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Abstract

The fourwastemanagement organizatioridagra, Andra, SKB and Podiaae as part of their step
vicedevelopment of repository concepts for lofiged radioactive waste come together in the
LUCOEHroject with the common objective to demonstrate the technical feasibility for a safe and
reliable disposal of radioactive waste in geological formations.

Thisdemonstration has been done by executing four parallel experiments at different underground
research laboratorigswvhichall are designed for thespecific purpose of hostirthese kindg of

experiments Each experiment has focused on different conceptsdiffdrent geological and
technical/legal preconditions and all experiments have been executed with a focus on openness and
willingness to share the knowledge gained to support the development of safe and reliable
repositories throughout Europe.

In Switzeland, Nagréhas performed the FExperiment in the Mont Tertiinderground research
laboratory, which is a fulscale, multiple heater test in Opalinus Clay.

In the Bure ndergroundresearchiaboratory in FranceAndra haslemonstrated the construction
feasibility of a complete HLW cell in Call@xfordian clay with a concept optimized for a possible
future retrieval of the waste.

In the Aspd Hard Rock Laboratory in Swe®KB has shown the feasibility of the K#BSconcept in
crystalline rock, whicrsibased on horizontal position of canisters in bored tunnels

In FinlandPosiva has demonstrated the feasibility of emplacing the buffer components in th8\KBS
concept, which is based drorizontal disposal tunnels with vertical disposal positiongystalline
rock

All objectives have been met and each one of the four LUCOEX partners have shown that
construction of galleries, manufacturing of buffer components, installation and sealing of galleries
can be made to meet the initial state, i.e. the sition when no more adjusting measures are
assumed to be made and further evolution of the repository components are driven by the
repository’s THMC environment and geoscientific events.

In addition bts of experience were gained during the excavatiostatation and sealing of ehfour
experiments, as several practical problems were experienced, which had to be solved when they
appeared. They were all handled to satisfaction anthée final end we concluded théte solutions
provided additional knowldge and significant return of experience in the planning of new large
underground experiments

The final component of the LUCOREject has been the dissemination of our findings. This has been
done through a) making it possible to visit the experiments atuhé@erground research facilities, b)
presenting results and findings scientific articles and at conferences producingmovies from the
different experimentsd) hosting conferences and workshops agdnanagingn ambitious
scholarshigprogrammeto give external parties the possibility to participate both in hosted events
and on site during the experiments.

The project &0 provided additional experience on management and allocation of personnel
resources, especially the problems arising when key persons are partly allocated to other tasks. The
Expert Group had too many appointed experts (four out of eight had been peeffeand should
preferably have focused on the final reporting as now is the case in the DOPAS project.
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EXCECUTI VE SUMMARY

Waste implementers (WMOSs) being deeply involved in experimeniadierground laboratories (Andra,
bFaANF> {Y. YR t2aA@l0 KI@S | RRIXBghinplEmentaidoriedtddNE LIS I
RTD establish a sound scientific and technical basis for demonstrating the technologies and safety of disposal
of spentfuel and longlived radioactive wastes in geological formatidaysimplementing a joint collaboration
regarding large underground concept experiments (LUCOE) project has focused on four parallel

experiments at the WMOs" underground research laboratories, and each one of the experiments has
addressed different concepts and different geological and technical/legatquditions.Four key technical

areas havdveen addressed: gallery construction, manufacturing and emplacement of buffer around waste
canistersemplacement of waste packagesd backfilling and sealing of gallerig#be work has been

conducted based on openness and willingness to broadly diss¢enthe knowledge obtained.

Nagrahas in he FullScale Emplacement (FE) experimatithe Mont Terri underground research laboratory
in Switzerland performed a fulicale, multiple heater test in Opalinus Clay.
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The FulScale Emplacement (FE) expenireg Mont Terri.

A 50 m long experimental tunnel with a diameter of approximately 3 m was constructed using conventional
equipment. At the far end of the tunnel the salled interjacent sealing section (ISS) was built using only
steel arches for rockupport whereas the rest of the tunnel was supported by shotcréte. donstruction

was surveyed by primstalled instruments in the surrounding rock. The excavation damage zone (EDZ) was
instrumented with radial boreholes during construction.

The backfllin the Swiss concept is based around both highly compacted buffer blocks and a bentonite pellet
mixture. Only natural sodium bentonite from Wyoming was used for manufacturing of these components.
With optimized density and water content approx. 3,000 hig compacted bentonite and approximately 350
tons of highly compacted and granulated bentonite mixture (GBM) were manufactured.

The installation started with thélling of a full 2 m long section with bentonite blocks in the ISS followed
by the stepwiseconstruction of the bentonite block pedestals, emplacement of the heateith (
dimensions similar to those of waste canistavg)top of the pedestals and backfilling of the remaining
open volume with granulated bentonite mixturEinally a large amountf@ensors were installed for
observation of the bentonite buffer in the FE experiment.

The backfilling part of the project consisted of two parts: the creation of a prototype backfilling machine and

the actual backfilling of the tunnel. The prototype ma@hwas based on five screw feeders with which it

was judged possible to make a backfill with a high density in the small diameter FE tunnel. And the prototype
machine was successfully used to backfill approximately 255 tons of GBM; in some segmentaiikitting

density of up tol.56 t/m®. At the pretests, where the density measurement were performed with different
YSGK2R& IyR gAGK + o0SGGSNI aLI GAlFE NBaz2fdziAxswag || &
measured close to some feedeutlets.



The FE experiment was sealed off towards the FE cavern with a concrete plug holding the buffer in place and
reducing air and water fluxes.

After the emplacement and the consequent backfilling of the first and deepest heater, the heating was
started. With an initial heat output of 1,350 Watt per heater a temperature of approx:1B83C at the

heater surface and around 60°C at the rock surface are expected for the FE experiment after 3 years.
According to current planning, the heating and monitgrphase of the FE experiment is envisaged to last at
least 10 to 15 years

Andrahas in the Bure underground research laboratory in Fraleeonstrated the construction feasibility
of a complete HLW cell in Calle@xfordian clay with a concept optimizear fa possible future retrieval of
the waste.
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A HLW cell according to the 2009 French benchmark concept.

The HLW cell for the demonstration was excavated in two phases; a 6 m long head section with a 21 mm
thick casing having an internal diameterof % >~ | YR | adza S¥TdzZ ¢ aSOGA2Yy GAl
an internal diameter of 700 mm. The rig and processes for the drilling had previously been developed within
the French national programme. Even though the thrust remained low throughout thegltiiere was a

minor failure during the last 700 mm requiring adjusting measures by personnel inside the cell.

The installation comprised a base plate, a sleeve head plate, a casing head plate, five heater elements (each
3 min length and 5081m in dianeter), and more than 150 sensors in the casing.

Prior to the excavation of the ceflensors had been installed in boreholes, drilled from adjacent drifts, to
monitor the temperature, the pore pressure and the deformation of the rock.



The sealing and clage of the installation were simplified, as the components for this are investigated in the
DOPAS project. In LUCOEX a simple plug was installed at the head of the useful section (representing the
radiological protection plug) and a closing plate at thadhef the casing.

The installation was followed by the heating phase, which began with a constant 220 W/m power supply for
the 15 m occupied by the heater elements, at a depth of between 10 and 25 m into the cell. This power was
set to reach a temperaturef 90°C at the sleeve wall in 2015.

The hydremechanical impact of the cell excavation, monitored on the peripheral boreholes, is consistent
with the measurements taken during the excavation of the previous cells parallel to the major horizontal
stress. Tie excavation led to pore pressure increase in the horizontal plane of the cell and to pore pressure
drops in the vertical plane hE THM behaviour of the heated ceddeveloped.

SKBhas in theAspoHard Rock Laboratory (HRL) demonstrated the construction and installation feasibility of
the horizontal disposal concept KBH in crystalline rock.

Air evacuation pipe | Transition zone
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The Multipurpose test (MPT) layout.

The construction of the disposal drift has previously been pnatieough the construction of two deposition
drifts at the 220 m level in thAspSHRL (15 m and 95 m long with a diameter of 1.85 m). The challenge with
this construction is the high requirement on the straightness of the drift, i.e. on the pilot haléstidailled

as a first step.

In LUCOEX the ability to make corrective actions down to 0.1° compared to a more normal application of 1°
steering corrections have been demonstrated in a 100 m long hole. Testing the full 300 m will be done in the
Onkalo URE.

A new uniaxial mould had to be manufactured as the KBEbentonite blocks are larger than the KBS
blocks. Its design is basically the same as that employed feBXKBS&rlier.

MX-80 bentonite from Wyoming was used. The delivery control showedttigamaterial fulfilled the
composition and property requirements. This bentonite was mixed with water in an intense mixer to the
required water content. Successful compaction was then done usingaxiatipress. The programme

included 12 rings with oneater content and 31 solid cylinders with two different water contents.

