plants lifetime isabout 12000 tos. Today, spent fuel from all Swedish nuclear power plants is stored
in a central interim storage in watén storage pool§26].

In 1976, the research project KBBdearfuel safety,was initiated. Seveyearslater, a report was
published which concluded that direct disposal for spent fuel was techieiasibleand that
geologicapreconditions existeth Sweden1985 the interim storage facility was opendtktween
1992 and 2001, studies were made imamber ofareasto investigate the feasibility fordsting a

10



deep geological disposal. In the B%heresearch facilitypf geological disposal Aspéard ock
laboratorywas initiatedand three years later a canistiboratory was openedrear2002, site
investigationsvere started in two localization®r a geological repsitory. One of thesites was

chosen in 2009vhich was-orsmark in Osthammar municipalitfhe bedrock is crystalline rockwo
years later SKB gbmitted a license application in order to construct a disposal facility for spent
nuclear fuel27, 28] The construction of thgeological repository is planned to start 2019 and ready
ten years later, year 20229].

The license of a nuclear facilityust contribute with a nuclear waste fee. This covers the
management and disposal of nuclear waste and spent fuel. A special fee per kimuais
collected together with the other fees torauclear vaste fond[30].

11



3 Radi oactive wast e masnh a gne niteunrto ppel

3.1 Belgium
. St 3 Namwnhflradioactivewaste management organisan is named ONDRAF/NIR|33].

Today the spent fuel is stored near the nuclear power plants where it has been generated. The fuel is
placed in special facilitieghere they arestored eitherin pools, in Tihangar in dry storage in Doel.
A total of 4691 spentuel elements are being stord@1].

According to the inventory in 2008 and an estimated exploitation time of 40 years, the expected
amount of longlived highlevel wasteof the scenario of full reprocessing is taken in consideration
will end up in 600 i If the scenario will be with nereprocessing, the amount will rise to 4506.m
If the lifetime of the three oldest reactors extends with ten years, the amounts wilEbe
respective 4900 A{32].

In 2003, the Belgium federal parliament decided that a law would declare that the nuclear fission for
electricity production will phaseut. The operational period for the existing plants veas to be40
years[31, 32]

A canprehensive research and development prograasstarted in 1974 to exame the possibility

to use Boom lay formations as host rock for geological disposal. [Ediso the confruction of an
underground researctaboratory in Boom clay layer at the Moessel aea ata depth of 220 min
1980[32]. Several in situ experiments have been taken place at this site. The main areas of research
has contained the geology and hydrogeology of the clay, the concept of the deep underground

NB LJ2 a A ( 2 NE 2 @natd®i&l af the/ Backflliagy the infieraction between the host rock, the
engineered barriers and the waste. Also evaluation of disposal techniques for the spent fuel and the
safety and performance of the potential repository have been made. During quartiamt

experiment, close collaboration has beeradewith the French ANDRA. The experiment is about

lining in the gallerpf the future repository31].

Year2002 the second &fety Assessment andreasibilitylnterim Report (SAFIR 2yas publied. It
concluded that there is10 primal problem that considers the safety and feasibility ohiéyel waste
disposal in Boomlay. In 2007, the underground laboratory was extended to contain a disposal
gallery in a representative scale. The main objective withithto study heat response of the clay.
The heating test isxpected to start in 201{31].

A first safety and feasibilityase is under preparation. The aim is to gain confidence of all
stakeholders in all phases of implement a geological disposalwilhssipport the government to
begin tre siting phas¢31].

ONDRAF/NIRAS have created a law that command waste producers to pay the costs that the
management of the produced waste requires. A fund exists where the producers pay a fee
depending on hav muchwaste they generat31].

12



3.2 Bulgaria

Theresponsibilityfor the radioactve waste management is held Hyet State Entermpse Radioactive
Wastes(SERAW [33].

In the end of 2010, the spent fuel starén Bulgaria was 910 tsrof HMwhich was in 6024 fuel

assembliesSpent fuelused to beransportedbackto Russia. Thiwmasmade according taontracts

that weresigned between 1998 and 20024]. The useduel has been stored in a pebtlpe storage

facility. A dry storage facility was opened in 2011 and agtommodate spent fuel from the units.

