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BUFFER MOISTURE PROTECTION SYSTEM
ABSTRACT
With the present knowledge, bentonite blocks have to be protected from the air relative
humidity and from any moisture leakages in the environment that might cause swelling
of the bentonite blocks during the "open" installation phase before backfilling. The
purpose of this work was to design the structural reference solution both for the bottom
of the deposition hole and for the buffer moisture protection and dewatering system
with their integrated equipment needed in the deposition hole.
This report describes the Posiva’s reference solution for the buffer moisture protection
system and the bottom plate on basis of the demands and functional requirements set by
long-term safety. The reference solution with structural details has been developed in
research work made 2010–2011. The structural solution of the moisture protection
system has not yet been tested in practice.
On the bottom of the deposition hole a copper plate which protects the lowest bentonite
block from the gathered water is installed straight to machined and even rock surface.
The moisture protection sheet made of EPDM rubber is attached to the copper plate
with an inflatable seal. The upper part of the moisture protection sheet is fixed to the
collar structures of the lid which protects the deposition hole in the disposal tunnel. The
main function of the moisture protection sheet is to protect bentonite blocks from the
leaking water and from the influence of the air humidity at their installation stage. The
leaking water is controlled by the dewatering and alarm system which has been
integrated into the moisture protection liner.
Keywords: Bentonite, buffer, moisture protection, design, bottom structure, moisture
protection sheet, collar structure, dewatering, monitoring, alarm system.

BENTONIITTI PUSKURIN KOSTEUSSUOJAUS
TIIVISTELMÄ
Vallitsevan käsityksen mukaan puskurilohkot tulee suojata ilmankosteuden muutoksilta
sekä ympäröivän kallion vuotovesiltä, mitkä voisivat aiheuttaa bentoniittilohkojen paisumista puskurin asennusvaiheessa ennen rako- ja tunnelitäyttöä. Tämän työn tarkoituksena oli suunnitella rakenteellinen referenssiratkaisu sekä loppusijoitusreiän pohjalle
varusteineen että puskurin kosteussuojaukselle ja vedenpoistojärjestelmälle varusteineen, jotka tarvitaan loppusijoitusreiässä.
Tässä raportissa on kuvattu Posiva Oy:n referenssiratkaisu loppusijoitusreiän pohjarakenteelle ja puskurinsuojaukselle, jotka perustuvat pitkäaikaisturvallisuuden toiminnallisiin vaatimuksiin. Referenssiratkaisu rakenteellisine detaljeineen on kehitetty ja
suunniteltu tutkimusprojektissa vuosina 2010–2011. Kosteussuojauksen rakenteellista
ratkaisua ei ole vielä testattu käytännössä.
Loppusijoitusreiän pohjalla kuparilevy, joka suojaa alinta bentoniittilohkoa reikään
kertyvältä vedeltä, on asennettu suoraan koneistamalla tasatulle kalliopohjalle. Kosteussuojalaineri, joka on valmistettu EPDM-kumista, on kiinnitetty vesitiiviisti kuparilevyyn pneumaattisesti paineistetulla kumitiivisteellä. Kosteussuojauksen yläosa on
kiinnitetty vesitiiviisti loppusijoitusreiän kansirakenteeseen, joka suojaa loppusijoitusreikää sijoitustunnelissa. Kosteussuojauksen päätarkoitus on suojata bentoniittilohkoja
asennuksen aikana kallion vuotovesiltä ja ilmankosteuden vaikutuksilta. Loppusijoitusreikään tulevat kallion vuotovedet poistetaan ja valvotaan kuivatus- ja hälytysjärjestelmän avulla. Kuivatus- ja hälytysjärjestelmä on integroitu kosteussuojaukseen.
Avainsanat: Bentoniitti, puskuri, kosteussuojaus, suunnittelu, pohjarakenne, kosteussuojalaineri, kaulusrakenne, vedenpoistojärjestelmä, monitorointi, hälytysjärjestelmä.
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1
1.1

INTRODUCTION
General

Posiva Oy is currently planning and investigating the Olkiluoto site for the Finnish
spent nuclear fuel repository. The KBS-3V type repository concept of Posiva is
presented in Figure 1a. The KBS-3V concept consists of the disposal tunnel, bentonite
material, copper canister, tunnel backfill and bedrock. The dimensions of the disposal
tunnels and holes are given in Figure 1b. The reason for the different deposition holes’
sizes is to accommodate spent fuel canisters from three different locations by three
different heights of canisters.

1a.

1b.

Figure 1a. The KBS-3V repository concept 1b. The cross-section of the disposal tunnels
and the deposition holes (Saanio et al. 2009).
The average length of the disposal tunnels is about 300 m. The first deposition hole is
27 m from the central tunnel and the last is 4 m from the tunnel end wall. The distance
between the deposition holes is 9.0 m for OL1-2 fuel canisters, 7.2 m for LO1-2 fuel
canisters and 10.6 m for OL3 fuel canisters. One deposition tunnel can accommodate 30
OL1-2 fuel canisters, 25 OL3 fuel canisters and 37 LO1-2 fuel canisters, on average
(Saanio et al. 2009).
The deposition hole is completely filled with pressed cylindrical bentonite blocks and
with ring-shaped bentonite blocks that will form a protective buffer around the copper
canister. The purpose of the buffer is to protect the canister from outside mechanical
and chemical stresses and to prevent possible canister damage from moisture carrying
harmful substances from the environment.
The canisters are placed in vertical deposition holes in the rock. The diameter of the
holes is 1750 mm and the depth varies between 6600–8250 mm (see Figure 1). The
dimensions of the bentonite buffer are 500 mm below, 290 mm on the sides and 2500
mm above the canister. The height of the individual buffer blocks and rings is 875–960
mm and their outer diameter is 1650 mm. A 10 mm empty gap is between the canister
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and the bentonite buffer and a 50 mm pellet filled gap between the buffer and the rock.
(Juvankoski 2010b & 2012)
1.2

