
P O S I V A  O Y

O l k i l u o t o

F I -27160 EURAJOKI ,  F INLAND

Te l +358-2-8372 31

Fax +358-2-8372 3709

Har r i  Saar i

M ikko  N iku la

Mikko  Su ikk i

May  2010

Work ing  Repor t  2010 -29

Emplacement of Small and Large Buffer Blocks



May 2010

Working Reports contain information on work in progress

or pending completion.

The conclusions and viewpoints presented in the report

are those of author(s) and do not necessarily

coincide with those of Posiva.

Harr i  Saar i ,  M ikko  N iku la

Afore  Consu l t i ng  Oy

Mikko  Su ikk i

Opt im ik  Oy

Work ing  Report  2010 -29

Emplacement of Small and Large Buffer Blocks



EMPLACEMENT OF SMALL AND LARGE BUFFER BLOCKS 
 

ABSTRACT 
 
The report describes emplacement of a buffer structure encircling a spent fuel canister 

to be deposited in a vertical hole. The report deals with installability of various size 

blocks and with an emplacement gear, as well as evaluates the achieved quality of em-

placement and the time needed for installing the buffer. 

 

Two block assembly of unequal size were chosen for examination. A first option in-

volved small blocks, the use of which resulted in a buffer structure consisting of small 

sector blocks 200 mm in height. A second option involved large blocks, resulting in a 

buffer structure which consists of eight blocks. In these tests, the material chosen for 

both block options was concrete instead of bentonite. 

 

The emplacement test was a three-phase process. A first phase included stacking a two 

meter high buffer structure with small blocks for ensuring the operation of test equip-

ment and blocks. A second phase included installing buffer structures with both block 

options to a height matching that of a canister-encircling cylindrical component. A third 

phase included testing also the installability of blocks to be placed above the canister by 

using small blocks. In emplacement tests, special attention was paid to the installability 

of blocks as well as to the time required for emplacement. 

 

Lifters for both blocks worked well. Due to the mass to be lifted, the lifter for large 

blocks had a more heavy-duty frame structure (and other lifting gear). The employed 

lifters were suspended in the tests on a single steel wire rope. 

 

Stacking was managed with both block sizes at adequate precision and stacked-up tow-

ers were steady. The stacking of large blocks was considerably faster. Therefore it is 

probably that the overall handling of the large blocks will be more convenient at a final 

disposal site. From the standpoint of reliability in lifting, the small blocks were safer to 

install above the canister.   

 

In large blocks, there are strict shape-related requirements which are important for suc-

cessful stacking. Although the dimensional accuracy requirements of small blocks are 

proportionally less demanding than those of large blocks, because the bonding of blocks 

even up the unevenness of dimensional variances. 

 

The estimated total time for stacking a buffer of small blocks was little more than 3 

hours. Respectively, the estimated total time for stacking a buffer of large blocks was 

slightly less than an hour. 

 

Keywords: Bentonite buffer, bentonite block, deposition hole, buffer emplacement, va-

cuum lifter. 

 

 

 



 

PIENTEN JA ISOJEN PUSKURILOHKOJEN ASENNUS 
 

TIIVISTELMÄ 
 
Raportti esittelee pystyreikään loppusijoitettavan käytetyn polttoaineen loppusijoitus-

kapselia ympäröivän puskurirakenteen asennusta. Raportissa käsitellään erikokoisten 

lohkojen asennettavuutta ja asennuslaitteistoa, sekä arvioidaan saavutettua asennuksen 

laatua ja puskurin asentamiseen tarvittavaa aikaa.  

 

Tutkittavaksi valittiin kaksi erikokoista lohkovaihtoehtoa. Ensimmäinen vaihtoehto oli 

pienet lohkot, joita käytettäessä puskurirakenne koostuu 200 mm korkeista pienistä sek-

torilohkoista. Toinen vaihtoehto oli isot lohkot, jossa puskurirakenne koostuu kahdek-

sasta lohkosta. Molempien lohkovaihtoehtojen materiaaliksi valittiin näissä kokeissa 

bentoniitin sijasta betoni. 

 

Asennuskoe oli kolmevaiheinen. Ensimmäisessä vaiheessa ladottiin 2 m korkea puskuri-

rakenne pienillä lohkoilla, jotta voitiin varmistaa koelaitteiston ja lohkojen toiminta. 

Toisessa vaiheessa puskurirakenteet asennettiin kapselin ympärillä olevaa sylinterimäis-

tä osaa vastaavaan korkeuteen molemmilla lohkovaihtoehdoilla. Kolmannessa vaiheessa 

testattiin myös kapselin päälle tulevien lohkojen asennettavuutta pienillä lohkoilla. 

Asennuskokeissa erityistä huomiota kiinnitettiin lohkojen asennettavuuteen sekä asen-

nuksessa tarvittavaan aikaan. 

 

Molempien lohkojen nostimet toimivat hyvin. Nostettavasta massasta johtuen isojen 

lohkojen nostimen runkorakenne (ja muu nostolaitteisto) oli järeämpi. Käytetyt nostimet 

olivat testeissä yhden teräsköyden varassa roikkuvia. 

 

Ladonta onnistuu molemmilla lohkoilla riittävällä tarkkuudella ja ladotut tornit olivat 

tukevia. Isojen lohkojen ladonta on huomattavasti nopeampaa ja todennäköisesti niiden 

käsittely kokonaisuudessaankin olisi helpompaa loppusijoituslaitoksella. Nostovarmuu-

den kannalta pienet lohkot ovat turvallisempia asentaa kapselin päälle. 

 

Isoilla lohkoilla tiukat muotovaatimukset ovat ladonnan onnistumisen kannalta tärkeitä. 

Pienten lohkojen mittatarkkuusvaatimukset ovat suhteessa vähäisemmät, sillä lohkojen 

limitys tasoittaa mittapoikkeamista johtuvat epätasaisuudet. 

 
Pienten lohkojen puskurin ladonnan kokonaisajaksi loppusijoitustunnelissa arvioitiin 

vähän yli 3 tuntia. Isojen lohkojen puskurin ladonnan kokonaisajaksi arvioitiin vastaa-

vasti hieman alle tunti.  

 
Avainsanat: Bentoniittipuskuri, bentoniittilohko, loppusijoitusreikä, puskurin asennus, 

imukuppinostin, alipainenostin. 
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FOREWORD 
 

The working report for the emplacement of small and large buffer blocks was prepared 

at Afore Consulting Oy to the order of Posiva Oy. 

 

The design work was principally conducted with Solidworks 3D-software. Strength cal-

culation was executed by means of the COSMOS-FEM program. 

 

Project manager at Afore Consulting Oy was Harri Saari. Involved in the project were 

also Mikko Nikula and Antti Eeva. 

 

Mikko Suikki of Optimik Oy served in the project as an expert and prepared the report 

text in collaboration with Harri Saari and Mikko Nikula on the basis of Afore Consult-

ing Oy’s memos and documents (Appendices). 

 

The client was represented by Keijo Haapala of Posiva Oy, serving in the capacity of a 

project supervisor. Special thanks also to Aimo Hautojärvi of Posiva and Heikki Raiko 

of VTT (Technical Research Centre of Finland), who were involved in development 

work. 

 

Translation for the English version was performed by Paul Suominen. 

 

In TKS-2009 -program the working title of this report was: Installation of Buffer Blocks 

- Small and large size. 

During the writing on this report the name revised to: Emplacement of small and large 

buffer blocks. 
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1 INTRODUCTION 
 

The report describes emplacement of a buffer structure encircling a spent fuel canister 

to be deposited in a vertical hole. The report deals with the installability of various size 

blocks and with an emplacement gear, as well as contemplates the achieved quality of 

emplacement and the time needed for buffer emplacement. 

 

The disposal site, which is the final destination of spent nuclear fuel (Saanio et al. 

2009), shall be located at a depth of about 400 m in Olkiluoto bedrock. The site consists 

of technical facilities, necessary tunnel engineering, as well as central tunnels and final 

deposition tunnels, in whose floors the actual deposition holes are drilled. 

 

The spent fuel canister (Raiko 2005) is installed inside a cylinder-shaped buffer struc-

ture (Figure 1) to be placed in a deposition hole. The buffer has an outer diameter of 

1700 mm, and its inner diameter at the canister is 1070 mm. The buffer structure has a 

total height of 7800 mm in the final disposal of OL1-2 canisters. 

 

Chosen for examination were two block options of unequal size. A first option involved 

small blocks, the use of which resulted in a buffer structure consisting of small sector 

blocks 200 mm in height (762 blocks). A second option involved large blocks, resulting 

in a buffer structure which consisted of eight blocks. In these tests, the material chosen 

for both blocks was concrete instead of bentonite, because the delivery time for bento-

nite blocks would have been longer and the price higher than that of concrete blocks. 

Concrete blocks tolerate also better the handling during tests, which involve stacking 

and dismantling the structure many times. Regarding the emplacement gear, the exami-

nation only involved a lifter for buffer blocks and its mechanics. The carrier apparatus 

for a lifter, employed in emplacement tests, was a gantry crane. 

 

In emplacement tests, special attention was paid to the installability of blocks and the 

time needed for emplacement. A short emplacement time reduces moisture-induced 

harmful effects on buffer blocks during buffer emplacement. The emplacement test for 

small blocks was a three-phase process and the one for large blocks was a single-phase 

process. A first phase included stacking a two meter high buffer structure with small 

blocks for ensuring the operation of test equipment and blocks. A second phase included 

installing buffer structures with both block options to a height matching that of a canis-

ter-encircling cylindrical component. A third phase included testing also the installabili-

ty of blocks to be placed above the canister by using small blocks. 
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2 OBJECTIVES 
 

The objective was to study the handling of blocks in various sizes and shapes from the 

perspective of emplacement, as well as to ascertain design-based results with emplace-

ment tests. Important factors in the final solution include technical reliability of em-

placement, a short emplacement time, and assurance of quality. 

 

A target of emplacement tests was to have the stacked-up buffer structures comply as 

accurately as possible with a final buffer. The emplacement time and problems relevant 

to emplacement were recorded for further analyses. The emplacement was performed a 

sufficient number of times for gaining a true understanding about the reproducibility of 

a successful emplacement. 

 

Based on measurements conducted in emplacement tests, an estimate was made regard-

ing the adequacy of a clearance between the buffer blocks and the walls of a rock-

drilled deposition hole, as well as regarding a space left inside the buffer blocks for a 

canister. The obtained clearances were used as a basis for determining tolerances by 

which the buffer structure can be realized as planned. One objective was also to create 

tolerance requirements both for blocks, a deposition hole and for overall geometric 

stacking quality. The required surface quality for blocks was also determined. 

 

Besides above, one objective was to examine ways of performing a quality control pro-

cedure on the erected buffer. 

 

 
 

Figure 1.  KBS-3V type repository concept: 1. Deposition tunnel, 2. Bentonite buffer, 3. 

Deposition canister, 4. Tunnel backfill, 5. Host rock (Posiva). 
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3 BENTONITE BUFFER 
 

The spent fuel canister is insulated and protected from surrounding rock by a bentonite 

buffer. A function of the buffer is to protect the copper canister from chemical and me-

chanical damage, as well as to prevent, in the event of possible damage to the canister, 

the migration of harmful substances beyond the buffer. The buffer shall also ensure 

adequate protection against minor rock displacements. The buffer conducts the residual 

heat of a canister to surrounding bedrock. Other materials than bentonite are absolutely 

disallowed in the buffer structure. The buffer will be saturated by the inflowing water 

and a strong swelling of bentonite inhibits flows of water in the immediate vicinity of a 

canister. In order for the buffer to function as planned, the hole filling between rock and 

buffer must have a sufficient total density. Therefore, the clearance established both at 

an inner and an outer edge has a major significance from the standpoint of total density. 

One option that has been studied for increasing total density is to use e.g. bentonite pel-

lets for filling the gap between a bentonite buffer and rock. The bentonite buffer is clas-

sified in nuclear technology to safety class 3 (YVL 2.1) because of its participation both 

in the removal of residual heat of fuel and in blocking the propagation of radioactive 

substances in the sense of long-term security. 

 

 

3.1 Buffer dimensions 
 

The basic set of dimensions for a bentonite buffer is depicted in Figure 1. The buffer has 

an outer diameter of 1700 mm, which is merely 50 mm less than the nominal size of a 

deposition hole. The solid lower part of a buffer structure has a height of 800 mm, on 

top of which are mounted ring type buffer blocks. The blocks have an inner diameter of 

1070 mm and the spent fuel canister is installed inside these ring type buffer blocks. The 

canister has an outer diameter of 1050 mm, leaving in theory an emplacement clearance 

of 10 mm. The buffer hole shall have its top portion further provided with a buffer top 

make-up block 200 mm in thickness (OL3 250 mm). The total mass for an OL1-2 buffer 

in one deposition hole is approximately 27 000 kg. 

 

3.2 Material 
 

Bentonite is an exceptionally soft and readily moldable type of clay, the principal min-

eral of which in most cases is montmorillonite which is a mineral of the smectite group. 

Bentonite is capable of absorbing large amounts of water and expanding as a result as 

much as to a tenfold. Bentonite blocks are fabricated from bentonite powder by high-

pressure compression. The density of a compressed bentonite block was about 2100 

kg/m
3
 and its tensile strength was about 1 N/mm

2
. (Varin 2007) 

 

The surface quality of a compressed or machined bentonite block was good. Com-

pressed bentonite had an adequate tensile strength and such a low air permeability that 

made it readily applicable to emplacement by means of a vacuum lifter. The emplace-

ment tests were accompanied by measuring a friction coefficient for compressed test 

blocks made of bentonite. The measurement provided a friction coefficient of about 0.4 

between smooth surfaces.  



10 

 

3.3 Buffer options 
 

Chosen for examination were two block options. A first option involved small blocks, 

the use of which results in a buffer structure consisting of small sector blocks 200 mm 

in height. In this block structure, the required total number of blocks was 762 speci-

mens, including three different types of blocks. The main dimensions of small blocks 

were destined to produce the size of specimens whose fabrication was already known to 

be possible with commonly applied technology. A second option involved large blocks, 

wherein the buffer structure consisted of eight blocks with three different shapes. The 

size of large blocks was determined according to the maximum lifting capacity of a va-

cuum lifter, such that a sufficient lifting security would be achievable also in fault cases 

(failure of one lifting circuit). Dimensional figures for blocks and in-process determined 

dimensional tolerances are presented in appendices 1 and 2. 

 

 
3.3.1 Small blocks 

 

Three different shaped small blocks were needed for building a buffer (Figure 2). The 

full solid tiers below or above a canister consisted of all block shapes, while the portion 

about to be erected along the sides of a canister was built by only using outer sector 

components. Additionally needed was a canister lid filler block which was installed in a 

recess at the canister top (Figure 3, a block on the left). 

 

The buffer (for OL1-2 copper canister, h=4800 mm, Figure 4) was made up overall by 

38 tiers, 4 of which are bottom tiers, 24 cylindrical tiers, and 10 tiers above the canister. 

The height of all tiers was 200 mm. One solid tier required outer sector blocks 16 pcs, 

inner sector blocks 10 pcs, and one center block. The outer sector block weighed about 

36 kg/piece (at the density of 2100 kg/m
3
), the inner sector block 34 kg/piece, and the 

center block 42 kg/piece. The spent fuel canister lid filler block had a mass of 85.5 

kg/piece (at the density of 2100 kg/m
3
). With this structure, the required total number of 

blocks was 762 specimens. 