This allows Bulgaria &tore the spent fuel in a loaterm if shippingabroadsg 2 dzf Ry Qi 6S LJ2 a4 A
[35].

Bulgaria is a member of tHeuropean Repd®ry Development OrganisatioWorking GrougdERD®
WG [36]. One goawith this group is to investigate the feasibility of implementing one or more
shared geologal repository in Europg87].

Bulgaria is investigating the possibilities to construct a deep geological disposal. Three interesting
regions have been identifieahd in those, five potential areas have been localized. This has led to six
potential geological blocks that can be further explored. The potential foekis arethick clay

mergels or granit¢34].

The financing for the radioactive waste management islenay the operators of thauclear
installations whiclon a reglar basigpayfees to fundg4].

3.3 Czech Republic

The Czech government adopted a radioactive waste management policy in 20G2afEhe
organisation Radioactive Waste Repositonghrity (RAWR)isresponsible for the development of
the deep geologicakpository for disposal of higlevel waste and spent fuel. Before it will be
disposed, it will be stored nearby the place where it was generatéd facilities of RAWR[38].

The current storge facilities are estimated to have enough capacity to store all expected spent fuel
which will be produced i€zectw S LJdzdvio xi3thg power plarst They will produce around four
thousandtons of spent fuel during their lifetime. But plans are als@onstruct up to threenew
reactorsand then thespent el will arise to nine thousand tons and afsore storage capacity will

be required[39].

¢CKS YIAY 2LXA2y F2NJ /1 SOK wSLlztA0Qa YIFyl3aSySyi
repostory [38]. The start of operation for a deep geological disposal igetgnl around year 2065
[39].

The reference concept for deep geological disposal is similar to the Swedish and Finnish coiscept. It
based ondisposalusingengineered barriers with metal containand bentonite surroundely a
granite host rock. But the conpeis not complete yef39].

In the beginning of 1990, research was made on available geological data and different areas were
carried out to be further investigated for the alternative to hasgeologicatepository. A few years
later, eightdifferent locations were identified tbe possibl\suitable. This program also resulted in a

13



reference projectln 1997, RAWRA took over the responsibility of the program. A new site selection
study was rade with six localisations in granite to foecused on as a resyfB9].

/' TSOK wSLlztAO0Qa YI yI 3SYSYy ihe dittNgelectioh pfocéd88]. y 2 6 | (i

The costs for the higlevel waste and spent fuel management are provided by regulagialments
which come from the producers of spent fuel depending on how much they produce. This is made
through a nuclear funf38, 39]

3.4 Denmark

Dansk Decommissionif®D)is responsible for e radioactive waste managemepao].

5SY Yl N] R2pa@iéar powadBantlbyf there are a number of research reactors of which
two have been fully decommissioned and daeinderdecommissioning41]. The countrypossesses
233 kg spent uranium fuglhich is stored at théacilities forstorage ofradioactive wasteat Danish
Decommissioninf42].

Denmark has searched for an international solution for its minimal amount of spent fuel. f #hig Q {
be found,the spent fuel will be disposed in a Danishd@and intermediatelevel waste repository
[42].

The maagement is financedith government bond$4].

3.5 Germany

In Germany,hie FederaDffice for Radiation ProtectiofBfg is responsibldor radioactive waste
disposal43].

The current waste management policy for heat generating radioactive waste is fdyrbe

modification of the atomic law, which is also known as the nuclear pbas&aw, the end of

reprocessing spent fuel in other countries and finally the development of disposal concepts and siting
process of geological repositorig#].

The spentdel, which is generated and will be generated in the futusantermediately stored at the
sites where it was generated before a deep geoldgitsposal will be in operatiof5]. Around
28000 nf conditioned heaigenerating radioactive waste are expedt® be produced until year
2080 [44].