Aim of study

With the present knowledge, bentonite blocks have to be protected from the air relative
humidity and from any moisture leakages in the environment that might cause swelling
of the bentonite blocks during the "open" phase before backfilling. The purpose of this
work was to design the structural reference solution both for the bottom of the
deposition hole and for the buffer moisture protection and dewatering system with their
integrated equipment needed in the deposition hole.
1.3

Earlier studies

This research built upon the experience of other research, specifically the work done at
Clay Technology AB and Svensk Kärnbränslehantering AB (later SKB) in Sweden
(Pusch & Wimelius 2008; Johannesson et al. 2004) and by VTT Technical Research
Centre of Finland (Peura & Ritola, Progress Report, 2010, Appendix A).
In the reference solution of SKB the bentonite blocks are separated from the prevailing
environment by a tube-shaped moisture protection sheet. The foundation of the
deposition hole consists of casting concrete and two copper plates over which the
bentonite blocks are installed.
VTT has generated Posiva’s reference solution for the buffer moisture protection system
on the basis of the demands set for long-term safety during 2010–2011. The reference
solution has not yet been tested in practice. A short list about the alternative design
options for the buffer moisture protection system is presented in Appendix B.
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2
2.1

BACKGROUND
Basis of the design of the buffer moisture protection system

The buffer moisture protection system is guided by the planning of the following
aspects: bentonite buffer including the overall basic design, long-term safety, planning
of the excavation and boring machine, bentonite blocks installation and machining and
installation of the copper canister. According to Juvankoski (2010) the most significant
general functional requirements for design of the moisture protection system are:
-

The maximum inflow in the deposition hole is 0.1 l/minute; otherwise it will be
rejected as useless.
The horizontal straightness for the bottom of the deposition hole is 1/1750.

The leaking water which flow from the bedrock is gathered to a seepage pit between the
moisture protection sheet and rock wall and it is removed by a dewatering system (see
Chapter 2.2). The dimensions of the dewatering system will affect the size of the
seepage pit, the number of the exhaust pipes, the duration of the precaution time and the
volume of the pellet filling. Figure 2 shows the height of the water statue as a function
of time when the width of the gap is 50 mm and the precaution time is 24 hours, which
corresponds to 0.5 meters high water statue. The limiting alarm value is at half of the
precaution time.
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Figure 2. The pressure caused by water leakages (0.1 l/min) when the width of the gap
is 50 mm during the first 24 hours.
In the backfill design (Keto et al. 2012) the 40 m long backfilling section is divided into
two parts (20 m + 20 m) with the same work phases. In the average case backfilling of a
40-metre long section takes 12.4 work days. Different sectioning is possible and it is the
water inflows and logistic points that finally dictate the timetable. The current reference
design is to finish the emplacement in four deposition holes before the tunnel section
above is backfilled. With the assumed rate – one canister per week (40 canisters per
year) – the interval between backfilling phases will take four-six weeks which is also
the operating time of the buffer moisture protection system.
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Figure 3. Schedule for preparing and installing of three deposition holes with the
moisture protection system.
Figure 3 shows the schedule for the installing process of canisters and installation of the
moisture protection system in three holes. The main tasks are divided into subtasks and
the preliminary working times for different stages are shown. At the first stage the lid
will be removed and the deposition hole will be washed, dried and inspected visually (1
day). Furthermore the necessary measurements for fixing equipment will be carried out.
In the second stage the moisture protection system and the dewatering system will be
installed and the dewatering will be activated. The lid will be closed until buffer
installation starts.
In the third task the bentonite blocks are transported and the most of all bentonite blocks
will be installed in the deposition hole (1 day). The fourth day contains the transport of
the upper bentonite blocks, the installation of the copper capsule and the upper bentonite
blocks (1 day). The moisture protection system will prevent the premature swelling of
the bentonite blocks and that is why the removal of them should be considered just
before the potential gap filling starts. The removal of dewatering and moisture
protection system will take about 0.5 day.
The buffer installation schedule represents only one timing possibility. It might be
possible to install all the blocks and the canister in one hole in one day if the other
preparing tasks (e.g. cleaning and checking) have been done before hand so that four
holes can be treated after each other (Juvankoski, 2010). In practice the preparing tasks
both dewatering and moisture protection installation cannot be made at same time in
same tunnel as canister and upper blocks installation. However in two parallel tunnels
both installation phases can be carried out at same time, for instance installation of four
buffer and canisters in one tunnel and installation of four moisture protection and
dewatering system in different tunnel.
The bentonite blocks are not necessarily emplaced in the middle of the deposition hole.
The installation and removal process of the buffer moisture protection system sets
certain restrictions for the emplacement of the buffer blocks. The installation and
removal process demands a 25 mm free space between the buffer blocks and rock wall.
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2.2

The reference design of the buffer moisture protection

The bentonite blocks must not be affected by the prevailing environment in the
deposition hole until all bentonite blocks and pellet filling have been installed. So far
the bentonite blocks are isolated all over from the effects of the environment by a
mechanical and partially removable moisture protection system. The most strategic
parts of the moisture protection system are the bottom plate, moisture protection sheet
(‘liner’) and dewatering system. Only the bottom plate is left in the deposition hole as a
permanent structure, while other parts of the moisture protection system are removed
and re-used.
On the bottom of the deposition hole a copper plate which protects the lowest bentonite
block from the gathered water is installed straight to the machined and even rock
surface. The moisture protection sheet made of EPDM rubber is attached to the copper
plate with an inflatable seal. The upper part of the moisture protection sheet is fixed to
the collar structure of the lid, which protects the deposition hole in the disposal tunnel.
The main function of the moisture protection sheet is to protect bentonite blocks from
the leaking water and from the influence of the air relative humidity during their
installation stage. The leaking water is controlled by the dewatering and alarm system
which has been integrated into the moisture protection liner.
The stages of the installation of bentonite blocks, the moisture protection system and
copper capsule comprise the following activities:
1.

