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ABSTRACT

The report describes development of machinery used to demonstrate emplacement of
thebentonite buffethat surroundshe spent fuel canister in a vertical deposition hole.

The main aim is to test the feasibility of the emplacement method. The emplacement
methods of the bentonite blocks have been developed so that it will be possible to carry
out the emplacement withémeeded speed and accuracy.

The machinery developed consists of a lifter device mounted on atredam format
frame, a bentonite block transfer device and a revised suction gripper integrated into
bentonite block transfer containers for lifting andvwng bentonite blocks.

A method for filling the gap between the bentonite blocks and host rock with bentonite

pellets waslsodevelopedand is described in this document

Keywords: Bentonite buffer, bentonite block, deposition hole, buffer emplacement,
vacuum lifter
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TIIVISTELMA

Raportti esittelee kaytetyn polttoaineen kanisteria loppusijoitusreiassa ympardivan
bentoniittipuskurirasennuslaitteiston kehitystyota.

Tyon paatavoite on kokeilla asennustavan kayttokelpoisuutta. Bentoniittilohkojen
asennustavat on kehitetty siten, ettd asennus on mahdollista suorittaa tarvittavassa ajassa
riittdvan tarkasti.

Tyon tuloksena kehitettyaltteisto koostuu nosturista, bentoniittilohkojen siirtolaitteesta
sekd Dbentoniittilohkojen kuljetussailiGista, joihin on yhdistetty jatkokehitetty
alipainetarttuja bentoniittilohkojen nostoja ja siirtoa varten.

Tyon tuloksena kehitettin my6s metodi bemittiilohkojen ja reidn kallioseindman
valisen raon tayttamiseen bentoniittipelleteill.

Avainsanat: Bentoniittipuskuri, bentoniittilohko, loppusijoitusreika, puskurin asennus,
alipainenostin.
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1 INTRODUCTION

The report describegevelopment of prototype machinery used to demonstrate emplacement of the
bentonite buffer that surrounds the spent fuel canister, in a vertical deposition hole.

The final disposal facility to store the spent nuclear fuel will be located in Olkiluotopapately
at the depth 0f420 meers. At this level are also the demonstration tunnels used to test the final
disposal techniques.

The main aim of the work is to test the f ea
method. This emplacement methfor the bentonite blocks has been developed so that it is possible

to carry out buffer emplacement within the required time of 120 minutes per borehole and attain an
accuracy of +L mm to the deposition hole centreline. The time requirement excludesrié

spent assembling the spent fuel canister before the 4 topmost disc blocks.

The machinery developed consists of a lifter device mounted on atrederi format frame, a
bentonite block transfer device and a modified suction gripper integratedentonite block
transfer containers for lifting and moving bentonite blocks.

A method for filling the gap between the bentonite blocks and host rock with bentonite pellets was
also developed and tested.
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2 FEASIBILITY STUDIES

Two feasibility studies were performed; otmeidentify methods of handling the bentonite blocks
and pellets and on® develop theorototype machinery used to transfer and emplace the bentonite
blocks.

2.1 Bentonite block handling

As part of the bentonite bigfr installation process the blocks are transported from the
manufacturingto the central tunnel in ONKALO where they are loadetb the transportation
vehicle to be moved further into the deposition tunnel. Bentonite is easily damaged if bréaght in
cortact with water, for example water drops from the tunnel ceilimybi&nthumidity changes can
alsobe harmfulto bentonite blocks. Bentonite blocks are adssily damaged by physical impact

and they should be handled with care. Therefore the blockstbave covered and sealed from
effects of the environment before moving them from the manufacturing facilities. It is favourable
for bentonite if it is kept covered and shielded as far as possible, until installed into the deposition
hole

Three possible nteods to cover the bentonite blocks have been investigated during the concept
phase of buffer installation machinery. All methods include covering after manufacturing in the
factory before moving to storage or directly to ONKALO. These methods are: wgappotastic

use of ametal coveror a sealed container. All covering methods offer shigjchgainst humidity
changes and water diefs.

2.1.1 Plastic cover

Wrapping in plastic is performed by first putting the block in a preformed plastic bag which is then
emptiedof air by a vacuum systerand then sealediirtight. Blocksso preparedcare moved on
pallettype bases that aseiitable to be handled with a forfikliOn arrival at the emplacement level,

the pastic cover is removed before the block can be manipulated with a suction gilipper.
uncoveredblocks are then subject to humidity in tunnel environment and must be installed in
deposition holes without deta

2.1.2 Metal cover/dome

A metal dome can be used to cover the block. In this case the bentonite block is inside a metal
canister with bottom plate and a metal dome. The dome must be sealed to be airtight with bottom
plate. Low vacuum could be used to hold tleme in place during transportation. Alternatively
mechanical locks can be used instegar in combination with vacuuni.o keep the block in place

during transportadjustable pads that are tightened between dome and the bentonitearido&

used.

The bottom plateof the transport doméas lifting points for handling in factory and in tunnel
before installation.

2.1.3 Container with gripper

In this geometry, shown in Fig. 1, thentainer alsaconsists ofa metal cover for the bentonite
block but a grippetis integrated into the transport urfitach fentonite block is put inta separate
container under controlled conditions in the factdiye @ntainer is then sealetherebyensuring
good protection against the environment.
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The ontainer can be constrect in several ways, but the main idea is to have metal canister that
can be split into suction gripper and container pdrte gipper part is used for liftingluring
bentonite block installationnto the borehole and gripper is used only with one block per
installation The grippers can be used over again harly after inspection inthe block
manufacturing facility The cover piece has all the necessary components of a suction gripper
without the actual machiner gripper is equipped with connection points taHow thelifter in

an installation vehicleto attach toa special lifing mechanismThis allows for very little
misalignmentto exist between the lifter and container. Thransport container also héifti ng

points to be used when moving the container in factory or driving tunnel

In the process of preparing the container and block packeg#rite blocks are first aligned with
the container top and then lifted into the contaiseraling of the containés achieved through use

of a weak vacuunmside the container. Thiweakvacuumis maintained orthe vacuum grippers
during transportatigrensuring the alignment between block and gripbkrchanical pads between
the canister and the bentonite block barused to keep the block on place during the transportation
and handling in factory and tunnel.

A further consideration in the planning for block placement in a borehole i®dbhbentonite
block may have a dedicated deposition hole and locatitrairhole In such a situation theemount
of pellets needed to achieve ttergetbentonite density can hgrecalculated based on thpre
determinedgeometies of the bentonite blocland boreholeThus theamount of bentonite pellets
can bepremeasured inthe manufacturing facilityand put intoa pellet storageand deposition
compartmenthat can be constructed on top of the gripper.

