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1 INTRODUCTION

The memodescribes development of methods to ensure the overall qualitye bentonite buffer
that surrounds the spent fuel canisterthvertical deposition holef a KBS3V-type emplacement
geometry

The final disposal facility to store the spent nuclear fiigeh existing power plants in Finlawdll be
located in Olkiluoto, approximately at the depth @20 metres. At this level are also the
demonstration tunnels used to test the final disposahigefs and this quality assurance equipment.

The bentonite buffer consists of a bottom eslaped unit locatedelow a spent fuel canister, five
ring blocks surrounding the canister and four disc blaegtlledabove thecanister. The buffer is
emplacé using a buffer installation machine (BIM). The buffer needs to be positioned correctly and
have a certain density in order to function as expedtee.gap between buffer blocks and host rock

IS to be filled with bentonite pellets.

The main aim of the wrk described in this documentasto define quality requirements for buffer
emplacement work and gap fillings well as designing and testing the quality assurance equipment
and control procedures.



2 FEASIBILITY STUDIES

This chaptepresents the resultf the feasibility analysis on the methatiait couldbe suitable for
quality assurancef the buffer manufacturing process through to its installation in the deposition
borehole The methods with which the quality requirements foemsding the bentonite buffer can

be achieved are also introduced.

In order to test the measurement and monitoring approaches proposed for use in assuring placemen
consistency and overall installation quality assurance a comprehensive seriescdléiéists were
conducted. It should be noted that most of these tests involved use of concrete mockups of the buffer
component that represent a fatlale simulation of the installation process and measurements. The
use of concrete rather than bentonite kéowas undertaken in order to allow for repeatstallation

and movement cycles without risking damage to buffer segments or inducing difficulties associated
with prolonged exposure of the bentonite segments to the atmosphere (cracking, desiccation).

Buffer block dimensions and tolerances used

- Outer diameter 1650 £1mm

- Inner diameter 1070 £1 mm

- Bottom block height 500 £1 mm (1 pc)

- Ring block height 960 £1 mm (5 pcs)

- First block on top of canister; height 400 +1 mm (1 pc)

- Second and third block on top of canister; height 800 £1 mm (2 pcs)
- Top block height 500 £1 mm (1 pc)

2.1 QA1: The integrity of the Buffer Blocks during the Installation Process

2.1.1 Background and Motivation

The goal of this activityis to ensure that lentonitebuffer block will endup, asan intactunit in its

target position in the deposih hole. This is a key goal as fracture in a bentonitblock may
decrease the strength of the block so that it breaks into pieces under its own weight or because of the
stresses inducely buffer block installation machine (BIM) handling the blods a result the
inspection of the blocks from the time of mudacture through to their placement will be a key
process in terms of ensuring quality is maintained

2.1.2 Studied Approaches

The most promising technologies for the surface inspecatiomanufactured buffer blockare
machine vision (Photogrammetry), closenga laser scanning and white light measurement
technologes

Machine vision is based on taking ordinary or high resolution photographs and analysing and
processing them then with a computer or by human review. Various illumination techniques such as
strudured laser illumination, side lighting etc. can be used to tune the technology to various
measurement tasks.



Close range laser scanner scans the surface from shortish distanc&0&f B0n.Laser sanning

area from one positioexamines an area of appnaately 100 x 100 mm and one partial scan takes
approximatelyone secondlhe £anner produces a 3D point cloud which can be processed further to
generatea surface modellhe sirface model cathenbe compared against the CAD design and the
measuremend at a whi ch was gathered at the factory
surface.

In white light technology the measuring device projects a light pattern on the surface under
inspection, photographs it artthen produces a point cloud based on theguared data. One
measurement covers area agproximately500x 500mm taking less than a secdndcomplete

Depth of the measurement field is 270mm. Measurement distance is 700 to 800 mm.

2.1.3 Recommended Approach

After review of the options for block ipection listed in section 2.1.2¢0th machine vision and white
light technologywere identified agood candidatef®r block inspectionThey are accurate and fast
enough and the required engineering effort is not overwhelming.
- Machine vision would probdpprovide the lowest cost and smallest engineering effort, thus
is identified as the most attractive approach.
- White laser scanner would also perform the inspection task and it could be used to measure
the drilled hol es, b uadvideanyhemarkablesbenefitsltaompaged | i g |
to machine vision.