A conceptual design has been considered for the repository. After several decades of interim storage,
the spent fuel will be packed into containers. These will be sealed leak tight and there after disposed
in deep gelogical formations. Prototypes for the facility that can packgpent fuel in containers

that aresuitable for this diposal have been builthe goal is that the repository will be in operation
around 2035The disposal of spent fuel reference concephtains taking out the fuel rods from the
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fuel assemblies, pack the fuel rods casks which ishadfded and sealed thick walled and finally
emplaced in dep geological repositorg5].

One site that has been investigated to host a dgeplogical repsitory for highlevel waste is the
Gorleben sitewhich is a salt dome. In 2018law on site selection was adopted.commissionmwas
recentlyimplemented with the aim tstructure how the site selection procedure should progress.
The proposals willdsubmitted in the end of 201B16]. Gorleben will bericluded as potential site
In the new site selection, adding to salt also clay and crystalline rock will be considerecbas opti
a geological dispos@l7]. Thedecisionof what site that will be slected for the deep geological
repository areexpected to be made in 20345].

The financing of the waste managing in Germany is included in the price of electricity. All waste
producer finance the preparation and planningtio¢ intended waste disposf5].

3.6 Hungary

Public Limited Company for Radioactive Waste Managelff8dRAM)s a company that take
response for activities that relates to management and disposal of radioactive nucleariwaste
Hungary{48].

The spent nuclear fuel is placed in areitiin storage, near to where it has been generated dbor
least50 yearsln 2013, 97.7 rhhighlevel waste was sted in the available storag&heamount of
spent tiel was9113fuel assembliesAdding the expected amount that will be generated in the
future, including decommission, the totalgh-level waste will be 718.9 #irom the nuclear power
plantsand 17560 fuel assemblaes spent fuel[48].

In 1993, an exploration program started to investigate if Boda Claystone was able to be suitable host
rockfor geological disposal. In 2000, a countrywide geological screening program was started to find
a suitable host rock for a deep geological repository. The result of the program was that the Boda
Claystonevas the most suitable host ro¢48].

Year 2015the highlevel wasteconceptial design will start to beaviewed. Three years later, an
undergroundresearchiaboratorylicense application will be made atfie URL iplanned to be
constructed in 2030. In 205&n underground repository will be construck@nd be reag for
disposal nine years lat¢48].

Hungary las a central nuclear financiairfd which is a state fund that finances the construction of
the facilitiesfor disposal of radioactive waste and spent fuel. The fund is financed by the nuclear
power plants and also other institutes thgenerateradioactive waste in associated facilities. The
government contributes alsdo the fund[49].

3.7  ltaly

Sogin is a State company in Italy which is in charge of the safe managdmadibactive wastg¢50].
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In Italy there is a total of 1.700¥intermediateand high-level waste. 20 fhreprocessed spent fuel
will be returned from UK and abouhé same amount from Fran¢®l]. The spent fuel is currently
stored at pool storage at one of the nuclear power ptatt a special pool storage facility and at one
of the reprocessig facilitieg[52].

Italy has since the beginning of its nuclear programme had the option of reprocess the spent fuel
abroad. However, when the political decision was made to stop all auptaver activities, also the
shipments abroad for reprocessing was adjourned. But in 2006, an agreement was signed between
Italy and France which declared that the present spentyiaild be transferred to Frand&1].

Italy is a member of the ERB®G.One goal with this group is to investigate the feasibility of
implementing one or more shared geolodicapository in Europ§36, 37.

The radioactive waste management is financed from the funds which are allocated for the
decommissiomig of nuclear instllations[51].

3.8 Lithuania

The Radiactive Waste Management Agen@ATA])s responsible for the management and
radioactive waste disposal from ti@2 dzy i NBE Qa y dzQH3]S| NJ LI2 6 SNJ LX | y (i

Some used fuel is g stored on the nuclear power plant site in stogggpols or in a dry storage
facility. The amount of spent fuel that is expected to be disposed in a geological disposal is 2510 tons
of uranium and 8612 fof other radioactive wast§54].

Initial studies on the possibility ®stablish a geological reptsiy have been made. What option

that will be used is mostly a political decision. The stubaseshowed that crystalline rock or clay is
possible media to host the repositofy4]. Some studies have been performed in corporation with
Swedish expegtbetween the year 2002 and 2005. If the host rock will be crystalline rock Lithuania
has adapted the repository ceapt developed in Sweden, KB$5].