A final inspection of the deposition hole and an acceptance of the deposition hole
a. Measuring the parameters of the deposition hole, such as location, diameter,
vertical and horizontal straightness, bending, inflow
b. Stability of the hole (rock fall and potential spalling).
2. Preparation of the bottom of the deposition hole
a. Installation of the plug to the steering hole of the boring machine
b. Machining of the bottom
c. Measuring the horizontal straightness of the hole.
3. Cleaning of the deposition hole
a. Removal of granular materials
b. Washing the walls with pressurized water
c. Discharging water from the deposition hole by a submersible pump
d. Drying the hole with a warm-air heater
e. Visual inspection.
4. Copper plate lay to the bottom of the deposition hole using a vacuum hoister.
5. Manual fastening of the moisture protection sheet to the costal structure of the lid.
6. Spreading out the sheet by free fall and gravity affect.
7. Installation of dewatering and alarm system through the moisture protection sheet.
8. Checking the placement of the dewatering and alarm system at the bottom of the
deposition hole.
9. Manual fastening of the moisture protection sheet to the copper plate by an
inflatable rubber seal on the bottom of the deposition hole. Checking the sealing.
10. Placement of the lowest block and all annular buffer blocks.
11. Installation of the canister.
12. Placement of the uppermost buffer blocks.
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13. Removal of the moisture protection sheet, alarms and dewatering system.
14. Pellet filling of the gap between the rock wall and buffer blocks and the chamfer
filling.
15. Tunnel backfilling process.
The present report considers activities numbered 2, 4–8 and 12 focusing on the buffer
moisture protection system. Chapters 3–5 deal with the technical description of the
components of the buffer moisture protection system. Chapter 6 concentrates on the
installation and removal phase of the buffer moisture protection system.
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3

THE REFERENCE DESIGN FOR THE BOTTOM OF THE DEPOSITION
HOLE

In the bottom of the deposition hole, only certain accepted materials are allowed so that
they do not jeopardize the long-term safety of the engineered barrier system. For
example synthetic materials, like cement, could raise the groundwater’s pH values or
react harmfully with bentonite material. Thus the starting point for the design of the
bottom is levelling the bottom of the hole by machining. The surface of the bottom does
not need to be absolutely even and a small unevenness, less than -5 mm, can be
accepted but the horizontal straightness has to be fulfilled (1/1750). According to stone
industry enterprises and equipment manufacturer, it is possible to develop a machining
device by which the bottom of the deposition hole can be ground evenly to be within the
given tolerances.

Figure 4. Reference solution for the buffer moisture protection system in the bottom of
the deposition hole.
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The lowest bentonite block is protected from water leakage and the relative humidity at
the bottom by a copper plate which is installed straight to the rock surface (see Figure 4
and Figure 5). The diameter of the copper plate is 1684 mm and its thickness is 30 mm.
The edges of the copper plate have a raised circumferential edge to a 150 mm height (a
flange). The thickness of the flange is 10 mm. The function of the flange is to assure
that a large enough seepage pit is formed (see also Chapter 5). In addition, the flange
integrates the copper plate and the moisture protection sheet to each other.

Top

Figure 5. Dimensioning of the copper plate.
The diameter of the bentonite blocks is 1650 mm and they are placed to the bottom of
the deposition hole by a separate lifting device. The clearance between the lowest
bentonite block and the copper plate is 7 mm. The purpose of the clearance is to prevent
contact and damages to the bentonite block and the flange during the installation phase
of the lowest bentonite block.
A ring-shaped seal channel for the inflatable seal is in located at the end of the copper
flange (see Figure 6). The diameter of the seal channel is 12 mm and it is inclined 40
degrees towards the rock wall. The inclination facilitates the installation of the moisture
protection sheet as near the rock walls as possible. Likewise it prevents the sticking of
fine aggregate into the seal channel and the removal process of the moisture protection
sheet becomes easier. The width of the seal channel at the edge of the flange is 9 mm.
The thickness of copper at the upper edge of the seal channel is 3 mm on both sides.
The dimensioning of the seal channel is based on laboratory tests at VTT (see
Appendix A).
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Figure 6. Dimensioning of the seal channel.
The bottom plate is made of copper and its mass is about 660 kg. The copper plate is
heavy enough to stay in place without a separate fastening system. The placement of the
bottom plate in the horizontal direction can be secured with adjustment bolts if it is
necessary (see Figure 7a). The adjustment bolts will be supported on the rock wall.

7a.

7b.

Figure 7a. The copper plate can be installed to its place with the help of adjustment
bolts (M16) if it is necessary. 7b. The filling of the pilot hole at the bottom.
In the middle of the deposition hole a cylinder shaped pilot hollow is formed due to
requirements for direction control of the boring machine. The diameter of the hollow is
250 mm and the depth is 311 mm. Before installation of the bottom plate the hollow is
filled with fine-grained crushed rock aggregate. On the surface of compacted filling in
the pilot hole can be installed thin copper film to separate the aggregate filling from the
machined bottom during installation of the bottom plate. It’s very important, that any
kind of aggregate grains leave between the machined rock bottom and the bottom plate
during installation, otherwise the requirement of horizontal straightness of the bottom
plate (1/1750) cannot be fulfilled.
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4
4.1

MOISTURE PROTECTION SHEET
The liner structure

The purpose of the moisture protection sheet (also called ‘a liner’) is to protect the
bentonite blocks from air relative humidity, from excessive dryness and from premature
wetting. The moisture protection sheet is attached to the bottom plate with an inflatable
rubber seal. The seal system has to hold reasonable water pressure without leaking in
case of a malfunction. The moisture protection sheet is also tightly attached to the collar
structure of the lid at the top of the deposition hole. The design of the lid and collar
structure has to take into account the room reservation for the water and pressure hoses
in the concrete slab at the top of the hole.