The container cover piece can be extended down to lower the height of the bottom piece and to
protect the block during thastallation(Fig. 2). This design is useful if the lifting height becomes
critical in the installation equipment. Also overpressure ring can berooted inside the gripper

ring to get more lifting power.

A design alternativéo use of a rigid walled container could be use of an upgtension made of
textile rather than metal has also been consideraa design would reduce the space needed for
empty containers. It would however not eliminate the need to move éraps$portcontainers from
the deposition tunnel as there is not enough space for all the container cover pig¢bessopison
does not povide a material movement advantage atsb provides less protectidhan themetal
version, this desighas not been further evaluated.
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Fig.1. Container concept with vacuum gripper and pellet storage.
Fig.2. Container concept with extended cover piece.
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2.1.4 Comparing block transportation alternatives

Each of the buffer block transportation options described above in Sectidn- 2113 have
inherent advantages and disadvantages assdamth them. These can be briefly summarized as
follows:

Plasticwrapped/covered blocks:

Advantages:

- Ease of handling with forklifts. Forklifts are used to move the blocks from storage to transport
vehicles or from one vehicle to another. Forkidindling can be considered safer than handling
with vacuum lifters.

- They can be stacked on each other and take less space compared with containers. When a
process that requires moving several blocks into the deposition tunnel at a time is used, then
usingplastic covered blocks is the only alternative because rigid containers cannot be moved
over each other in a tunnel environment due to the limited space available.

Disadvantages

- The plastic cover has to be removed before the blocks can be loaddzitrtemsportation
vehicle. This has to be done manually which causes a safety risk.

- Used plastic covers must be stored away, which causes waste and space problems.

- Handling the pallets is an additional time and spamesuming task.

- Bare blocks must béfted repeatedly using vacuum lifter which causes a need to realign the
grippers on top of bentonite blocks with high accuracy. Lifters must also be cleaned between the
lifts. Here the time consuming alignment is done in the tunnel compared to contaiceptco
where the alignment is done already in the factory under controlled conditions. This slows down
the installation process.

- The plastic cover provides little or no mechanical protection to the block.

Metal coveror containerover blocks:
Advantages:

- A metal cover allows a block to be without need to manually cut away the cover.

- It gives good protection against humidity and mechanical damage during the whole
transportation chain.

- The gripper is used only once underground which makes it easierstedtéaalign the blocks
during installation compared with plastic covers.

- Worker safety is also better when there is no need to handle covers manually.

- Grippers do not need to be cleaned between blocks lifting because every block has its own

gripper.
- Containers/covers can be used repeatedly.

Additionally, in the container option,yhusing integrated pellet storage in the gripper,néed to
measue out and installhe pelletsas a completely separate activitlythe deposition tunnel can be
avoided. Thus pellet installation can be done with same lifter movement as bentonite block
installation.
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Disadvantages:

- The main disadvantagef using ametal domeor containeto cover the block aregistical and
cycletimerelated
- Empty domes have to be stored in the main tunnel and

- The need foblock alignment in the tunnel applies for the dome as for the plastic covered
blocks.

- The need to move the block withime deposition tunnelonstitutesa riskregarding block
damage odropping.

- Speedat which equipment can move in the deposition tunaelalso become a limiting factor
for installation time.

- In the container option, the effect of an extended period of vacuum associated with the gripper
on the buffer block is not yet edtlished and is the subject of ongoing investigation.

2.1.5 Selection of preferred buffer handling approach

Before choosing the most suitable method to cover and transport the bentonite tiecks,
transportatioomethodsequencéom the central tunneto the aposition tunnehad to be selected.

Based on a need to minimize transportatielated activityin the deposition tunnel anen
assumption that &ull set of bentonite blocks ate bebroughtto the deposition hole at the same
time, the best solution euld probably be plastic wrapped bentonite bloddsis option has the
smallest volume of handlingelated materials.

The netal dome does not offer significant advantagesr the plastisvrapped blockdecausdhe
buffer blockhas to be removeflom thedome inthe centratunnel This transfer location is similar
to that of theplastic wrapped block&vhich could bemechanically shielded (e.g. in a boxed lorry)
up until this location in the repositary

The container alternative provides best protection through the whole transportation chain until the
deposition hole. The most important surface in the block, the top surface is protected all the way to
the deposition hole, which is not the case with tHeiotonceptsin this option,alignment of
bentonite block and gripper &complished ahe factoryfacility and high accuracy weighing and
loading of pellets is also done on the ground level. Grippers and pellet storagdsieate be
checked before stallation on the bentonite blockndin thefactory there are tools, cleaning agents

and sufficient space to make corrections to the gripper if needed. This signifisiamplifies the

quality controlprocess and should allow for reduction of blockctgn at the deposition tunnel

Based on these consideratiortsywas determined that the contaitgpe cover is the preferable
choice for handling bentonite blocks before and during installation P o s i vWadpasitoi/.B S 3
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2.2 Bentonite buffer installation equipment

In the bentonite buffer installation process the blocks are transported from the factory to the driving
tunnel in ONKALO where they are loaded to the buffer installation or transfer vehicle to be moved
into the deposition tunnel.

When stating concept development for the whole installation process it was assumed that the
installation equipment would carry, at the same time, all the bentonite blocks needed to fill a
deposition hole. With time it became obvious that there would be advagtiges with a concept
consisting of separate installation and transfer vehicles.

The development of workable concepts for installation and transfer vehicles has an important part
achieving the specified installation time and buffer block quality. Thewsvehicle concepts have
inherent limitations with respect to what bentonite block handling methods can be utilized. These
differences were very important in the process of assessing options and selecting suitable buffer
installation equipment and logis concepts. As equipment design options were developed, tunnel
space became an issue, forcing study of possibilities of using a smaller transfer vehicle, carrying
less blocks. Cyclkime calculations have also needed to be made in order to determitataihe
installation time for each concept.

2.2.1 Alternative transfer vehicle concepts

The main criterion in developing the transfer vehicle concept has beenedtk touse the
machinery undergroundecognizing thdimited spaceavailable for its operatiorOther important
criteria are safety, reliability, speed, serviceability and manoeuvrability.

Five possible vehicle concepts have been develagdkdf whichhave rubber wheeled chassis and
are moved with a terminal tractor. These concepts differ in two weys one is using a combined
transfer and installation vehicle or two different vehickpe other isdeterminingthe amount of
blocks to beransported, all at once or lessven only oneat-a-time.

The type of the vehicle has a great influencéhtowhole installation concept. Limited space in the
tunnel means that transporting several blockthatsame time is possible only witlncovered
blocks. This again defines the wiaywhich blocks will be handled.

2.2.2 Full Set Combined Vehicle (FSCV)

In this concept, avehicle with both transfer and installation vehicles integrated to one construction
is used (Fig. 3)All bentonite blocks needed for the finsistallation phasésix block9, can be
moved atthe same time.This wehicle has all the equipment needed for the buffer installation:
suction gipper, moving lifting mechanism, pellet storage and measuring device for quality control.
Only uncoveredblocks can be used this option and blockare loadednto the vehicleusing an
externalloader.