 

On the other hand, a portion above the canister is likely to have a poorer radiation pro-

tection capacity during emplacement as a result of vertical joints produced in the struc-

ture. Radial joints can be easily set in overlap by stacking the components in a brick-

laying pattern the same way as along the sides of a canister but, as far as ring type joints 

are concerned, the stacking must be performed by using for example eccentric stacking. 
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Figure 2. Dimensions and shapes for small blocks in mms. Picture shows an outer sec-

tor on the right, an inner sector in the middle, and a center block on the left. 

 

 

  
 

Figure 3. Dimensions and shapes for tiers of small blocks in mms. Picture shows on the 

left a filler block to be placed in a recess at the top end of a canister. 
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Figure 4. A stacked-up buffer structure of small blocks in mms. 
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3.3.2 Large blocks 

 

Construction from large blocks also required three different block shapes (Figure 5). 

The bottom block was a solid or full-bodied block 800 mm in height, having a mass of 

about 3810 kg. Around the canister were ring type blocks with a height of 960 mm and 

a mass of 2760 kg/piece. The blocks (2 pcs) above a canister were 1000 mm in height 

and 4770 kg/piece in weight. A filler block for the lid of a spent fuel canister was addi-

tionally needed. This block, was similar to that used in small block test. The mass of 

this block was 86 kg/piece. In this option, this filler block can also be integrated with a 

bottom surface of the overhead block if it makes sense from the standpoint of an overall 

process.  

 

The buffer constructed from large blocks constitutes a plug above the canister, thus re-

ducing effectively a canister-inflicted radiation load in the final disposal corridor. This 

is meaningful during a final disposal process, which requires working in a tunnel that is 

already partly filled with spent fuel canisters.  

 

 

 

 
 

Figure 5. A stacked-up buffer structure of large blocks in mms. 
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4 EMPLACEMENT OF BLOCKS 
 

The emplacement of bentonite blocks has been planned as a two-phase process. Bottom 

blocks are laid first on top of a precisely leveled foundation are and ring type blocks 

destined for the side of a canister. The emplacement of a canister is followed by the em-

placement of overhead blocks destined on top of the canister. The level of a foundation 

is subject to extremely strict requirements in order to avoid an indentation of blocks be-

tween tiers. Methods for establishing and securing a level bottom are studied separately. 

 

In the process of stacking, every tier is aligned with respect to the center line of the hole 

in order to make the stacking proceed as linearly as possible. The alignment can be per-

formed by using a predefined theoretical center line of the deposition hole, which can be 

marked for example on the ceiling of a final deposition tunnel. The lifter can be 

equipped with actively manoeuverable wheels leaning against the rock wall, whereby 

the lifter is maintained steady and aligned with the center line mark. Assistance can be 

provided for example by vertical laser light, which is focused on the center line mark. 

Since the blocks can be slightly off balance because of the non-homogeneity and di-

mensional flaws of material, it is probable that the lifter must also be balanced. Depend-

ing on the dimensional accuracy of bentonite blocks, a situation may arise in which the 

stacked-up buffer starts to lean to such an extent that the emplacement clearance neces-

sary for a copper canister cannot be achieved. This necessitates a contemplation of ac-

tions for improving the straightness of stacking. Appendix 11 includes a picture which 

shows a maximum skewness of buffers allowed for by the tolerances of presently de-

fined large blocks (Appendix 2). 

 

Since the ultimate manufacturing accuracies for buffer blocks are not known at this 

point, there is not a full certainty about the ability to fabricate blocks within the present-

ly defined, quite precise dimensional tolerances. A successful stacking process is influ-

enced not only by manufacturing accuracy but also by how good a dimensional stability 

the blocks have during storage and shipping. As a minimum requirement, it can be con-

cluded that blocks must be well protected from external moisture as even a tiny change 

in water content has an effect on the size of a bentonite block. 

 

 

4.1 Small blocks 
 

In the process of installing small blocks, the blocks are lifted to position a tier at a time. 

The tiers are prepared beforehand on the deck of an emplacement vehicle. The tiers are 

stacked in a brick-laying pattern for making the tower stable. The stacking proceeds rel-

atively slowly as the tier height is just 200 mm. The pre-stacking of blocks for ready-to-

use tiers is another separate operation, which nevertheless can be performed as early as 

in the process of packaging the blocks which is done elsewhere from the final disposal 

site. 

 

In theory, small blocks do not require a foundation as level as large blocks as a low 

height of the blocks reduces the skewness-inflicted error. Even if the stacking started to 

go askew, the staggers between tiers will be small in comparison with a similar situation 
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in the case of large blocks. On the other hand, multiplied defects may cause problems 

and hence a height tolerance range of the pieces must be kept small. 

 

The emplacement of small blocks offers a possibility of corrections worked by hand-

work, because an individual block is movable by a manual force. On the other hand, this 

is why an individual block may move accidentally. 

 

Basically, the building of an entire lower section for the buffer could be managed by 

manually stacking one block at a time with the assistance of relatively simple auxiliary 

tools. However, this would be an extremely slow process and would require that the 

worker be present in a deposition hole and exposed to the fall of blocks brought there. 

In addition, the blocks destined above the canister must in any case be set in place by 

means of a remote controlled device, so such handwork is not worth undertaking. 

 

 

4.2 Large blocks 
 

Large blocks offer the benefit of speedy stackability and, at least in principle, a smooth-

er deposition hole for the canister because of considerably fewer joints. However, di-

mensional and shape-related flaws will be more distinctive as a stagger between blocks 

and for example the straightness of a bottom causes a more prominent flaw in joint 

areas because of the blocks’ height. In addition, the blocks’ top and bottom surfaces 

must have a truly high-grade straightness for the upper block not to wobble on top of the 

lower one. In small blocks, this problem does not exist as stacking in a brick-laying pat-

tern ties the pieces effectively to each other. 

 

Masses to be lifted are considerably heavier and especially the surface area available for 

a lift with respect to the mass is smaller than in small blocks. A result of this is that the 

achievable lifting reliability is not as good. Besides vacuum a mechanical backup for 

ensuring block’s falling off is possibly needed in this solution. In particular, the blocks 

above a canister must not be allowed to cause damage by falling onto the canister. 
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5 EMPLACEMENT EQUIPMENT 
 

5.1 General 
 

The bentonite buffer emplacement apparatus consists of at least one vehicle capable of 

bringing a buffer to an emplacement site, a lifter for performing the emplacement, as 

well as suitable transport containers for protecting bentonite blocks from damage in-

flicted by surroundings. The lifter is connected for an integral part of the vehicle. The 

vehicle is required to have a sufficiently high transport capacity for enabling it to bring 

over in a single run all blocks needed in the preliminary emplacement process in order 

to avoid extra driving in the cramped final deposition tunnel. The overhead blocks, 

which are installed after the emplacement of a canister are not brought over until at the 

time of emplacement. Since the overhead emplacement differs remarkably from the pre-

liminary emplacement process, it is possible that this vehicle be specifically constructed 

for this emplacement process. The emplacement of overhead blocks involves a risk of 

damage to the canister. The emplacement must be conducted in such a way that the em-

placement staff is not exposed to extra radiation doses despite the increased radiation 

level. At this point, the top end of a canister is exposed in the deposition hole and radia-

tion is able to scatter relatively freely into the final deposition tunnel. 

 

During this project, the emplacement vehicles were not designed more thoroughly as the 

sole focus of design and testing was a lifter intended for the handling of bentonite 

blocks. After the surveying conducted at a preliminary design stage, it was a suction lif-

ter that was found most suitable for bentonite. Mechanical lifters produce high local 

compression stresses, which would easily break the relatively brittle material. In addi-

tion, a mechanical lifter capable of lifting the entire tier would require more precise 

manufacturing tolerances than a suction or vacuum solution, because the lifting of inner 

elements would be based on friction between the pieces. Furthermore, the cramped de-

position hole limits quite severely the possibilities of a mechanical solution. Figure 6 

shows a mechanical lifter solution developed in the preliminary designing process. 

 

              
Figure 6. Mechanical lifter shown in principle. 
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One idea for the lift was to make use of the possible air permeability of bentonite, whe-

reby the suction cup design would have become slightly different from a standard de-

sign. However, it was concluded in measurements that the air permeability of bentonite 

was quite negligible, which is why a further development of said idea was dropped. 

Another source of problems was that the design would have required the emplacement 

of a sealing between bentonite and rockface, which would have led to a risk of damage 

to the sealing as well as to the realization of double security. 

 

The transport containers for bentonite blocks must be moisture-proof for obviating de-

formations. In the case of small blocks, the containers should also be able to keep a pre-

constructed tier layout stationary in order to manage the stacking in a deposition hole as 

planned. 

 

 

5.2 Standards and regulations relevant to the lifter 
 

First reviewed with regard to suction lifters were regulations, standards and statutes re-

levant to the design and manufacture thereof. Constructing a lifter involves standards as 

follows: 

 

General safety standards and regulations for machinery: 

 

SFS EN ISO 12100-1 Safety of machinery, basic concepts and methods 

SFS EN ISO 12100-2 Safety of machinery, technical principles 

98/37/EC Machinery directive 

2006/42/EC Machinery directive 

400/2008 Council of State Decree on the safety of machinery 

1104/1999 Council of State Decision about an amendment to the Council of State Deci-

sion issued on the safety of machinery 

765/2000 Council of State Decree about an amendment to Section 15 of the Council of 

State Decision issued on the safety of machinery  

 

Standards relevant to designing cranes: 

 

SFS-EN 13155 Cranes. Safety. Non-fixed load lifting attachments (incl. also suction 

lifters) 

SFS-EN 13001-1 + AC Cranes. General design. Part 1: General principles and require-

ments. (Applies primarily to the actual construction of a crane frame from the perspec-

tive of loads) 

SFS-ISO 4301/1 Cranes and lifting appliances. Classification. Part 1: General (Overall 

classification for equipment and operating gear) 

SFS-ISO 4301-2 Cranes and lifting appliances. Classification. Part 2: Mobile cranes. 

(Classification for mobile crane operating gear) 

As well as all other standards cited herein or relevant to subcomponents. 

 

A lifter for blocks destined on top of a canister is most probably in nuclear technology 

safety class 4 (YVL 2.1) because, even though a faulting of the device cannot directly 

cause “an initiating event that could significantly endanger nuclear or radiation safety”, 
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it can nevertheless “cause a loss of essential safety functions”. This is true in the event 

that a large bentonite block falls on top of a canister and causes damage to the canister. 

It is stated in YVL guideline 5.8 that the steel structure of cranes in Classes 4 and not 

classified (EYT) must meet the regulations and guidelines of the Building Code 

(RakMK) published by the Ministry of Environment, as well as other standards and sta-

tutes relevant to the safety of machinery. 

 

In the case of a crane for buffer block there is no way of avoiding the viewpoint set 

forth in YVL guideline 5.8, item 4, “no heavy loads shall be lifted on top of the fuel”. 

Risk analyses, for the most part, can be set aside by pointing out that the crane for buf-

fer block does not cause a risk of fuel damage or criticality. The remaining problem will 

be an increased radiation risk caused by dismantling and repair operations for those 

working in the nearby region. 

 

 

5.3 Designing the lifters 
 

In the process of designing prototype lifters, all standards were not scrutinized after all, 

but the main focus was on a functional aspect of the device. SFS-EN 13155 defines va-

cuum lifters for safety factor 2, which was also achieved with large blocks by using 

practically the entire top surface area of a block as a lifting surface. Since, in the em-

placement of final blocks, it is mandatory for a lifter to fulfill the single failure criterion, 

the lifter’s vacuum engineering was divided into three separate circuits. The division for 

two circuits would have meant that, in the event of one circuit failing, the device would 

reach the limits of its load-carrying capacity, hence justifying the adopted solution. 

Now, if one circuit should fail, the safety factor will still be in the order of 1.33. Divid-

ing a lifter for several vacuum circuits is not a problem, nor does it cause any major en-

gineering modifications in the device. In principle, the lifter can even be designed in 

such a way that every suction cup has its own vacuum circuit. Figure 7 shows the divi-

sion into three circuits of suction cups in a vacuum lifter for large blocks. The hoisting 

reliability of a lifter for small blocks was higher to such an extent that the number of 

circuits in this device is just two. In the process of lifting small blocks, the mass to be 

lifted in a single effort is at a maximum of 960 kg, which is why the lifter may be consi-

derably lighter in other respects as well. 
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Figure 7. Division of suction cups in a vacuum lifter for large blocks into three distinct 

circuits. 
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6 TEST EQUIPMENT USED IN EMPLACEMENT TESTS 
 

Emplacement tests required blocks that would closely enough imitate bentonite blocks 

used in final disposal. Because the fabrication of blocks from bentonite at this stage 

would have been impractical, the emplacement tests were conducted by using blocks 

made of concrete. Concrete is considerably more resistant to mechanical handling and 

more economical to produce. Porous concrete surfaces were treated with a PU-coating 

(a 1:3 mixture of Solmaster EP 6000 resin and general purpose cement), such that suc-

tion lifters would work properly and surface quality would provide a more accurate imi-

tation of bentonite. The specific weight of concrete (2.2-2.3 t/m
3
) is slightly higher than 

that of bentonite (2.1 t/m
3
), but the difference was not actually meaningful in terms of 

dimensional engineering. The higher specific weight and poorer surface quality of con-

crete bring conservatism to the tests as the real emplacement situation can be presumed 

to be easier. 

 

Also designed and manufactured were suction lifters applicable to both block types, as 

well as a structure, a so-called demo hole, representing the deposition hole. A few aux-

iliary pieces of equipment were also constructed, needed for handling the blocks and 

measuring the ready-to-use hole. 
 

 

6.1 Test equipment for small blocks 
 

Small concrete blocks (Figure 8) were cast into a precisely dimensioned steel mold, by 

means of which the blocks turned out to be dimensionally quite accurate. There was 

slight deviation in weights, resulting either from the variation in casting mix or the dura-

tion of vibration applied in the process of filling the mold. Measuring results for the siz-

es and weights of blocks are listed in appendix 5. 

 

 

Figure 8. Small concrete blocks pre-laid on a stacking platform, wherefrom the blocks 

were lifted by means of a suction lifter. The platform is provided both with guides for 

the lifter and with marks for positions of the blocks. 
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The lifter for small blocks (Figure 9) was constructed by using suction cups (Piab F110 

Nitril –PVC, G1/2”), each block being lifted with 4 of those. The suction cups were 

connected to two vacuum circuits, such that the blocks diagonally across from each oth-

er in each block were included in the same circuit (pneumatic-diagram in appendix 3). 

The employed vacuum pump was Busch model KB 0010 D (10 m
3
/h, minimum pres-

sure 2 hPa (mbar) abs.). For guaranteed safety, the system included two 20-liter pressure 

accumulators, a pressure gauge (SMC GZ43-K-01), as well as a pressure sensor (Piab 

VS4015 -70kPa) warning about the increase in pressure. Furthermore, each suction cup 

was separately closable by means of a manual valve. The lifter body was manufactured 

from steel by welding. 

 

 

 
 

Figure 9. Suction lifter for small blocks. 

 

 

6.2 Test equipment for large blocks 
 

Large blocks (Figure 10) were first cast to an oversize and then ground to size in a stone 

grindery. These blocks were also treated because of surface porosity and for making the 

surface more imitative of bentonite. 
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Figure 10. Large blocks of concrete. A bottom block on the left and a ring type block on 

the right. 