Figure 8. The principal of the moisture protection sheet (OL1-2).
The moisture protection sheet follows the form of the deposition holes (see Figure 8).
The liner is cylinder shaped in the deposition holes except in the case of Olkiluoto’s
deposition holes which have an overhang for the chamfer. The diameter of the liner is
1740 mm in all hole types (Figure 9), in other words the distance between the liner and
the rock wall is 5 mm. The length is constant and it is depend on the deposition hole
type (Table 1); LO1-2 (7130 mm), OL1-2 (8330 mm) and OL3 (8780 mm).
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Figure 9. The cross-sections of the liner of the deposition hole and the bentonite barrier
(Juvankoski, 2012).
Table 1. Dimensions of the moisture protection sheet types.
Length of the moisture protection sheet
The upper part of the liner (mm)
Extra material for fastening (mm)
Excavation level
Excavation tolerance (the upper surface of the buffer)
The buffer height
Edge height
Total length of liner
The length of the chamfer in upper part of the liner

LO1-2
100
150
0
400
6600
-120
7130
No

OL 1-2
100
150
0
400
7800
-120
8330
620

OL 3
100
150
0
400
8250
-120
8780
1000

The moisture protection liner is made of 1.2 mm thick EPDM (Ethylene Propylene
Diene Monomer) rubber which is strong enough so it does not break down or get ripped
during the removal phase of the liner. The EPDM material is durable, re-usable and it
has only minor negative influence on nature. Also vulcanized liner structures allow the
integration between the liner and technical equipment such as dewatering pipes. The
technical material properties of one potential EPDM-material are presented in
Appendix D.
There are 3–4 vertical and open channels for the dewatering pipes and air hoses in the
moisture protection liner (Figure 10). The dewatering pipes will be installed normally in
one vertical channel on that side of hole, where there will be most space in the cap
between the rock wall and buffer. The number of the channels is determined by the hole
type; the moisture protection liner of deposition holes for LO 1-2 has 4 channels and in
the others 3 channels. The number of the open channels guarantees the installation of
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equipment even if one or two of the channels would be blocked or if bentonite blocks
have not been installed exactly in the middle of the deposition hole.

Figure 10. Open channel for the dewatering pipes and air hoses in the moisture
protection sheet (Geomembrane System of Trelleborg)).
The horizontal lamellas are vulcanized to the moisture protection liner with a regular
spacing of 1310–2230 mm, radially. The supporting rings (Chapter 4.2.3) are made of
stainless steel, copper or polypropylene (PP). These rings have been installed inside
horizontal lamellas during the manufacturing of the moisture protection liner. The
purpose of the rings is to assure that no wrinkles or folds that could harm the installation
process of the bentonite blocks are develop. The lifting loops which can be utilized
during the removal process of the liner are attached to the horizontal lamellas.
All the technical equipment that is related to the moisture protection liner has been
integrated inside the vulcanized lamellas. The lamellas are on surface of the moisture
protection liner. The support rings are innermost and the channel for the pipes and hoses
are outermost, as shown Figure 11. The air hoses are normally placed in the same
lamella as the dewatering pipes.

Figure 11. The structure of the lamellas.
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The vulcanizing process is used at least by Trelleborg AB Company. In the
Thermobond seaming technique all prefabrications and site seaming are performed with
thermal hot air or a hot wedge. Details, like pipe connections, are seamed with a hot air
gun. The technique provides maximum security and a homogenous elastic
waterproofing membrane (see Appendix C).
4.2
4.2.1

Details of the liner
Integration between moisture protection liner and copper plate

The structural solution of the bottom is based on the copper plate in which the moisture
protection liner is combined with the base plate through the seal channel. The diameter
of the seal channel is 12 mm and the opening of the seal channel is 9 mm. The inner
diameter of the seal is 9 mm and outer diameter is 12 mm. The length of the flange is 31
mm and its thickness is 1.5 mm. The moisture protection liner is vulcanized to the seal
profile. In addition, the protecting rubber panel prevents the precipitating and the
sedimentation of the fine aggregates from any leaking water is attached to the moisture
protection liner. The seal profile is presented in Figure 12.
The seal is installed manually to the seal channel in the bottom of the deposition hole
after the copper plate is laid down. After installation the seal is pressurized to 150–200
kPa over pressure which is high enough to resist the water pressure and other possible
stresses. The pressurization is made from top of the deposition hole in the deposition
tunnel. Likewise the under pressurizing of the seal will be utilised during the installation
and removal phase of the moisture protection sheet.

Figure 12. The commercial seal profile which is attached to the moisture protection
liner by vulcanizing. (Korja-Kumi 2010)
Researches at VTT (Technical Research Centre of Finland) have studied the behaviour
of the seal during the pressurization at small scale. The summary of results is presented
in Appendix A.
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Figure 13. The narrowing of the moisture protection sheet in the bottom of the
deposition hole.
The distance between the moisture protection sheet and rock wall is 5 mm. In the
bottom of the deposition hole the liner has to narrow because the distance between the
flange and rock wall is about 25 mm. The narrowing will be done smoothly between the
lowest support ring and the seal structure (see Figure 13). The placement of the lowest
lamella in the liner is 300 mm from the bottom.
4.2.2

Integration between moisture protection sheet and lid structure

The excavation of the disposal tunnel has an influence on design of the moisture
protection sheet because the lid with the collar structure will be installed on the floor
level of the disposal tunnel. The maximum excavation tolerance is -400 mm. The
boundary of the buffer design is presented in Figure 14.
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Figure 14. The boundary of backfill and buffer design. (Keto et al. 2012)
The collar structure is concreted to the rock. The deposition hole and the chamfer are
drilled through the collar structure. The horizontal deviation can be at the maximum 50
mm. In the collar structure it is necessary to reserve space for the fastening profile of the
moisture protection liner. After the drilling of the hole the fastening profile of the
moisture protection liner is set and attached to the collar structure (see Figure 16 &
Figure 16).

(Hole)
(Hole)
(Liner)
(Liner)

Moisture protection sheet

OL 1-2
Figure 15. The collar structure from above.
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Figure 16. The attachment of the moisture protection liner to the collar structure of the
lid.
The flange of the moisture protection sheet is twisted around the adjustable steel profile
of collar structure and strapped to the outer surface of the profile structure (see Figure
17). The room reservation is at same spot than lamella which includes the dewatering
pipes, air hoses and possible lifting wires.
The flange of the moisture protection sheet is twisted around the adjustable steel profile
of the collar structure and strapped to the outer surface of the profile structure (see
Figure 17). The room reservation is at the same spot as the vertical lamellas, including
the dewatering pipes, air hoses and possible lifting wires.