Evaluation afterwards showed that there was a variation in block density (where some blocks had a slightly
too high average density) but this was considered acceptable for the cussihsince the average density

of the produced blocks used within the MPT were within the acceptable variation. The reason for the
variations is primarily that the facilities rented for the production of these blocks are not optimized for this
type of prodiction.

The KBSH deposition machine is a first prototype for demonstration of horizontal deposition in full scale.

The machine was jointly designed by SKB and Posiva and manufacturedqa@®&ithin the EC project
G9{5w95¢ @ LG dzinkdndpbripanciple, whichimSrks bystepvisk Rovements inside the
RNAFGO | fATFGAYI FyYR LIZAKAY3 &aS1dSyOS Aa NBLISIGSR
The full scale tests were made in tAep6HRL in 2007. These tests had sqmeblems due to limited



control ability and an incomplete software application. During the MPT the machine was thoroughly
upgraded by increased automation level anegoregramming of the control system.

Preparatory work concerned installation of cabilegrooves in the rock wall and installation of sensors in

core holes drilled into the drift’s wall. It also concerned ateit with a dummy Supercontainer. After
adjustments, among other things the protection of the bentonite blocks, the installafidmeoMPT took

place. The time for installation is a key parameter and the MPT managed to install one Supercontainer in 24
hours. The reference installation time in a final repository is one Supercontainer in 6 hours. On the other
hand, without sensors ahcables, onepercontainerwould have been managed in 12 hours in the MPT. At
this stage of KBSH development the present outcome is deemed acceptable as the process still contains
manual tasks that would be automated in the final repository.

The compament plug was installed in two main steps of which the first, the fastening ring installation, was
done during the drift preparation stagand the second after installation of the Supercontainer and the
bentonite block. In this way the plug installationthe second step was simply a welding activity. The void
between the plug and the transition block was filled with pellets. This was followed by contact grouting of
the steelconcrete and concreteock interfaces using silica sol grout. Finally the &dftls were filled with

water and the air evacuated through the plug. The air and water filling pipes were subsequently removed as
planned.

Posivahas in the Onkalo underground rock characterization facility (URCF) in Finland developed and tested
the finalfull-scale prototype machinery and methods for the transportation and installation of buffer
components according to the vertical disposal concept KBBBcrystalline rock.
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The installation of buffer blocks consists of eight basic steps.

Threedifferent machines have been designed, manufactured as prototypes and used for demonstration of
the emplacement method underground.

The developed bentonite container simplifies the handling of the buffer and protects it from the impact of
the environment amce the buffer components have been manufactured. Each bentonite block is put into a
separate container with controlled conditions in the factomhere after the container is sealed. On top a
separate compartment is filled with a large enough volume aftbeite pellets for the slot between the

block and the rock wall in the deposition hole.



The bentonite block installation machine (BIM) is positioned above the deposition hole, is loaded with the
bentonite container and emplaces the block in the depositiofe. It lifts the block with the aid of vacuum
technology.

Thebentonite block transfer devicdB{TD) is a trailer moved by a terminal tractor unit. It is positioned near
the BIM and feeds the BIM with the bentonite container.

The first test phase (abowground testing) took place in a specially designed test and development facility at
t23A0FQa hyllft2 aArAidSe® ¢KS F20dza 2F (GKAA LKIA&AS sl a
different machines and to fine tune the automation systenmtrolling the machines. Most attention was
given to the installation machine and the gripper part of the buffer container responsible for the vacuum
lifting of the blocks and the transportation of pellet.

Tests initially showed that the installation acaay was well within requirement. Additional laser scans,
however, showed that the space within the buffer deviated from the initial measurements with up to 4 mm.
The installation time also exceeded the 2 hour requiremesttere the shortest installationre achieved

was 3 hours 53 minutes. And this was for an installation that was still short of one ring block.

Pellet filling of the gap between the buffer and test hole wall was also tested. The procedure was that when
each block had been placed in thettésle, the pellets loaded inside the container taere released into
the gap between the buffer and the test hole wall. This process worked as planned.

On completion of the surface trials, work was moved underground to test the emplacement method in a
repository-like environmentThe test area used was in Onkalo URCF’s Demonstration Tunnel 1.

A mixture of concrete blocks and bentonite blocks was used, which was considered to be an acceptable
alternative as the concrete blocks are generally more difficulift and handle because of their rougher
surface compared to bentonite blocks.

Measurements during the installation demonstrations once again showed that the installation accuracy was
within specified requirements, while subsequent laser scans onde ag&aded deviations. Timing of the
experiment also showed that the installation was slower than anticipated (3 hours 10 minutes versus
requested 2 hours). The demonstration emplacements proved the ability to install the buffer component in a
safe and cotrolled manor.

The quality of installation is a key aspect in making sure that the 4paultier system functions as designed

after sealing and closing of the repository. To verify the quality Posiva developed a sensor system integrated
into the vehicleswhich transferred the information to Qrelated software Based on the studies and

designs presented, it was confirmed that all QA targets can be meet using a sensor system installed on the
developed machinery.

If something goes wrong either prior tor after canister installation, buffer components might have to be
removed, so that the canister can be retrieved. Different techniques for buffer removal were evaluated. By
use of a combined water jet and vacuum suction method the removal time for orktdotk was
approximately one hour, hence complete excavation of the buffer in one full deposition hole is possible to
accomplish within eight hours.

LUCOEX has been engaged in extemswgorking, dissemination, workshops and public informatioifhe
networking and integration of technical activities between the LUCOEX partners have been developed
through regular Project Progress Meetings Steering Committee Meetings and bilateral discussions and
integration work. Other specialists, authorities, studentsl ahe general public have been offered
information of the progress and achieved results by posted information, like Newsletters, on a public
website, several open workshops, visitssite, scholarship programme, training-site, publicationn
technicalmagazines and journals and presentations at specific open seminars/conferences.

Each one of the LUCOEX partners experienced vdédssisns learnedn both different and similar
technological details as respective demonstration project addressed ditfesgects of technical details



and different types of host rock, while many technical aspects were similar despite the differences in

presumptions between the four LUCOEX experiments.

Four key technical areas were addressed in LUCOEX and the resultecahiesch of them are
summarised in the table below.

Key technical results achieved in the LUCOEX project.

Key technical

Key technical results

area

Nagra

Andra

SKB

Posiva

Gallery construction

Excavation and
reinforcement of
disposal tunnels can

Excavation is possiblg
with readily available
technology.

Excavation can be
done by using a push
reamer guided by a

Excavation oélisposal
galleries can be done
by using conventional

be done by using straight predrilled drill and blast
standard machinery. pilot hole. technology.
Manufacturing of Optimized granulated| Component necessar] Necessary machines | Necessary vehicles,
components bentonite mixture for the creation of a | and clay components| mechanical
and highly compacted steel lined HL\A¢ell can be manufacturg | components and clay
bentonite blocks can | supporting components can be
be manufactured. retrievability can be manufacturel.
manufactured.
Installation Pedestal design and | Installation of steel The necessary Necessary machinery|

use of highly compac
ted blocks have been
shown viable. How
ever, the emplace
ment procedure was
not done according to
the Swiss concept.

liners and the
operation of a HLW
cell has been
demonstrated ér

Gl né o1 aia$§
installed without
spacing buffers).

machinery for the
installation has been
developed. It has alsq
been demonstrated
that an installation
can be carried out
according to plan.

for transporting and
installation of the
buffer components
can be manufactured,
Installation can be
carried out as
planned.

Backfilling and sealing
of galleries

A backfilling machine
was designed and
could provide the re
quired density.
Further develop
ments are needed to
cortrol density and
homogeneity.

The sealing and
closure is investigated
in the DOPAS project|

The project has
demonstrated that
the drift can be
sealed using a steel
compartment plug.

The Posiva plug is
developed in the
DOPAS project.

Additional deliveries

The project has deve
loped a better under
standing of the THM
behaviour of the cell
and Andra is now ablé
to compare simula
tions with the actual
THMprocesses in the

host rock.

In addition to the
planned deliverables
SKB has also deliverg
a first datareport
from the monitoring
for the early stages of
the drift evolution.

In addition to the
disposal process
Posiva has also
developed processes
and machinery for
quality assurance and
fault handling
necessary in case of g
mishap.

Demonstratiorrefers, by definition to activities carried ouin a predeterminednanner that leads t@
predetermined result. In view of this all four LUCOEX full scale experiments have been very successful. Each
one of the four LUCOEX partners have shown that constructigallefries, manufacturing of buffer

components, installation and sealing of galleries can be made to meet the initial state, i.e. the situation when
no more adjusting measures are assumed to be made and further evolution of the repository components
are driven by the repository’s THMC environment and geoscientific events.