This vehicle could be equipped with driven and steering wheels to assist driving in the deposition
tunnel. The vehicle needs to be drivetoithe tunnel only once; after aligning on the deposition
hole the first six bentonite blas can be installed without moving the vehicle. Driving speed
thereforehas minimal effect on installation time.

The disadvantages of the FSCV are that amgoveredlocks can be used,

this means need to align each block to teactiongripper separatg exists
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The gripper must be cleaned at least checkedfter each lift to ensure adequate gripping force.
Pellet filling steps during buffer installation will alseeed a separate filling device. This means
complicated installation process with highquality problem risks Measuring pellets in the
installation vehicle isalsodifficult and timeconsuming. Estimated installation time for the buffer
using FSCV conceps 130 minutes, exceeding the target of 120 minuteslso leaves no time
margin fa slight delays in cycling or operations.

The krge size and heavy constructionecessary for this type of placement equipmaiakes
handling in the narrow tunnel difficult. The large frame construatiakes it mordlexible and
alsomakes it difficultto load blocks into the vehicle. Stiffening the frame would make loading even
more difficult. Uncoveredblocks are subject to humidity in tunnel environment and must be
installed in @position holes without delay. Any devicealfiunction during installatiorwould be
especially harmful with this concept.

-

Fig.3. Full Set Combined Vehicle with terminal tractor.

EURATOM
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2.2.3 Two vehicles concepts (TVC)

Two vehicle concepts consist of an installation vehicle and a transfer vehicle. Installation igehicle
used forthe buffer block and pellet installation and transfer vehiatemoving the blocks to the
installation vehicle.

2.2.3.1 Installation vehicle

Installaton vehicle has a frame with one axle, preferatityr rubber tires and fouactuatedsupport

legs to level the vehicle before and during the installation prdéeégs4). The wheels can be made
steerable to ease rough positioningiothedeposition holeThe installation vehicle is brought to
the deposition hole with a terminal tractor and removable fifth wheel. After rough positioning with
terminal tractor, installation vehicle is aligned with the deposition hole with hydraulic supporting
legs and cranéfter alignment installation vehicle is ready to start installing the bentonite blocks.

Handling the bentonite blocks is done with an electrically operated crane with hoisting ropes. The
crane moves on top of the frame in the tunnel direction. Tlez Idtlevelled and aligned with the
deposition hole. The lifter is equipped wiguide wheels and movable pads for accurate final
positioning when buffer block is aboutazm aboveits final position. Pads need to be constructed

so that theylo not interfee with the water protection rubb#rat might be used for a wet deposition
hole to protect the blocks from wettinfhe same type of installation vehicle is used in all two
vehicle concepts.

The details related to tHdter design differ depending on wtheruncoveredlocks or containers
are used. When usinghcovereddlocks, an additional pellet storage and filler tool is needed. Also
when using uncovered blocks platform is added to the frame for the blocks to be planedhen
moved from the transf vehicle in the full set transfer vehicle concept.

Fig.4. Installation vehicle concept model.

POSIVA EURATOM




12

2.2.3.2 Transfer vehicle

Bentonite blocks are transported from the driving tunuséhg a separate transfer vehicle. This
transfer vehicle can carry from one to six blocks at same tiimgending on the specific design
adoptedIt should be noted thatansporting more than two blocks a timeneed the samevehicle
design as the six blocktansfervehicle described in Section 2.2.3.3, complete witlsexond
overhead crane on transfer vehicle.

The simplest transfer vehicle type carmegy one block ina singlecontainer(Fig. 5). Although the

least complicated with respect to basic vehidésign, it does pose logistical complicationshas
gripper (container top piece) from the previous block has to be stored somewhere near the
installation vehiclglon tunnel floor near deposition holeyhen the transfer vehicle is getting the

next blodk.

The next step in transfer desigvolution of the one block transfer vehicle is the one block plus
platform type.The main change in design is the additionaofmovable platform to store the
previous gripper. This vehicle concept has two independsufipended turning wheels that can be
used to level the vehicle and assist in positioning and driving in tufineloperational sequence
can be summarized as follows:

- When the transfer vehicle approaches the installation vehicle the platform is posataved
the container in the transfer vehicle.
- When the transfer vehicle is aligned with the installation vehicle the previous gripper is lowered
to the platform which then moves aside to | e
- The transfevehicle then moves the latest contain@wer part and the gripper (top part) to the
driving tunnelwhere it is unloaded,
- A new block containeis then loaded onto the transfer vehicle and
- The empty block containers are sent back to the surfacelé@ading

The one block transfer vehicle can be enlarged to carry two blocks. This construction provides no
advantages compared with the one block-phaslel, but is heavier and slower to handle. It requires
additional equipment to move blocks and enguigtainers over each other.

The estimated installation time for the buffer is Mimutes with installation vehicle and one block
plus gripper transfer vehicle concept.

Fig.5. Oneblockplusgripper type transfer vehicle concept
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2.2.3.3 Full set transfer vehicle (FSTV)

A transfer vehicle concept that can carry up to six bentonite blocks has also been(figdiép
This vehicle type must have a lifter of its own to serve the installation vehicle. Like with the FSCV
concepidescribedn Section 2.2.29nly bare blocks can be handled.

Compared with the FSCV the full set transfer vehicle is lightersand easier to handlen the
confined underground environmenthe full set vehicle needs to be driven and positioned only
once to tle deposition hole so the driving spabdt was a factor in two vehicle concepts where
smaller numbers of blocks needed to be moved and containers or lids needed to Heastoed
effect on installation time. The stationary installation vehicle usedisrconcept can be made rigid
and easier to position compared with the FSCV. The speciabtyfter in the block transfer part

of the systenmhas a limited horizontal adjustability to align a block correctly for the installation
vehicle.This will facilitate the transfer and registering of the blocks during the installation process.

The main disadvantag®f the FSTV concept asompared with FSCV and container concepts
associated with:

- The length of the vehicle. i long and this makes it difficult to handle in narrow tunnel space.
Even with turning wheels will be difficult to turn the vehicle fronthedriving tunnelinto the
deposition tunnel.

- The needo accurate positiothe blocks on the block carriand tke carrier trailer,

- The morecomplex block moving proces$isat involves use dfvo lifters.

- Two heavy vehicles near each other havénareasedisk of coming into physical contact
Even a small collisiocould disturb the installatioprocessandresultin aneedto realignthe
installation vehicle.

As with the FSCV concept thereatsothe need to align the lifter with each block and to clean the
gripper after each liftThe pellet gap filling isalsocomplicated compared with container concepts
whichinclude the ability to complete pellet placement as part of each block installationAlydé
these factortead to a long installation timsmilar to FSCV concept.