Figure 17. The integration of the installation profile and the room reservation of pipes
to the collar structure.
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4.2.3

Equipment of the moisture protection liner

All the technical equipment that is related to the moisture protection sheet has been
integrated inside the vulcanized lamellas because it makes their installation as simple as
possible. It also guarantees that the equipment does not stay in the deposition hole as
separate units during or after removal phase of the moisture protection sheet
(controlling) or otherwise harm or complicate the installation of the bentonite blocks.
The equipment that is integrated into the liner is:
1. Support rings (inside horizontal lamella)
2. Dewatering pipes, air hoses and possible lifting wires (inside vertical lamellas)
3. Lifting loops, detaching wires (in vertical lamellas).
The purpose of the support rings is to assure that the moisture protection sheet follows
the rock wall as near as possible and that no wrinkles or folds develop. Likewise the
support rings prevent the moisture protection sheet from getting stuck between the
bentonite blocks. The support rings can be made of steel, copper or plastic, depending
on the stiffness requirements. If it is necessary support rings can be installed either as
semicircles or ¼ curves into the moisture protection sheet.
There are four support rings inside the horizontal channels on the outer surface of the
moisture protection sheet. The width of the lamellas is about 200 mm. The distance
between support rings is conditional on the deposition hole type, for example in LO1-2
the distance between the support rings varies between 2130–2230 mm (see Figure 18).
The uppermost support ring will be placed 10 mm below the chamfer. The lowest
support ring, for one, is 300 mm above the sealing structure just before the narrowing
part of the moisture protection sheet. The distance between the support rings in LO1-2
varies from 1900 to 2000 mm and in OL3 from 1310 to 1410 mm.
There are also 3–4 vertical and open channels for the dewatering and air hoses in the
moisture protection sheet (see Figure 10). Two dewatering pipes with diameter 18 mm
each, and an air hose with diameter 10 mm, will be installed inside the same lamella in
the normal conditions (see Chapter 5). The vertical lamellas are placed in the moisture
protection sheet with regular and even spaces which always provides the most
advantageous location for the equipment in relation to other structures. The width of the
lamellas is 150–200 mm. The vertical lamellas also serve as the reinforcements of the
moisture protection sheet during the removal phase of the liner, and especially in the
situations where the moisture protection sheet has got stuck for some reason and/or will
require a lifting power during the removal stage.
The height of the disposal tunnels varies between 4 000–4 400 mm. Thus it is not
possible to raise the moisture protection sheet out of the deposition hole at once. In the
removal and lifting phase of the moisture protection sheet the support rings can be
utilised as lifting structures: – the lifter is attached to the uppermost support ring or
lifting loop, lifted up, then the lifter is attached to the following support ring, lifted up
and so on. The removal of the seal structure in the hem of the moisture protection sheet
can be secured with a separate thin wire which is installed to the lowest support ring.
The lifting wires can be conducted outside the collar structure through the room
reservation that has been made to the concrete slab. The loading capacity for diameter 3
mm wire is 270 kg and for 4 mm wire it is 450 kg.
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Figure 18. The liner structure of OL1-2.
Table 2. Detailed dimensions for the moisture protection sheet.
Component of the moisture
protection sheet
Seal channel (in the middle)
Inflatable seal (outside)
Inflatable seal (inside)

Distance from the
rock wall [mm]
35
28
40

Radius
[mm]
841
847
835

Perimeter
[mm]
5284.16
5321.85
5246.46
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5
5.1

DRAINAGE AND ALARM SYSTEM
General

The functional requirements have been proposed that the dewatering system should
operate continuously for at least a month (Chapter 2). The precaution time in a 50 mm
gap is 24 hours which corresponds to a 0.5 meter high water statue (5.3 kPa). The height
of the seepage pit surface is controlled with a separate alarm system and the limiting
alarm value is half of the precaution time. Furthermore it should be possible to remove
the components of the dewatering system from the deposition hole without any extra
materials staying in the hole.
The deposition holes are very deep and theoretically it is possible to pump one bar
(corresponding to 9.8 meter height) of water with a normal suction pump. For the
reliability and durability of the dewatering pumps, it is recommended to use pumps
based on the ejector technique which makes it possible to pump water from at least 15
m depth (Wimelius and Pusch 2008). Water is sucked up from the basin by using the
vacuum technique, which is preferred to pumping it up because of simplicity and safety.
For this reason the ejector technique is proposed. The principle is that the water column
in the pipe is disintegrated by the air sucked by the pump.
According to the phasing of the final disposal, the dewatering system will be installed in
groups of four deposition holes after the inspection of the holes. Each hole will have its
own alarm system that triggers the pumping of water when it is necessary, holespecifically. Water on the bottom of the hole will be sucked up to the deposition tunnel
by using the vacuum and ejector technique and it will be collected to a separate ejector
pump through a dewatering pipelines system of the deposition tunnel along the side of
the tunnel wall. The ejector pumps of the dewatering system will be located at the
corners of the deposition tunnel in the central tunnel. Thus for the installation vehicles
of the copper canister and bentonite blocks as much space as possible will be allowed in
final disposal tunnel.
In the structural solution of the bottom plate it has been proposed, that the bottom of the
disposal hole will be machined even for the tolerance 1/1750. After machining the
disposal hole will be washed carefully and inspected before installation of the bottom
plate. So when removing seepage water from the gap between the rock and the bottom
plate the water should be nearly clear and without any special particles, that could
further stop the sucking pipe. There also has to be a rough filter at the low end of the
sucking pipes.
The gap between the bentonite blocks and the rock is 50 mm, based on the current
design. However theoretically there is only about 20 mm of space for the dewatering
system because the structural solutions of the bottom and excavation tolerances reduce
the free space. So the outside diameter of the sucking pipes should not be more than 18
mm at the maximum. The dewatering pipes can be fitted inside the vertical straps,
which are vulcanized on the outside of the moisture protection sheet. If necessary it is
possible to fit for instance 2 dewatering pipes side by side in the same strap.
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5.2