In addition bts of experience were gained during the excavation, installation and sealing of the four proof
of-concept demonstrations, as several practical problems were experiencech Wwad to be solved when

they appeared. They were all handled to satisfaction and contributed well to the final result with improved
understanding of the engineering inpiBuch problems are well known to occur in industrial projects but not
their nature @ severity. They were expected also in LUCOEX, but no problem was so severe that it led to the
deviation from the planned implementation or different functions of the resulting components from a long

9



term safety perspectiven the final end we concludedhat the solutions to the problems provided
additional knowledge and significant return of experience in the planning of new large underground
experiments

Thedisseminationactivities have been recognised positively not only by the scientific communitg)dmu

by the public. The LUCOEX project has made it possible for everyone to share the main results. All

GRSt AGSNI ofSa¢g G2 GKS 9! la ¢Sttt Ia NBIdzZ F NI & Lidzo:
website. In addition the LUCOEX partners hagellaly reported and posted local information on their

respective public websites. The scientific community was also involved and informed via several conferences
as well as through the established networking channels between WMOs and within the fratdepadjEcts,

e.g. BIRED, DOPAS the K&B.

Special efforts were made to engage young scientists and technicianssahdlarship and training
programmewas launched. It provided in total 29 awards to workshops, conferences and training activities.

LUC@E&X also wanted to contribute tokEauropean added valuand offered each WMO in the Member States

a tailor made information exchange. This, however, was considered to be too excessive by the WMOs as
useful information would be available on the website, waltéps and conferences, and through visitshte
respectiveunderground research laboratory, if not thertacts within the scientific community would be
enough. Due to these aspects LUCOEX on its own analysed the usefulness of the outcome for otladr nation
programmes through a study of the situation in the Member States and their possibility to benefit from
LUCOEX informatiofihe findings were that in particular Spain, Slovakia, Hungary, United Kingdom,
Germany, Czech Republic and Belgium are counttiégshvare in a position where results from the LUCOEX
project can be utilized in a perspicuous future. This study has been presented at a number of conferences.

Otherlessons learneaoncerned the organisation and the allocation of personal resourceskA ris

recognised already from start, was that key personnel could be partly neadeher tasks than the

LUCOEX project. This happened and caused eventually some delays compared to the original time schedule.
Another outcome was that secondment of staff twunot be made to the full extent that otherwise would

have been the case. A management outcome was also that an Expert Group had too many appointed experts
lyR O2dzx R LINBFSNIofeée KIS O2yaraidsSR 2F FraugzsNJ 6 SEGS
AK2dzf R F20dza LINAYINARft& 2y (KS FAYlIf NBLRNIAY3 |yR
the EU project DOPAS.
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The European Countigs2 dzi f AYSR (GKS F2ff2¢gAy3a 2062SOGABS T2NJ (F
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G ¢ KNB dzZ3 K A Y-ardén®d RS, iHe dcfivRigs aim to establish a sound scientific

and technical basis for demonstrating the technologies and safetispdsal of spent fuel
andlongt A 3SR NI RA2I OUAGS gladSa Ay 3IS2t23A0FE F2N

In the FP7 work programme 2010 (European Commission C(2009)5946 from 30 July\Z@dRiyiher
stated that the expected impact of projects should be that they contgtio:

a ke progress towards the implementing of geological disposal in line with the Vision Report and
initial roadmaps of IGEP and the 2020 objectives of the $H#an, together with significant

advances in the treatment and/or understanding of kemaining issues. In particular, this should

lead to demonstrable improvements in robustness of associated performance and safety analyses,
and ultimately to increased confidence in the safety gase

Waste implementers (WMOSs) being deeply involved in erpents in underground laboratories (Andra,
Nagra SKBand Posivahaveaddresgd these objectives by implementing a joint collaboration regarding
large underground concepttelLJS NA YSy (i1a @[ ! thenF®7 ok pragkarmrieithenfeSofiFission
2010 1.1.1.The LUCOEX project has focusedaur parallel experiments ahe WMOs™ underground
research laboratoriesall designed for the specific purpose of developing thésdsof underground

facilities. Each experimehias addressedifferent concepts and different geological and technical/legat pre
conditions and all experimentgere executedbased oropenness and willingness to share the knowledge
gained to support the development of safe and reliable repositories throughout EuE@me LUCOEX
partner has focused on the following:

1 Andra hasn the Bure underground research laboratory in Fragdemonstrated the construction
feasibility of a complete HLW cell in Call@vgfordian clay with a concept optimized for a possible
future retrieval of the waste.

1 Nagra has in the Mont Terri underground research laboratory in Switzerland performed-the FE
experiment, which is a fuicale, multiple heater test in Opalinus Clay.

1 SKB has in th@spoHard Rock Lalatoryin Swederdemonstrated theconstruction and installation
feasibility of the horizontal disposal concept KB6in crystalline rock.

1 Posiva has in the Onkalo underground rock characterization facility in Finland developed and tested
the final fultscale prototype machinery and nieids for the transportation and installation of buffer
components according to the vertical disposal condep&3Vin crystalline rock.

Four key technical areas have been addressed:

Gallery construction

Manufacturing and emplacement of buffer aroun@ste canisters
Emplacement of waste packages

Backfilling and sealing of galleries.

= =4 -4 A
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2

Obj eese and goal s

The LUCOEX project was separated into six work packagdsch four addressed demonstration activities
and one integration, dissemination and European values. The sixth work package addressed project
management via coordination activities. The following detailed objectives and goals were for set for each
work package.

2.1

Coordination and integration (Work Package 1)

The djectives for Work Package kereto continuously integrate the results of the different demonstration
activities and to disseminate the obtained knowledgehe following way

1
1
1

= =

= =

2.2

Providea broadbase for integrated planning, evaluation and reporting of the outcome.
Communicatdechnical findings and conclusions drawn during progress

Support networking among scientists and engineers with focus on creating forums for presenting
and discussing theUCOEX project.

Invite representatives working with concepts not studied, to discuss the findings.

Providetraining opportunities by hosting activities e.g. at respective Underground Rock Laboratory
carrying through demonstration activities.

Provide progren for exchange staff between participating organizations for information transfer on
performed demonstration activities.

Invite and support travel and lodging of students to participate at hosted events.

Publish results in technical magazines and at sigesiminars/conferences.

Horizontal disposal of waste packages in Opalinus Clay formation i FE
Mont Terri demonstration (Work Package 2)

The objectives for WorRackage 2 and the F&perimentat Mont Terriwere the following

f

= =4 - A

2.3

Provide a confirmation dhe suitability of the repository design basis or give clear insights regarding
how it should be modified

Constructemplacementunnel using modified standard equipment and adequate support measures
Manufacture the bentonite in a suitable form and demsit

Design, manufacture and test equipment necessary for waste and buffer emplacement in situ
Demonstrate the suitability of the concept

Horizontal disposal of waste packages in Callovo-Oxfordian clay
formation i ALC experiment at Bure (Work Package 3)

The objectives for WorRackage 3 and the Ae&perimentat Burewerethe following

)l
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2.4

Construct a HWkell consistent with the 2009 benchmark concept including both cell head and the
usable part.

Verify the function of the cell head insert and its abilityatbsorb the thermal dilation of the cell
stainless steel casing

Provide data on theasing behaviounnder actual thermal load

Verify the design of the cell head and its ability to limit the thermal gradients on the drift wall.

Horizontal disposal of waste packages in crystalline rock 1 KBS-3H
demonstration at Aspo (Work Package 4)

12



The objectives for WorRackage 4 and the MtipurposeTest (MP Tt Aspéwere the following
1 Test the system components in full scale and in combination with each otlodatéin an initial
verification of design implementation and component function
1 Testthe ability to manufacture full scale components, carry out installation (according to DAWE) and
monitor the initial system state of the MPT and its subsequent evolution

In addition to the original objectives related to the MPT a drilling activity was added @DEith the
objectives to:
1 Demonstrate the ability to drill long, straight horizontal pilot holes in crystalline rock using guided
core drilling technology

2.5 Vertical disposal of waste packages in crystalline hard rock i KBS-3V
emplacement test in Onkalo (Work Package 5)

The objectives for WorRackage 5, developing and demonstrating the final prototype machiae®nkalo
URCF and participatirigthe MPTat Aspéwere the following
1 Designdevelop and manufacture emplacement machines
1 Designdevelop and manufacture pellet installation equipment
1 Demonstrate the fulscale emplacement of both buffer and pelletsitu.
1 Develop quality assurance processes
1 Develop problem handlingnethodsduring installation.

2.6 Management and dissemination (Work Package 6)

The objectives for Workadekage 6 managed by Skére the following

Set up the both physically and virtually infrastructure to coordinate the projectitiet.