Close range laser scanner is not feasible due to the small shooting area and especially due to the lon
data analysing timewhich cannot becosteffectively compensated by increasing thember of
sensorsised

2.2 QAZ2: The Position of Individual Bentonite Blocks and the Assembled
Buffer.

2.2.1 Background and Motivation

Two things motivate tradkg of the positioning quality of the depasit holed buffer assembly. The
first one isa needo guarantee that treanistercan be installed in the buffassemblyand the second
is that the gap between the host rock and the outer surface of the buffer blockisehabgioed so as
to allow for pellet filling to be accomplished

The minimum cleance between the inner surface of the ring shaped bentonite buffer blocks and the
copper canisteris 9.5mm [(1069mr1L050mm)/2] This takes into account the manufacturing
tolerance of the bloddbut assurasa zerodeviationtolerance irthe bufferassembly.

The width of theouter fiost rock to blockgap has to exceed 25 mm to allow proper fillimgh
pellets

Hence, &gnment of the individual blocks in respect other blocks and the verticality of the whole
buffer structure are criticglarameterganister Thistight tolerances the motivatiorfor tracking and



preferably also preveinty the possible tiltingof the buffer assemblgnd also the need tmeasure
how close to theéarget XY-coordinate each block [gaced Because there is practicatyp vertical
asymmetry in a bentonite block (the height of
the only sourcefor tilting are:
- a foreign object on the surface to which the next block will be lowesddr{ed to asouch
point for nowon). This is the reasoning to check that the touch point is clean enough.
- A faulty leveling processatthe bottom of deposition hol@his will mean that théottom of
deposition hole might not be in horizongédignment

In addition to blockrelated abnment issuesf the whole buffer is not correctly positioned in XY

plane the gap between the host rock and the block differs from the planned. This may create
problems while filling the gap with premeasured amount of pelletsally, if the boreholetself is

not within the verticality specified, the blocks and gap may not meet the clearance specifications.

The sub targets of the QA2 are:

- To ensure that the buffer and blocks are vertically alignedamtitcuracy of +0.01 degrees
From thistwo sub tasks can be derived:
o To ensure that every block sdsrrectlyon top of the block below and the first
block atthe bottom of the hole.
o To ensure that Dblockds installation su
structur e wafterblockislbveered. t i | ti ng
- To ensure that the whole buffer and each block are placed within +1mm tolerance to the
planned X¥coordinate.

2.2.2 Measuring the pitch and roll angles of assembled bentonite block to ensure that the
buffer and blocks are aligned vertically

The first task is to track the angle of assembled blocks.

Background and Motivation

The buffer structure should be vertically aligned to allow succesahikterinstallation and pellet
filling as described in chapt®A2: The Position of Individual Bentonite Blocks and theessembled
Buffer.

Studied Approaches

Basically it is quite straight forwarded to measure weetical and horizontal alignmendf the
installed bentonite block. The following three methodserevaluated
- Using the laser tracker which already measures the 3D coordinates of the contangethauri
block lowering,
- using a precise dual axis inclinometer mounted to the container or gaipgper
- using | aser distance meters mounted to Bl M
the lowered bentonite block.



Recommended Approach

Because he | aser tracker wi | dcoordimate meaburing ingiremeusinge d a S
it to also provide thesplacedangle of thebentoniteblocks comesat analmost zero cost and effort
increment The downsideo its useis that the measurementnsot di r ect but assu
angle can be der i v dhktlaser bmsad distanmce raeasuremeit sinit mougtéd en
the rotating fixture on Bl MG6s frame produces
requires some additiohanechanics and support electronics but those will probably be needed
anyways for the QA3 and QA4.

The alternative of sing aseparatest at e of t he art inclinometer
compared to the laser tracker. Neitheclinometer measesthe b | o cslirface alignmenéngle
directly andhence an additional monitoring e n's o r prbwde $attér taccuracy than other
approaches.

The recommended approactthgereforeto combine the data that laser tracker already provides with
the directmeasurement with one laser distance meter mounted on the rotating fixture.