The site selection process will start in 2030 if no new technologies have occurred and the
international practise is unmodified35]. Lithuania i@ member of ERD®/G[36].

Financing the radioactive waste management is made from different sources. These are state budget
and decommissioning funds4].

3.9 The Netherlands

The Central Organisation for RadioacWeste (COVRAs responsible for the ranagement of
radioactive wast [56].

At the moment, spent fuel from the Netherlands nuclear power plants is being reprocessed. The
existing radioactive waste will be stored above ground for at least a hundred yearse&oa is to
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gain enough waste before a deep geological disposal could be sufficient economical. Another option
is to share aepository with another country56]. The Netherlandare a member of ERD@G[4].

Interim storage of reprocess spent fuel is read a bunker at a COVRA&cility [35]. In 2010, 52 m
highlevel wase was stored in the Netherlands6].

Currently, a researchrpgramon the final disposal of radioactiveaste is undergoing. In the past,
the option of salt as a host rock has been wmelestigated. Now most focus will be on examining
Boom clay, which can favor @peration with Belgiunj57].

The user®f the interim storage for highevel waste and spent fuel have financed its construction
according to how much waste storage thegvereserved. Also the operational dds paid by the
users[4].

3.10 Poland

The responsibility for the radioactive waste management in Poland is assigned to the Raglioacti
Waste Management PlaiRWMB [58].

For the spent fuel from the research reactors, Pdlanplemented RussiaReseach ReactorFuel
Return program(RRRFRAII of the high enrichment spent fuel from the former Ewa reactor and a
majority of the spent fuel from the active Maria reactor has been shipped back to the country of
origin. Also the aditional spen fuel that will be produced iexpected to be transported bido the
Russian Federatiofhere is no commercial use of nuclear power in Poland today, but the first
nuclear power plant is expected tee operational in year 20268].

The Roza site is the only repository for all radioactive waste | Poland. It is located in a former
military fort and will e completely filled by 202[58]. In 2007, there was 200 kg of spent fue
storage[4].

Poland is a member of the ERID5. One goal witthis group is to investigate the feasibility of
implementing one or more shared geological repository in Euf8pe37]

In the end of the nighties strategic governmentalmppgramwas established to cover the aspects of
radioactive waste managementihe country. The localization for a new underground repository for
highlevel waste and spent fuel was studied. Several places were considered as suitable for the
deposition. This included different types of rocks, salt deposits and clay formations., Theet@are

Nno ongoing projectsoncerning the localizatiofs8].

The financing for the radioactive management is available with state budgets through the botiget

Ministry of Economy anthe National Atomic Energy Agen@YAEA)Alsoservice activitie$rom
RWMPgenerate income§s8].
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3.11 Romania

National Agency for Radioactive WagfeNDRADis an authority which coordinates safe
management of spent nuclear fuel and radioactive wdSt.

The spent fuel is stored at a dry sdge facilityafter being stoed at the nuclear power plara few
years[60]. In the end of 2007, 131 toredf spent fuewasstored in Romani§].

The possibilities for a deep geological repository have been investigated since 1992. Six potential
geologicaformations have been ideified [60]. The most appropriate formations are likely to be
granites, green schist, salt, basalt, clay and volcanic tuff so these will be further studied. Cooperation
to study the green schist hdmen made with the Swiss NAG®A]. The research is thotlgin a very
preliminary stage. Romania estimates that a geological repository can beldgail the year 2055

[35, 59]

Romania has a very small nuclear energy program so if the country will construct a geological
repository the cost will be proportiontlé  @SNE KA IKP ¢ K| stexaddisgosabinaw2 Y I y A |
international repository wold be a better solutiorfi35]. Romania is a member of ERENI5[36].

The financing for the disposal of radictive waste and spent fuelnsade through a fee on the
produced electricity per kWh. This collected to a fun¢4].

3.12 Slovakia

In Slovala, JAVYSNuclear and Decommissioning Company are responsible for the safety of spent
fuel andradioactive waste managemef@2].