Help organize and balance the LUCOEX work and activities

Facilitate and support the organization and management of the different work packages

Supervise the production of necessary documentation for the LUCOEX, to provide means of quality
controlling them and to publish them, including open access

Disseminate results to the scientific and engineering communities and to the public

Act as an information and communication center about the activities of the LUCOEX.

= =4 —a A

= =

13



3 Scope of wor kolmjdaelagteisvse sngand goal

3.1 Coordination and integration (Work Package 1)

This WP1vaspurely focused on the coordination of the project, the integration between the other work
packages and dissemination of the knowledge. The wadseparatedinto seveal different tasks as
follows:

Task 1.1 Coordination of management meetings

TheSeeringGCommittee (SCyvas formed during the grant agreement negotiations and Erik Thurner from
SKB was elected to chair it. The S@daing the course of the project 9 official meetind$efinal meeting
was held at the end of the project. Five of these meetings are listed in the milestone plan (M1.8, M1.14,
M1.17, M1.22andM1.28). Minutes from the meetings have been posted to thejget sinternal website.

A technical Expert GroEGO 2y aAadAy3 2F F2dzNJ aAYOISNYylLté FyR F2d
wasgiven the mission to serve the project with reviews, cfd43 examinations and advices related to

technical plans, achievements and dissemination activifies. group nret onnumerous occasiongoth

onsite at the experiments and in the offices ddaand Andra. Two reports (D1.@andD1.11)were

published at the time of writing and the thirslasplanned to be published in August 2015 (D1.14).

Task 1.2 Integrated planning

The LUCOEXMderground research laboratogctivitieswere openly shared withboth the project partners
andexterndly during all phases dhe project. The goal for the projeetasto ensurethat planning,
execution and outcome analysigre consisent and compatible between the addressed repository
concepts A project plan was itially developed as planned. It was sent in as a deliverable (D1.1)vand
updated as an internal document during the course of the project.

FiveProject Progress MeetingBPM3 were performed in accordance with the mg®ne plan (M1.7, M1.13,
M1.18,M1.21 and M1.27) during the course of the project where pinegress of each of the Work Packages
wasdiscussed. We also discussed key risks at these meetings that were then forwarded to the SC. Minutes
from these meetingsvere published both internally and on the external homepage as project deliverables
(D1.6, D1.8, D1.10, D1.12 and D1.20).

Task 1.3 Risk assessment

Theproject’s risk exposur@asrepeatedly assessed by identification and characterisation of risks followed
by evaluation of probability, judgement of possible consequence and calculation of the risk for costs, time
delay and performance respectiveBased on the identified risks we continuously during the course of the
projectdiscussed main risks and challengethe SGM to ensure that appropriate actiomere always

taken.

Task 1.4 Communication Action Plan

The projectcontinuouslycommunicatel information about the project, its progress and results to the
scientific community as well as to the general pulflimaster plan on how thigas to be performedwhen
and by whomwasdeveloped in this WP1 and implemented by WP6

The communication efforts within LUCOR&fe divided intointernal andexternal communications.

LUCOEXternal communication activities included:

1 FiveProject Progress MeetingBRPM) held on different sites giving all members the opportunity to get
impressions of the different sites and experiments. Each RB&Mombined with a workshop focusing
on cerin topics relevant to the project:

14
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Theme: Projecplanning, Risk management and Cross reviewing of plans
o PPM2 (on sitat Olkiluoto, Finland)
Themeworkshop: Horizon2020, Tunnel and disposal cell excavation
o PPM3 én siteat Bure, France)
Themeworkshop: Instrumentation
o PPM4 (on sitat Mont Terri Switzerlangl
Themeworkshop: Bentonitédlock/pellet manufacturing and installation
o PPM5 (on sitat Aspg Sweden)
Themeworkshop: Installation andealing of drifts
1 TheProjecplacecomwebsite was setup for the storage and sharing of documents filfiited its
purpose. Additional functions for project planning gtere notused.Based on feelack from theExpert
Group (E5) it became apparent that sore support in tie usage earlier in the project would have been
good.
1 All individuaWork Packages (R4 invited both the other partners and theG Group to visit and
participate in their individual experiments.
1 Informationwasalso shared between the members by the msaf email, facéo-face meetings and
through the external communication channels like the newsletters and workshops

Project External communicatiomasprimarily handled through:

1 Theworkshops arranged bydCOEX conjunction with theProject Progresdleetings PPM3.

1 The Midterm Workshop held in conjunction with the Clay conference in France in.2012

1 The Large workshop dtspoin 2015

1 LUCOEXxternal website was set upvivw.lucoex.ell anddid include general infanation and all
project deliverables.

1 Scholarship programe open for students and professionals from all the members states and
Switzerland

1 Training programme where young professionaisere offered the opportunity to during a minimum of
two weeks participte in the full scale tests esite.

9 Publication in technical magazines and journals.

1 Presentations at specific seminars/conferences

Newsletter
Four newsletters were published in accordance with the plan and both published on the homepage and
distributedthrough Email to concerned parties.

General public

The general publizvas primarilyinformed through the UCOEXvebsite during visits orsite at the different
underground research laboratories and through the partners” presentation of our findings at open
conferences.

Task 1.5 Networking and dissemination of results

The projecthosted

1 FourWorkshopsheldin conjuncton with the Project Progress MeetingBPM3where we had
representatives from numerous European countries participating.

1 Mid-term Workshop held in conjunction with the Clay conference in France in @0&2e we had
participants from 13 European countriplis Japan.

1 LargeWorkshopwas heldat Aspsin 2015with roughly 80 participants from 15 European countries plus
representatives from Japan and China.
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The projectin addition to the hosted evenislso presented the work being performed in the project at over
15 external conferences and published over 30 articles on the experiments performed.

Task 1.6 Training programmes and training activities

The LUCOEX organizatignimarily during the seconldalf of the project, prepared selection of topics and
forums for carrying through training. Each evargsplanned together with interested organisation after
announcing the event and efforts made to encourage glsts or students from Universitiestime

European Union and Switzerland to take patte training programmeasintegrated with the LUCOEX
Scholarship program which included a total of 20 scholarships for participation at the LUCOEX conferences
and workshops and 9 esite training scholarsps.

Task 1.7 Scholarships

The LUCOEX projemtginally had dotal budget for20 scholarships/hich weremade available for students,
post-doc and engineers in European Union Member States and SwitzeBgride end of the project we
wereforced to cancel 4 scholarships because of limited interest during the start of the project but were still
able to perform a total of 28 scholarships supporttigind 4week training eventsn-site, participation in
mid-term and large workshops arghrticipation in theWP-specific workshopd:urther information is

available in chapter 4.2.

Task 1.8Planning of programme on secondment of staff

Opportunities for staff secondmentere planned and invitations were sent out from the hosting
organizations. Because of the limited resources available within the pnegatere however not abléo
identify personnelable toparticipate in the other experiments during an extended periodiofe. We
therefore focused oravinginformation exchangectivities like orsite visits at crucial parts of the
individual experiments like during ttgite Acceptance TesSAT and underground tests of the machines in
Finland, during the installation segnce in Sweden/France and during mochesgts/SATtests/installation

in Switzerland.

Task 1.9 European added value

Our plan was to assess the existing research programmes on management-lefvieigivaste in different
member states together with respége responsible waste management organisation (WMO) and to select
which activities in LUCOEX that would be of interest for them to follow in detail. An invitation was sent out
to all WMOs, but only a few responded. The ansvatearly showedhe interestto share informatiorand
results butonly byLUCOERublicchannelsnewsletters, reportsparticipation in workshopand visits to

the respectiveundergroundresearchaboratory.

Instead we initiatedan analysigperformed by a master thesis student, who studied the status wititén
existing Europeaprogrammes for management of spent fuel and mappétat wasstudied in the LUCOEX
projectwith the needs of the different programmes. These findingse reviewed bythe participants and
presented at a number of conferences.

Task 1.10 Final reporting of WP1
The result and experience gained from the WP1 activitiese compiled in dinal WH report.

Task 1.11 Summarising and reporting of LUCOEX results

Eachwork packageproduced results whichwere of interest to share with worldvide experts in order to
foster an international dialoguél'o support this sharing weimmarized the findings in a summary report in
accordance with the table of content included in thea@®rAgreement.
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3.2 Horizontal disposal of waste packages in Opalinus Clay formation 1 FE
Mont Terri demonstration (Work Package 2)
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Figure 3-1. Schematic view of FE Mont Terri demonstrapouject.

Task 2.1 Detailed experiment planning
The experimentvasplanned in detaibnd documented i@ work plan which coversll preparatiors,
equipment developmets and field activities.