Fig.6. Full set transfer vehicle with installatieehicle. Concept drawing.
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2.2.4 Comparing alternatives

In comparing the concepts reliability, speed and safety are among the most important criteria.

Reliability of installation is primarily connectedwith the complexity of the machinery and
complexity of the installation procesSonceptsthat enable us of blocks in containers have an
advantage compared to those using bare blocks. Contaiddslocls need lesdiandling during
installation because the loks areprealigned witha gripper in the factoryrior to delivery to the
tunnel Hence here is no need for alignment of the gripparblocksin the tunnebefore it can be
moved into placeBlocks not provided in prédoaded containerseed repeated liftg and aligning

and hencecleaning of the grippebecomes an issue sinseparate equipment for cleaning is
needed. Pellet filling is simpler using containers that have the pellets and filling equipment
integrated with the grippewithout preloaded peltagripper units, the installation of the pellets will
require additional filling and measurement equipment, which will slow the entire process.

With respect to operational cycle timess workin block handling and transfenears that the
installation pocess is faster using container blocks. Using one block transfer vehicle means
travelling several times back and forth in the tunnel. This increasesuthber of steps in the
placement procesbut as the transportation is maatehe same time dBe ingallation there is only

little effect on total installation time. Installation cycle time calculations show that full set
combination vehicle concept has an estimated installation time of 130 mpertésoreholeln
contrast the e block transfer vehicleoncept is estimated to use 115 minutewuéfer in one
borehole.Installation speeth the oneblock transfer vehicle concejstof coursevery dependent on
thedriving speed in the deposition tunnel and logistic arrangements in driving tunnel.

Personel safety is highly dependent on how close to the working machomerlyas to go. Plastic
covered blocks require the plastic to be removed manually, potentially creating a safeiyoesk
underground staff will be moving around heavy equipmént contast, buffer supplied in
containers and metal domes can be hanglademote contrglreducing personnel rislRemote
control is usedo some degrewith all the conceptsparticularly when installing the last buffer
blocks after theanister has beanstalled

A further general consideration is associated wittasewhere installatiormalfunction orother
problem that needs the equipment to be removed from the deposition hasnatcurred. In such
situations,the smaller and lightethe vehiclesarg the easierthey areto removeso access to
undertake remedial action is quicker.

Based on the considerations outlined above, a conceptual design for an installation and transfer
vehicle that handles two buffer and pelfidled containers has beenwadoped. Fig. 7 shows how
such a vehicle might be configured.
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I
Fig.7. Suggested concepr installation and transfer vehiclesavell agerminal tractor.
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3 DESIGN

3.1 Concept design stage

As outlined in Chapter 2¢conceps of how bentonite buffer emplacement equipmenight be
configured hasvolved from a rather simplistit-block at a time transfesystemconsisting of a
beamframed lifter systento a significantly more advanced automated dethes will allow for
several buffer segments to be transported in a single.cycle

In the beginning of the concept design phase, it was necessary to break dowstafyshavolved
in bentonite buffer emplacemeifirom this it was possible tdetermire the necessary action speeds

for each step. Then thactuator sizes, motor power ratings and gear ratexessarycould be
calculated.

3.1.1 Sequence of activities in buffer installation

Theeight basic steps associated wiihffer emplacement are showin Fig.8.

Fig.8. Buffer installation sequence.
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3.2 Design stage, general description

In the course of developing basic designs for the buffer installation machinery, the following
software was used:

1 Mechanical 3Bmodelling and?2D-drafting was done using Siemens PLM Software NX.
1 Structural analysis was done using the ANSYS engineering simulation program.
1 Autodesk AutoCAD was used for electrical engineering and pneumatics drawings.

3.3 Bentonite installation machine

3.3.1 General description

The bentonite installation machin€ig. 9), devel oped for use in Posi
consists of a sentrailer format frame, otop of which a lifter unit is located.

There are five primary components to this machine:

1 Theframe (1) is equipped with two wheels on a single steerable axle.

1 The support leg subframe (Z)he machine is levelled using four support legs moved by
electranechanical actuatorit.can be moved transversely-(irection) allowing the
positioning of the machine directly on top of the deposition hole. The subframe is attached
to main frame via two linear guides and moved by two electromechanical actuators.

1 Thepulling beam (3): This contains a king pin connection that is lifted to enable the
bentonite transfer device (BTD) to pick up empty container top.

1 The lifter unit (4): The lifter is movable on a pair of linear guidesi{p¢ction) and actuated
by two electic motors driving gear wheels against tooth racks. A winch with three steel
ropes is providing movement{drection) to a mechanical gripper to raise and lower the
container top with bentonite blocks and pellets.

1 The gripper (5): It has three electromanltal actuators that enable accurate radial
positioning of the bentonite block during the last 100 mm downwards travel. The gripper
attaches to the container top via three pneumatically actuated locK ipinsontainer top
has a vacuum lifting surface @gst the top surface of bentonite block.
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Fig.9. 3D-model of bentonite installation machir{BIM)

Tablel. BIM technical specification.

Mass 20000 kg

Length 7710 mm

Width 2590 mm

Height 3750 mm

Power ElectricaP=30 kW

Electrical feed 3x400 VAC, 63 A, 50 Hz {$N | connection to tunnel network

Batteries 200Ah/24VDC control unit, lights and steering of rear

axle

Control unit Crosscontrol CCpilot XM, CANopen, Ethernet
CoDeSys V3

Operators 1 person

Transfer speed <5 km/h

Buffer emplacement time

120 min/deposition hole

Buffer emplacement
accuracy

+1 mm

measured from deposition hole vertical
centre line

Gripper carrying capacity| 5000 kg
Gripper Xmovement 2650 mm
Gripper ¥ movement 225 mm
Gripper Zmovement 12000 mm
Ground clearance 280 mm

3.3.2 3.3.2 Actuation options

POSsIVA
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At the beginning ofthe BIM designprocess the movements othe BIM were intended to be
hydraulically actuated.However, hydraulic oil used in this type of equipment creaes
contamination hazard for bentonite blocks and the deposition hole. For this reason, there was a need
for an alternative actuation methéal be identified and develope@ptions identified wex water
hydraulics, pneumatic and electromechanical actuafdaser hydraulics was studied and found to

be technically possible. As most components would need to be customized for water, the cost would
have beemmpractically high(5 to 7 times the cosf @il hydraulics).

Pneumatics actuatioavaluation identified thatiaflow and volume requiredo run the system
would have been &chnicalchallenge, requiring a lot of space within the machine frame for hoses,
compressor and air storage.

Accuracyofsuch a syst evoulddhave leenrcarpromnoised due to compressible nature
of air. The sze of the actuatonseeded talelivertherequired forces would have been very big.