Spent fuel isnterim stored ata facility h pools.In 2010, therevere 9959 fue assemblies stored in
Slovakigd63].

In 1996, Slovakia started a program for deep geological disposal. A number of localities where
identified for further investigation, two in sedimentary rocks and three in granititks. This

program was stopped in 2001. 2008 a new strategy was outliriezte the two preferred options

would be either an international solution, like export or participate in an international repository, or
keep the spent fuel interimtered for a nonspecified timg63]. Slovakia is pécipating in ERDOVG

[4]. The option for a national geological repository still remains though. The next step in this process
is focusing on review the past work about site investigations in order to reduce the nwhber
proposed localities and &t that undergo further studiefs4].

For the financing of the radioactive waste management, there is a fund to where the producers of
electricity pay a levy for the amount of sold electricand other contributions[63].
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3.13 Slovenia

In accordance with theilateral SloveniasCroatianaa NS SYSy i 2y GKS YaMD{ 2 b dzOf
(NPP)the decommissioning and management of radioactivelinds I y R & LISy i TFislzSt FNR°
a shared responsibility between Slovenia and Croatia. Wwas madén 2003[65].

The Ageng for Radwaste Management (ARA©an organisation of the Slovenia government which
handle the spent fuel and dioactive waste managemef6].

¢CKS ALyl ¥FdzSiKa FiNP2YNDBrvRsgakityel {ifolSinhé énd B 2042, 1041 fuel
assemblies were stored thel€6].

The planned scenario for disposal of spent fuel is following the SwedisB\K&8\cept. This consist
disposal in hard rdcenvironment at 500 m deptf67]. Also hard clays have been identifiasla
potentially suitable geoldgal formation for the dispos68].

Year 1996, the Slovenian governnm@nplemented a sategy for longtime spent fuel nanagement.

In 2004, Slovenia and Ctaaapproved the Programme foilsdO2 YYA a4 A2y Ay Bam@d T GKS Y
disposal of LILW anddf+level waste. Here they used the Swedish concept of geological disposal as a
guideline. Spent fuel will be moved to dry storage between year 2024 and 2030 and will thereafter

be stored to 2065 when the deep geological repmsitare expected to be to be ready. The

repository will operate to year 2070 and closed five years later. Also the option of export the spent

fuel to another country for disposal has been doesed[69]. Sloenia is a member of the ERBYIG

[36].

The financing for the spent fuel anchdioactive waste managementassured trough a fund. A fee is
paid for evey kWhR S f A @S NB R . Alsb Crgaldxbririntes with an adequate funfb7].

3.13.1 Croatia

At the moment, there are no nuclear facilities in Croafiaational utility in Croatia is a @wner
with a half share of a nuclear power plant that is placed in Slovenia. Croatia and Slovenia have the
shared responsibility for the waste managemért this nuclear power plar{0].

3.14 Spain

The radioactive wastmanagement irSpain are a competence of thexgernment. The body which is
responsible for the radioactive waste management activities is Empresa Nacionedidad®
RadiactivofENRESA71].

Most of the spent fuel which is generated in Spain iseston the site of the nuclear poweragnt,
FTNRY 6KAOK Asiihera stordiip fatageSpRots arid §afnets in dry storage systems.

The total amount of highevel waste, including spent fuel, to be managed during the present nuclear
power plants ligtime will rise to 6,700 tong/1].
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Spain has been working with deep geological disposal as an option since 1985. The work has been
divided in four basic areas. One is about the site selection plan. This has provided enough
information to ensure that th required abundance of granite and clay to host a disposal installation
exist. Another area is the performance of the conceptual designs in order to create a definitive
disposal facility in theskthologies Also performance of safety assessment witlpeeg to these
conceptual designs @ne area. The last area is the research and developmlanspThis area have
been evolved and adapted to the waste management program with respect to fpgrand high

level wastd71].

Some of the ongoing work isdosed on consolidation on generic design for the host rocks and the
safetyassessments argeing revised and updatddl].

The financing for the radioactive waste management is done through a fee on the electricity bills
which is paido a fund for thigpurpose[71].