Task 2.2 Tunnel construction and support

Evaluation of construction and support method

The construction oémplacement tunnels in Opalinus Clay reqdieetechnology which permits

mechanically excavating the tunnel and placing the support measures at a very early time just a few meters
behind the faceWe reliedon existing tunnelling equipment whid¢tadto be modified to comply with our

needs. As the actual disposal site is not yet known, it may be necessary to modify the originally planned
tunnel support (bolts and mesispit ispossible b use itat arepository depth as deep as 900 mintunnels

that are placed in areas which are tectonically more disturbed than the Ziircher Weinland.

Madification of tunnelling machine
Following the atcome of the design studiemn evaluation of existing tunnelling machingascarried out to
find the most appropriatexistingmachine thatcouldbe modified in accordance with our needs.

Tunnel construction and ventilation period

The tunnelwasconstructed at Mont Terri with a diameter of 2¢3.8 m and an appropriate tunnel support
(e.g. low pH shotcrete liner) toolst 3 dummy canisters placed on bentonite blocks. Tunnel theement
material may cause axial transport paths after degradation of the cement. To avoid flow along the
emplacement tunnel itvasforeseen that certain sections in the tunneére construced in a way that any
axial flow pathwaseffectively interrupted (compartmentalisation). The applicability and the performance of
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rips in conjunctiorwith bentonite,weretested in the experiment. After construction, the tunmvehs
ventilated for aboubneyear to simulate the expected duration prior to waste emplacement.

Task 2.3 Preparation of the emplacement

Manufacturing of buffer blocks and tlgganular buffer

Building on the experience gained in previous experiments funded by the European Commission (e.g. EB
experiment at Mont Terri and ESDRHigntonite blocks and granular bentonitgere manufactured from

MX80 bentonite. The buffer materidld not need further developmenbut hadto be delivered just before

the actual emplacemerih orderto avoid long storage times and possible alteration

Development of emplacement equipment

Equipment necessary to emplace the buffer blocks, the canemterthe granular buffeare designed and
constructed Theemplacement equipment allowing placement of the canister together with the blocks in
one working stepvasrail-based. The preliminary design of thristingemplacement equipment for the
granular luffer wasfurther developed. The system consisf five screwfeederssystems which can be
steered separately to improve the performance of the emplacement system in compéavisiom original
equipment used in the ESDRED project to produce an optimabfeneity of the granular buffer.

The main emplacement equipmefinultiple screw feeder devic@gcesary electronic control unit and
testing of these partsivere designed and constructeas part of the LUCORXoject. Additional supporting
equipment(e.qg. rails, crane, transport wagon) and additional equipment t&st® fundedentirely by
Nagra.

Task 2.4 Emplacement activity

The equipment, designed and manufactured in Taskva8used in theunderground ocklaboratory Mont
Terri to emplace theanister, the bentonite blocks and the granular bentonite in the tunnel and sealing
section. QC proceduresgere developed and implemented to ensure adequate buffer density and
homogeneity. Monitoring instrumentsentirely funded by Nagrayere placed in tle buffer.

The emplacement sectiomasfinally closed by a cement plug.

Task 2.5-inal reporting of WP2
This task addressehe compilation of alWP2results in a final WPreport andwassummarized in a peer
reviewed scientific paper.

Task 2.@ntegration
This taskvaslinkedto WP1 andaddressd the following activities:
1 Expert advice of other participants on the WP test plan
1 Invitations to the other participants to participate in meetings and to attend installations and
demonstrations durig tunnel construction (month x02) and during emplacement of the heaters
and the bentonite (montt25-27) with the aim to give input to the WP
1 Review of the WP final report by the other participants to verify relevant informatiascomplete
1 Networkingfor new scientists
Networking for new scientistwas management within the scholarship programme and secondment of staff.
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3.3 Horizontal disposal of waste packages in Callovo-Oxfordian clay
formation i ACL experiment at Bure (Work Package 3)
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Figure3-2. Schematic view of ALC Expeznt

Task 3.Detailed design of the experiment including an in situ test of forced castayationto prepare the
constructionof the cell

One of the key issues of demonstrationtioé cell in the French concemtasthe constructionfeasibility of
0KS OSft t Qwas&cadingamplac&dimihihinimum void between the casing and the rock walls.
The casingvas10 m long andvasforced irto the microtunnel to minimize the void around the casifthis
hadneverbefore beendonein the CalloveOxfordian claystone at the Meuse Haute Marne Underground
Research Laboratory. A first in situ test to emplace a forced casing (consisting in fiua@nmretal tubes,
diameter 775 mm) with a void of 16 mm over the diamet&rs made athe beginning of the project to

check the feasibility with the actuakcavatiormachine and to improve it, if necessary. The axial load on the
casingwasrecorded duringhe test.

Based on the result of this pttest theexperimental test plarior the fullscale testvaswritten. This plan
describesthe objective of the demonstration experiment, the geometry of the experiment, the procedure of
emplacement and the presited heating phase.

Task 3.2 Emplacement of the cell
The purposeavasto validate the emplacement procedure.
9 Forcing the head insert (10 m long) into the drift wall.
1 Excavating the 25 m long mietonnel with simultaneous emplacement of a steel casing
1 Installation of the end steel plug.
1 Introducing the heaters and the shield steel plug.

Theexcavatiorof the cellis made bya guided auger drilling machine wittdalling headthat couldbe
adapted to excavate diametef 70 to 74 cm. Thenachinewaslaser guided andillowed the control of the
micro-tunnel s directionwith a precisiorof +/- 2 cm. Theexcavationwasachieved with casing. The casing
wasa?2 m long, 70 cm in diameter and 2 cm thick metal tuliee casingvasinstrumented in order to
providedata on thebehaviour undethe thermal loading.

HeaterswereA y a G £ £t SR Ay (i K& deilSdi6 & 250r. A shigldplugasSristall S
the casing just at the end of tHeeater installation section

In addition, boreholesveredrilled to set up instrumentation around the cell in order to analyse the working

of the head concept under a thermal loading: temperature (2 boreholes) to measure the thermal gradient to
the drift. The relative displacement of cell casing to the inse&t measured to check the running of the
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head with the dilatancy. Deformations of the drift at the cell hgaabkalso followed to verify the design of
the cell head in order to check stress and deformation induced by the thermal gradient.

Task 3.3 Finakporting of WP3

This task addressdghe compilation of all WP3 results in a final 3weport.

Task 3.4ntegration

This taskvaslinkedto WP1 in order to increase integration and good practices between the project
partners.

Subtask 3.4.1 Small workshopcomjunction with Project Progress Meetings of WP3
This subtaskvaslinked to theProject Progress MeetingBiPM3 (WP1) andvasfocused on the workshop at
the Bure site

Subtask 3.4.2Active exchange of experiences
The taskwaslinked to WP1 and addresdéhe following activities:

1
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Invitations to the other participants to participate Project Progress Meeting (1 every 9 months), to
attend installations and demonstrations during insert test (month 2) and during emplacement of the cell
(Fmonth 1216) withthe aim to give input to the WP

Networking for new scientists.

Expert advice of other participants on the WP test plan

Review of the WP final report by the other participants to verify relevant information for the project. For
this review a group of exgsts wasformed with internal and external experts (like experts from the panel
of technical expert (WP1) or others). The mean of this rewasto serve as means for critical cross
examination, assessment, integrated analysis of the results and achiet®meaerms of feasibility of

the emplacement concept and working during the heating phase), in order to prepare conclusions for
the task 1.11.
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3.4 Horizontal disposal of waste packages in crystalline rock i KBS-3H
demonstration at Asp6 HRL (Work Package 4)
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Figure 33. Layout of theMulti PurposeTest(MPT)

Task 4.1 Detailed WP planning
Detailed planning of WP#asmade together with the other WPs to increase collaboration and fellowship.

Task 4.2 Manufacturing of distance blocks and buffer blocks fd8upercontainer

Manufacturing of full scale KBS5 buffer and distance blocks ldenot beendoneearlier. A successful
outcomeof the taskwasa necessitysince the system design is depemtd on the quality of the buffer

blocks. Anewmould for uniaxial block pressingasused Isostatic compressing of buffer bloakasplanned

to betested and evaluategbintly with WP5.Experience of uniaxial and isostatic compressing as well as the
quality of the pressed blocksascompared and evaluatebly WP5 Tre resultwasexpected to guidehe
decision of which compression method to use in the future

Task 4.3 Upgrading of depositachine

Earlier testhadshown that the design of the KBH deposition machinavassuccessfulHowever, longterm
testing hal shown weaknesses in both the water cushion systeehthe control systemThese weaknesses
were addressedind thedeposition mabine wasupdatedprior to the installation of theMulti Purpose Test

Task 4.4Multi Purpose Test

TheMulti Purpose Tesivasdesigned to address several issues within the-BiB8esign and bring the
knowledge of the system behaviour taveore mature level. Performance of the tetmonstratel the
ability to properly install the system to fulfil the quality demands.