223 Ensuring that blockds touch etbattnebuffesand| ean e nc
blocks are aligned vertically

The second task is to check that the touch point surface on the previously lowered block / bottom of
the hole is clean before the next blaskoweredinto the hole.

Background and Motivation

The buffer structure should be vertically aligned to allow succesahikterinstallation and pellet

filling as described in chapt€)A2: The Position of Individual Bentonite Blocks and theessembled

Buffer. Checking that the touch point surface (the upper surface of the previously assemblés) block
or the bottom of the hole) is free of foreign items is relevant because theyeamsh probable
reason for tilting. Th tight manufacturing tolerances of the bentonite bloskeuld eliminate
deviations in size and shape as a cause for misalignment of the.bMtiaugh unlikely, it is
possible that a bentonite blodould developheight asymmetry during the transportation/storage
phase.This potential source of block deformation has not yet been assessed and will only become
evident when a substantial number of block movements and placements have been accomplished.

Studied Approaches

The following table(Table 21), describeghe key aspects and cost estimates associatediwath
candidates studieals potential methodologies for undertaking of inspections of touch surfaces



Table2-1. Key technical features and estimated costing to implement Machine Vision and Laser
Scanning

Parameter Machine vision Laser scanner
Pixel esolution at mamum 5Mpix:0.80mm 30Mpix: 0.33mm 2mm (3D¢coordinate
measuring distance of 12 meter¢ (requires motor zoonmg)accuracy up to tests | accuracy)
Measurementime 1-2s 1-2min

Analyze and data transfer time | 5-10s 4-6 min

Design effort of support 2 (excluding possible structural illumination) | 1

electrorics(:5) 1: very small, 5

very big

Desigreffort of required support | 2 (excluding possible structural illumination) | 1
mechanics(15)

Design effort of the software (1 | 2 (excluding possible structural illumination) | 2-3
5)

Sensor cost ple 6palAED 35cnle> RSLIX
Mpe o6onalLAED model

+ analysing computer per each came2an(] €
+ motorised zoom object-2 | €

9HHT €

Cost of support electronics 05mM1le€e O6SEOftdzRAY3I LI2&{0
illumination and automation of the rotating
fixture)

Price estimate for the required | 7,5-MH | €
rotating fixture automation HW
(motors, actuators, sensors,
controller). This is can be share(
with laser distance meters

Cost of support mechanics F pnne F o pnne

Probability of success 95-99% 95-99% butin order to
meet themaximum
available measurement
time of 60 sspecified,
the probability is less
than 10%

Recommended Approach

It is quite clear that machine vision is the only feasible solution from the studied approaches unless
thecurrenttime available for inspection of each bloskrelaxed to 46 minutes.

Additionally, in order © be able to operate at varying measuring distancgsn the deposition
boreholewithout losing resolutiona motorised zoom lens is required. Particle obsenvatazuracy

can probably be boosted by adding a structured laser illumination to highlight deviations in surface
smoothnessThe same machine vision system could be possibly used also for other QA tasks such as
the gap measurement (between the host rocloafidr) and analysing the pellet formation created in

gap filling.



2.2.4  Ensuring that the whole buffer and each block are placed within £1 mm tolerance to
the planned XY coordinate.

Background and Motivation

The motivation and background to measure th¥ ¥oordinates of individual bentonite block and
the whole buffer were explained in the beginnin@€bépter 2.

Studied Approaches

There are a few different approaches availédblmonitor block placement tolerances. These include
machine vision, lasercanner and using the data achieved from the laser tracker which is already
used during the installation proce3$fie accuracy of each of these methodologies is summarized in
Table 22.

Table2-2. Comparisorof the accuracy of &serTracker, Machine vision anddser Scanner

Parameter Laser tracker Machine vision Laser scanner
Achievedaccuracy 100-400pum 3-5mm 2-3mm

Type of bloc® indirect (via Direct Direct
position containertop)

measurement

Of themethods studied, onlf¢laser tracker can meet tterget accuracy of +1 miiREF?) Other
methods such as machine vision may be used as a support measurertiayt émghot able to give
informationotherthanthat theinstallation is totally out of the desired accuracy target.