 

The suction lifter for large blocks (Figure 11) was constructed by using suction cups 

designed for the purpose. The special cups enabled maximizing a lifting surface area. 

The cups were plates made in aluminum, on the bottom surface of which had been ma-

chined a groove for a lip seal (V-seal VL -325 NBR). The cups were fixed permanently 

to the lifter body of steel. In this lifter, the vacuum pipework had to be divided into 

three circuits in order to achieve a lifting reliability required by the single failure crite-

rion. In the event of one circuit failing, there still remains about a 1.3-fold lifting capaci-

ty. The employed vacuum pump was Busch model KB 0020 D (20 m
3
/h, minimum 

pressure 2 hPa (mbar) abs.). For guaranteed safety, the system included three 20-liter 

pressure accumulators and a pressure sensor (Piab VS4015 -70 kPa) warning about the 

increase in pressure. Furthermore, each suction cup, as well as each circuit, was sepa-

rately closable by means of a manual valve. The lifter body was manufactured from 

steel by welding. 

 

 
 

Figure 11. Suction lifter for large blocks. 
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6.3 Artifical deposition hole used in emplacement tests 
 

The artifical deposition hole representing a deposition hole was manufactured in steel-

frame elements, having a height of about 2 m. Inside the frame section were built mov-

able rims. To the rims’ inside surface were attached upright guideposts of glued lami-

nated timber to represent a borehole in rock Ø1750 mm. Such an open structure enabled 

an easy tracking of buffer emplacement and performance of measurements. The mova-

ble rims can be used, if necessary, for inclining or curving the hole in case it is desirable 

to test emplacement in a hole whose “drilling” has not succeeded in the best possible 

way. Dimensional and shape defects resulting from test drilling operations can be intro-

duced in the artifical deposition hole as necessary, whereby the success of stacking can 

be tested in this type of case as well. The bottom part was manufactured in the form of a 

robust leg-equipped foundation, which enables both a level adjustment of the foundation 

and measurements or cable-laying operations conducted from below the bottom, e.g. for 

measuring instruments or lighting. 

 

 
 

Figure 12. An artifical depositon hole dimensionally consistent with a deposition hole. 
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6.4 Auxiliary equipment 
 

Since the laying of small blocks for a ready-to-use circular tier prior to a lift was of ut-

most importance from the standpoint of a buffer’s dimensional accuracy, a stacking 

platform was manufactured for this pre-stacking process. The stacking platform (Figure 

13) was provided with marked spots for blocks, as well as with an option of fixing an 

assistance guide (inner rim) for the duration of installing outer sector blocks. In addi-

tion, the stacking platform carried guides capable of centering the lifter automatically in 

the middle of the rim. The picture shows an inner rim on left side. 

 

For the evaluation of a stacked-up hole, discs (Figure 14) were manufactured from ply-

wood for gauging the inner dimensions and roundness of stacking. 3 pieces of discs 

were made in various diametral sizes. The snug-fitting disc functions as a gauge, i.e. in 

passing through a hole, it proves that the hole was at least large enough. Smaller discs 

could be used in measuring diameters and roundness of the hole. By tensioning a guide 

cable in the middle of a hole, it was also possible to make observations about the 

straightness of stacking. 

 

A further assistance was provided by a manual lifter used for the transfer of small 

blocks, a scaffolding structure and a hydraulic platform around the demo hole, as well 

as by measuring instruments and devices. 

 

 
 

Figure 13. A stacking platform used for the pre-stacking of blocks. Guides for the lifter 

are visible in stacking platform corners and the bottom plate carries markings for a 

correct stacking of the blocks. In the bottom left corner can be seen a removable inner 

rim, facilitating the stacking of outer sector blocks. 
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Figure 14. A plywood disc used as a detection means. The disc enabled an easier detec-

tion of possible flaws in the roundness of stacking, because e.g. a triangular shape de-

fect is not always detectable by measuring the diameter. 
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7 EMPLACEMENT TESTS 
 

Emplacement tests were preceded by drawing up testing plans for carrying out the em-

placement tests. The results of emplacement tests were recorded in separate testing me-

mos, the information of this paragraph having been picked up from those memos. Both 

testing plans and test memos are attached to the report as appendices. There is a mention 

at the start of every paragraph about which appendices are relevant to this particular pa-

ragraph. 

 

The lifters were assembled and tested in Afore Oy’s facilities. Emplacement tests for 

small blocks were initiated at Mynämäki, in the machine shop of Timeka Oy, but subse-

quently a move was made to a higher building, into the facilities of Mobimar Oy, lo-

cated in the Pansio district of Turku (Figure 15). Manoeuvering of the lifter was per-

formed by indoor cranes, the hoisting motor of which was a quite fast stopping brake 

motor. The Mobimar crane had a readily accessible socket outlet in its hook, providing a 

power supply to a vacuum pump and other equipment of the lifter. 

 

 
 

Figure 15. Test facility at Mobimar. 
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7.1 Small blocks 
 
7.1.1 Emplacement test with small blocks into a hole 2 m in height 

 

Testing plan is appendix 4 and testing report is appendix 5. 

 

The blocks were inspected and weighed prior to emplacement tests. The blocks were 

dimensionally very accurate, the height tolerance only being about ±0.2 mm. The first 

production batch was slightly underweight because of the employed casting mix, but the 

subsequently made blocks (outer sector block) had average masses of 38.1 kg, i.e. con-

veniently slightly higher than the expected mass of bentonite blocks. 

 

In the process of preliminary testing a suction lifter, it was discovered that the lifter was 

not able to grab a hold of the blocks to be lifted. A roughness of the lifting surface re-

sulting from floor irregularities and inconsistencies in block heights was observed to be 

a reason for this. The selected suction cups only had a very limited elastic range of the 

sealing, which was not enough for offsetting the height differences. The lifter design 

was modified in such a way that the suction cups were attached to the body with an axle 

which allowed a vertical travel of about 5 mm. After this, the lifter worked as expected. 

The attachment of suction cups was improved by vacuum accumulators added to the 

lifter, because now the vacuum developed considerably faster in suction cups. In the 

process of lifting, the vacuum level was in the order of -70… -90 kPa, the fluctuation 

being mostly due to the inconsistent quality of block surfaces. There were just a few 

clear leak situations and all of these were caused either by a defect in the block surface 

or by debris between the latter and a sealing surface. The minimum working vacuum for 

a lifter was determined by reducing vacuum while the blocks were suspended by the 

lifter. The blocks dropped at a vacuum level of about -15 kPa, which means that the lift-

ing reliability was quite good. When the pump was switched off while a lift was in 

progress, the outer sector blocks dropped in 2 min 18 seconds. A tier, which included all 

blocks, dropped at 1 min 15 seconds after shutting down the pump. The time of drop-

ping is greatly influenced by a leak level, which is different for each lift. These tests 

were isolated and thereby merely suggestive. 

 

Prior to the start of an emplacement test, the artifical deposition hole was checked for its 

straightness aspects and the pulley’s centricity was measured. The stacking platform 

was leveled and positioned with respect to the artifical deposition hole, such that the 

crane transfers only required a lateral movement of the crane. It was ensured thereby 

that a lateral position of the crane with respect to the centering pulley remains the same 

throughout the entire emplacement process. The lifter function was confirmed with low-

height trial lifts prior to starting the actual emplacement test. The lifter was balanced 

prior to a descent into the artifical deposition hole for making it as horizontal as possi-

ble. The balancing was performed with loose weights by comparing the height of the 

lifter’s edge with the plane defined by a top plate of the artifical deposition hole. (Figure 

16). 
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Figure 16. Balancing the lifter at a top edge of the hole. 

 

 

In a first test, the block tower was erected three times to a height of 2 m. As for stack-

ings, the diameters (the distance of opposite blocks from each other) of each tier were 

measured at eight different spots. With the last two stackings, this diameter measure-

ment was also conducted on the stacking platform before a lift in order to find out 

whether the lifting process inflicts changes in the diameter. In order to determine the 

centricity and shape defects of the tower, the distance of blocks from the center axis was 

measured. Finally, the tower height was measured at four different spots. According to 

the result report, the diameters of a third stacking showed an average of 1073.3 mm and 

a standard deviation of 1.4 mm. The maximum diameter size was 1075 mm and the 

minimum was 1070 mm. The employed blocks established an inner diameter which ex-

ceeded the target size. The tiers showed a deviation from the center axis within the 

range of -2…+3 mm, which means that, in principle, this stacking would provide a min-

imum clearance of about 5 mm for the emplacement of a canister. 

 

Also conducted was a 3D-scanning of the inner buffer surface, according to which the 

largest cylinder fitting inside the tower is 1063 mm. 

 
7.1.2 Emplacement tests with an artifical deposition hole 6 m in height 

 

Testing plan is appendix 6 and testing report is appendix 7. 
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After inspecting the gear, a stacking process for the cylindrical section of the buffer was 

performed to a height of 4.8 m. Small leaks were difficult to locate, yet were detectable 

from pressure level changes. Closing individual suction cups enabled a detection of 

even small leaks, but, being manual work, this was of course inconvenient. During the 

stacking process, the alignment or centering was performed by means of a pulley 

present in the demo hole. Problems in alignment were caused by an unbalanced condi-

tion and swaying of the lifter. In the future, the alignment should commence either from 

underlying blocks or from walls of the hole. Because, in these lifts as well, a leak in suc-

tion cups was caused by debris remaining between sealing surfaces. The apparatus 

could be supplemented with a blowing function for possibly removing impurities from 

under the suction cups upon the descent thereof to the attachment with blocks. 

 

The time spent for emplacement was also evaluated for determining a true emplacement 

time. 

 

The erection process was followed by subjecting the tower to 3D-scanning. The scan-

ning results are presented in appendix 8. 

 

In order to enable evaluating the effects of a height variation occurring between the top 

surface of a canister and buffer blocks, the stacking was performed also above the canis-

ter in the case of small blocks (Figure 17). In place of a canister, there was a cylinder 

used in welding tests, which was short but otherwise just like a spent fuel canister in 

terms of its shape and dimensions. Tested height differences were 3, 6 and 10 mm, such 

that the buffer stacking was always that much above the canister. The 10 mm difference 

has been considered to be a maximum height difference between the canister lid and the 

buffer resulting from dimensional tolerances. In the test, on top of the canister lid was 

mounted a lid filler block 85 mm in height in order to bring an interior of the lid to 

flushness with edges of the lid. On top of the lid was stacked a tier of buffer 2 m in 

thickness, i.e. the same amount as in the actual deposition hole. 

 

Dismantling of block towers succeeded just like the stacking thereof. The attachment 

was successful, even though the blocks in a tower were not as evenly placed as on the 

stacking platform. 

 

Simulated fault situations proved that the lifter’s two-circuit configuration did not work 

as expected, since the breakdown of a hose or a suction cup resulted very quickly in the 

fall of a load. The reason for this was found in one-way valves used in the system, 

which were not appropriate for a vacuum system. Because of the small pressure differ-

ences in a vacuum system, the mechanical valves must be highly responsive or must be 

replaced with electrical or auxiliary pressure controlled valves. 
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Figure 17. Overhead stacking test. The highest stacking tier is level despite the top ca-

nister surface having been 10 mm lower than the canister-encircling buffer structure. 

 

 

7.2 Large blocks 
 

Testing plan is appendix 9 and testing report is appendix 10. 

 

The quality of large blocks was not good enough, therefore the blocks wobbled on top 

of each other because of shape defects of the surfaces. The blocks were delivered for 

regrinding, after which the stacking succeeded in an acceptable manner. 

 

To evaluate the emplacement time, the transfer of blocks was also tested at a higher mo-

tion speed of the crane, which was 70 mm/s. The transfers were successful even at this 

speed without detachments of blocks. The attachment to blocks succeeded well, the only 

problems being caused by possible debris or concrete surface defects. The vacuum level 

in lifts varied within the range of -95…-99 kPa. Regarded as a limit for lifts was the va-

cuum of -70 kPa, i.e. if this pressure was not reached, the surface was checked for de-

bris or the search for a leaking suction cup was initiated by shutting them down one at a 

time. A minimum vacuum level measured for the attachment of upper blocks was -20 

kPa. A transition from shutting down the pump to this pressure took 7 min 23 sec. The 

lift succeeded even by closing two out three vacuum circuits; additionally, still required 

closing one suction cup of the final circuit for a piece to fall off the lifter. In the case of 

ring type blocks, the lift succeeded in a similar manner, but the time to falling was 1 
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min 23 sec. The time gap to when the fall occurs is greatly influenced by the quality of 

surfaces to be sealed, i.e. a total leak level. The leak level was varied at each lift. These 

fall or drop tests were separate tests and thereby they only gave suggestive results. 

 

Alignment of the lifter was preformed manually with respect to the outer edge of an un-

derlying block. Balancing was not applied to large blocks, but by using it an easier alig-

nability could be achieved in the emplacement test. Even a slight misalignment set a 

block askew and thereby caused a problem in the centering process. 

 

Dismantling of the block tower proceeded without problems and with the same methods 

as emplacement. 

 

 

7.3 Results of emplacement tests 
 

Result reports for stackings are presented as appendices 5, 7, 8 and 10. 

 

Both block types produced a stacking capable of accommodating a spent fuel canister. 

 

The total emplacement clearance remaining in a tower assembled from small blocks 

(3D-measured stacking) will be about 15 mm, because the average of all tier diameters 

turned out in stacking was 1071.9 mm and the largest possible through-passing cylinder 

was 1065.7 mm. Although the average of tier diameters is slightly more than what was 

pursued (1070 mm), the emplacement errors of blocks will reduce the emplacement to-

lerance to something slightly less than the pursued 20 mm total clearance (a 10 mm gap 

on every side). 

 

The tower of large blocks was measured from the outside, the centricity deviation being 

± 3 mm. 

 

Both suction lifters worked well. Our chosen lifting limit was -70 kPa, which is reached 

when the surface quality in pieces is satisfactory. In both lifters, the circuit division en-

sured the continued attachment of pieces, even if one of the circuits failed. Not a single 

block dropped accidentally during the lifts. With both lifters, the blocks remained in at-

tachment for more than a minute even if the vacuum pump was shut down (SFS-EN 

13155 requirement 5 min in lifts involving a human risk). The continued attachment is 

greatly influenced by the quality of block surfaces, as well as by the volume of a dep-

loyed backup vacuum. A higher performance pump, with an output of about 20 m
3
/h, 

functions more reliably in tests because, with this pump, the effect of small leaks on to-

tal pressure was not that significant. A freely hanging lifter is sensitive to the unbalance 

of blocks. In the emplacement of small blocks, the unbalance had significance in terms 

of positioning, because the centering was effected solely by means of a pulley. In the 

case of large blocks, the unbalance was of no consequence, because the centering was 

effected manually. Even in this case, the unbalance hampers emplacement as the bottom 

surface of a load can be askew. 

 

Based on the tests, the acceptable height difference with small blocks is 10 mm between 

the top end of a canister and the margin blocks of a buffer. After a few tiers, the stack-
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ing evened out completely. By stacking the blocks above a canister in such a way that 

the centricity thereof is staggered between tiers to the extent of about 5 mm, the result-

ing stacking will be better also from the standpoint of reducing upward directed radia-

tion. The stagger disallows the creation of straight vertical slits. 

 

When examining the results table for 3D-scanning of the stacking of small blocks, it is 

possible to locate a minor shape defect in the stacking, even though it is difficult to 

detect by examining individual results. In Figure 18, the results shows center points for 

the tiers of a stacked-up buffer in an XYZ- coordinate. The error range being within a 

range of about -5…+5 millimeters. The reason for error of the stacking is not known. 