Electromechanical actuatiomas the third option and it avoided most of timeithtions identified
for the other alternatives and stiftained sufficient robustness and accuracy of operation.

3.3.3 Lifter unit

The lifter unit frame is a welded steel plate construction onto which the winch, mechanical gripper
and other lifting equipmerare attache@Fig. 10) It also carries the laser scanner, pneumatic hose
and electrical cable reels. The lifter unit moves longitudinally on linear guide racks on BIM main
frame unit(Fig. 9) and igpowered by two electrical motors via gearboxes anibpiwheels.

Fig.10. BIM lifter unit
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Initially in the conceptual design proceaB lifter components were duplicated as if the device was
going to be used as a production item. These components included the steel tbpesinch, the

winch brakes, winch motors, winch gearboxes and steel rope adjustment actuators for gripper
balancing.This duplication would have increased the cost and complexity of the device without
providing any significant benefivith respect to thdask of field testing buffer emplacement.
Therefore a decision was made to abandon duplication and continue the design work with single
component setsat least for the concept development and demonstration p&sod result the

winch drumused in the B is simpler and holds all steel rapen one layer, making it less prone

to failure (rope entanglement etc.).

3.3.3.1 Winch brake and gearbox system

The winch brakeand gearbox system are critical in terms of ensuring safe and controlled movement
of the buffer blocks. The winch brake used in the BIM dessgan electrically activated and
manually disengaged Dellner EFP 2x100 disc brake. The brake activatesndieatric solenoid

is deenergized (e.g. electrical power failure). The tangential braking power is 120000 N.

The gearbox selected for the winch system will determine the smoothness and speed(s) at which
buffer blocks can be handled (raised/lowered). Durireggselection process for the winch gearbox

type needed, consideration was given étidal gear unitworm gear unita Posiplan unitand a
planetary gear unitAs the planetary gear unit offered the required reduction ratio and torque
capacity in a compaenough space, it was the choice for further design.

Fig.11. Winch assembly.
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3.3.4 BIM main frame

The BIM main frame unitKig 12 is a welded steel plate constructionto which the steerable rear
axle, linear guides for lifter unit and support legs, the pulling beam, pneumatics system and
electrical system are attached. It has a pair of longitudinal linear guides for the lifter unit and a pair
of transverse linear gues for the support leg subframe.

The steerable axle unit is a SISU SSHM®S front axle. The axle is rated for @00 kg load at 10
km/h. There are no driving brakes on the @sitmovement is controlled by the terminal tractor as
part of the unit positining processTurning of the rear wheelsto allow for BIM manoeuvring
within the tunnels actuated by a single electromechanical EXLAR unit.

Fig.12. BIM main frame.
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3.3.5 Support leg subframe unit

The support leg subframe assemblythe BIM is a welded steel plate construction with four
independently actuated le@Sig. 13) The subframe can be moved on linear guide units to enable
limited lateral positioning changes of the machiBachsupportieg has one servo driven Exlar FT

60 electromechanical actuator (1) rated at 90.8 kN thrust force and 600 mm nominal travel. Actual
travel is limited to 550 mm.

1

Fig.13. Support leg subframe assembly.
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3.3.6 Pneumatic system

While the design selected for the BIM does not use water or air actuators, there is still a need for a
vacuum system to operate several of the peripheral comporiémsBIM therefore has an
independent pneumatic system to deliver compressed air for vagenemation, pulling beam lock
cylinders, gripper lock cylinders arlde container pellet release system.

The pneumatic systeimstalled in the prototype BIMonsists of a Gardner Denver compressor, a
Hiross air dryer, piping, valves and accessories.

Tale 2. Pneumatic system specification.

Peak flow 360 I/min

Operating pressure 7 bar

Pressure reservoir capacity] 2 units of 200 | each
Condensate water tank 301

capacity

3.3.6.1 Mechanical gripper unit

The original lifter (Saari et al2010) used in testing vacuum lifting of large concrietecks
(simulating bentonitebuffer blocks) was equipped with a rotary vane vacuum pump. As the
temperature range in Onkalo demonstration tur
ambienttemperature lower limit for suchotary vanepump is +12 °C it was necessary to find a

pump type suitable fonndergroundcenvironment.The solutionidentified wasuse ofa set of three

ejector pumpsated to temperatures as low-a6 °C(Fig. 14)

The mechanicafripper unit is suspended from the lifter unit by three steel ropes, each individually
adjustable via electromechanical actuator for accurate levelling of the gripper and it$Head.
gripperalsohas a robotic connector in the centre for eleat and pneumatics feedthroughtle
container.
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Fig.14. Mechanical gripper unit

Themechanical gripper unit in the prototype BIM was designed thitte guide wheels to prevent
collision with depositiorborenole walls. Eachwheel unit is paired with an electromechanically
actuated centring pad for accurate horizontal adjustment of the load position. Duringdettig
prototype BIM the centringdf the gripper unit in the hole provelifficult because the pads caused
radid movement while extending and retracting. Bgrroduction machine, replacing solid rubber
pads with horizontal wheels is suggested.

As discussed previously, in the container concefiepstorage is integrated into the container top
and pellets are uodded by lifting the outer skirt of container top. The gripper unit has three
pneumatically actuated levers that engage with the container skirt and control its opening and
closing.

3.4 Bentonite transfer device

The bentonite transfer device (BTBown inFig. 15,is a trailer moved by a terminal tractor unit.

It is equipped witha single steering axle to ease the positioning near BIM and to limit the steering
effort while driving in demonstration tunnélhe BTD is steered manually by the terminal tractor
operator. The operator has a direct view to BTD, assisted biekdefrom video cameras on BTD
The BTD gets both its hydraulic power and 24V electric power (for controls) from the terminal
tractor.All BTD movements are actuated by hydraulic cylindmstrolled by proportional valves.

Before the bentonite block is lifted off, the BTD is levelled by two hydraulic support legs at the rear
corners and terminal tractoiifth wheel. At the same time the axle subframe is lifted hydraulically
so that thewheels are not in contact with the tunnel floor, thus eliminating any effect from
deformation of theubber tyreswith operation of the BTD or BIM
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As shown in Fig. 15,he transfer devicen the prototype BTDrancarty one block ina container.

This devce has a longitudinally moving platform to store the previous container top. When the
transfer device approaches the installation machine the platform is positioned above the container in
the transfer device. When the transfer device is aligned witmghtallation machine the previous
container top is lowered to the platform which then moves aside to let the lifter grab the next block
container6s top. rdmows thercantaiséftosver paitand the suctian lyrgoper
(container top part)p the driving tunnel and takes a new block contdnaek to the tunnel

Fig.15. 3D-model of bentonite transfer device.

Table3. BTD technical specification.