The complication with its use is thalhe laser tracker is also used to guide the block to the correct
XY coordinate during the lowering process. Making QA measurements of the device with the device
itself is usually not the preferable solution. Howetres canbe overammeby tracking a know 3D-
coordinate and compag the results to premeasured what

There are two different ways s@complish this type of positional comparison using the .|&s¢he

first, ar ef erence refl ector can be mountednoBIl B MO
local coordinate system)Yhen by measuring the position of the reference refleittas easyto

observe the accuracy of the laser tracker. The only restriction is that there cannot be any moving
parts between the reference reflector and ther laaeker or the reliability of this procedure is
endangered. The other method is thatompare the factory measured, 3D location of each container
mounted reflector in cont ai npeovidedfronh theclasdr trackero r d i
Depending on thedesired reliability level a separate reference reflegtay or may not need to be
mounted orthe crane.

A further potentiail ssue i s that the | aser -doordinat&drectlyibble n o't
via the container mounted refters. This approach assumes that we know how the block is
positioned in the container. That position is measured at the factory but there is always a risk that the
block was dislocated during the transportation. To be able to detect that and actually also
compensang for it, the position of the block in the container can be measured just before BIM
lowers the block in to the depasit hole. This measurement can be accomplished as a part of the
bl ockds integrity test ei2khdedistanseineters. machi ne vi



By using a reference reflector ,theearorisdurceslarés p
reduced to the untracked movement of the bentonite block in the containetivetlBV handles

the block or when the block is released from the container at the end of the loweringrrdrhe
source (block movemeni3 unlikely to occurbecause the container holds the blotklace using a
vacuum at bl o clki®psssihighgi the blodcouldma v e. when it ods r el
container at the end of the lowering. The probabdityhis occurringcan be reduced to very small

level by utilising two tactics. The first one is that the block is lowered to the touch pointwemlye

so that bl ockbés pitch and roll angles are wit
| owered block. The second tactic is that the
bottom of the hole or the previously lowered ddo This can be detected with the force sensors
mounted to each of the ropes which holds the gripper (which holds contairyangtre block).

Recommended Approach

The recommended approach is to rely on the accuracy of the laser tracker, monturdasyaand
minimize the risk of untrackable block movement in the container. Machine vision can be used as a
supportive methotb identify major failures.

2.3 QAS: The width of the gap between assembled block and the host rock.

2.3.1 Background and Motivation

The buffer installation including the gap filling is planned priorthe actual buffer installation
occurring Planningfor dimensions, alignment and gap volumes lzased on the 3D model of the
hole generated by laser scans undertaken at the time efagvation Then, ly measuring the gap
between the host rock and just assembled block during the buffer installation pracesssible to
ensure thatheinstallation process is going as planned.

The accuracy target for the gap width measureietnteen the rock and the installed buffebram.
It is important to recognize that borehole drilling will induce ridges and grooves in the wall and as a

result he surface of the host rock is not smoahd horizontal roughness of 10meould be
expected to exist

2.3.2  Studied Approaches

The gap width can be measured either at the gripper level before releasing the bentonite block from

the container or It can be measured from the
thefirst method one dowmard looking lasersensor is mounted to each of three pads of the gripper.
The main purpose of the pads is to t slkwinasuppo

positioning and lowering phase (Final lowering phase ssta®#25mm above the planned touch
point). Placing the sensoos the gripper would provide clogangedistancemeasuement,but the
bentonite block is not visibl® the sensorsThis is becausalue to requirements associated with the
vacuumbased liftey the outer diameter of tHauffer block transportontainer is 16mm bigger than

10



the outer diameter of the bentonite blockdiferent typeof, but also gripper mounted sensor could
be used to measure the horizontal distance from its mounting point hmsheock to provide the
gap width. However this istill an indirect measurement andould alsorequire a wide beam to
compensate the surface roughness of the hole.

Placing the gap width sensor or sensonstheB|l M6 s f r ame or onthe gripper i ns
enables a direct measurement and compenshtraitme roughness of the hole. Measurement from
frame/crane level camowever onlybe done after the gripper has been lifted from the hole.