However, the error is small, nor has it any major significance on the development of a 

total clearance. 

 

 

 
 

Figure 18. The figure shows center points for the tiers of a stacked-up buffer in an 

XYZ—coordinate. 
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The saturation rate of a bentonite buffer at the initial stage might influenced by the vo-

lume of water flowing paths remaining between the blocks. This issue was roughly 

demonstrated by placing inside the buffer a powerful light source and by imaging from 

outside the light emerging from between the blocks. It is clearly visible in Figure 19 

how small blocks leave between themselves distinct slits both in vertical and horizontal 

joints. Measurement of the real leakage of water or air was also contemplated, but the 

thought was dropped because of an awkward array of tests and ambiguity of results 

 

 

 
 

Figure 19. Displaying slits in the blocks by photography. Between the blocks’ surfaces 

remain distinct slits both in vertical and horizontal directions. 
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8 STUDY OF BUFFER EMPLACEMENT TIME 
 

The study of buffer emplacement time is based on transfer speeds of a gantry crane used 

in emplacement tests. Transfer distances are expressed by taking into consideration the 

changing height and dimensions of a block tower. The time needed for attachment and 

release actions of a lifter is estimated empirically. In the calculation, the applied transfer 

speed was 120 mm/s and the applied lifting/lowering speed was 70 mm/s. The attach-

ment, release and alignment of a lifter were empirically estimated to proceed at the rate 

of 30 s/tier. 

 

8.1 Emplacement time for a buffer of small blocks 
 

At the first stage of an emplacement process in a normal outset situation, the transfer 

distance to be covered will be about 250 m, representing 35 min in terms of time, and 

the lifting/lowering distance will be about 460 m, representing 1 h 50 min in terms of 

time. Hence, the combined transfer time comes to a total of 2 h 25 min. Added to this is 

the estimated lifter alignment and attachment time of 15 minutes. The pre-emplacement 

time estimate results to a total of about 2 h 40 min.  

 

In the stacking of blocks above a canister, the resulting transfer distance will be about 

55 m, representing the time of 8 min, and the lifting/lowering distance will be about 90 

m, representing the time of 21 min. The total transfer time will be 29 min. Added to this 

is the estimated lifter alignment and attachment time of 5 minutes. Thus, the emplace-

ment time estimate for an overhead section results to a total of 34 min.  

 

Accordingly, the total emplacement time for a buffer of small blocks will be 3 h 14 min. 

 

Another estimate that can be added to the stacking time is a spent fuel canister em-

placement time, which is about 50 minutes in presuming that the emplacement vehicle 

sets off immediately as the lower buffer section is confirmed to be good and ready. The 

average driving distance for the vehicle in a central tunnel is about 800 m, the covering 

of which takes 10 minutes at a speed of 5 km/h. The average round-trip driving distance 

to a final disposal corridor is 300 m, the covering of which takes 10 minutes at a driving 

speed of 1.8 km/h. The actual emplacement of a canister takes about 30 min. 

 

The calculation takes into consideration the driving time 41 minutes, which required by 

transfer vehicles between various stages. Hence, the average time for the final deposi-

tion of a copper canister is about 4 h 45 min. from commencing the emplacement of a 

buffer constructed from small blocks to the emplacement of a final bentonite block. In 

the best case scenario, a canister can be installed in about 3 h 10 min from starting the 

stacking process. This calculation does not take into consideration the time spent for a 

possible post-stacking examination. 
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8.2 Emplacement time for a buffer of large blocks 
 

At the first stage of an emplacement process in a normal outset situation, the transfer 

time comes to a total of 29 min. Added to this is the alignment and attachment time of 6 

minutes required by a lifter. The pre-emplacement time estimate comes to a total of 

about 35 min. 

 

In the stacking of blocks above a canister, the total transfer time is 10 min. Added to 

this is the alignment and attachment time of 1 minute required by a lifter. The total em-

placement time estimate for the overhead section is about 11 min. 

 

Hence, the resulting total emplacement time for a buffer of large blocks will be 46 min. 

 

Another estimate that can be added to the stacking time is a spent fuel canister em-

placement time, which is about 50 minutes in presuming that the emplacement vehicle 

sets off immediately as the lower buffer section is confirmed to be good and ready. The 

average driving distance for the vehicle in a central tunnel is about 800 m, the covering 

of which takes 10 minutes at a speed of 5 km/h. The average reversing distance to a fi-

nal disposal corridor is 150 m, the covering of which takes 5 minutes at a driving speed 

of 1.8 km/h. The actual emplacement of a canister takes about 30 min. 

 

The calculation takes into consideration the driving time 39 minutes, which required by 

transfer vehicles between various stages. Hence, the average time for the final deposi-

tion of a copper canister is about 2 h 15 min. from commencing the emplacement of a 

buffer constructed from large blocks to the emplacement of a final bentonite block.  

 

In the best case scenario, a canister can be installed in about 1 hour from starting the 

stacking process. This calculation does not take into consideration the time spent for a 

possible post-stacking examination. 
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9 EVALUATION OF THE OBTAINED EMPLACEMENT QUALITY 
 

Stacking trials proved that in principle the stacking succeeded with the expected clear-

ances. However, the stacking developed clearly defined deviations, which easily re-

duced the real emplacement clearance to a half of the nominal 10 mm clearance. In or-

der to provide full certainty regarding a successful emplacement of the canister, every 

prepared hole must be inspected prior to the emplacement of a spent fuel canister. 

 

Quality can be controlled basically by two different methods. The process of gauging 

the hole with a canister-matching piece provides an assurance about the canister being 

fit for its hole without actual measuring instruments. A second method is to measure the 

hole and to compare results with acceptable values. Both methods have their own weak-

ness. 

 

Handling a gauge the size of a canister is not practical in tunnel conditions and would 

probably require a specific handling apparatus and vehicle. In addition, the only infor-

mation received from gauging is whether the canister fits or not. It would also be essen-

tial to know that the stacking is not too loose as this factor has also a major meaning 

from the standpoint of an overall process. Detection of looseness would require either a 

second gauge or a gauge adjustable in terms of its outer dimensions, whereby the whole 

configuration is about to become quite complicated. 

 

Neither is the measuring of a hole totally simple because of its shape and conditions. In 

the measurement, it is not sufficient to measure just the diametral dimensions as 

straightness of the hole must also be measured. The optical 3D-scanning used in em-

placement tests is possible, but requires special arrangements, time, and is not necessari-

ly at its best in a tunnel ambience. Most probably, it is worthwhile to develop a special 

measuring device for hole measuring, which applies currently available laser scanning 

technology. By designing e.g. a spin motion probe, which identifies its own position e.g. 

by means of a lowering depth and a fixed point above the bore, it is possible to obtain 

necessary measurement data from the hole. The result is processed with a computer 

program capable of analyzing and documenting the hole quality. Consistent technology, 

although in a rougher version, is used e.g. in the scanning of cave surfaces as required 

by automatic vehicles or the like. 

 

As the case may be, the appropriate measuring technology could be available right now, 

but this project did not involve a very extensive market research regarding suitable 

equipment or methods. 
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10 SUMMARY 
 

10.1 Lifters 
 

Lifters for both block sizes worked well and were not technically very different from 

each other. The heavier mass of large blocks was more critical from the standpoint of 

lifting safety, actually for two reasons. The achievable lifting reliability is directly de-

pendent on an available surface area in proportion to mass, which relationship in the 

case of large blocks is theoretically almost 5 times poorer. Even despite that, the appara-

tus could be constructed in a way to fulfill the single failure criterion. The second factor 

is a heavy mass of the block itself, which, in the event of a fall, may cause damage e.g. 

to the upper section of a spent fuel canister. On the other hand, despite the circuit divi-

sion, the number of suction cups in a lifter for large blocks can be considerably fewer. 

An automated monitoring system, to be possibly added at a later stage, is simpler to 

build there after. Because of the mass to be lifted, the lifter for large blocks needs a 

more heavy-duty frame or body structure (and other hoisting gear). The employed lifters 

were of a type hanging on a single steel wire rope, which was not a preferred solution 

from the perspective of emplacement accuracy. Paragraph 10.4 includes a list of further 

development proposals regarding the construction of a lifter and the entire lifting gear. 

 

 

10.2 Stacking and emplacement time 
 

Stacking succeeded with both block sizes at a sufficient precision and the stacked-up 

towers were steady, even if this called for the extra precision grinding of joint surfaces 

in the case of large blocks. The stacking of large blocks was considerably faster and 

even the overall handling thereof would probably be easier at the final disposal site. 

This is nevertheless largely dependent on a type of transport and storage containers that 

will be used for the blocks. From the safety perspective of a spent fuel canister, the 

small blocks would be safer to install on top of the canister by virtue of a better lifting 

reliability. On the other hand, large blocks on top of a canister provide a more secure 

radiation shield for radiation directed upwards from the canister. Still, the meaning of  

radiation is quite small, because the subsequent filling of final deposition tunnels is car-

ried out quite rapidly after the disposal of a canister. When designing a tunnel filling 

apparatus, precautions must be taken for possible radiation during the filling process. 

 

 

10.3 Manufacturing and emplacement tolerances 
 

According to present knowledge, the fabrication of small blocks is easier because of dif-

ferent precision requirements. In the case of large blocks, the strict shape requirements 

are important for successful stacking and, in the case of small blocks, the important 

point is dimensional accuracy. The dimensional accuracy requirements of small blocks 

are proportionally more relaxed than those in the case of large blocks because of their 

size (appendices 1 and 2). A cross-stacked brick-laying pattern ties the stack firmly and 

compensates for minor dimensional flaws.  The straightness of a bottom is not nearly as 

critical as in the case of large blocks (Figure 20). With large blocks, on the other hand, 

even a small protrusion on the joint surface results in the wobbling of overlying blocks. 
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Appendix 11 includes a picture of how much the stacked-up tower can be leaning with 

presently discussed tolerances in a worst case scenario. 

 

In the case of both block types, the emplacement clearances between a drilled hole and a 

buffer are in principle always sufficient, because the diametral dimension of an inner 

hole is not allowed to vary more than ±5 mm. A consequence of this is that, when the 

blocks are within suggested tolerances, the theoretical outer rim tolerance of 25 mm is 

enough for emplacement as long as the effect of a possible hole shape defects to reduce 

emplacement clearances remain sufficiently insignificant. Because, in the case of large 

blocks, the maximum dimensional flaw of blocks results in the reduction of a gap be-

tween bentonite and rock to 18 millimeters, it can be said that the shape defect of hole 

boring may not be larger than that. Thus, the boring tolerance of a rock hole can be 

roughly determined to be ø1750±15 mm. This tolerance encompasses both a dimension-

al flaw and a possible shape defect. 

 

 

 
 

Figure 20. The effect of a deposition hole bottom on the emplacement clearance. Even 

as slight inclination as 0.3° eliminates 5 mm of the clearance when using large blocks 

960 mm in height. In the case of small blocks, the problem is not equally significant, 

because, with a piece 200 mm in height, the resulting indentation shall only be 1 mm. 

Every block tier is centered according to a theoretical center axis. 

 

 

10.4 Further development of a lifter 
 

It should be noted in the implementation of a lifter that the applied technology is relia-

ble and the chosen technical solution matches the conditions prevailing at a final dis-

posal site. 
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On the basis of tests, the properties and shape of a sealing material are worth paying 

special attention to, because minor surface defects are often a cause of leak if the sealing 

range is short. On the other hand, the sealing must be highly elastic for adapting in a 

sealing manner to the surface contours. In stone and tile industry there are plenty of lif-

ters in service, the sealing solutions of which could provide a correct solution for this 

purpose as well. In order to undermine the effect of debris, it is also possible to contem-

plate the use of a blowing impulse prior to the activation of vacuum. A blowing function 

would enable clearing the sealing surface at least of possible loose debris and dust mi-

grating to vacuum equipment. 

 

The vacuum generator must be at least as powerful as the one that was used in the lifter 

for large blocks in order to prevent small leaks from causing an excessive reduction of 

vacuum level. For the next version it is worthwhile to design a suction cup-specific 

pressure control and shutoff system. Another alternative is provided by suction cup-

specific pressure generators. 

 

The lifter must definitely be outfitted with support wheels, which prevent the lifter from 

wobbling in a deposition hole. If the borings are not sufficiently accurate in terms of 

dimensions, there will also be a need for an active adjustment system for the support 

wheels for enabling the alignment of a lifter and blocks according to the theoretical cen-

ter axis of the boring. Another possibly necessary feature is a balancing system, but this 

is probably not needed as long as the lifter is suspended by not fewer than three lifting 

ropes and propped by said support wheels. 

 

The lifting reliability for the emplacement of blocks to be stacked on top of a canister 

could be increased if the blocks were suspended also mechanically as far downward as 

possible. Still, based on the conducted tests, the mechanical suspension is not needed. 
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APPENDICES 
 

 

Appendix 1: Small blocks drawings 1462-5001, 1462-5002 and 1462-5003. 

Appendix 2: Large blocks drawings 1462-5004, 1462-5005 and 1462-5006. 

Appendix 3: Pneumatic-diagram 1462-100 for the lifter of small blocks. 

Appendix 4: Test plan for small blocks MU1462-5. 

Appendix 5: Test report for small blocks MU1462-8. 

Appendix 6: Further test plan for small blocks MU1462-9. 

Appendix 7: Report on further tests for small blocks MU1462-17. 

Appendix 8: 3D-measuring report about the stacking of small blocks MU1462-18. 

Appendix 9: Test plan for large blocks MU1462-10. 

Appendix 10: Test report for large blocks MU1462-16. 

Appendix 11: Maximum inclination allowed by tolerances 1462-5007.  
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POSIVA 

EMPLACEMENT TECHNOLOGY FOR BENTONITE BLOCKS 

 

TEST PLAN FOR SMALL BLOCKS 

TEST SITE TIMEKA OY, MYNÄMÄKI 

 

OBJECTIVES 
- Ensuring the handling of blocks. 

- Confirmation of quality in stacking.  

- Ways to determine quality. 

- Finding out how small blocks lend themselves to emplacement. 

- Determining tolerances by which the final construction can be im-

plemented. 

- Ensuring the operation of a hoisting gear.  

- Obtaining necessary basic knowledge for further development. 

- Documenting the obtained results with adequate accuracy. 

- Issues as per objectives in document MU1462-8. 

 

PROGRESSION OF TEST OPERATIONS 

 

1 PRELIMINARY PROCEDURES 
- Checking that necessary equipment is present on test site, as well as 

in working order. 

- Demo hole has been set in a proper place and the foundation is suf-

ficiently solid. 

- Gantry crane has sufficient operating range as well as capacity. 

- Pallets and a stacking platform are positioned sufficiently close to 

the demo hole. 

- Electricity and compressed air are available, as well as necessary 

cables and hoses are present. 

- Checking the lifting chain assembly for its suitability to lifting as 

well as its condition. 

- Gantry crane operator has been familiarized with how to operate 

the crane, as well as with safety regulations. 

- All those participating in the test have been properly informed 

about risks and safety regulations relevant to the lifting operation. 

 

2 TESTING OF VACUUM LIFTER 
- Basic testing of the lifter is conducted beforehand in Afore’s facili-

ties. 

- Verification on test site that the lifter has not been damaged in 

transport, as well as that all parts are present. 