Principle

The planned amount of ejector pumps will be two units, which can care two vacuuming
lines installed parallel in one or two deposition tunnels and carrying dewatering from
20–30 final deposition holes per pump.
The dewatering from the bottom of the final disposal hole with the vacuum ejector takes
place so, that the compressed airline will be connected to the ejector. This will have the
vacuum in the main dewatering pipeline situated on the wall of the disposal tunnel
between the vacuum ejector and disposal holes. The vacuum in the pipe lines absorbs
water from those disposal holes, which are connected with the vacuum pipe line.
For instance, using the ejector pump model Nordclean 140, the maximum vacuum is 78
kPa with which water will rise to the maximum height of 7.8 m if it does not mix with
air in the dewatering pipe. If a vacuum cleaner absorbs also air with water, in other
words water and air mix, the lifting height will at least double. So the lifting height
required 12–15 m, can be reached. In the lower part of the dewatering pipe it will be
necessary to make small air feeding holes to insure the sufficient lifting height of water.
The final lifting height depends on the air amount that is added to the bottom of the
suction pipe and on the number of the suction pipes that are simultaneously vacuumed.
When the ejector vacuum pump is running, the whole main line of the ejector has been
vacuumed and the dewatering pipes that have been connected to the main line can be
dewatered and controlled with the help of check valves. This is done so that at a given
time water will be absorbed to the main line only from one or from a few pipes
maximum at the same time. The valves are directed with a PLC controllable device so
the dewater of separate holes will take place with hole-specific placing through different
suction pipes individually and alternately.
Two exploratory tests have been made in the Bentonite Laboratory at Äspö URL for
investigating the applicability of the drainage concept. One of them has been made with
two pipes with 15 mm inner diameter giving a flow of about 6 l/min. The other, which
has been performed with only one pipe with a 20 mm inner diameter, gave a discharge
rate of about 20 l/min (Wimelius and Pusch 2008).
If two dewatering pipes having an inside diameter of 15 mm each are installed in one
final disposal hole, a pumping speed of about 5 l/min can be used. The allowed
maximum amount of leakage water to one final disposal hole is 0.1 l/min. Thus a
maximum pumping time from one disposal hole is about 1 min/h.
In theory it would be possible to take care of dewatering with one ejector by alternating
simultaneously the pumping from about 50 final disposal holes in which case the
dewatering would take place once an hour in each hole and the maximum amount of
seepage water accumulated to the bottom of a hole would be 6 litres. In practice the
maintenance, transfer and similar breaks will come when using constant pumping with
one ejector. So it is recommended from the point of view of the continuity and
reliability of the dewatering to use two parallel ejector lines and two ejectors. One
ejector line can manage the beginning of the disposal tunnel and the other the end of
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same tunnel or one part of the parallel disposal tunnel depending on the installation
phasing of the buffers.
Depending of the origin of the copper canisters, together 25–37 final disposal holes can
be placed in one 300 m long disposal tunnel.
Two main suction pipelines that both have been equipped with their own ejector
vacuum pump are installed in one disposal tunnel so that the end of the tunnel will be
managed with the first suction line for 16–20 holes and the corresponding holes of the
beginning of the tunnel with the second line. To the main line of the ejector can be
simultaneously connected for example half of the disposal holes from one disposal
tunnel. However the dewatering can be made simultaneously only from one or as a
maximum from a few of the 12–20 disposal holes connected to the suction line. The
dewatering between different disposal holes is directed by a separate control and alarm
system that directs check valves between the suction pipes and a main line.
When the vacuum ejector is working, the whole main suction line will be vacuumed
simultaneously. When the first holes (for example 4 disposal holes) from the end part of
the tunnel have been installed by buffer blocks, the dewatering pipes can be loosened
from the main line beginning from the end of the tunnel. This can occur even if other
suction pipes are connected to the main line separately and the dewatering can continue
without interruption by changing only the data control programming.
The main line of the ejector consists of pipes made from 51 mm stainless steel having a
joint length of 6 m. It is possible to install the closing valve in the joint sections of the
main line pipes after every 6 metres, which makes the phased building and breaking of
the line possible. The dewatering pipes (2 x 18 mm) are installed in the disposal hole
and equipped with grounding steel spirals that are connected to the main line with autocontrolled check valves. The principle of the dewatering system is presented in
Figure 19.
With the principal arrangement presented in Figure 19 both vacuum suction lines can be
connected to a maximum of 20 final disposal holes and the pumping of one whole set
takes about 20 min/h If necessary, both ejector systems can be hosted side by side with
the same pneumatic airline by alternating the pumping time of ejectors (20 + 16) min/h.

Figure 19. The principle of dewatering system.
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A listing of recommended equipment that would be needed for the wholes vacuum
ejector system would include (for example):
Suction unit: Nordclean-Nederman 140 Ex, pneumatic vacuum ejector.
All the parts that are in contact with collected fluid should be been made from
stainless steel.
Maximum consumption of pneumatic air is 5.3 Nm3/minute/6 bars
Maximum air transfer is 318 m3/h
Maximum vacuum 78 kPa (7800 mmWp) without feeding of additional air to the
bottom of the suction pipe.
Desired lifting height of water if the bottom of the suction pipe is fed air, 12–15 m
can be reached by adjusting the amount of additional air.
Dimensions of the vacuum ejector: 1140 mm length x 550 mm width x 1465 mm
height.
Suction pipeline equipment would include (for example):
6 m stainless steel suction pipe 50.8 x 1.2 mm
Pipe collar stainless steel, antistatic
Branch, stainless steel, 45 degree
Suction hose 51 mm, antistatic R < 108 ohm
Suction hose 12 mm, with grounding steel spiral.
5.3