Two possible approaches were studied, using a laser scanner or machine vision. Properties of both
technologies were discussed inchafdan s ur i ng t hat bl ockés toach p
that the buffer and blocks are aligned verticaBpth technologies would reach the accuracy target
needed in the gap width measurement. However the laser scanner has still the same diséolvantage
its use inthat the acquiring, data transfer and analysing takes several minutes.

Machine vision provides a fast method to resolve the dimensions in this particular case. The
bentonite block installethto the holewas produced twery tight manufacturing terancesand so

can be used as measuriscpleto resolve the gap width from the picture. Thype of checkis
possiblewhen themeasuremenf the gap between the rock and top surface of the biwclesired

The cost of using machine vision is the sammepeesented in chapt&&n sur i ng t hat Dbl
point is clean enough to ensuthat the buffer and blocks are aligned verticallgth taskscould

share the same hardware (camera+ support electronics etc.)

2.3.3 Recommended Approach

Machine vision is the most promising method for gap measurement.

2.4 QA4: The compactness of the joint between the pellets and the host
rock.

2.4.1 Background and Motivation

The surfacegeometrycreated when the gap between the host rock and bentonite block was filled
with bentonite pellets needs to be measured to ensure that the minimum density of the bentonite
buffer block/pellet systemis reached. The pellet filling is plaad priorto the actual buffer
installationusinga 3D model of the holdo be filled This allows using premeasured amounts of
pelletsto be loaded ito the compartments of the container so that the variation in the gap width (due

to hole drilling toleranes) can be compensated. Pellets are released per each block after the block
has been lowered to correct XYoor di nat e but t he bl(oothddranbpars n 6t
container hasnét been )moved from the release |

The main concerrassociated with pellet discharge into the gaphat pellets may form bridges
which cause empty spaces in the fillinghich decreases the densighieved In additionto a
decrease in buffer densitlyere is a risk that bulking resulting from bridgingutd mearthat pellets
may end up to the touch point surfaclis would be an operational issue since they would need to
be removed before further block installation could occur.

11



2.4.2  Studied Approaches

The targebf measuring the material in the outer gapo reach the accuracy levelagproximately
one pellethicknessn formation inspection. The fact that the top part of the container (which carries
the block) is wider than a bentonite block isaanplicationin achievingthis QA task.

There are twaandidates to tackle the challenge of acquiring these measurements, laser scanning and
machine vision. Both have been represented earlier in this document in respect of accuracy,
measurement times, costs etc. The measurement distance is also the saoi@pieiQA3: The

width of the gap between assembled block and the host rock.

However, acquiring thesmeasurements becomiearder block by block as the outer edge of a block
shadows the gap the closer the block is to the sensor. In practise this means that the sensor shoul
move above the gap so that there is always line of sight to the gap. The same mechanics that can be
usal in direct pitch and roll measurement of the assembled block with a laser distance meter as in
chapter Keasuring the pitch and roll angles of assembled bentonite tdoeksure that the buffer

and blocks are aligned verticallgould be utilised also in this case to provide exact distance
information.

Measuring the surfacgeometry of the existing gap filvith a gripper mounted sensor before
releasing the block would have a blind seqgioesent The width of the blind sector would be
approximately 8mm. Anothatifficulty i n measuring with sensors whi
pads is that only 280 % of the filling surface could be scannedhw8 sensors. Theumberand

position of the sensors are defined by the support pads (3 pieces, spaced evenly (120 degrees
between each) Despite these linétions, he advantage of gripper mounted sensors is that the
measurements could be done in prigleasing the blockThis would allow for conduct aforrective

actions (which are undefinett) address uneven pellet filling

The alternativeof measuring r om t he | evel 0 meaBd M&rse fwam&t ol e
sectors caused by the container. The drawback is that because the block has already been released
may be even harder to make any actions to correct the situation.

2.4.3 Recommended Approach

A laser scanner igood solution to measement of3D formations. The only disadvantage is that
measuring, data transfer and analysing consumes several minutes. This might restrict the usage in
applications which require response time of few minutes at maximum.