- Checking suction cup attachments, hose couplings, as well as elec-

trical connections. 

- Checking air filter for cleanliness, on a regular basis even during 

the test! 

- Checking vacuum pump operation, as well as the amount of oil. 
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- Checking the attachment as well as condition of lifting brackets. 

 

3 INSPECTION OF CONCRETE BLOCKS 
- Concrete blocks have been properly stored in a dry space. 

- Concrete blocks have been placed close to a stacking platform. 

- Checking visually a condition of the blocks. 

 

4 PRELIMINARY PROCEDURES PRIOR TO THE START OF A LIFTING 
PROCESS 

- Stacking platform is placed in the proximity of pallets. 

- Blocks stacked manually or by means of a separate vacuum lifter 

on the stacking platform. 

- Stacking platform is provided with alignment marks, as well as 

with an inner hoop for stacking just an outer rim, if necessary. 

- Stacking platform is provided with four adjustable locators, which 

enable adjusting the lifter for concentricity with the platform. 

- Stacking platform is adjusted for a position as level as possible. 

 

5 LIFTING PROCESS 
- Ensuring by hoisting the lifter without a load that the gantry crane 

has a sufficient operating range. 

- Ensuring that feed cables etc. for the lifter are sufficiently long in 

the operating range, as well as that the entanglement thereof is pre-

vented. 

- Ensuring the operation and safety of the equipment prior to a lift by 

moving blocks about near the floor. 

- Lifting hook can be provided with a load net for the duration of lift-

ing operations. 

 

6 OBJECTS OF INVESTIGATION 
- Alignment of a lifter relative to a stacking platform. 

- Adherence of suction cups to blocks. 

- How to detect leaking suction cups and how to eliminate the ad-

verse effect thereof. 

- Sufficient supply of vacuum for a vacuum pump or ejector. 

- Effect of concrete dust on the process. 

- Alignment of a lifter inside the tower with previously lowered 

blocks. 

- How precisely is it possible to implement a desired stacking pat-

tern? 

- Effect of defects in block shapes on stackability, as well as on to-

lerances. 

- Determining minimum emplacement tolerances for blocks, both 

with a rectilinear hole and a maximum curvature hole. 

- Disassembling a block tower. 

- Which auxiliary equipment can be used for the alignment of a lifter 

(e.g. a WLAN camera)? 
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- How to see inside a stacked-up tower (lighting, imaging)? 

- Simulating various fault situations in a lifter, e.g. breakdown of 

components. 

- Measuring leak flows caused by blocks, as well as a required va-

cuum level. 

 

7 MEASUREMENTS 
- Recording all shortcomings found in the equipment. 

- Measurements are compiled for a measurement record. 
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POSIVA 

EMPLACEMENT TECHNOLOGY FOR BENTONITE BLOCKS 

 

EMPLACEMENT TEST FOR SMALL BLOCKS 

TEST SITE TIMEKA OY, MYNÄMÄKI  

TESTS WERE CONDUCTED DURING SPRING AND SUMMER 2009 

 

EMPLACEMENT TEST OBJECTIVES 
- Objectives and methods are defined in test plan MU1462-5. 

 

PROGRESSION OF TEST OPERATIONS 
 

1 PRELIMINARY PROCEDURES 
- Timeka was supplied with a ”Test facility layout” drawing, detailing a 

test area, a demo hole, and a layout of equipment on the facility’s floor. 

- Demo hole stands for a steel structure with a circular interior. The pur-

pose of an aperture established inside the demo hole structure is to simu-

late dimensionally a deposition hole to be bored in rock. 

- Tests were preceded by an inspection visit to Timeka and the demo hole 

was found installed in position according to plans. It is still decided to 

shift the demo hole by about a meter in order to accommodate the scaf-

folding more conveniently. 

- The facility was found adequate for the test and compressed 

air/electricity was available. 

 

2 TESTING OF VACUUM LIFTER 
- The lifter was assembled and tested in Afore’s facilities. 

- The lifter’s chain assembly and turnbuckles were adjusted to suitable 

lengths. 

- It was found in a first lifting test that suction cups do not adhere consis-

tently to blocks and there are excessive air leaks for lifting. 

- The reason for poor adherence was found to be an excessive roughness of 

the lifting surface resulting from irregularities of the floor and discrepan-

cies in the heights of blocks. 

- A solution was reached, which involves machining a separate suction cup 

attachment shaft with an appropriate weight for enabling a motion range 

of 5 mm for each suction cup. 

- The lifter was disassembled and the suction cup attachment shaft and 

weight were installed. 

- After the repair, a good adherence was achieved with all suction cups. 

- Testing was continued in Afore’s facilities and the lifter was found to be 

in working order for the test. 

 

3 INSPECTION OF CONCRETE BLOCKS 
- Concrete blocks are of a correct type in sizes and shapes (Paragraph 7.1 

Drying surveillance and weighing of blocks). 

- Concrete block surfaces are variably porous and the surface releases dust. 
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- It was concluded that dust must be bound and pores filled for a secure 

adherence and the longer maintained cleanliness of equipment. 

- Block surfaces were subjected to a dispersion treatment, but the film did 

not have a sufficient durability. 

- A resin treatment was agreed at the end. Epoxy mix composition: Sol-

master epoxy curing agent 1 part, EP 6000 Solmaster resin 3 parts, and 

general purpose cement 3 parts. Parts are by volume. The mix is applied 

evenly to top surfaces of the blocks. The treatment is repeated as neces-

sary. 

- Manufacturer of the blocks was requested to perform the treatment on ex-

isting blocks. 

- Coating of the blocks delayed the delivery of blocks. 

 

4 PRELIMINARY PROCEDURES PRIOR TO THE START OF A LIFTING 
PROCESS 

- Erection of necessary scaffolding on either side of a demo hole. 

- Checking the demo hole’s location and dimensions. Fitting on top of the 

demo hole a pulley-equipped steel cage used for aligning the lifter during 

a descent into the hole. 

- Setting the demo hole and the platform at horizontal level by means of 

adjustment legs. 

- Adjusting the pulley and its steel cage by means of a load-free lifter with 

the objective of placing the lifter as centrically as possible in the demo 

hole both in top and bottom positions. 

- Concluding that the adjustment presented a challenge, because the end 

result is the sum of a multitude of factors. 

- Positioning a stacking platform with respect to the demo hole in a way to 

enable a transfer by only using lateral and vertical movements of the 

crane. 

- Adjusting the stacking platform to a horizontal level. 

 

5 LIFTING PROCESS 
- Operation of the lifter operation was tested with blocks and first lifts 

were performed on top of the stacking platform (Paragraph 7.2 Vacuum 

threshold value for the fall of a load). 

- Confirmation of the lifter operation was followed by practice lifts into the 

demo hole. 

- A standard 3-lifter chain assembly is implemented in such a way that all 

chains are not equal in length. A result of this was that the lifting point 

was not in the center. 

- The lifting point was brought to the center by making a separate hoisting 

flange to which were attached three chains of equal length. 

- A load net attachable to the lifting hook, or any other safeguard against 

the fall of a load, was not considered necessary as the attachment was 

very solid. 
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6 OBJECTS OF INVESTIGATION 
- Erection of a block tower to the height of 2 meters (10 tiers) was carried 

out 3 times. 

- Vacuum during lifts -70…-90 kPa, fluctuation was due to the quality of 

block surfaces. 

- Vacuum of -70 kPa was regarded as a lower limit for lifts. 

- Just a few leak situations occurred in suction cups and all of those were 

due to external debris between suction cup and block or a defect in the 

block surface. 

- Two lifts were performed with one circuit totally closed. The lift pro-

ceeded without trouble. 

- A filter associated with the vacuum pump was still in good condition af-

ter the test. 

- Although air was dirty in the test facility and blocks released dust, there 

was no discernible variation in lifter performance. Discrepancies between 

lifts resulted mainly from the quality of the blocks’ coating. 

- Not once was there a situation, in which the block would have fallen or 

the vacuum level would have changed significantly during a lift. 

- Not a single fault situation or breakdown occurred in the apparatus or its 

components during the test. 

- Stacking accuracy of a lifter is greatly influenced by a state of equili-

brium of the lifter itself, as well as by a variation in the state of equili-

brium resulting from a variation in weights of the blocks. 

- Equilibrium or balance was corrected in each lifting process by separate 

steel discs with a necessary number of such discs placed on an outer pe-

riphery of the lifter. 

- Balancing was carried out by lowering a load-carrying lifter to level with 

the lid component of a demo hole. This was followed by adding weights 

in such a manner that the lifter was hanging centrically with respect to 

the lid component. Measuring was conducted by a roller measure device 

and the accuracy in centricity of about +-1 mm was achieved this way. 

- The method was slow and finding appropriate weights was troublesome. 

- In the future, the balancing should be performed on a stacking platform 

on the floor, as well as be more appropriate in terms of its implementa-

tion. 

- The gantry crane, which was used as a transfer apparatus in the test, has 

motion speeds with a load as follows: 

o Lowering down 1.9 cm/s. 

o Lifting up 1.7 cm/s. 

o Horizontal lateral motion 7.8 cm/s. 

- More accurate measurements were made from a 3-tier stacked tower. 

- Diameters of each tier were measured from eight different spots in order 

to reveal a possible shape defect in this particular tier. 

- The same diameter measurement was performed on the stacking platform 

prior to a lift in order to reveal a change caused by attachment and re-

lease. The possible change is probably due to a lateral movement of 

movable suction cups and to a fact that, in practice, the load always des-
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cends with one of the edges leading (Paragraph 7.3 Stacking measure-

ment for small blocks). 

- A centrically placed steel wire rope was used for measuring the tower for 

a dimension between the rope and the block. So measured was every 

block in the tower. The object of this measurement is to clarify the cen-

tricity of a tower as well as the indentations between blocks. The final 

outcome is an estimate of whether the canister fits in the hole and with 

which emplacement tolerances. 

- The block tower was found very solid and no swaying or the like was ob-

served. 

- Measurements for a total height of the tower were made from four differ-

ent spots. The measured heights were 2002, 2001, 2002 and 2002 mm. 

- Emplacement tests were only conducted with a rectilinear hole. 

- Disassembly of the block tower succeeded well without problems al-

though the alignment was performed manually. 

- Alignment of the lifter with respect to previously lowered blocks was 

largely dependent on successful balancing. 

- The implementation accuracy of a stacking pattern was dependent on 

manually performed encircling. 

- No shape defects were found in blocks which would have had an impact 

on stackability, and the impact on tolerances must be analyzed from more 

precise measurements. 

- The stacked-up tower was subjected to internal optical 3D-scanning. 

- The measurement was conducted by Cascade Oy. 

- The apparatus specifications: 

o Manufacturer: GOM mbH.   

o Hardware: Atos IIe + Tritop. 

o Software: Atos 6.2.0-4 sekä Tritop 6.2.0-4. 

o Precision: +-0.05 mm. 

- The obtained result included a singled-out diameter for each tier and a 

maximum cylinder diameter that fits inside the tower (Paragraph 7.4 3D-

scanning of a stacked-up block tower). 

 

7 SEPARATE  MEASUREMENTS 
 

7.1 Drying surveillance and weighing of blocks 
The object was to use measurements for finding out a change in the weight and dimensions of con-

crete blocks during a drying period. Measurements were conducted over the period of 21 days by 

measuring the block thickness from four spots with a caliper and by determining the weight with a 

person scale (Table 1). 

 

It was concluded that the blocks were dimensionally highly precise and did not transform during the 

drying process. The weight fell about 2 kg during measurements and it was concluded that the 

weight (25 kg) was too low in view of a target weight (36 kg). The block supplier has modified the 

composition of casting mix for bringing the next blocks closer to target (Table 2). 
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Table 1. Measurement results from blocks. 

 

 

 

 

Table 2. The masses of blocks cast with a new composition were weighed. Average 38.1 kg, maxi-

mum 39 kg, minimum 37.5 kg, and standard deviation 0.38. 

 

7.2 Vacuum threshold value for the fall of a load 
 
7.2.1 Objectives 

 The objective was to determine real and calculated vacuum threshold 

values for the fall of a load 

 
7.2.2 Value obtained by measuring 

 A load was lifted up in the air and vacuum was reduced by a pressure 

regulator until the load fell. 

 The load fell at -15 kPa. 

 This was followed by closing all valves in suction cups, whereby the va-

cuum level was -20 kPa. 

 Thus, the obtained leak was about 5 kPa. 

38.1kg 37.7kg 37.5kg 37.9kg 37.9kg 37.8kg 38.3kg 38.4kg 37.8kg 

38.3kg 37.6kg 38.2kg 38.3kg 38.4kg 38.1kg 39.0kg     

Project 1462; Dimensional change  of concrete block while drying 
BLOCK 1 BLOCK 2 BLOCK 3 

Date    Mass kg  D1 D2 D3 D4 Mass kg  D1 D2 D3 D4 Mass kg  D1 D2 D3 D4 
4.11.2008 27.4 200 200 199.9 200.2 27.3 200 200 199.9 200.2 27.3 200 200,1 199.9 200.2 
5.11.2008 27.2 200 200 199.9 200.2 27.2 200 200 199.9 200.2 27.3 199.9 200 199.9 200.2 
6.11.2008 26.7 200 200 199.9 200.2 26.7 200 200 199.9 200.2 26.7 199.9 200 199.9 200.2 
7.11.2008 26.4 26.3 26.3 
8.11.2008 
9.11.2008 

10.11.2008 
11.11.2008 25.8 199.9 200 200 200.2 25.8 199.9 200 199.9 200.2 25.8 199.8 200 199.9 200.2 
12.11.2008 
13.11.2008 
14.11.2008 
15.11.2008 
16.11.2008 
17.11.2008 25.1 25.6 25,6 
18.11.2008 
19.11.2008 
20.11.2008 
21.11.2008 
22.11.2008 
23.11.2008 
24.11.2008 
25.11.2008 24.8 199.9 200 200 200.2 25.3 199.9 200 199.9 200.2 25.3 199.8 200 199.9 200.2 

Target sizes / weight 
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 The exact amount of leak is hard to estimate because of an internal resis-

tance caused by the action of directional valves. The internal resistance 

develops a pressure difference between the inlet and outlet sides of direc-

tional valves. 
7.2.3 Calculated value 

 A single block has 4 suction cups. 

 The suction cup has a diameter of Ø110 mm. 

 The block has a mass of about 38 kg. 

 Calculated vacuum demand is -9.8 kPa. 

 The calculation takes into consideration neither a propulsive force caused 

by the suction cup sealing nor a leak caused by the surface quality, which 

aspects in reality increase a necessary calculated force. 

 
7.2.4 Confirmation of the result by a lifting test 

 A load was lifted with a vacuum of -25 kPa, the vacuum was set with 

valves closed. 

 The lift was successful. 

 The suction cups had a vacuum level of -20 kPa during the lift. 

 

7.3 Stacking measurement for small blocks 
 
7.3.1 Objectives 

 The object of measurements was to measure diameters of block tower 

tiers, as well as whether the values change during a lift. 

 The buffer structure was stacked up three times which were subjected to 

diameter measurements in the tower. In two latter towers, measurements 

were also applied to the diameters of tiers on the stacking platform prior 

to attachment (Figure 1 and Tables 3-9). 

 Measurements were conducted by means of Bosch DLE 50 laser gauge. 

 The internal shape of block tiers is estimated by measuring the diameters 

of all blocks opposite to each other in a tier of blocks. Measurement val-

ues are used for estimating a shape defect of the tier, e.g. its circularity. 