In previous KBSH phases tw&upercontainers $§ wereassembled. In these twSupercontainersoncrete
dummy buffer blocksvere used. The assembly process with real bentonite buffer bl@eksimilar as with
concrete blocks, but the tools needed, precision of the task as well as the need for corgimliechment
wasa major difference. Since theveere no tools for handlig bentonite buffer blocks during assembly
development, testing of suclvasalsomade

Previougdeposition testavere successful in the way that the methads proven to function. Theew
emplacement testvasexpected toverify theability to properly depsit Supercontainerand distance blocks
made ofreal bentonite In addition it perforned a vital part of theMulti Purpose Tesnhstallation.

Full scale buffer saturation cannot be studied in a laboratory. Modelling of the process close to initial state
can be done, but verification of the models is needed. Therefordthki Purpose Testvasdesigned to do
this. But modelling of the KBSH satiration processvasnot included in tie LUCOEProject.

Thermal spalling of the rock wall can lead to leakage paths and piping. The prevention of thermal spalling
wasidentified as a key issue both in the KBSand KBSH designs. In the KBS case thamal spalling
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might occur at the top of the drift. Tesshowedthat thermal spalling can be mitigateil a counter pressure
is applied to the rock. In thilulti Purpose Tedthe buffer swelling pressuna the drift wasmonitored
closely. The testhowedthat the buffer will apply enough counter pressure to the rock in due time to
prevent spalling.

The compartment plug in the KBS desigrwassuccessfully tested in full scale as a freestanding
component. In theMulti Purpose Teghe compartment plugvastested in combination with the other
system components.

Buffer homogenisatiomvas planned to beerified through sampling the buffehowever due to slower than
expected evolution of the buffer, the MRIasprolonged and dismantling was thus removednfrthe
LUCOEX.

Instead a 100 m length scale steered ¢ai& mm drilling operationat the Aspé HRWwas included in the
LUCOEXThe construction of the disposal drifiadpreviously been proverhtough the construction of the

two deposition drifts (@ 1.85 m) excavated at t220 m level of the Aspoé Hard Rock Laboratory (Aspé HRL)
in Sweden; one 15 m long and one 95 m long. The challenge with producing theseakiftat the
toleranceswere verystrict as a result of the very limited space between the Supercontainer/bentonite
components and the rock wall. This put very high requirements on the straightness of the pilot hole.

Using steered core drillingasassessed as the best alternativg the KBS3H project and as a first step a
100 m length scale steered core drillwgscarried out It wassubsequently followed by a 300 m steered
core drilling operation in Onkalo, however only the 100 m drilindsp6 HRL wascluded in thedlUCOEX

Task 4.5 Finaleporting of WP4
This task addressehe compilation of alWP4 results in a final Whreport.

Task 4.6 Integration
This taskvaslinked with theWP1lin order to increase integration. The task addrebsdes following
activities:
1 Expertadvice of other participants on the WP test plan
1 Invitations to the other participants to participate in meetings and to attend at component
assembly, installation and operation of the tests.
1 Review of the WP final report by the other participants.

T Networking for new scientists.
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3.5 Vertical disposal of waste packages in crystalline hard rock i KBS-3V
Emplacement test in Onkalo (Work Package 5)
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Figure3-4. Crosssection of the deposition hoie the Onkalo demonstration project

Task 5.Detailed Whplanning

This task addressidetailed planning of the WBcontents. All activieswere discussed in detail and
described in the plamingdocument. Posiva invitethe other project partners to provide expertise to this
planning phase.

Task 5.2 Demonstration of buffer components emplacement

The emplacemenivasdemonstrated in Zull scale deposition holes Onkalowith about 10 m distance. The
aimwasto test the feasibility of the emplacement method. In the first tests concrete blaeks used

while full scale bentonite blockseredza SR Ay (GKS FAY Il f répesededtterdal RdzYYe a
canister with heat emitting spent fudimplacement tolerances and accuracigesre studied for finding

suitable methods and equipment forgtallation control.

The emplacement methoder bentonite blocksvere developedso that itwaspossible to carry out the
emplacement with needed speed and accuracy. For the emplacement demonstration, a vehicle frame
equivalent to the deposition vehiclgas constructed and the installation machinemasfixed to it.

C2NJ Syadz2NAy3a (GKS O2NNBOG dzyRSNE Gl yRAY IwademplacédS RS LJ
with the deposition vehicl¢canister installation developmentasthough made in another project).

Development of the buffer block emplacement automatics
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The buffer block installation automatics and remote controlling of the machiwasgdeveloped so that the
required tolerances and uncertainty factors and instadlatsafety aspectsould be managed.

The first installationsesting automaticsvasdonein indoor premises by usirgtowerf A 1S G RSLIZ & A G A
K2t S8&d 1 G GKAA & lwastehlacédmdya bii§e dadahénihg sutodiclidesr®t S
functioningand the emplacementvasworking fluently, testing if©nkalo staréd, where also an interim

deposition vehiclavasused. At the eventof enfipl OAy 3 G KS 0 dzF F S NJcanistevag a | £ a2

installed by using the interim vehicle.

Development of theuction lifter
The suction liftealready existingyvasdeveloped further and equipped with installation and positioning
automatics.

Development of the emplacement machinery positioning methods
The positioning methods of the emplacement machinggre developed so that the buffer btkscouldbe
emplaced accurately, while takimgposition tunnel forms and other restricting factors into account.

Subtask 5.2.Development of the tool for filling the gap between the buffer and host rock
The gap between #buffer blocks and the deposition hole wathsfilled with bentonite pellets after the
buffer block emplacement. The tool for filling the gapsdeveloped and tested.

Subtask 5.2.2Buffer emplacement testing
The emplacement of buffer blocks and filling of gap between the buffer blocks and the wall of the deposition
hole wastestedin Onkalo

Task 5.3 Quality assurance and problem handling
The installation process of the buffarascarefully planned, testednd reported to develop quality
assurance procedurewhichensural the overall quality ofthe buffer during the disposal process.

Subtask 5.3.1 Development of the quality requirements and quality assurance methods
The emplacement work and gap filling ditarequirementswere defined. For this part, a description on the
quality assurancavaselaborated and the needed quality assurance methods defined.

Subtask 5.3.2 Development of the quality assurance equipment
The quality assurance equipment/control equipment needed for the control procedwers,designed and
tested for emplacement work and gap filling.

Subtask 5.3.3 Development of problem handling methods
The problem handling methods for the management agstoration of broken buffer blocks, gap filling and
other exceptional situationg/ere developed.

A process descriptiowasmadefor the handling of different problems and fault situations, which might
happen during emplacement. In an extreme case al@émplaced buffer blocks arille canister have to be
removed from the deposition holend the installation made once agafor thisand other less severe
situations therehadto be readinesso act correctly

Task 5.4inal reporting of WP5
This task adeessal the compilation of alWFs results in a final W8Yeport.

Task 5 Integration and dissemination
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Subtask %.1 Integration
Active exchange of experiences and good practices between the project pantascarried out during the
WP5duration. Experts preserd advice on the WP test plan.

Researcher exchanfgtaff secondmengctivitieswere organised between Posiva and other participants
especially in connection with the demonstratiodsiportant project meetingsvere held public with other
participants in order to share information and brainstorm the solution jointly. The project partmers
offered the possibility to send their researchers to participate in the WP5 actiMitiesnal and external
expertswere invited to perform reviews othe WP5 project plan, interim results, demonstrations and final
report.

Subtask %.2 Dissemination
Information about the developments related to this BWasdisseminated to differenstakeholder and
interest groups by the following activities:
1 A 30minute documentary film about the buffer components emplacemeascreated. The
documentarywaspresented on Posiva’s and the project’s websites. Public viewiexgsorganised
at different events like fairs and conferences participated.
1 Demonstratbns to which authoritiesvere invited were organised three times during the WP5
duration. Planned demonstration events: the buffer block emplacement tests at indoor premises;
emplacement demonstration with quality control demonstration in Onkalo; problamdting
demonstration in Onkalo.
 AoneLdr 3S ySgat SGGUSNI 6AGK Ay T2NXNI (A Bwgscangosall S & 2 NJ
Finnish and in English and delivered to relevant national and local stakeholders/interest groups two
times a year.
1 WPS5 producd information thatwasLJdzo £ A a K
2tc0y YR t2aA0dlFQa ©Soa
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3.6 Management and dissemination (Work Package 6)

Task 61 Setting up and operating tharganisation for coordination of LUCOEX
A Project managemnt office was setup within SKB for the management of the project. Work inthinge
support and followup of the individual work packages including activities like:

1 Writing a project handbook

1 Developing and distributing templates for deliveries and rejmgrt

1 Support reporting and the distribution of information through the homepage.

Task 6.2 Projed¥esentation

A general project presentation was originally created in accordance with Commission’s guidelines. This
presentationwasextended numerous times with specific slides matching the needs of a specific conference
or audience.