Because othe slowness of the dar scanning optionMachine vision (photogrammetry) eso
recommendedor use in accomplishinthis QA task.While not anideal solution for 3D mapping

machine vision is deemed to Aecurate enough and the same instrument could also be used to other
QA tasks such as gap width measurement and the touch point cleanliness inspection.

2.5 Summary of the feasibility study

12



Based on the study all QA targets QAlare feasible and the probability of successful
implementation is high. As a resuhe estimated sensor cost of the BIM was decreased by using less
expensive sensor technologies and using the same sensor in more than one QA task. The probability
of meeing the QA processlevelopment scheduleas beernncreased by choosing technologtbat

will require onlymoderate engineering effdd adapt them to these repository applications
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3 DESIGN

This chapter consists of the specification of @& approactthat was chosen and analysis on why
there ae deviatiors from the recommendations presented in the chapter 2 feasibility studies.

Visual inspection with camera recordimpted to be sufficient for conduct of asecond crack
detection procedure just before installing the buffer blocks.

3.1 QAZL: Integrity of the Buffer Blocks during the installation Process

3.1.1 Chosen Approach

The ame imagegaptured bycameraas part of final prénstallation block integrity inspectioare

used tocheckthe positioning quality of buffer blocks. This way the execution is kept simple and the
inspection timeneeded forof the blocksis shorter than those preseniedthe initial feasibility
studies This keepghe implementation as simple and eefficient as possible, which in turn affect

the resourceseededplanning time and keepiran scheduldor the development phase.

3.2 QAZ2: The Position of the Bentonite Blocks and the assembled Buffer.

3.2.1 Measuring the pitch and roll angles of assembled bentonite blocks to ensure that the
buffer and blocks are aligned vertically

A laser targeting system was chosen to be installed on Bldser trackers mountedbn the frame

of the machine and targets theop of thecontainer holding the buffer blogk order to acomplish

the vertical alignment inspection. The laser system can also be used in the positioning of the
machine. This would facilitate minimizing thimstallation planning time for each borehole
installationand keepingheinstallationschedule.

3.2.2 Approachtoensurethatbl ockdés touch point i sthatthean enoug
buffer and blocks are aligned vertically

Visual inspection of images the top surface of previously installed blog camera was chosen as
the sufficient methodo identify possilé presencef foreign particles on the joint surfacdss
primary advantage is its speed of completion reldbvemachine vision based method. This method
also ensures the simplicity and ceéficiency of the implementation in addition to the savings on
planning time andnaintaining the installatioechedule.

3.2.3 Approach to ensure that the whole buffer and each block are placed within £1 mm
tolerance to the planned XY coordinate.
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A laser tracker system with targets was chosen as the only viable option-foositidoning quality
requirementsThe aiginal planfor accomplishing this actiononsistedadditionally of laser based
distance sensors installed on the frame of BIM which would be used to verify the alignment of the
buffer block and the top of the container. However, based on the problemosnteredn the field

tests, the laser measurement was replaceddnually operateéxternal tachymeter. In additido

the tachymeter measuring deviceJaser distance sensors are installed in 3 pairs on the support
structures in the lower frame of BIM. Figuresl3to 33 show measurement of Xposition
difference beween block and container.

Fig 31: Right frontlasers Fig 32: Rightrear lasers Fig 33: Left middlela‘sers

3.3 QAZ3: Determining the width of gap between assembled block and the
host rock

3.3.1 Chosen Approach

Visual inspection of images via camera wad®sen as the method for assessing the successful
installation of the buffer blockit is afastermethodthan machine vision and laser based methods
while ensuing the simplicity and cosgfficiency of the implementatiorT his method will also result

in savings on planning time arassist irkeepingthe bufferinstallationschedule.