3.15 Switzerland

The federal government and the operators of nuclear power plant have implemented the National
Cooperative for the Disposal of Radioactive WagMAGRA NAGRA is responsible for carrying out
permanent and safe disposalf adioactive wastd72).

Each nuclear power plant has an interim storage facility where its produced radioactive waste is
stored. The radioactive waste that hbeenreturnedfor being reprocesed from abroad are stored
at a @ntral storage &cility [72]. With an operation time of 50 years for the existing nuclear power
plarts, the expected amount of higlevel waste and spent fuel that will require deep geological
disposal will be around 730@° [73].

Until 2006, Switzerland sent spent fuel for reprocessingamée and United Kingdom. The shipment
is now prohibited because of a moratoriumttze year 201§72].

For geological dispokaf highlevel waste, crystalline basement early became a prior option for host
rock. 1979 a application for construction of ack laboratory in this formation was submitted and
1984 the operation stagd [72].

In 2008 a new site selection process was startedhds three stagef/4]. The first step identified

three potential areas for highlevel waste disposal and all of theneke with Opaling Clay as host
rock[72]. The secondtage is now undergoingd consist®f concretising the different project and
compering the identified areas to find the most suitable. The key focus is on safety. The last stage
involves the licensingf the highlevel repository ands expected in about ten yeafg5].

A repodiory for highlevel waste is expecteatbe ready around year 20506].

The producers of radioactive waste are responsible to finance the costs nfahagement of their
waste.Thereis also a fund, idposal fund for nuclear power plants, to which the nuclear power plants
pay trough contributiong72].
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3.16 United Kingdom

The authority responsible for the nuclear sector is Nuclear Decommisgidwthority(NDA. They
are responsitd for implementing geological disposal for highrel waste and radiodsiee waste
management solutionf/7].

Spent fuel and higlevel waste are stored at the site where it has been produced [A&013, there
was 1770 mof highlevel waste in UK. Aftét has been conditioned, the volume is expected to be
around 700 mless[79].

The United Kingdomoyernmenthaveinitiated a waste managing radioactive safelggrammeto

find a solution for the higtievel wasten the country. In 2008, the white p&NJ adaging

radioactive waste safelya framework for implementing geological disp@sabs published. Thi

was astart for a site selection process but this ended after five years. Instead, a renewed white paper
was published in July 2014 by the goveamt This sets out a process for the siting of a geological
disposal facility for highevel waste. In the process, clay, granite and salt are included as options as
host rock for a gological disposallhe sitingof a geological disposal is based on hoilling the local
communities ardo participate in the procesf8].

The reference conceptual design is based on the Swedisl83¥B&sign. This means that the fuel
assemblies will be inserted into a robust disposal canister and thereafter emplacedasitiap

holes and backfilled with bentonitf3Q].

The producer and owners of radioactive waste are responsible for the costs of managamdent
disposal of their own wast81].
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4 Results and concl usi ons

All of the countries have some kind of authorityarganisation that is responsible for the radioactive
waste management. They @ also developed a program ftiiis waste management.

Everyonéhasmade a waste inventory. Some of the countries have also made estimates of how much
waste that will be produed from the currently existing nuclear facilities.

Most of the countries hee made some form of inventonf the geology to find a suitable host rock
F2NJ RSSLI) 382t 23A0Ff NBLRAAG2NBE® LYy 5SYYIN] = LG
suitable fost rock yet. The different options are presentedigure 7 andtable 1.

Crystalline
hard rock

W

Figure7
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Table 1

Belgium Clay

Bulgaria Clay, Crystalline rock
Croatia

Denmark

Czech Republic
Finland

Crystalline rock
Crystalline rock

France Clay

Germany Clay Crystalline rockSalt
Hungary Clay

Italy

Lithuania Clay, Crystalline rock

The Netherlands Clay, Salt

Poland Clay, Crystalline rock, Salt
Romania Clay, Crystalline rock, Salt
Slovakia Clay, Grstalline rock
Slovenia Clay, Crystalline rock
Spain Clay, Crystalline rock
Sweden Crystalline rock
Switzerland Clay, Crystalline rock

United Kingdom

Clay, Crystalline rock, Salt

Some of the countries have started to develop a reference desigindodeéep geological repository.
Of these, United Kingdom, Lithwoia, Slovenia and Czech Republize in some way considered the
KBS3 or/and KBSV, which is one of the reference designs usedU€OERroject, as an option.