Mass 4600 kg

Length 6960 mm

Width 2790mm

Height 2500 mm

Power HydraulicP,,;;=200 bar From tractor unit

Electrical feed 24 VDC, 2x10 A From tractor unit

Control unit Crosscontrol CCpilot XM, CANopen, Ethernet
CoDeSys V3

Operators 1 person

Transfer speed <5 km/h

Maximum load 6000 kgotal Top shelf: empty container toj

440kg

Maximum lateral 20 %

inclination

Ground clearance nXpnn YY hydraulic adjustment
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3.5 Bentonite block container

Resulting from the bentonite handling feasibility study, a steel container was desighedttoite
blocks (Fig. 16 and Fig. 17)The primary roles of this container are gootect the block from
humidity, contamination and possible impacts during transportation.

A Container consists of:
1 Cylindrical, bottom vessel built using mild steel and
1 A top with integrated suction gripping surface and pellet compartments

Fig.16. 3D model of bentonite container.

Fig.17. Split view of the bentonite container with a ring block. Picture shows the latiation of
container top.
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Initially two complete containers were manufactured, one for 960 mm high ring blocknaine:r

for 500 mmhigh solid block. The taller container can be used for 800 mm blocks during the
demonstrations by adding spacing to its bottom. Likewisesktioetercontainer can be used for
trials using 00 mm high solid block.

One container top was finished and factorstdd. After the tests some alterations were made for
the second container top:

1 Integrated vacuum reservoirs were abandoned in favour of more rigid toroid section
reservoirs.

1 Vacuum suction surface was made of a single plate with only six suction areass(tbtion
circuits). Suction surface in first container top consists of 27 separate plates.

1 Slight alterations to manufacturing dimensions and tolerances for better pellet compartment
functionality.

The first containetop was also upgradesb that theonly major differencdetween themnemained
the suction surfac&®oth container topareinterchangeable.

3.5.1 Re-designed suction gripper

The concepof utilizing steel container® hold and deliver the buffer and pellets into the borehole
necessitated @e-design of the suction gripper.

The initial designfor a suction grippewas for a single unit consisting of a steel structure with
vacuum pump and suction surfaces. Current design divides the functionality between bentonite
block container and bentoaitnstallation machine.

Vacuum generation comes from three ejector pumps located on the mechanical gripper. The
mechanical gripper is permanently attached to the lifting ropes in BIM lifter Timit.top part of

the container is classified as a Aored load lifting attachment according 8~SEN 13155.

The top part of current container serves three functions:
1 covers and seals the bentonite block within the container
1 provides asracuum gripping surface to lift the bentonite block
1 contains bentonite pelletsr gap filling

Table4. Technical specification for container top/suction gripper.

Lifting capacity 3900 kg nominal 4875 kg test lift weight (125%)
Vacuum generation 3x Piab P6040 Xi

Vacuum level 95% of full vacuum

Minimum vacuum level 40% of full vacuum n=2

Air consumption 110 NI/min

Pellet capacity 250 litres 6 compartments

Vacuum reservoir 68,4 litres 6 reservoirs 11,4 litres each
displacement

Number of suction circuits | 3
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3.5.1.1 Pellet compartments

There are six pelletompartments inside the container top. Each compartment contains a pre
measured amount of bentonite pellets, so that after each bentonite block is in place, the pellets can
be filled into the remaining volume. The amount of pellets loaded into each ¢orapars

determined by calculating the gap between block and deposition hole wall. Calculation is based on
laser scanned model of the hole and bentonite buffer size and location.

3.5.1.2 Pellet drop test

The selected method of pellet filling involvesiategrated cylindrical pellet compartment on top

part of bentonite block container (Fig. 18). Pellet compartment bottom is shaped as a truncated cone
and is divided into six equal sectors. This will enable filling the correct amount of pellets to
compensat for possible deviations of the gap between bentonite blocks and host rock.

Before detailed design of the pellet compartment was completed, a series of tests were conducted to
determine the best bottom surface inclination for unassisted dropping ¢$.pEtiedo this a test

device (Fig. 19) was fabricated to simulate the pellet compartment. It consists of a mild steel sheet
metal frame, athadjustable steel bottom plate and a vertically sliding gate for pellet release.

In the simulator, the bottom platgclination can be adjusted between 5 and 45 degrees in 5 degree
intervals using fixed holes in frame plates. Additional adjustment is made by shimming the front
(low) edge of the bottom plate. The top of the device is open to enable pellet fillingeasidiing

gate is opened manually to release the pellets.

I" 2 i  r— =

Fig.18. Pellet compartment in container top

POSIVA EURATOM




29

.

Fig.19. Pellet drop test device

Three types of bentonite pellets were testbdfore the design of the pellet compartment component was
finalized

1 cylindrical &8x12- 25 mm

1 square pillowshape 12x121m, 5.5 mm thick

1 round pillowrshape d12nmx 5.5 mm thick

After conduct of a series of trials where the angle of the bottom plateanad, it was determined

that at an inclination of 25 degrees allowed all pellet types to freely discharge by gravity. In order to
provide a slightly more conservative design, an additional 2 degrees was added to the angle of the
bottom plate to producatotal inclination of 27 degrees. Drop tests were repeated multiple times
and there were no pellets remaining on bottom plate at any time. Based on these tests a 27 degree
inclination was chosen for container pellet compartment bottom surface.

3.5.1.3 Robotic connector between sensors and power actuators

The pressure sensors and optional pellet vibrators require electrical feedthroughs between
mechanical gripper and container top. A robotic connector (Fig. 20) was employed for the task,
enabling automated conngmst of signals and power.

The initial design of this connector was found to have some issues related with its use. Firstly, due
to the nature of the welded steel construction of the gripper and the container top, the connector was
between these componemias found to be prone to misalignment causing a connection failure.

After the first factory acceptance tests it was deemed necessary to use a more robust connection for
a production level machine. The second item observed was that continuous monitoontgioier

vacuum circuits was found to be unnecessary and a design change was made to move the sensors ta
the mechanical gripper side. The third item was the neeltbtoge the vacuum break valves to

direct actuated magnetic valves, eliminating the neegifot pressure

feedthroughs from mechanical gripper to container top.
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These modifications to the robotic connector were all of a design and operation improvement nature
and did not reflect any basic problem with the concept and its operation.

Fig.20. Robotic connectausedfor electrical power, signal and compressed air. Top part is
attached to mechanical gripper and bottom part to container top.

3.5.1.4 Suction surface on block lifter

The development of a suction system for udeaiding the lifter head in place during block
loading, unloading and installation underwent two main design iterations, as shown in Fig. 21.

The first container top was manufactured with a suction surface design consisting of 27 separate
aluminium suctn plates, similar to the original suction lifter tested in 2010. These were intended
to provide a well distributed series of lifting areas to provide good reliability should some local
areas on the upper surface fail to hold under suction.