3.4 QA4: The compactness of the joint between the pellets and the host
rock

3.4.1 Chosen Approach

Visual inspection based on the images of the camera was choaenffisienly accuate method

for successful pellet filling proceduréd is alsofasterto accomplishthanthe machine vision and

| aser scanning based met hods -chapter ©cce agaid thia t
approach has the advantagarhimizing the required planning resources and impsowstallation
time efficiency

15



4 TESTING

The field teshg of the various means of measuring and assuring the accuracy of block placement
were done in Eurajoki, in the ONKALO demonstration tunnel at42@ meer level. The hardware

used in these test®nsisted of cameras by Axis and APl Omnitrac 2 laser trackers and an external
tachymeter that was not part of the final quality inspection assembly. The images of the camera feed
were inspected on an operatingngouter that was connected to the system with a wireless
connection. Quality inspection utilized the working lights that were installed on BIM. Light setup
was as follows: 6 working lights on the loading area of the machine; 2 on the lifting area atie 4 on
front part of the machine on the frame structures. The working lights on the lifting carrier also
servedo light the area of the depasih hole.

The testing phases:
1. Bl M6s coar s e p:dackirngithe machingverihadeposition®ke, €aling of
the frame and the gripper with the use of inclinometers.
2. Determining the coordinates and the position of BIM in relation to the tunnel coordination
system. This is done by following and referencing the coordination markers on the tunnel
with thelaser tracker installed on the front frame of BIM. The pos#tafrthese markers in
relation to the middle axis and the bottom of the test deposiahekmown.
3. Defining the position of theransportcontainer top attached to the mechanical gripfen
relation to the BIlIMGs coordination system
4. Veri fying the alignment of the buffer bl ocl
coordination system with a laser tracker.
Visual inspectiorto identify anydefects on the buffdrlock.
Positioning of the buffer block in relation to the depositole.
Positioning of the buffer block and inspection of the blocks joint surface for particles and the
space between the block and tiepositorh ol e 6s wal | s.
8. Repeat the steps 3 to 6 until ihetallation ofbentonite buffer is finished.
Verification of the bentonite pellet filling.

No o

©

4.1 QAL: The integrity of the Buffer Blocks during the Process

The side and upper surfaces of the buffer blocks are inspectedskiblpacracks, color changes or
other abnormalities with the use of camera images.

4.1.1 Task 1: Integrity of the side surface of the buffer block

Integrity of the side surface of the buffer block is verified with the use of camera feed after the block
has bee lifted with the gripper. The cameras are smotatable and installed on the loading area, 1 on
both sides of the are&igure 41 through Figure 4 show images of these cameras and what they
would see during their use.
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Fig 42: Left camera view Fig 43: Right camera view
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4.1.2 Task 2: Integrity of the upper surface of the buffer block

Integrity inspection of the buffds | ockdés wupper surface happens
the final deposit hole and the gripper has been lifted out ofiépesitionhole. The inspection is
done with the use of a rotating camera installed to the lifting area of(Bit\Mre 45). This camera
has a buitin zoomcapabilityto facilitate the inspection of buffer blocks on different le\Eligure
4-6 and Figure 4).

Fig 46: Upper surface inspection of the Fig 47: Closeup inspection of the upper surfac
lowered buffer blocKarrow) of the simulated buffer block
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4.2 QA2: The Position of Assembled Buffer and the Bentonite Blocks the
Buffer consists of.

The quality of the positidng of the assembled buffer and the bentohlteks the buffer depends on

the positioning of the buffer blocknd its adjustmerduring the installation phas&his adjustment
process iased on the information gathered from the camera feed, laser tracker and tachymeter.
Sections 4.2:4.2.6 outlire the tasks involved in accomplishing block placement and quality
checking.

4.2.1 Task 1: Position of the Container top

This involves @fining the position of the container top attached to the mechanical gripper in relation
to the Bl M6s c o baldsertracker atachedty thetupper frawie and markers on the
container top.

4.2.2 Task 2: Alignment of the buffer block and container top

Alignment of the buffer block and container top is measured with an external tachymeter after the
buffer block has been lifted from the container with the gripper. This will reapturing ofposition
information of the buffer block and how it deviatesm the container top position. This information
helpsin det er mi nation of the buffer block positio

4.2.3 Task 3: XY-positioning and correction of the buffer block

The X-Y position of the buffer blockvithregardd o t he depositi smeasued e 6s
with a | aser tracker installed on Bl Midbgshe uppe
deposiiton hole. XY correction is made based on the receil@dtionalinformation with the help

of wall grabbing actuators installed on the gripper. Because the friction between tigralbbing
actuators and the walls of the hole prevents the rotation of the g@mgercould result irits
jamming this positioningtask is repeated several timesfore firal lowering into contact with the
underlying block or surface occurs