Some of the countries have beén collaboration with the participated organisat®eof the LUCOEX
LINEP2SOGd ¢KS CNBYOK !b5w! KI&a 0SSy Ay@2ft SR Ay 2
w2YlFyAl KFa O02ffl02NriSR gAGK GKS { ékia b! Dw! Ay

A number of countriebaveset a planned year for when the repository will be consted and in
operation. They are presented in table 2.
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Table 2

Belgium

Bulgaria

Croatia

Denmak

Czech Republic 2065
Finland 2022
France 2025
Germany 2035
Hungary 2064
Italy

Lithuania

The Netherlands

Poland

Romania 2055
Slovakia

Slovenia 2065
Spain

Sweden 2020
Switzerland 2050

United Kingdom

Some of the countries declarbdt they prefer an international solign for the geological disposal

¢CKS YIAY NBlFazy Aa (GKFIG GKS O2dzyiNASa LlRraaSaa

economical enough. These countries delgaria Denmark]taly, Lithuania, The Nethednds,
SlovakiaRomaniaSloveniaand Croatia.

In terms of financinghe radioadive waste management, mumber of countries make the producers
contribute to the financing through a fee depending on how much electricity they deliver or in other
O NX (i $hishntludes @l of the countriesampt from Denmark, Lithuania aftbland

The countries with the most advanced radioactive waste managem@grams, with respect to
highlevel waste and spent fuel, are Finla@iveden and France which also are thoé¢he
participated countries in the LUCORDSject. They all plan to have a deep geological repogit
constructed before year 2030

Denmarlk @nd ItalyQ iadioactive waste managemeptograms, with respect to higlevel waste and

z

u2

spent fuelarenotve® | R@lI yOSR aAyO0S G(GKS& KI @SyQi 02y Of dzRSR

geological disposal. Neither have Croatia but Croatia have shared responsibility of the waste
management with Slovenia and Slovenia has declared some options for appropriate host rock.
Slovenia is in a very early step in its waste program though and so are the situation for Poland and
Romania. Likewse are Bulgaria, Lithuania arftetNetherlands in a primary stage in their program

but a little more extensive studidsave beenmade in hese countries. Spain is also in a primary
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stage but has made some more work with the disposal questions. A bit more advanced is Slovakia
which has made more extensive site investigations. Hungary is a little further sinceuthieycs

about to review tte highlevel waste conceptualesign and send in an application for construction of
an URL in a few years. Next is United Kingdenich have made a lot of work in the past, but are

now about to do over the site selection process. Similar is Germany alsiclis going to redo some
processes for the site selection. A bit further is Czech Repulbiich has started its siting process.
Also a good way ahead is Belgium which is about to begin the siting phase. The most advanced
program of the lessdvanced pogrammes in this report is Switzerland. In a few years one site for
deep geological disposal will be selected anehtla repository will be ready around 2050

Infigure 8,an overview of how for the member states have come in their ractive waste progna,
is shown.

Figure 8

According to how advanced the radioactive waste management progaagafer the countries, with

respect to hyh-level waste and spent fuel, statements can be made of val the country can

utilize results from the LUCOEX projictheir repository work. Since the LUCOEXqzt is focusing

on studieson a relatively advanced level for the repository work, countries withiégs advanced

LINZEINF Y& FNBYy Qi Odz2NNByid Ay GKS adFr3sS 6KSNB (GK2aSs
Denmark, Italy, Slovenia and Croatia, Polandn#&va, Bulgaria, Lithuania andé'Netherlands are

not now ata phase where LUCOEX findings are primarily rele@mthe other hand, the findings

from LUCOEX can help to direct the {@dsanced countrieto get information of which concept to

aim for. This is convenient if they have made a waste inventory and have concluded clay or

crystalline as a potential host rock. This can be very useful for the countries to get guidelines to how

25


