For the seaad container top design, the suction surface wakesggned to have only six separate
suction areas on ofpece aluminium plate. The result of this redesign was a substantial reduction
in the number of fabricated parts, vacuum hoses and fittings. Thisee the complexity of the
construction, operation and hence component cost. The results of trials using a lifter of this design
were successful.
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Fig.21. The 3circuit division of the original (left) and new (right) suctioipging surfaces. Each
colour corresponds to one independent suction circuit.

3.6 Control and automation systems

The control system of the installation equipment consists of two independent subsystems, one for
the Buffer Installation Machine (BIM) and other fihe Bentonite Transfer Device (BTD). Both are
based on a PBased controller with CoDeSys V3 programming environment.

Although not expected to be a normal operating practice, the BIM control system comprises of both
direct manual operations and autoimalperations initiated by the operatbig. 22 and Fig. 23

show the control unit associated with the BIM. When the BIM is travelling along the tunnel, it is
possible for the tractor operator to steer the BIM rear axle from the tractor cabin.

The BIM isnormally expected to be operated from a remote operating station in order to maximize
worker safety by minimizing physical interaction of personnel with large equipment. All BIM
functions can be controlled from this position utilizing sensor data (as shdvign 24) and video

feed from cameras. How this is accomplished via an automation program is shown in Fig. 25.

All the movements of the BIM are accomplished by use of electromechanical actuators. The support
legs, winch drum and lifter Xnovement areantrolled via servo drives located inside electric

cabinets. Electromechanical linear actuators with integrated servo drives are used for rear axle
steering, frame ¥novement, winch rope adjusters, pulling beam lifting and gripper fine

positioning. All adyistable movements in BIM are equipped with absolute sensors so as to ensure
that no limits regarding positioning are exceeded.

The key electronic and softwarelated components associated with the BIM and BTD are as
follows:
1 The positioning system for Bl and buffer blocks is based on a laser tracker and laser
reference targets inside the demonstration tunnel.
1 The laser tracker used is an APl Omnitrac2.The field buses associated with the control
system used in the BIM and BTD are CAN and Ethernet.
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1 Inorder to accommodate attachment of the lifter to the buffer blazntaing algorithm
was developed for mechanical gripper.

When located at the demonstration hole, the BIM gets its power from demonstration tunnel 400 V
electrical network. For transfelomg the tunnel to and from the demonstration hole, the BIM has
two batteries powering the rear axle steering, lights and control system. A different power supply
network will be necessary during actual placement operations but this is not considerad to be
significant issue since the operational areas of the repository will need to have a robust power

supply.

Fig.23. BIM main control unit
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Fig.24. Remote control view of BIM main control unit and gripper control unit
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CAMopen |
CaNopen I
CAMopen 3

BTD

Fig.25. Automation program layout for BIM and BTD
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3.6.1 Safety features

As noted previously, safety of the staff associated witBiiM and BTD is the primary concern

during all phases of repository activity. There is additionally the need to protect the machinery from
unexpected conditions or to rapidly shut it down should mechanical problems or control issues be
detected. The BIMsi therefore equipped with manual emergency stop switches and a key switch to
disengage all actuator movements. The BTD has its emergency stop switch located inside tractor
cabinet.

The BIM also has buiin provision for linking into external area contsyistem to provide for
automated shut down should anyone be in the vicinity of the operating equipment.

The safety features for buffer installation machinery is designed in accordance WVAENSE®
13849 class 1.

3.6.2 Linking the control systems

As the BM and the BTD are designed to operate together they need to haxedinaied control
system. To accomplish this there is a wireless Ethernet connection between BIM and BTD. This
connection is designed to transfer the video signals from BIM camerastar ttabin and also for
use when steering the rear axle of BIM during its movement along demonstration tunnel.

The tractor used to relocate the BTD is linked to it through physical connectors. There are
connectors for coupling the tractor hydraulics iBTD and linking the BTD to its control unit
located inside the tractor cabin.

Connection between BTD and its remote control is established via wireless Ethernet or through
cable utilizing CANopen and Ethernet protocols.

3.7 Safety and risk analysis

Themachine safety and risk analysis for both the BIM and BTD was performed.
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4 MANUFACTURING

Manufacturing of the prototype equipment developed conceptually for use as BIM and BTD began
in thesummerof 2012(BIM) and in the spring 2013 (BTD)

4.1 Bentonite installation machine

The bentonite installation machine was manufactured by Konepaja Laaksonen Oy in Turku,
Finland. This machine was a completely novel design and required very stringent construction
specifications to be followed. The result was a slaWwan planned construction and delivery delay
past the originally anticipated date. The machine was however completed and delivered to Posiva
Oy for use in installation trials on the surface at Olkiluoto and underground in Onkalo.

All electrical installatbns were made by EImont Oy, from Lahti, Finland in Konepaja Laaksonen
Oy premises.

4.2 Bentonite transfer device

The bentonite installation machine was manufactured by Lehtosen Konepaja Ltd. in Kokemaki,
Finland. As with the BIM, this component was a newigie and required specialized
manufacturing expertise. It was completed within the specifiedftiamee and used in surface and
subsurface trials once linked to the BIM.

4.3 Bentonite block transfer container

The bentonite block transfer container manufacturing was split between Konepaja Laaksonen Oy
and Lehtosen Konepaja Ltd.

The container tops are closely related to BIM lifting system and therefore require that they be built
in close consultation. As a rdsthe tops and BIM were both manufactured at Konepaja Laaksonen
Oy.

The lower, container bottom vessels to be carried by BTD were constructed by Lehtosen Konepaja
Ltd. The container base is of welded sheet metal construction, which made creatidatofedyre
lightweight but dimensionally accurate unit challenging. While not simple, the lower component
represents a more basic mechanical construction that still must be mated to the lids.
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5 TESTING AND DEMONSTRATIONS

Test plans associated with the BIMdaBTD were made in order to accomplish the following:

1 Completion of factory acceptance tests (FAT) for bentonite installation machine and
bentonite transfer device

1 Testing the machinery functions and buffer installation using a concrete simulationesf buff
rings and disks at ground level (Demonstration Phase 1)

1 Testing the installation of concrete buffer in ONKALO demonstration tunnel
(Demonstration Phase 2)

1 Demonstration of the installation of bentonite buffer in ONKALO demonstration tunnel
(Demonstratia Phase 3)

5.1 Factory Acceptance Tests (FAT) for BIM and BTD

FAT for BIM was started on 11.6.2013. All machine movements and functions were tested. Some
minor issues were identified and after correction the BIM was released from the factory to Posiva
on7.10.2013. Of particular importance was confirming operation of the container top suction lifter,
which was tested with a 4875 kg weight and found to be functioning as expected.

FAT for BTD was performed on 4.7.2013. There were issues with steeringihigslravhich
required a modification before the BTD could be used for demonstration tests.