Control and alarm system

The control system for extraction of water from the holes can be done with, for instance,
National Instruments CompactRIO system. CompactRIO (cRIO) is a rugged and
reconfigurable system designed for control and monitoring tasks. The programming of
cRIO is done with NI LabVIEW which is a graphical programming environment. CRIO
runs a NI Real Time operating system and it has a programmably reconfigurable FPGA
circuit for digital and analog I/O. CRIO can be made to run independently or, if needed,
it can be controlled remotely with a PC. For the purposes of remote control, LabVIEW
automatically creates a graphical user interface alongside the programming of the
control software.
CompactRIO is a modular system which can be accompanied with eight modules for
digital or analog I/O. In this case three NI 9478, 16 channel digital output modules
specifically designed for solenoid and valve control with 0–50 V DC output and
programmable current limits, would be needed to control two injector lines with 20
holes each.
The control of the water extraction can be done with remotely controlled valves (see
Figure 20).
The valves should be solenoid operated magnetic valves of NC (normally closed) type
and they should work with 0–50 V DC. The control system can be configured in a way
where only one valve is operated at a time. When the valve is fed direct current it will
open and the vacuum from the ejector lines will remove the water from the hole. The
program will run through a series of 20 valves per line and operate each of them for one
minute at a time. The program will include two lines that will work independently from
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each other. Furthermore the valves in each line will be grouped together in groups of
four. This means that each segment of the water extraction system (four holes) can be
turned on or off at any point by the end user. This will make it easier to move the
extraction system to different tunnel segments as the work progresses.

Figure 20. Flow chart of the control program.
The alarm system will be done with pressure switches and water level sensors. If the
water level in any hole reaches alarming heights, the switch is triggered and the valve of
the hole in question will open. The valve will remain open until the pressure switch
closes or the water level sensor reports safe levels. After the alarm ends the control
program continues the normal process of cycling through the valves. The outputs of
these switches require digital input modules for cRIO. This could be for example NI
9403, a 32 channel 5V/TTL Bidirectional Digital I/O Module. In case the selected water
level sensors offer only current or voltage output directly proportional to water level, a
number of appropriate input modules such as NI 9208 are needed. One example of a
suitable water level sensor is Global Water’s WL400 with 4 to 20 mA output (see
Figure 21).
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Figure 21. Global Water’s WL400 water level sensor.
5.3.1

Test of the drainage system

Two sets of tests of the individual components have been performed using the
Nordclean ejector, followed by experiments using the integrated systems at Äspö
bentonite laboratory (Wimelius and Pusch 2008).
The Nordclean ejector had a maximum suction, i.e. negative pressure, of 78 kPa and
maximum air flow capacity of 318 m3/h. These are the same values as the Nordclean
140 Ex ejector as proposed in the preliminary Finnish offer concerning a vacuum
ejector for dewatering of disposal holes.
The arrangement makes it possible to suck up water by vacuum. The effect of the
vacuum was increased by drilling holes in the suction tube for letting extra air in
(ejector technique). This resulted in an increase in height of the hoisting water from the
theoretical maximal level 9.8 m up to 12 m. Different sizes and spacing of the drilled
holes have been tested to find the optimal pattern. The 12 m suction height will make it
possible to place the drain tube lines in the deposition tunnel a few meters above the
tunnel floor. With the obtained pilot test experiments at Äspö laboratory the holes in the
suction tubes in the disposal holes must be located above the water level since the
ejector effect is otherwise lost. The experience from the pilot tests at Äspö have
indicated that the holes should be drilled about 1 m above the lower end of the suction
tubes in the disposal holes.
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6

INSTALLATION AND REMOVAL PROCESS

Schedule for preparing and installing three deposition holes with moisture protection
system and its removal has been presented in Figure 4 (Chapter 6).
6.1

Preliminary acts and inspections before approval of deposition hole

After levelling the hole bottom by machining and before approval of deposition hole for
installation of the bottom plate, the following inspections and measures will be carried
out:
 removal of water both cleaning and drying of the deposition hole
 inspection the deposition hole visually and inspection of the water inflow to the
deposition hole
 if there is loose material or any other indications that the deposition hole does not
conform to the reference design, they will be removed from the hole
 inspection of deposition hole dimensions, depth and bottom inclination both
 installing of centre line indicator.
6.2

Installation and inspection of the bottom plate and moisture
protection sheet

The bottom plate will be installed to its place on the machined and quality controlled
bottom with the smoothness demand of 1/1750. The installation can be made either by
the vacuum lifter used for buffer blocks or by some other lifter that has been equipped
with the position data control system (infrared or an in-charge). The fine adjustment and
fastening of the bottom plate in the horizontal direction can be made, if necessary, with
adjustment screws which support the bottom plate on the rock surface.
The copper plate will be placed on the bottom of the final disposal hole so, that the
buffer can be installed vertically, taking into consideration the drilling tolerances of the
disposal hole and the manufacturing and installation tolerances of the buffer. The
possibly needed eccentricity of the installation of bottom plate is determined in
connection with the 3-dimensional measuring or scanning of the disposal hole after
drilling.
After installation of the bottom plate, the moisture protection sheet with its equipment
will be mounted to the hole. The dewatering pipes are installed in the vertical lamella of
the moisture protection and the top of the protection is temporarily fixed to the collar
profile of the hole. After installing on the base plate at the bottom of the hole the
dewatering pipes are directed and fastened and the bottom seal of the moisture
protection sheet is installed manually in the seal groove in the bottom plate. The
pressurization of the seal is made from the floor level of the tunnel and the success of
the installation of the air blown seal is checked simultaneously at the bottom of the final
disposal hole. The pressurization of the air blown seal of the moisture protection is
controlled with the automated control system.
The edge of the bottom plate in which the air blown seal is installed has been increased
to a 150 millimeter height so that during the installation of the moisture protection
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enough storage space will stay for the seepage water which may flow from the bedrock
before the pumping system is switched on. To the maximum leaking hole (0.1 l/min),
the installation time will allow 4 hours before the seepage water overflows the edge of
bottom plate.
The pressurization/vacuuming and the supervision of the pressure level can be made at
the level of the disposal tunnel through the pressurization pipe that is connected to the
bottom of the protection system in the vertical lamella of the liner.
When the fastening of the moisture protection sheet to the bottom plate has been made,
the fastening of the top of the moisture protection sheet to the collar of the lid is
corrected so that the moisture protection sheet will have suitable tight fit without folds
which might make the installation of the buffer more difficult.
A centralized form profile around which the top of the protection liner will be fixed
with a tightening scarf has been installed in the collar structure after boring the hole.
Before this point, the dewatering pipes of the hole are connected to the main vacuum
line through the pipe reservation in collar concrete. After that the remote controlled
dewatering of the hole can start. At this stage the lid of the disposal hole will be closed
until the installation of the buffer.
The following aspects of inspection are included:
-