 The third stacking time tower was also subjected to measuring a center 

point for the pairs of blocks (Table 10). The measurement was conducted 

by installing a steel wire rope in the middle of the tower and by measur-

ing the distances from rope to blocks. The result enables estimating the 

accuracy of alignment. 
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Figure 1. Opposite pairs of blocks in measurements. 

 

  Ø 1/9 Ø 2/10 Ø 3/11 Ø 4/12 Ø 5/13 Ø 6/14 Ø 7/15 Ø 8/16 

1st tier 1072 1073 1075 1075 1074 1074 1076 1076 

2nd tier 1071 1074 1075 1075 1075 1075 1075 1073 

3rd tier 1071 1070 1073 1073 1074 1074 1075 1074 

4th tier 1070 1074 1072 1074 1075 1077 1075 1073 

5th tier 1074 1072 1075 1076 1075 1075 1076 1076 

6th tier 1074 1075 1075 1076 1073 1076 1076 1073 

7th tier 1072 1071 1074 1073 1073 1073 1076 1074 

8th tier 1070 1075 1073 1075 1074 1076 1075 1071 

9th tier 1071 1072 1073 1072 1074 1073 1075 1074 

 

Table 3. Measurement results from diameters of the first stacking time pairs of blocks when stacked 

in tiers 1-9. Average diameter Ø1073.9 mm, maximum diameter Ø1077 mm, minimum diameter 

Ø1070 mm, and standard deviation 1.66 mm. 
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  Ø 1/9 Ø 2/10 Ø 3/11 Ø 4/12 Ø 5/13 Ø 6/14 Ø 7/15 Ø 8/16 

1st tier 1071 1071 1072 1071 1071 1073 1074 1073 

2nd tier 1070 1071 1073 1072 1073 1073 1073 1072 

3rd tier 1072 1072 1072 1073 1073 1073 1073 1073 

4th tier 1071 1072 1072 1073 1073 1074 1073 1071 

5th tier 1073 1072 1073 1073 1073 1074 1074 1073 

6th tier 1072 1072 1073 1073 1072 1073 1073 1072 

7th tier 1072 1071 1073 1073 1072 1072 1073 1072 

8th tier 1071 1072 1072 1072 1072 1072 1073 1072 

9th tier 1071 1071 1072 1073 1072 1072 1072 1072 

 

Table 4. Measurement results from diameters of the second stacking time pairs of blocks on a 

stacking platform prior to stacking in tiers 1-9. Average diameter Ø1072.3 mm, maximum diameter 

Ø1074 mm, minimum diameter Ø1070 mm, and standard deviation 0.85 mm. 

 

  Ø 1/9 Ø 2/10 Ø 3/11 Ø 4/12 Ø 5/13 Ø 6/14 Ø 7/15 Ø 8/16 

1st tier 1070 1071 1073 1073 1072 1073 1075 1075 

2nd tier 1070 1073 1074 1074 1075 1075 1074 1071 

3rd tier 1070 1071 1074 1075 1075 1073 1075 1074 

4th tier 1070 1075 1073 1075 1074 1076 1075 1072 

5th tier 1073 1072 1075 1075 1075 1075 1076 1075 

6th tier 1072 1074 1075 1075 1072 1075 1075 1073 

7th tier 1073 1072 1075 1074 1074 1073 1075 1074 

8th tier 1071 1074 1073 1074 1073 1075 1074 1072 

9th tier 1071 1072 1073 1074 1074 1073 1073 1074 

 

Table 5. Measurement results from diameters of the second stacking time pairs of blocks when 

stacked in tiers 1-9. Average diameter Ø1073.5 mm, maximum diameter Ø1074 mm, minimum 

diameter Ø1070 mm, and standard deviation 1.54 mm. 

 

  Ø 1/9 Ø 2/10 Ø 3/11 Ø 4/12 Ø 5/13 Ø 6/14 Ø 7/15 Ø 8/16 

1st tier 1071 1071 1071 1072 1072 1073 1073 1073 

2nd tier 1071 1072 1072 1072 1072 1072 1072 1071 

3rd tier 1072 1073 1072 1072 1073 1073 1072 1072 

4th tier 1071 1071 1072 1072 1072 1072 1073 1072 

5th tier 1073 1072 1073 1072 1073 1074 1073 1073 

6th tier 1071 1072 1072 1072 1072 1073 1073 1072 

7th tier 1072 1072 1073 1072 1072 1072 1074 1072 

8th tier 1072 1072 1072 1072 1073 1073 1072 1073 

9th tier 1071 1072 1072 1073 1072 1073 1072 1072 
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Table 6. Measurement results from diameters of the third stacking time pairs of blocks on a stacking 

platform prior to stacking in tiers 1-9. Average diameter Ø1072.2 mm, maximum diameter Ø1074 

mm, minimum diameter Ø1071 mm, and standard deviation 0.69 mm. 

 

  Ø 1/9 Ø 2/10 Ø 3/11 Ø 4/12 Ø 5/13 Ø 6/14 Ø 7/15 Ø 8/16 

1st tier 1071 1071 1073 1074 1073 1073 1075 1075 

2nd tier 1071 1073 1074 1074 1074 1074 1073 1072 

3rid tier 1070 1075 1074 1075 1075 1075 1074 1072 

4th tier 1070 1070 1073 1074 1074 1072 1074 1072 

5th tier 1073 1072 1075 1075 1075 1074 1075 1075 

6th tier 1072 1073 1074 1075 1073 1074 1075 1072 

7th tier 1071 1071 1074 1074 1073 1073 1075 1074 

8th tier 1071 1073 1073 1074 1072 1075 1075 1072 

9th tier 1071 1072 1074 1074 1074 1073 1074 1072 

 

Table 7. Measurement results from diameters of the third stacking time pairs of blocks when 

stacked in tiers 1-9. Average diameter Ø1073.3 mm, maximum diameter Ø1075 mm, minimum 

diameter Ø1070 mm, and standard deviation 1.43 mm. 

 

1069,5

1070

1070,5

1071

1071,5

1072

1072,5

1073

1073,5

1074

1074,5

1 2 3 4 5 6 7 8 9

Diameters of blocks in jig 3rd stacking

Block 1/9

Block 
2/10"
Block 
3/11
Block 
4/12
Block 
5/13
Block 
6/14

Kerros

Diameter Ø

 
Table 8. Diameters of the pairs of blocks in tiers 1-9 on a stacking platform prior to stacking. The 

pursued nominal diameter Ø1070 mm. 
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1067

1068

1069

1070

1071

1072

1073

1074

1075

1076

1 2 3 4 5 6 7 8 9

Diameters of blocks in tower jig 3rd stacking

Block 1/9

Block 
2/10
Block 
3/11
Block 
4/12
Block 
5/13
Block 
6/14

Kerros

Diameter Ø

 
 Table 9. Diameters for the pairs of blocks in a tower stacked in tiers 1-9. The pursued nominal 

diameter Ø1070 mm. 

 

 

-3

-2

-1

0

1

2

3

4

1 2 3 4 5 6 7 8 9

Centricity of blocks in tower jig 3rd stacking

Block 1/9

Block 
2/10
Block 
3/11
Block 
4/12
Block 
5/13
Block 
6/14

Tier

Deviation mm

 
Table 10. Deviation of the center points of block pairs from center line. Average 1.2 mm, maximum 

3.0 mm, minimum 0 mm and standard deviation 0.8 mm. 
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7.4 3D-scanning of a stacked-up block tower 

 

Figure 2. The figure shows a maximum diameter for each tier as well as a largest possible cylinder 

that can be lowered into the hole (Ø1063 mm). The obtained maximum cylinder size is influenced 

not only by diameters of individual tiers but also by centricity of the tiers relative to each other. 

Maximum Ø1071,3 mm, minimum Ø1069.0 mm, average Ø1069.8 mm and standard deviation 

Ø1.135. 

67



    APPENDIX 6. 
 MUISTIO  Sivu: 1 
    MU1462-9 3.7.2009 Mikko Nikula 
 Rev: 
    

 

     
Afore Consulting Oy Y-tunnus:  2206958-6  

Jonkankatu 4, 20360  TURKU Alv. rek   

Puh.  02 274 6060  

POSIVA 

EMPLACEMENT TECHNOLOGY FOR BENTONITE BLOCKS 

 

FURTHER TEST PLAN FOR SMALL BLOCKS 

TEST SITE MOBIMAR OY, TURKU 

 

OBJECTIVES 
- Ensuring the handling of blocks. 

- Confirmation of quality in stacking. 

- Ways to determine quality. 

- Finding out how small blocks lend themselves to emplacement. 

- Determining tolerances by which the final construction can be imple-

mented. 

- Documenting the obtained results with adequate accuracy. 

- Ensuring the operation of a hoisting gear. 

- Issues as per objectives in document MU1462-17. 

 

PROGRESSION OF TEST OPERATIONS 

 

1 PRELIMINARY PROCEDURES 
- Checking that necessary equipment is present on test site, as well as in 

working order. 

- Demo hole has been set in a proper place and the foundation is sufficient-

ly solid. 

- Gantry crane has sufficient operating range as well as capacity. 

- Pallets and a stacking platform are positioned sufficiently close to the 

demo hole. 

- Electricity and compressed air are available, as well as necessary cables 

and hoses are present. 

- Checking the lifting chain assembly for its suitability to lifting as well as 

its condition. 

- Gantry crane operator has been familiarized with how to operate the 

crane, as well as with safety regulations. 

- All those participating in the test have been properly informed about risks 

and safety regulations relevant to the lifting operation. 

 

2 TESTING OF VACUUM LIFTER 
- Verification on test site that the lifter has not been damaged in transport, 

as well as that all parts are present. 

- Checking suction cup attachments, hose couplings, as well as electrical 

connections. 

- Checking air filter for cleanliness, on a regular basis even during the test. 

- Checking vacuum pump operation, as well as the amount of oil. 

- Checking the attachment as well as condition of lifting brackets. 

 

3 INSPECTION OF CONCRETE BLOCKS 
- Concrete blocks have been properly stored in a dry space. 

- Concrete blocks have been placed close to a stacking platform. 
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- Checking visually a condition of the blocks. 

4 PRELIMINARY PROCEDURES PRIOR TO THE START OF A LIFTING 
PROCESS 

- Stacking platform is placed in the proximity of pallets. 
- Blocks are stacked manually or by means of a separate vacuum lifter on 

the stacking platform. 
- Stacking platform is provided with alignment marks, as well as with an 

inner hoop for stacking just an outer rim, if necessary. 
- Stacking platform is provided with four adjustable locators, which enable 

adjusting the lifter for concentricity with the platform. 
- Stacking platform is adjusted for a position as level as possible. 

 
5 LIFTING PROCESS 

- Ensuring by hoisting the lifter without a load that the gantry crane has a 
sufficient operating range. 

- Ensuring that feed cables etc. for the lifter are sufficiently long in the op-
erating range, as well as that the entanglement thereof is prevented. 

- Ensuring the operation and safety of the equipment prior to a lift by mov-
ing blocks about near the floor. 

- Lifting hook can be provided with a load net for the duration of lifting 
operations. 

 
6 OBJECTS OF INVESTIGATION 

- Alignment of a lifter relative to a stacking platform. 
- Adherence of suction cups to blocks. 
- How to detect leaking suction cups and how to eliminate the adverse ef-

fect thereof. 
- Sufficient supply of vacuum for a vacuum pump. 
- Effect of concrete dust on the process. 
- Alignment of a lifter inside the tower relative to previously lowered 

blocks. 
- How precisely is it possible to implement a desired stacking pattern? 
- Effect of defects in block shapes on stackability, as well as on tolerances 
- Determining minimum emplacement tolerances for blocks, both with a 

rectilinear hole and a maximum curvature hole. 
- Testing of stacking above the canister. 
- Disassembling a block tower. 
- Which accessories can be used for the alignment of a lifter (e.g. a WLAN 

camera)? 
- Simulating various fault situations in a lifter, e.g. breakdown of compo-

nents. 
- Measuring the strength of attachment in case the pump malfunctions. 

 
7 DOCUMENTATION 

- Recording all shortcomings found in the equipment. 
- Measurements are compiled for a measurement record. 
- Recording improvement proposals. 
- Recording problem situations, the cause and solution. 
- Results of 3D-scanning of a stacked tower. 
- Manufacturing drawings for blocks. 
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POSIVA 

EMPLACEMENT TECHNOLOGY FOR BENTONITE BLOCKS 

 

FURTHER EMPLACEMENT TEST FOR SMALL BLOCKS 

TEST SITE MOBIMAR OY, TURKU 

TESTS WERE CONDUCTED IN AUTUMN 2009 

 

EMPLACEMENT TEST OBJECTIVES 
 

- Objectives and methods are defined in test plan MU1462-9. 

 

PROGRESSION OF TEST OPERATIONS 
 

1 PRELIMINARY PROCEDURES 
- A meeting was held at Mobimar regarding the upcoming tests. The 

layout of a demo hole and equipment was mapped out in the plant build-

ing, as well as facilities were reserved for blocks to be stored. 

- The demo hole refers to a steel structure with a circular interior. The 

aperture established inside a demo hole structure is intended to simulate 

dimensionally a deposition hole to be bored in rock. In the further test, 

the demo hole had a height of 6 meters. 

- The tests at Mobimar were preceded by installing the demo hole in posi-

tion, as well as by erecting necessary scaffolding around and alongside 

the tower. 

- It was concluded that there is enough space for the test and compressed 

air/electricity is available. 

 

2 TESTING OF VACUUM LIFTER 
- The lifter was shipped from Timeka to the test facility. 

- Previously, power supply to the lifter was carried out by means of a long 

cable, but now it was possible to supply power from the Mobimar crane 

hook to the lifter. 

- The lifter’s power supply connector was modified to fit in the crane’s 

connector. 

- It was concluded in a first lifting test that the lifter was in working order 

and no damage was observed. 

- It was concluded that the lifter is in good condition for tests. 

- The lifter’s suction cups and air filter were cleaned prior to commencing 

the lifts. 

 
3 INSPECTION OF CONCRETE BLOCKS 

- Test site inspection was conducted on concrete blocks, which were intact 

and had adequate surface quality. 

 

4 PRELIMINARY PROCEDURES PRIOR TO THE START OF A LIFTING 
PROCESS 

- Working platforms of scaffolding on three sides of the demo hole were 

adjusted and the scaffolding was fixed with the demo hole. 
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- The demo hole and stacking platform were checked for straightness by 

means of a leveling machine. 

- The reliability of power supply was checked by working the lifter with-

out a load while monitoring the running of the pump. No disruptions 

were detected in power supply. 

- A longer steel wire rope was acquired for the lifter as the lowering dis-

tance was longer than in the previous test. 

- The pulley and its support frame were adjusted by means of the vacuum 

lifter without a load and the objective was to place the lifter as centrally 

as possible in the demo hole in both top and bottom positions. 

- The stacking platform was positioned with respect to the demo hole in a 

way to enable a transfer by only using lateral and vertical movements of 

the gantry crane. 

- The stacking platform was adjusted to a horizontal level. 

 

5 LIFTING PROCESS 
- Operation of the lifter was tested with blocks and first lifts were per-

formed on top of the stacking platform. 

- Confirmation of the lifter operation was followed by practice lifts into the 

demo hole. 

- In terms of lifting, lowering and aligning, the lifting process was con-

ducted the same way as in the previous test at Timeka (MU1462-8). 