424 Task 4: Inclination of the buffer block

Inclination of the buffer block is inspected with the laser tratkenstalled on the upper frame of
BIM iwhen the buffer block is lowered i3 final position in the deposition holeefore releasingf
the block occurs

4.2.5 Task 5: Upper surface inspection of the buffer block

Surface inspection f t he buf f er Wdrthepkedence dbpegre partickes happans e
after the buffer blok is lowered tats final position in thedeposiion hole and the gripper has been
lifted out of the hole. The inspection is done with the use of a rotating camera installed to the loading
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area of BIM which has an inbuilt zoom to facilitate the inspeatioouffer blocks on different levels
(Fig. 48 and 49).

Fig 48: Inspection of the upper surface of the buffer bldiEMow series of installed ring segments.

Fig 49: Inspection of the upper surface of the buffer blédokowing gripper release.
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4.2.6  Task 6: Inspecting the alignment of the assembled buffer blocks

Alignment of the buffer block& ensure that there is no misalignment between the assembled blocks
is inspectedat the inside surface of the ring buffer blocks. The inspection is done hétlhuse of a
rotating camera installed to the loading area of BIM which has an inbuilt zoom to facilitate the
inspection of buffer blocks on different levels (Figld).

Fig. 410: Inspection of alignment of the assemblsitnulatedbuffer blockswith joint location(red cross
symbo).

4.3 QA3: The width of the gap between assembled block and the host rock

Positioning of the buffer blocwithin the deposition hole was previously completetba& 4.2.3, so

the buffer block should already be on thght position Taking this previous inspection into
account visual inspection of the width of the gap between the host rock and the assembled block is
considered to bsufficientas a final check

4.3.1 Task 1: Width of the gap between the host rock and the assembled block

Inspection of the width of the gap between the host rock and the assemblechbloo&ns after the
buffer block is lowered to the depasit hole and the gripper has been lifted out of the hole. The
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inspection islone with the use of atating camera installed to the loading area of BIM which has an
inbuilt zoom to facilitate the inspection of buffer blocks on different levels (Fid. tb 413).

Fig. 411: Inspection of the gap between the host rock and the buffer block
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Fig.4-12: Inspection of the gap between the host rock and the buffer block

Fig. 413: Inspection of the gap between the host rqtdottom) and thesimulatedbuffer block(top)
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4.4 QA4: Compactness of the joint between the pellets and the host rock

4.4.1 Task 1: Pellet filling

Visual inspection of filling the gap between host rock and the buffer block with pelidtne via
camera feedThe dome camera on BIM lifter was usgadhe conduct of the placemetessting. The
pellets should be evenly distributedagipropriate level and must not end up to the upper surface of
the buffer block.

This inspection is practically similar ©QA2 Task5 inspection pellets are distributed evenly enough

if there are no pellets on the block top surface
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5 SUMMARY

The methods described on this repbave been developed tssure that the bentonite buffer
installation can be accomplished based on the quality and precision requirsateftsne deficits
regarding monitoringstill persist and the installatioprocessstill takes too long. The methods
identified as being most suitable for use in inspecsioould befurther developed and demonstrated

as being viable, anew solutiongleveloped to ensure the installation and quality assurance processes
can be successfylaccomplished

51 QAL Integrity of the Buffer Blocks during the Process

511 Task 1: Integrity of buffer blockds side surf:

Visual inspection of images via camera was the selected method for the integrity inspection of the
buffer blocks. Currently, theamera angle achieved with the two cameras installed is roughly
sufficient for inspecting half of the buffer blo¢kig. 51 through Fig. 83). Repositioning already
installed cameras and adding additional cameras would result in the possibility aisp#gting the

side surface of the buffer block. The lights should be made adjustable for setting the light to an
optimal level for each camera.

oool. /,
ooe

Fig. 51: Current setup of cameras and lights of the loading area of BIM.

Fig. 52: Current setup of cammas and lights on  Fig. 53: Current setup of cameras and lights or
the right side of the loading area of BIM. the left side of the loading area of BIM.
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