Task 6.3 Newsletter
Four newslettersvere published during the course of the proje@teywere distributed both over Enail
and published online at hpt//www.lucoex.eu.

Task 6.4 Website portal

A project internal weksite was setup during the start of the project usimgyw.projectplace.com. The
projectchoseto only use the information sharing functions for documents. Applications for project planning
and controlwere notutilized.

A public website was setup early in the projéetvw.lucoex.eu)lt got a large overhaul during 2012 to
ensure compliance with webtandards and proper operation with mobile devices. The homepabeh
among other things attains all the public deliverables from the projesi]l remain operational until 2020.

Task 6.55upport for poduction of necessary documentation regarding LUCOEX work and activities
Thiswork included the periodic reporting and the final documentation for the project. The first periodic
reporting was cumbersome and took a long time for all invidlparties. The project partners and the PMO
learned from those experiences apdblished a project handboatomplemented withtemplates and
instructions for the following reporting which proved beneficial.

Also included here was the publication of project deliverables both through the SE®Bddortal and the
LUCOEKomepage
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4 Programme 1 mpl ementati on

4.1 Networking, dissemination, workshops and public information
A keycomponent of the LUCORXojectwasthe dissemination of our findgs. Thisvasdone through:
a) making it possible to visit the experimentsuatderground research laboratorigs
b) presenting ourresults and findings through scientific articles and presentations at conferences
c) producing movies from the different experiments
d) hosting conferences and workshqps

e) having a scholarship prograneto give external parties the possibility to participddeth in hosted
events and on site during the experiments.

All these activitiesvere exeauted to our satisfactionA disappointment, howevewasthat our ambition to
organizetailor-made disseminatioactivitiesfor individual member state with research on similar topics as
LUCOEX did not meet any interest.

41.1 Internal Communication

LUCOEMternal communicatioractivities included

1 Five Project Progress MeetingPPM$ were held on different sites giving all members the
opportunity to get impressions of the different sites and experiments. Eachwd&dombined with
a workshop focusing on certain topiedated to the work performed withithe project:

T ttam 06{ Yoffieesswedeni y
Theme: Project planning, Risk management and Cross reviewing of plans.
1 PPM2 (on site at Olkiluoto, Finland)
Theme workshop: Horizon2020, Tunnel and disposal cell excavation.
T PPM3 ¢n site at Bure, France)
Theme workshop: Instrumentation.
1 PPMA4 (orsite at Mont Terri Switzerlanjl
Theme workshop: Bentonite block/pellet manufacturing and installation.
1 PPMS5 (on sitat AspoHRL,. Sweden)
Theme workshop: Installation and sealing of drifts.

1 TheProjectplace.com website was setup for gheject internalstorage and sharing of documents.
Thiswasfulfilling its purpose. Additional functions for project planningre not used. Based on
feedback from the ¥pert Group (B) it became apparent that some support in the usage earlier in
the project would have beegood.

T All individual WPs invited both the other partners and ti@&t& visit and participate in their
individual experiments.

1 Informationwasalso shared between the members by the means of email-fadace meetings
and through the external commuration channels like the newsletters and workshops

4.1.2 External Communication
Project External communicatiadh2 ¢ F NRa 2 (G KSNJ 2 a h Q awaspsnfarilyih&n8leda Sy S NI €
through:

1 Open onsite visits presenting both the general work performed and the LU@®EEfiments

1 Four Workshops were held in conjunction with thsject Progress MeetingBPM3 where we had

representatives from numerous European countries participafihg first theme workshop was
performed for the benefit of the project)
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1 Mid-term Workshop was held in conjunction with the Clay conference in France in 2012 where we
had participants from 13 European countries plus Japan.

1 Large Workshop was held Aspdin 2015 with roughly 80 participants from 15 European countries
plus representative from Japan and China.

1 TheLUCOEX external websitdtf:// www.lucoex.eywhichincluded both general information
about the projectand all project deliverables.

1 Scholarship programmeere open for students and professionals from all tnembers states and
Switzerland.

9 Training programme where young professionaéye offered the opportunity to during a minimum

of two weeks participate in the full scale tests-site.

Publication in technical magazines and journals.

The projecdid in addtion to the hosted events also present the work performed in the project at

over 15 external conferences and published over 30 articles on the experiments performed

= =

4.1.3 Newsletter

Four newsletters were published in accordance with the plan and both publ@h#ike website and
distributed through Email to concerned parties.

4.1.4 Secondment of staff

Wewerenot able to execute secondment of staff where personnel participated in the other experiments
during an extended period of time but the information exchange and visits, especially between partners with
the same geological preequisites (clay vs hard rockwere extensive.

4.2 Training and scholarships

4.2.1 Training programmes and training activities

The projectperformed nine training event by offering external pakic/students/experts the opportunity to
participate in the orsite work which were all éinanced through the LUCOEX scholarship programme.

4.2.2 Scholarships

The LUCOEX project originally had a total budget for 20 scholarships which were made available for students,
postdoc and engineers in European Union Member States and Switzerland. By the bagadject we

wereforced to cancel 4 scholarships because of limited interest during the start of the project but were still
able to perform a total of 28 scholarships supporting@d 4week training events osite, participation in

mid-term and large wrkshops and participation in the Wipecific workshopsAll scholarship events are

presented below:

_ Time of Event Designated WP Leaders Comment Next Action

Mid-term 2/4-week scholarship 201211-01 Jacques Morel /Andra | Awarded | Awarded to VictoSerri
Mid-term 2/4-week scholarship 201411-01 Hanspeter Weber/Nagra: Awarded ;| Awarded to Lucie Hausmannove
Mid-term 2/4-week scholarship 20141001 Hanspeter Weber/Nagra: Awarded ;| Awarded to Jan Smutec
Endterm 2/4-week scholarship 20140901 MagnusKronberg/SKB | Awarded : Awarded to Alba Mon Lopez
Endterm 2/4-week scholarship 20140901 Keijo Haapala/Posiva | Awarded | Awarded to Pasi Batsman
On-site 24-week training Bure 201406-16 Jacques Morel/Andra | Awarded : Awarded to lonut Forea

Onsite 24 -weektraining Mt Terri 201406-01 Hanspeter Weber/Nagra: Awarded ;| Awarded to Acacia Naves
On-site 24-week trainingAspo 201306-01 Magnus Kronberg/SKB | Awarded : Awarded to Jere Knuuttila

Onssite 24 -week training Onkalo 201306-01 Keijo Haapala/Posiva | Awarded | Awarded to Pasi Batsman
Mid-term workshop 201210-25 Project Coordinator Awarded | Awarded to Heini Laine/Reijone
Mid-term workshop 201210-25 Project Coordinator Awarded | Awarded to Ville Koskinen
Endterm workshop 201506-02 Project Coordinator Awarded | Awarded to Dalia Grigaliuniene
Endterm workshop 201506-02 Project Coordinator Awarded | Awarded to Acacia Navez

Themespecific workshop 20120301 Keijo Haapala/Posiva : Cancelled: No interest was shown
Themespecific workshop 20120301 KeijoHaapala/Posiva i Cancelled: No interest was shown

28



Themespecific workshop 20120901 Jacques Morel/Andra | Cancelled: No interest was shown
Theme specific workshop 20120901 Jacques Morel/Andra | Cancelled: No interest was shown
Themespecific workshop 201306-01 Hanspeter Weber/Nagra: Awarded ;| Awarded to Jan Smutec
Themespecific workshop 201306-01 Hanspeter Weber/Nagra: Awarded ;| Awarded to Christian Hoffman
Themespecific workshop 201404-01 Magnus Kronberg/SKB: Awarded ! 6 NRSR (2 t | dz
Themespecific workshop 20140401 Magnus Kronberg/SKB | Awarded : Awarded to Wioleta Olszewska
Themespecific workshop 201306-01 Hanspeter Weber/Nagra: Awarded ;| Awarded toHeini Laine
Themespecific workshop 20140401 Magnus Kronberg/SKB | Awarded : Awarded toDarius Justinavicius
Themespecific workshop 20140401 Magnus Kronberg/SKB | Awarded : Awarded to Orlando Silva
Themespecific workshop 20140401 Magnus Kronberg/SKB | Awarded : Awarded to Dean Gentles (NDA
Endterm workshop 201506-02 Project Coordinator Awarded ;| Awarded to Jan Smutek
Endterm workshop 201506-02 Project Coordinator Awarded | Awarded to Jutta Peura
Endterm workshop 201506-02 Project Coordinator Awarded | Awarded to Ville Sjoblom
Endterm workshop 201506-02 Project Coordinator Awarded ;| Awarded to Kevin O’'Donoghue
Endterm workshop 201506-02 Project Coordinator Awarded ;| Awarded to Rob McLaverty
Endterm workshop 201506-02 Project Coordinator Awarded | Awarded toMarius lordache
Endterm workshop 201506-02 Project Coordinator Awarded | Awarded toKalman Benedek
Endterm workshop 201506-02 Project Coordinator Awarded : Awarded to Thorsten Horbrand

4.3 Demonstration of concepts for clay rock

43.1 FE-experiment

The FullScale Emplacement (FEperiment at the Mont Terri underground rock laboratory (UR&¥a

full-scale multiple heater testinacil®y®h OK T2 NXIF GA 2y O6WhLI f Aydza /1 &Qt
waste emplacement, backfilling and early pakisure evolution of a spent fuebF) / vitrified higHevel

waste (HLW) repository tunnel as realistically as possible.