 

6 OBJECTS OF INVESTIGATION 
 
6.1 Alignment of a lifter relative to a stacking platform 

- The lifter was aligned relative to the stacking platform by means of ma-

nually operated locators. 

- The number of locators was 4 pieces with no problems in operation. 

- With small blocks, there is a need in the future for some sort of automatic 

alignment or centering of the lifter relative to a buffer tier being installed. 

 

6.2 Adherence of suction cups to blocks 
- It was concluded that a vacuum shock obtained from the canisters was 

absolutely necessary for a quick and secure attachment. 

- There was no inadequate adherence without a clearly detectable problem. 

- No change was detected in the adherence/vacuum level during lifts. 

- No wear-inflicted deterioration of adherence was detected in suction cups 

during the tests. 

- It was found that a suction cup of excessively stiff rubber undermines 

adherence or attachment as the sealing is not pressed down all the way. 

- For a fail-safe adherence, the blocks were treated with resin to eliminate 

the adverse effect of pores and dust. 

- Problems with adherence were caused by outside debris and concrete 

crumbs. 

- Porosity caused a steady leak once in a while, which in itself did not pro-

hibit a lift. 
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6.3 How to detect leaking suction cups and how to eliminate adverse effect 
- The lifter was equipped with a pressure sensor (-70 kPa), which was also 

a hoisting limit for lifts. 

- The leak was mainly detected from the gauge indicating a fall in the 

overall vacuum level. 

- A single leaking suction cup was located either by listening for a hissing 

sound or by closing individual valves until the vacuum level returned to 

normal. 

- Detection of a very small leak caused by one or more suction cups was 

difficult with this method. The leaks were caused in this case by pores or 

fine dust on the lifting surface of a block. 

- The observation of small leaks should be carried out by an accurate suc-

tion cup-specific measurement. 

- The overall vacuum level fluctuated within the range of -70 to -95 kPa, 

depending on a total leak caused by the blocks. 

- The effect of closing individual valves on overall lifting reliability was 

estimated by means of the number and location of closed suction cups. 

- The closed valves were isolated incidents and resulted from individual 

blocks and, thus, did not cause problems in terms of lifting reliability. 

 

6.4 Sufficiency of vacuum in a vacuum pump 
- Use is made of a vacuum pump with an output of 10 m

3
/h. 

- Determination of an adequate output is very much influenced by the 

quality of lifting surfaces. 

- When there was more than average of steady leak, the pump’s output was 

a little short of adequate. Thus, it was necessary to clean the blocks more 

thoroughly for the output to maintain the vacuum level. 

- However, it was not necessary to replace an individual block with anoth-

er in order to perform a lift. 

- A more suitable pump would have had an output of e.g. 20 m
3
/h, which 

was used in a lifter for large blocks. In this case, a steady leak would 

have a lesser effect on the overall vacuum level. 

- Basically, all that the pump’s output is needed for is to overcome leaks 

and it was found that, with good block surfaces, there was not much of a 

leak and this also enable achieving an overall vacuum level of -95 kPa. 

 

6.5 Effect of concrete dust on the process 
- Release of concrete dust from the blocks was reduced by treating the lift-

ing surfaces with resin. 

- Surfaces of suction cups were cleaned at random. However, no actual de-

terioration of tightness was observed during the tests because of variation 

in surface qualities. 

- Air filter was cleaned twice during the tests. No significant soiling of fil-

ters was observed during the tests. 

- Released dust does not necessarily prohibit a lift, yet has a reducing ef-

fect on vacuum. 
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6.6 Alignment of a lifter inside the tower relative to previously lowered blocks 
- The lifter was aligned in the middle by means of a cable and pulley, not 

relative to other blocks. 

- The lifter was rotated manually to a right spot for correct overlap. 

- The lifter was balanced prior to a descent with extra weights of steel. 

- Balancing was performed in such a way that the lifter with a load was set 

hanging in flushness with a top part of the demo hole. Weights were add-

ed until the distance to the demo hole frame was equal in every direction 

- Balancing measurement was performed by means of a roller measure de-

vice. 

- It was concluded that the amount/location of weights varied amongst the 

block tiers, whereby permanent weights could not be used. 

- Balancing was an absolutely unavoidable operation for a successful des-

cent, because the estimated standard deviation before balancing was +- 5 

mm. 

- The final version must be provided with some sort of automatic balanc-

ing device. 

- The lifter’s swinging motion in descent was stopped manually just before 

contact. The lifter’s motion did not fully stop by itself even over quite a 

long time as a result of e.g. building-inflicted vibrations. 

- The final version must be contemplated to include some sort of mechani-

cal stoppers, which halt the motion and prop themselves e.g. in a drilled 

hole. 

 

6.7 How precisely can a desired stacking pattern be implemented 
- Stacking pattern was implemented by rotating the lifter visually for 

bringing the vertical joints of every other tier in line with each other. 

- There is no further information about the precision of a stacking pattern, 

but no warping has been observed visually. 

 

6.8 Effect of block shape defects on stackability as well as on tolerances 
- A stacked-up tower was subjected to internal optical 3D-scanning. 

- The measurement was conducted by Cascade Oy. 

- The measuring process took about 7 h and involved 2 persons. 

- The apparatus specifications: 

o Manufacturer: GOM mbH.   

o Hardware: Atos IIe + Tritop. 

o Software: Atos 6.2.0-4 as well as Tritop 6.2.0-4. 

o Precision: +-0.05 mm. 

- The obtained result included a singled-out diameter for each tier, as well 

as a deviation of the midpoint from the center line. 

- From the measurements was also obtained a 3D-model about the imple-

mented block tower, which model can be utilized in future design. 

- Based on the results, an estimate was made regarding the clearances 

formed between canister and buffer in case a canister had been lowered 

into the hole. The result is used as a basis for deciding the most appropri-

ate tolerance pattern for emplacement dimensions. 
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- Based on the results, an effort was made to estimate a possible tower 

shape defect inflicted by the lifter and the lowering technique. 

- The result is used as a basis for manufacturing tolerances, which are de-

termined for the blocks and which can be used for defining required 

tower emplacement tolerances. 

- Measurement results about the tower appendix (MU1462-18). 

- Manufacturing drawings, along with tolerances, for small blocks appen-

dices (1462–5001, 1462–5002 and 1462–5003). 

 

6.9 Stacking above a canister 
- Stacking above a canister was tested with three unequal height differenc-

es between buffer and canister lid. 

- The test was carried out by using a support cage for installing a canister 

head 180 mm in length into a buffer hole at a desired height difference 

with respect to the buffer. 

- The tested height differences were 3, 6 and 10 mm. A 10 mm difference 

has been judged as the maximum difference between canister and buffer. 

- In the test, on top of the canister lid was installed a make-up piece 85 mm 

in height in order to bring the lid interior to flushness with the lid edges. 

- On top of the lid was stacked 2 meters of buffer. 

- The test included estimating the effect of height difference on the stacka-

bility as well as the quality of blocks. 

- With a height difference of 3 mm, hardly any staggering of  blocks was 

observed between the blocks 

- With a height difference of 6 mm, stacking succeeded well. It was no-

ticed that the staggering of blocks evened out quite quickly as the number 

of stacking tiers increased. 

- With a height difference of 10 mm, stacking succeeded well. It was no-

ticed that the staggering of blocks evened out more slowly than with the 

6 mm difference, but did even out during the stacking process, anyway. 

- In light of the tests, the acceptable difference between canister head and 

buffer is 10 mm. 

 

6.10 Dismantling a block tower 
- When dismantling a block tower, the lifter was centered visually in the 

middle of a block tier. 

- When disassembling full-size tiers, the height variation of block surfaces 

made it necessary to occasionally lift outer sector blocks and inner sector 

blocks separately. 

- When disassembling tiers which only included outer sector blocks, no 

problems were observed. 

- The lifter’s suction cups had a 10 mm motion tolerance. Disassembly 

without the movement of suction cups would not have succeeded. 

 

6.11 Which auxiliary equipment can be used for lifter alignment 
- The lifter alignment was done by using a steel wire rope and a pulley. 

- No other auxiliary equipment was used. 
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- The final version should include an automatic centering system, which 

also controls the lifter’s rotation for establishing a stacking pattern 

6.12 Simulation of various fault situations in a lifter 
- It was concluded that the disruption of a hose or a suction cup in this de-

sign would predictably cause the release of a load in less than 10 

seconds. 

- The division of a lifter into two separate circuits, implemented by one-

way valves, did not work as planned. Problems are caused by the fact 

that, in a leak condition, the pump is no longer capable of maintaining the 

vacuum level of an intact circuit due to the leak exceeding the output. 

Neither was the valves’ sealing tightness sufficient in vacuum applica-

tion. A result of this was that the leak, inflicted by porosity of the blocks 

and by one-way valves, caused a rapid decline in the vacuum level of the 

intact circuit as well. 

- In the future, the division should be effected by distinguishing the cir-

cuits and the suction cups by means of vacuum sensors and magnetic 

valves. 

 

6.13 Measuring the durability of engagement in the event of a pump failure 
- The durability of adherence was measured by turning off the pump and 

by timing how long it takes for a load to disengage from suction cups. 

The durability was first measured with only the outer sector blocks in 

use. This was followed by measuring an option, in which the inner sector 

blocks were also involved in measurement. The result indicates that the 

leak caused by the porosity of blocks is proportional to the number of 

blocks. 

 

o a tier with just outer sector blocks 2 min 18 sec. 

o a tier with all blocks 1 min 15 sec. 

 

7 DOCUMENTATION 
- Blocks manufacturing drawings 1462–5001, 1462–5002 and 1462–5003. 

- 3D-measurement report MU1462-18. 

- Lifter for small blocks Pneumatic-diagram 1462-100. 
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POSIVA 

EMPLACEMENT TECHNOLOGY FOR BENTONITE BLOCKS 

 

FURTHER EMPLACEMENT TEST FOR SMALL BLOCKS 

MEASUREMENT SITE MOBIMAR OY, TURKU 

MEASUREMENT WAS CONDUCTED IN AUTUMN 2009 

 

 

RESULTS OF 3D-SCANNING 

The memo deals with the 3D-scanning of a full-scale buffer structure. The measure-

ment was conducted along with the further emplacement tests for small blocks 

(MU1462-17). The measured tower had been stacked of small blocks and was 4.8 me-

ters in height. The only object of investigation was the inner buffer hole in which the 

canister is installed. 

 

 

 

 

 

 

  
 

 

 

Figure 1. The figure shows the equipment used in 3D-scanning. 

 

3D- scanning equipment: 

- Manufacturer: GOM mbH.   

- Hardware: Atos IIe + Tritop. 

- Software: Atos 6.2.0-4 as well as Tritop 6.2.0-4. 

- Precision: +-0.05 mm. 
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Figure 2. The figure shows a specification for an inside fitting cylinder.  

 

The resulting cylinder diameter of Ø 1065.73 mm is on the basis of measurements the 

largest possible cylinder that fits inside the stacked-up tower. 

77



    APPENDIX 8. 
 MUISTIO  Sivu: 3 
    MU1462-18 30.10.2009 Harri Saari 
 Rev: 
     

 

     
Afore Consulting Oy Y-tunnus:  2206958-6  

Jonkankatu 4, 20360  TURKU Alv. rek   

Puh.  02 274 6060  

 
Figure 3. The figure shows a distance between the inside surface of an individual 

block and the surface of a largest possible inside fitting cylinder (Ø 1065.73 mm). 

 

If inside is installed a spent fuel canister Ø1050, the real clearance at green blocks 

between the canister and the block surface will be ~7.5 mm, and at red ones it will be 

~17.5 mm (Figure 3). 
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Figure 4. The figure shows a largest possible cylinder diameter for each tier. 

 

The average diameter of all block tiers is Ø1071.84 mm. 
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Figure 5. The figure shows a deviation for the center points of various block tiers in 

an XY-coordinate system. 
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Figure 6. The figure shows a deviation for the center points of various block tiers with 

respect to x- and y-axes. 
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Buffer structure was measured with an inside micrometer for a dimension between the 

opposite blocks at two different tiers. This measurement was used to verify the accu-

racy of 3D-measuring (Figure 7). 

 

Figure 7. The figure shows verification of 3D-measuring result with an inside 

micrometer. 
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Figure 8. The figure shows center points for the tiers of a stacked-up buffer in an 

XYZ—coordinate. 
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Figure 9. A set of curves calculated from 3D-scanning results. The original coordinate system has 

been rotated by 67 degrees, whereby the second degree regression curve according to a value y1 

makes almost a straight line. At this point, the curvature of a second degree regression curve ac-

cording to a value x1 is at its maximum. The set of curves additionally includes a fourth degree re-

gression curve for the value of x1. (M. Suikki, Optimik Oy) 
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POSIVA 

EMPLACEMENT TECHNOLOGY FOR BENTONITE BLOCKS 

 

TEST PLAN FOR LARGE BLOCKS 

TEST SITE MOBIMAR OY, TURKU 

 

OBJECTIVES 

- Ensuring the handling of blocks. 

- Confirmation of quality in stacking. 

- Ways to determine quality. 

- Finding out how large blocks lend themselves to emplacement. 

- Determining tolerances by which the final construction can be imple-

mented. 

- Ensuring the operation of a hoisting gear. 

- Documenting the obtained results with adequate accuracy. 

- Issues as per objectives in document MU1462-16. 

 

PROGRESSION OF TEST OPERATIONS 
 

PRELIMINARY PROCEDURES 
- Checking that necessary equipment is present on test site, as well as in 

working order. 

- Demo hole has been set in a proper place and the foundation is sufficient-

ly solid. 

- Gantry crane has sufficient operating range as well as capacity. 

- Electricity and compressed air are available, as well as necessary cables 

and hoses are present. 

- Checking the lifting chain assembly for its suitability to lifting as well as 

its condition. 

- Gantry crane operator has been familiarized with how to operate the 

crane, as well as with safety regulations. 

- All those participating in the test have been properly informed about risks 

and safety regulations relevant to the lifting operation. 

 

1 INSPECTION OF CONCRETE BLOCKS 
- Concrete blocks are appropriately stored in a dry space. 

- Concrete blocks are placed sufficiently near the demo hole. 

- Checking visually the blocks’ condition. 

 

2 TESTING OF HOISTING GEAR 
- Basic testing of a vacuum lifter is conducted beforehand in Afore’s facili-

ties. 

- Confirmation on test site that the lifter has not sustained damage during 

transport, as well as that all components are present. 

- Checking suction cup attachments, hose couplings, as well as electrical 

connections. 

- Checking the air filter for cleanliness, on a regular basis during the test as 

well. 
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- Checking the vacuum pump’s operation as well as the amount of oil. 

- Checking the attachment as well as the condition of lifting brackets. 

 

3 LIFTING PROCESS 
- Making sure by hoisting the lifter without a load that the gantry crane has 

a sufficient operating range. 

- Making sure that the hoisting gear’s feed cables etc. are sufficiently long 

within the operating range, as well as that the entanglement thereof is 

prevented. 

- The lifting action is preceded by ensuring the functionality and safety of 

the equipment by moving blocks about near the floor. 

 

4 OBJECTS OF INVESTIGATION 
- Adherence of suction cups to blocks. 

- How to detect leaking suction cups and how to eliminate the adverse ef-

fect thereof. 

- Sufficiency of vacuum in a vacuum pump. 

- Effect of concrete dust on the process. 

- Alignment of the lifter inside a tower relative to previously lowered 

blocks. 

- Effect of block shape defects on stackability as well as tolerances. 