5.2 Testing machinery functions
First test phase (Demonstration Phase 1) was evaluating the construction and design of the devices.
Accuracy of movements and positingiwere tested extensively to ensure successful emplacement

tests. These tests took place in the surface
area.

The machinery functions were tested and the automation development continued dutiimg this
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Fig.26. Bentonite installation machine at surface level test facility.

5.3 Emplacement demonstrations in surface facility

The purpose of these tests was to demonstrate thatsaziedl borehole volume could be
successfully installed using concrete blocks of the same size and mass as buffer rings and disks
within two hoursoé tis#hem to a | ateral accuracy

5.3.1 Execution

Surface level testing started in September 2014.

First buffer installation test was started on 18.2.2F1d. 26, Fig. 27 and Fig. 28 show how the
blocks were moved in the course of the test.

The measure of block to container top concentricity wkesyagoal in the placement trials. This was
measured by an external tachymeter so that the position of the block could be measured from the
laser targets on top surface of the container top.

As outlined previously in this document, the buffer installagiorcess is a complex activity that

needs to be carefully sequenced. Additionally for the purposes of these trials, there is a need to be
able to accurately determine what the degree-plased positioning accuracy can be accomplished
well as identifyingwhat improvements could be made before underground trials occur or real buffer
components are used.
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The buffer installation sequence was defined as follows:

POSsIVA

1.

Terminal tractor operator moves the BIM to a 10 metre distance from test hole. Timing is
started.Terminal tractor operator connects BIM to tunnel electrical feed and moves the
combination the remaining 10 metre distance onto the test hole.

The operator positions and levels the BIM from the remote operation station. BIM shall be
positioned so that éhinstallation aperture on support leg subframe1€6 mm from test

hole centre line. The BIM shall be backed as close as possible to the transverse centre line of
the hole. Maximum correction with BIM lateral shifting is 200 mm and so initial positjonin

Is important. The BIM must be aligned with the tunnel centreline so that the BTD can be
accurately driven to load transfer area and both BIM and BTD can be aligned correctly. The
sideways shifting is done by moving the support leg subframe onto tesiemdle line

while the terminal tractor is connected. Support legs are lowered into contact with the floor
so that they support the BIM weight. The terminal tractor is then disconnected from BIM.
Terminal tractor is driven away and BIM frame is moved at@entred position, aligning

the lifter unit with test hole centre.

Once the BIM is standing on its support legs, the terminal tractor moves tohetorst
bentonite container.

BIM is raised as high as possible within the range of its feet andeftefined tunnel

height specification and levelled to its final stance. If BIM is not sufficiently raised, there is

a risk of BTD wheels touching the BIM fram
pulling beam is then raised to full up position so thatBTD can fi into the load transfer

area.

Terminal tractor operator fetches the BTD and container loaded with a block and pellets.
The terminal tractor operator moves the BTD into BIM load transfer area. The maximum
acceptable transverse deviation betw&IM and BTD centre lines ig-£L70 mm. The

BTD must be reversed accurately and as parallel as possible to BIM centre line, taking into
consideration any deviation betareBIM and tunnel centre lines.

BTD is positioned to BIM load transfer area anceléead by two support leg cylinders and
the fifth wheel. The wheel subframe is lifted up at the same time so that the full weight of
BTD is on support legs and fifth wheel. The BTD wheels must not carry its weight during
unloading, as the weight shift cagdbe tyres to flex, disturbirthe positioning and

levelling.

BIM operator moves the gripper into load transfer area and grips the container top. Vacuum
suction system starts and creates a vacuum
surface andhe block. After gripping, the BIM operator lifts the gripper with the attached
container top and block up to clear the ve
hole centre line. Maximum loaded gripper ascent speed is set at 4 m/min. Maximpen grip
horizontal speed while loaded is 8.3 m/min. The bottom ve$$ieé @ontainer remains on

BTD.

Block is lowered so that it passes the laser sensors installed on the
support leg subframe installation aperture. Sensors measure the
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centring of the blocland container top. Maximum loaded gigpmlescent speed is 6.7
m/min.

9. BIM operator lowers the block further to the test hole and the mechanical gripper support
wheels keep the gripper centred so that the block does not hit the wall of the borehole. When
the block is 50 mm above the final installation level, the centring gadsipper are
brought into contact with the walls and the gripper with block is centrigsl fioal
horizontal position.

10. After the final centring, the block is lowered fully and the pads are retracted. The
positioning is verified using the laser trackif there is any deviation the pads are again
extended to hole wall, the blocktéf slightly and repositioned.

11.When the block is resting at the bottom, BIM operator releases the pellets to fill the volume
between the block and hole wall.

12. After thepellets are installed the suction vacuum is broken. When the pressure between
suction surface and block reaches ambient level, the mechanical gripper and container top
may be lifter up. Maximum unloadedigper ascent speed is 7 m/min.

13.BIM operator liftsthe container top out of the test hole and moves it onto BTD top shelf.
The terminal tractor operator has moved the shelf to its back positaBIM load transfer
area.

14.BIM operator releases the container top from gripper. The mechanical grippefidlgar
lifted up so that the robotic connector and gripper eyelets are free. BIM operator moves the
gripper back, oudf the BIM load transfer area.

15.BTD top shelf ismoved to full forward position.

16.BTD wheels are lowered so that wheel subframe is haatand suppa leg cylinders are
retracted.

17.Terminal tractor operator moves the BTD and empty container away from BIM ahddet
the next loaded container.

18.The steps above are repeated starting from step 3 for bottom, ring and top blocks until the
buffer is complete. When installing the ring blocks, the two inner suction circuits in
container top must be closed (manual operated valves in container top). The container top is
prepared before is moved over the ring block.

19.1f spent fuel canister installion is to be tested as well in the installation trial, the buffer
installation is interrupted after the last ring block is installed and the BIM is moved away
from the demo tunnel. Testing continues after the canister installation test is finished. In an
actual canister installation the same operational sequence would also be necessary.

a. BIM gripper shall be lifted to top position so that the support wheels prevent it from
swinging during transfer. Gripper contains delicate
components that may get damagetie gripper hits the lifter
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unit frame.
b. BIM lifter unit is moved to full forward position.
c. BIM pulling beam is lowered and locked Wwipneumatically operated pins.
d. BIM support leg subframe imoved to its centre position.
e. Terminal tractor operataonnects the tractor fifth wheel to BIM kingpi
f. BIM support legs are raised fully togure proper ground clearance.

g. Terminal tractor operator moves the BIM 10 metres from the test hole and
disconnects the electrical feed.

h. The test will continue by peating from step 1.

20As the | ast step the BI'M is connected to t
away from test hole.
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Fig.27. Gripper ancconcrete blockowered into test hole.
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