P~ Saotre T T S QTR DT S L
g FE tunnel ,7@" «Interjacent sealing section»
3m @, 50m length (% without shotcrete

Heaters on Steel arches

bentonite blocks

Figure4-1. Visualization of the general experimental layout of the-Ballle Emplacement (FE) experiment at
the Mont Terri URL; sensors and bentonite backfilhatalisplayed

Construction and Excavation
The FEexperiment is based on the Swiss disposal concept for SF/ HLW.

¢tKS NRO|l YHASIRN BB WHFIANINHZYSY (ISR 6A0GK np YSGSNI €
during 201beforethe FEtunngd & o0 dzA f G | Yy R ( K SONSROF 22N SINIA F 20AS2R/ |12 TW Y
excavation.

The construction of the 50 m long experimental tunnel with a diameter of approximately 3 m was completed

in September 2012 using conventional equipméntring construé A 2y ( KS WSEOI gl A2y R
was instrumented with radial boreholes drilled from within the tunnel. Additionally the tunnel construction
was surveyed with a total of ten convergence measurement sections which were installed during the
excavationwithin the FE tunnel with an average spacing of approx. 6 met¢te far end of the tunnel the
o0l £ £ SR WAYGSNEBFOSY(d aSrtAay3 as80GAazyw oL{{0 o4&
of the tunnelwas supported by shotcrete.

(@]
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Component Manufacturing

After re-assessing the range of possibilities for backfilling materials only naturatgntvated) sodium
bentonite from Wyoming was used for the FE experiment. The backfill in the Swiss concept is based around
both highly compcted buffer blocks and a bentonite pellet mixture.

The first step of the manufacturing process was the test production with varying production parameters to
optimize density and water conteimt order to providemechanical stability and loAgrm integrity of the
0ft201484® hyte GKSNBIFITFTGSNE | LIINRBE® oQnnn KAIKE& 0O2Y
of approx. 24.5 kg, an average dry density of approx. tlriand an average water content of approx. 18

%, were produced. After severadiditional parameter optimization tests approx. 350 tons of a highly

O2YLI OGSR FYyR AN} ydzZ | GSR 6Syili2yAiGS YAEGdAZNBE o6D. ao
approx. 2.18/m*F yR 6AGK | @SNE 0 NRI R-caledFdlldndeé distribution, 8n RA & i NRA
overall bulk dry emplacement density of at least 1.45%aould be achieved.

Installation

The first step in the installation process was flieng of a full 2 m long section with bentonite blocks in the
ISS followed by the stepwise construction of the bentonite block pedestals, emplacement of the heaters on
top of the pedestals and backfilling of the remaining open volume with granulatedbi@tmixture.In the

FE tunnel three heaters were emplaced with dimensions similar to those of waste canisters.

The three heaters were installed following the construction of the pedestals as s€gjuie 42. Finally a

large amount of additional sensbwere installed for observation of the bentonite buffer. They are not part
of the repository concept but are installed for the THMperiment following the proebf-concept

installation.A high degree of redundancy was pursued by using a variety ofrsietémologies. The
technologies used may also hint towards a monitoring arrangement in a future pilot repository as foreseen
in the Swiss concept.

Figure4-2. Backfilling machine with screw conveyors driving over the heater and its pedestal (ledtbghot
COMET) and during backfilling operation (right)

Backfilling and closure

The backfilling part of this project consisted of two patte creation of a backfilling machitfgigure 43)
and the actual backfilling of the tunnel.
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Figure4-3. Five screw conveyors on the backfilling machine in the FE tunnel (photo by COMET)

The focus for thelevelopment of a prototype backfilling machife backfilling horizontal tunnels was to
achieve as dense and homogenous backfill installation as pasEh®emachine which was manufactured
here was optimized to fit into the small diameter FE tunnel. It transports, emplaces and compresses the
GBM using five auger conveyors working simultaneously. All relevant parameters such as the backfilling
speed and tk backfilling pressure can be controlled individually.

After an extensive design and manufacturing process; the prototype machine was successfully tested in two
full-scale pretests in May and August 2014. Finally it was successfully used to backfilt tiieanel with
approxmately 255 tons of GBM between September 2014 and January 2015. In some segments a bulk dry
density of up to 156 t/mMiwas achieved. At the prsts, where the density measurement were performed

with different methods and with abettdd a LJ- G A€ NB A2t dziA2y > | UYniaRNl £ Q
1.70 t/m’ was measured close to some auger outlets.

Finally the experiment was sealed off towards the FE cavern with a concrete plug holding the buffer in place
and reducing air andrater fluxes.

Heating & monitoring

After the emplacement and the consequent backfilling of the first and deepest heater, the heating was
started. With an initial heat output of,250 Watt per heater a temperature of approx. 2880°C at the

heater surfaceand around 60°C at the rock surface are expected for the FE experiment at Mont Terri after 3
years. According to current planning, the heating and monitoring phase of the FE experiment at Mont Terri is
envisaged to last at least 10 to 15 years
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4.3.2 ALC experiment

Vault cover

Insert

Transfer sleeve

| Disposal vault Vault entrance

Plate Metallic plug
Sleeving

3.0m

Disposal vault 2 Vault entrance
Clay plug

Vault after sealing Concrete plug

Figure4-4. Schematic diagram of a HLW cell according to the 2009 French benchmark concept

Construction and Excavation

I O0O2NRAY3A (2 ! YRNY Qa4 Hnanndg 0 Sy-OmadwHeh is dpproxid&tdlyns (G KS
longand 0.7 AY RALFYSGSN® LG O2 Y LI farpackage digpozal &id dai@etred: NI €
long cell head. They are to fl@vourably ¢igned with respect to the natural mechanical stress field.

The usefupart of the disposal cell, where the packages are placed, ssalsleeve. The cell base is closed

2FTT o0& | . & onétalradiatidptotécBan plug separates the cell head from the useful part. The cell
KSIR KIFa F YSiUlIVa5NBEOS® 6RQSt A FRSHNKS A dchyplugNdind then 6 I O
sealed with a concrete plug to provide additional safety. This final configuration corresponds to the period

after cell operation and sealing.

The HLW¢ell for this demonstration as excavated in two phases where em6ong head section was first
excavated with a speed of 0.35 meters per hour. This cell head is equipped with an insert 767 mm in external
diameter (i.e. an annular space 12 mm wide at the radius) and 21 mm in thicKiessseful section of the

cell was then excavated at a speed of 0.46 meters per hour and equipped with a sleeve 700 mm in external
diameter (i.e. an annular space 12 mm wide at the radius) and 20 mm in thickness. The rig and processes for
this drilling was previously developed within the national programin France.

Even though the thrust remained low throughout the drilling we had a minor failure during the Bstii0
requiring intervention by personnel inside the cell.
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Figure4-5. (left) DriIIi_ngstation in gallery. (right) Drill head in position

Installation

After excavationthe following componentsvere installed:

1 Abase plate, a sleeve head plate and an insert head plate
1 More than 150 sensors which were installed on the casing including:

(0]
(0]
(0]
(0]

(0]

strain gauges sectors at the sleeve intrados,

rock/sleeve clearance measurements

relative humidity/temperature sensors in the annular spanehie useful part and in the
insert,

convergence sensors for measuring the horizontal and vertical convergdribe aleeve
and inserf and

two temperature profilesvere measured

9 Fiveheater elements, each of which is three meters in length andrBf8in diameter.

Figure4-6. View of a heater element when it is installgeft). View of a heater/sleevdistance variation
sensor sectiofright).

The instruments peripheral to the cell including nine boreholes drilled from the GAN access drift and the
NRD perpendicular drift to monitor the temperature, the pore pressure and the deformation of the
surrounding rockwere installed prior to the cell evavation.
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