- Determination of minimum emplacement tolerances for blocks with a 

rectilinear hole. 

- Disassembly of a block tower. 

- Which auxiliary equipment can be used for the alignment of a lifter. 

- How to see inside a stacked-up tower (lighting, imaging). 

- Investigation of various fault situations in a lifter, e.g. breakdown of 

components. 

- Measurement of block-inflicted leak flows as well as a necessary vacuum 

level. 

 

5 MEASUREMENTS 
- Conducted measurements are compiled for a measurement record. 

 

6 DOCUMENTATION 
- Manufacturing drawings for blocks are documented. 
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POSIVA 

INSTALLTION TECHNOLOGY FOR BENTONITE BLOCKS 

 

EMPLACEMENT TEST FOR LARGE BLOCKS 

TEST SITE MOBIMAR OY, TURKU 

TESTS WERE CONDUCTED DURING AUTUMN AND WINTER 2009 

 

EMPLACEMENT TEST OBJECTIVES 
- Objectives and methods are defined in test plan MU1462-10. 

 

PROGRESSION OF TESTING 

 

1 PRELIMINARY PROCEDURES 
- Tests were performed in the same facilities and mostly with the same 

equipment as the further emplacement tests MU1462-17 for small blocks. 

-  

2 INSPECTION OF CONCRETE BLOCKS 
- By visual inspection, the blocks were neat and had good lifting surfaces. 

The resin treatment applied to lifting surfaces was good. 

- The straightness of lifting surfaces was examined with an aligner. The in-

spection revealed a local protrusion of ~1mm in the bottom block. Other 

blocks did not have such a protruding anomaly. The straightness of bot-

tom surfaces was not examined. 

- It was discovered in the measuring process that the blocks’ outer diame-

ter was smaller at the top end than at the bottom end. The difference in 

diameters was in the order of 10 mm between the top and bottom ends. 

The centricity of cones was not measured (Paragraph 7.1, Table 1). 

- Another thing revealed in measurements was that the inner holes in ring 

type blocks were not concentric with the outer circumference (Paragraph 

6.1, Table 1). 

 

3 TESTING OF HOISTING GEAR 
 

3.1 Testing of hoisting gear at Afore  
- The lifter was assembled in Afore’s facilities. 

- Suction cups were divided into 3 groups. Check valves were installed 

separately for each group and suction cup. If necessary, it was possible in 

the lifter to shut off a singled-out suction cup or an entire group by means 

of a check valve. 

- At Afore, the turnbuckles of a lifter’s chain assembly were adjusted to an 

equal length and the lifter was balanced for a horizontally level position 

by means of permanent weights. 

- At Afore, the tightness of a lifter’s couplings was tested by adopting a 

transport platform made for the lifter to serve as a lifting surface. The lif-

ter was lowered onto the platform and the vacuum pump was activated. 

No leaks were observed at the vacuum level of ~-99 kPa. 
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3.2 Testing of hoisting gear at Mobimar 
- The adherence of a lifter was tried on solid and ring type blocks the 

hoisting was found in working order. The adherence to blocks was good 

and no leaks were detected. The operation of vacuum sensors was also 

checked. 

- Alignment of a lifter relative to a block was conducted visually. A more 

precise alignment was not deemed necessary, because the descent of a 

block into a demo hole proceeded freely without a centering construction. 

- What has to be worked out in the future is the alignment of a lifter in the 

middle of a block automatically. 

- A first lift was performed by raising a block to the height of about 2 cm. 

The lift succeeded well. A block displacement was experimented and that 

also worked well. A decision was made about starting the emplacement 

of a tower in a demo hole. 

- First, by making use of the lifter, all blocks were transferred for a row in 

the proximity of a demo hole for a direct lift into the demo hole. 

- The transfers also involved monitoring a vacuum level which did not 

change during transfers. 

- In test lifts, the concrete dust present on block surfaces was not found to 

cause trouble. 

- It was concluded that the lifter worked reliably and enabled a com-

mencement of the actual emplacement tests. 

 

4 LIFTING PROCESS 
 

4.1 Emplacement I of blocks in a demo hole 
- The first ring type block was lowered in the middle of a demo hole inte-

rior. Alignment was conducted by measuring a distance of the block from 

the edges of the demo hole. 

- The following blocks were installed in position by aligning a block with 

respect to the outer surface of an underlying block. 

- When all ring type blocks had been stacked on top of each other, it was 

concluded that the tower was stable. The lifts did not present problems. 

- The gantry crane had two lifting speeds and only the slow speed had been 

used in the process of erecting the tower. 

- The lifter operation was experimented with the faster lifting motion of 

the gantry crane. 

- The gantry crane was run back and forth several times at full speed in its 

lifting and lowering motion without causing the fall of a load. After the 

test, a decision was made to use the full speed of 0.07 m/s in the future. 

- The ring type blocks were lifted out of the demo hole. 

- To the lifter was attached a bottom block and the block was installed in 

the middle of the demo hole interior. 

- This was followed by lowering a ring type block by aligning visually 

with respect to the bottom block’s outer edge. 

- The rest of the ring type blocks were installed the same way to a final 

tower height of 5.6 meters. As the emplacement progressed the tower 
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was found unstable. The reason for this was a ~1mm protrusion in a tiny 

spot on the bottom block. 

- The tower was still completed with solid blocks of a stacking arrange-

ment above the canister, resulting in a severe leaning of the tower. 

- The tower was dismantled and a decision was made to dispatch the 

blocks for repairs. The repair work was instructed to include downsizing 

the blocks’ outer diameter as necessary. The goal was to have all blocks 

identical in size. 

- The possible eccentricity between the outer diameter and the inner di-

ameter was not corrected. 

 

4.2 Emplacement II of blocks in a demo hole 
- The repaired blocks were measured and the straightness of lifting surfac-

es was confirmed with an aligner. 

- The repaired blocks were still cones. The average discrepancy of diame-

ters was 3.5 mm (Paragraph 7.1, Table 1). 

- The blocks were installed in a demo hole for a full-size tower, which was 

found robust and straight (Paragraph 7.2). 

- The tower was dismantled and the hoisting gear’s suction cups were ex-

amined, indicating no wearing thereof due to the lifts. 

 
5 OBJECTS OF INVESTIGATION 
 

5.1 Adherence of suction cups to blocks 
- The sufficiency of vacuum at the moment of attachment was improved 

by three 20 l tanks. 

- The vacuum shock was found to accelerate the lifter-to-block attachment. 

- No adherence problems existed without a clearly detectable reason. 

- No change was observed in the attachment/vacuum level during lifts. 

- To confirm the attachment or adherence, the blocks were treated with re-

sin to eliminate the adverse effect of pores and dust. 

- Problems with adherence were caused by outside debris and concrete 

crumbs. 

 

5.2 How to detect leaking suction cups and how to eliminate the adverse effect 
- The lifter was provided with a pressure sensor -70 kPa, which had been 

connected to a warning light. This was also the lower limit of vacuum for 

a lift. 

- Leak was principally detected from a gauge-indicated decline in the 

overall vacuum level. 

- A single leaking suction cup was located either listening for a hissing 

sound or by closing individual valves for bringing the vacuum level to 

normal. 

- Closed valves were isolated cases and resulted from isolated defects on a 

block surface, not being a problem with regard to lifting reliability. 

- The hoisting gear should include an accurate suction cup-specific leak 

measurement and an electric valve for blocking small leaks. 
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- The overall vacuum level varied within the range of -95 to -99 kPa, de-

pending on block-inflicted total leakage. 

 
5.3 Sufficiency of vacuum in a vacuum pump 

- Employed is a vacuum pump with an output of 20 m
3
/h. 

- The definition of adequate output is very much influenced by the quality 

of lifting surfaces. 

- Basically, the pump’s output is only needed for overcoming leaks. With 

good block surfaces, leaking was quite insignificant, thus enabling an 

overall vacuum level of -95 to -99 kPa. 

 

5.4 Effect of concrete dust on the process 
- The surfaces of suction cups were cleaned at random with compressed air 

as well as by wiping the surfaces with cloth. 

- The air filter was cleaned twice during the tests, but no actual soiling was 

observed in the air filter. 

- No deterioration of adherence due to wearing or soiling was observed in 

suction cups during the tests. 

- Released loose dust does not necessarily prohibit a lift, but has a declin-

ing effect on overall vacuum. 
 

5.5 Alignment of a lifter inside the tower relative to previously lowered blocks 
- The lifter was aligned or centered in the middle of a demo hole by ran-

dom movements and visual estimation of centricity. 

- The lifter was not subjected to any type of balancing prior to its decent 

into a demo hole 

- The blocks were centered with respect to previously lowered blocks ma-

nually by placing a block in the middle of an underlying block. 

- Although, in this test, the balancing had no role in terms of alignment 

precision, such balancing will probably be necessary in the final appara-

tus. 

- The lifter’s swinging motion in descent was stopped manually just before 

contact. The lifter’s movement did not stop by itself even over a longer 

period of time because of vibrations caused e.g. by the plant building. 

- As for the final hoisting gear, some sort of mechanical stoppers must be 

contemplated for bringing the movement to a halt and being supported 

e.g. in a bored hole. 

- The stoppers would enable aligning the blocks automatically during des-

cent. 

 

5.6 Effect of block shape defects on stackability as well as on tolerances 
- The test served a purpose of confirming the idea that the surfaces of 

blocks must be exactly parallel. Thus, the inclination of a tower over the 

distance of 4.8 m does not overstep the acceptable range. 
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- In addition to being parallel to each other, the surfaces of blocks must be 

highly planar for an isolated leak not to result in exceeding a total incli-

nation. 

- Between canister and buffer there must remain a minimum of 5 mm 

clearance. This clearance and the above-mentioned aspects mean that 

block tolerances in proportion to block sizes will be extremely precise. 

- In appendices 1462–5004, 1462–5005 and 1462–5006, the blocks are 

dimensioned with required tolerances. The tolerances have been selected 

in such a way that the tower has a maximum inclination of 3 mm over the 

distance of 4,8 meters (Appendix 1462-5007). 

- A presumption with the tolerances has been that the bottom of a deposi-

tion hole has a maximum obliquity (0.085°). 

 

 

5.7 Dismantling of a block tower 
- When dismantling a block tower, the lifter was aligned visually in the 

middle of a block. 

- Dismantling of a block tower presented no problems. 

 

 

5.8 Simulation of various fault situations in a lifter 
- It was concluded that, in this configuration, the disruption of a hose 

would quickly result in the release of a load if the hose were to break 

near the pump. Time estimate is less than 5 s. The division of a lifter into 

separate circuits with mechanical check valves does not contribute to a 

sustained lifting ability, if the disruption occurs during a lift. 

 

 

5.9 Measuring block-inflicted leak flows as well as a necessary vacuum level 
- A condition was simulated, which indicated how long a load stays in at-

tachment if the pump shuts down while the lift is in progress. 

o Solid block 1000 mm 

 All suction cups active. 7 min 23 seconds after a shutdown of 

the pump the solid block drops while the vacuum is -20 kPa. 

 2/3 of the suction cups active. The solid block rises and the 

load does not drop with a fast lift/lower motion of the gantry 

crane. A drop test was not performed. 

 1/3 of suction cups active. The solid block rises and the load 

does not drop with a fast lift/lower motion of the gantry crane. 

When one suction of the 1/3 group was deactivated, the solid 

block does not stay in attachment with the lifter. A drop test 

was not performed. 

o Ring type block 960 mm 

 All suction cups are active. 1 min 23 seconds after a shutdown 

of the pump the solid block drops while the vacuum is -37 kPa.  

 2/3 of the suction cups active. 38 seconds after a shutdown of 

the pump the solid block drops while the vacuum is -72 kPa. 
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 1/3 of suction cups active. The solid block rises and the load 

does not drop with a fast lift/lower motion of the gantry crane. 

A drop test was not performed. 

 

6. SEPARATE MEASUREMENTS 
 

6.1 Inspection of blocks 
Blocks were inspected visually and by measuring (Table 1). Measuring results from repaired blocks 

(Table 2). 

 

        Large concrete blocks 
            

    d1/mm D1/mm d2/mm D2/mm L/mm S/mm m/kg Attn. 

Ring 
type  1 1072 1695 - 1705 959 304 2870   

    1072 1696 - 1706   314     

  2 1078 1700 - 1708 959 305     

    1078 1699 - 1707 958 316     

  3 1073 1698 - 1708 960 310     

    1074 1697 - 1707 959 313     

  4 1072 1698 - 1709 958 312     

    1072 1698 - 1709   315     

  5 1075 1701 - 1710 960 312     

    1076 1700 - 1710   314     

Solid 800         798     Front surface is not planar 

            797     Results in tower instability 

  1000         1000   5050 Front surface is not planar  

                  Middle part lower 

  1000         1000       

            999       

 

Table 1. The table shows measuring results for blocks. Measurements have been conducted by us-

ing a roller measure device, which is why results are suggestive. Solid blocks were not measured at 

top and bottom ends, but were cones the same way as ring type blocks. 

 

d1 Diameter of ring type block’s top end hole, minimum and maximum size 

D1 Outer diameter of ring type block’s top end, minimum and maximum size 

d2 Diameter of ring type block’s bottom hole (not measured) 

D2 Outer diameter of ring type block’s bottom, minimum and maximum size 

L Blocks’ height, minimum and maximum size 

S Sector size of ring type blocks’ top end, minimum and maximum size 

m Blocks’ mass 
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   Repaired           

   

large concrete 
blocks        

     d1/mm D1/mm d2/mm D2/mm L/mm   

 
Ring 
type 1   1691   1695 960   

       1691   1695 960   

   2   1691   1695 958   

       1691   1694 958   

   3   1690   1697 959   

       1690   1696 958   

   4   1693   1694 959   

       1692   1693 959   

   5   1690   1693 958   

       1690   1692 957   

 Solid 800         797   

             797   

   1000         999   

             999   

   1000         999   

             998   

          

Table 2. Measurements for repaired blocks. Measurements have been conducted by using a roller 

measure device, which is why measurements are suggestive. 

 

D1 Outer diameter of ring type block’s top end, nominal diameter 1700 mm, minimum and 

maximum size 

D2 Outer diameter of ring type block’s bottom, nominal diameter 1700 mm, minimum and max-

imum size 

L Blocks’ height, minimum and maximum size 

 

6.2 Straightness of repaired blocks 
The tower straightness was examined by measuring the gap between a post of the demo hole and a 

concrete block. Measurements were made at every post, first at the lowest ring type block and then 

at the highest ring type block (Table 3). Accounted for in the table is a diameter change due to re-

pair work (Table 2). The lower block’s dimensional correction is -3.5 mm and the upper block’s 

dimensional correction is -4.4 mm. The correction dimensions were obtained by calculating the dif-

ference between actual and nominal diameters. Measuring points (Figure 1). 
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Table 3. The table shows dimensional values from the posts of a demo hole to the lowermost ring 

type block and to the uppermost ring type block. The same color of bar in sections 1 and 2 

represents a change in one and the same post between bottom and top parts. The gaps’ average 26.2 

mm, maximum gap 27.9 mm, minimum gap 23.8 mm and standard deviation 1.3 mm. Nominal 

clearance was 25 mm. 
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Figure 1. The figure shows gap measuring points. 

 

7 DOCUMENTATION 
- Manufacturing drawings 1462–5004, 1462–5005 and 1462–5006 for blocks 

- Examination of buffer blocks’ inclination 1462-5007 
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