6.3

After installation of the bottom plate its exact location and horizontal straightness
are checked by measuring.
The installation and pressurization of the air blown seal of liner and the directing of
dewatering pipes are checked after installations at the bottom of the disposal hole.
Before installation of the buffer the function of the alarm system included in the
drainage system will be inspected as well as the cleanliness of the bottom plate will
be controlled.
Removal

The removal of the buffer moisture protection system will be done just before the
buffer-to-rock gap filling. At first the steel profile is released from the collar structure
and the upper part of the moisture protection sheet is attached to a hoist for lifting. The
seal in the lowest part of the moisture protection sheet is under-pressurized and the
moisture protection sheet is moved upwards a few centimetres. After that the
dewatering pipes and the air hose are disconnected from the main line and taken out of
the vertical lamella.
The moisture protection liner is carefully withdrawn from the copper plate and raised
upwards until the first support ring comes into sight. At this point the loops in the first
support ring are attached to the hoist and the upper moisture protection sheet is folded
accurately so that a space will be formed for the following lift. During the next lift the
second support ring rises and the earlier phases are repeated. This procedure is
continuing until the whole moisture protection sheet is out of the deposition hole. After
the removal the moisture protection sheet is inspected and controlled. The controlling
includes:
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-

Checking the equipment (nothing is left in the gap between the buffer and rock)
Checking the form, shape and material of the moisture protection sheet (no rips,
brittle breaks, strains, holes or other material damages).

After the compulsory inspection the moisture protection sheet is moved to the next
target.
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7

FURTHER DEVELOPMENTS

The next phase of this study should focus on developing the equipment that is related to
the machining the bottom of the deposition hole. The reference design of the buffer
moisture protection system is based on the idea that the copper plate is installed straight
to rock surface, so it is extremely important to create a device which is capable to reach
the high tolerance requirements of the deposition hole.
The reference solution for the buffer moisture protection system has not been tested yet.
The following technical solutions should be tested in the future so the functionality of
the technical details will be controlled, secured and inspected:
-

The prototype of the bottom copper plate
The prototype of the full moisture protection sheet
Integration between the bottom plate and the moisture protection sheet
Integration between the collar structure and the moisture protection sheet
Designing details of the moisture protection sheet, such as supporting rings,
vulcanizing process of the liner, function of the lamellas
Demonstrating the capacity of the dewatering system
Demonstrating the functionality of the alarm system
Demonstrating the installation and removal process.
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APPENDIX A:

1.

PROGRESS REPORT 2010, BUFFER MOISTURE
PROTECTION SYSTEM AND DESIGN OF THE BOTTOM OF
THE DEPOSITION HOLE

INTRODUCTION

The deposition hole is completely lined with the pressed cylinder-shaped bentonite
blocks and with the ring-shaped bentonite blocks that will form a protective buffer
around the copper canister. The purpose of the buffer is to protect the canister from
outside mechanical and chemical stresses and to prevent possible canister damage from
moisture carrying harmful substances from the environment.
Canisters are placed in vertical deposition holes in the rock. The diameter of the holes is
1750 mm and the depth varies between 6600–8250 mm. The dimensions around the
canister are 500 mm height below, 350 mm on the sides and 2200 mm above. The
height of the individual buffer blocks and rings is 400–500 mm and the size of their
outer diameter is 1700 mm. A 10 mm empty gap is left between the canister and the
bentonite buffer and a 50 mm pellet filled gap between the buffer and the rock.
(According to Buffer Production line, under prepared 2011)

Figure 22. Dimensions of the deposition hole.
With present knowledge the bentonite blocks have to be protected from the air humidity
and from the leakage of the environment which might cause swelling of the bentonite
blocks during the "open" phase before backfilling. The objective of this study was to
design a potential structural solution both for the bottom of the deposition hole, for the
moisture protection system and also show that the designed structural solution is
operating correctly.
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2.

BASIS OF THE DESIGN

2.1

General Functional Requirements

The buffer moisture protection system and design of the hole bottom is guided by the
planning of the following aspects: bentonite buffer including the overall basic design,
long-term safety, planning of the excavation and boring machine, bentonite blocks
installation and machining and installation of the copper cannister. This chapter presents
the most significant general functional requirements for design of the moisture
protection system.
The maximum inflow in the deposition hole is 0.1 l/min, otherwise it will be rejected as
useless (Juvankoski, 2010). According to the present estimates of Posiva about 90 % of
all deposition holes are so-called "dry holes". So the choice of the best buffer moisture
protection alternatives has to be made on the basis of potential water leaks and on the
basis of the type of leak. In the dry deposition hole it is possible to consider also a
lighter structural solution.
In the backfill design (Korkiala-Tanttu et al. 2009) the 40 m long backfilling section is
divided into two parts (20 m + 20 m) with the same work phases. In the average case
backfilling of a 40-metre long section takes 12.4 work days. Different sectioning is
possible and it is the water inflows and logistic points that finally dictate the timetable.
The current reference design is to finish the emplacement in four deposition holes
before the tunnel section above is backfilled. With the assumed rate - one canister per
week (40 canisters per year) – the interval between backfilling phases will take four to
six weeks.

Figure 23. Time schedule for preparing and installing one deposition hole. (Juvankoski,
2010)
The installation of the copper cannister and the backfilling will be divided in three
sections. In the first stage the lid will be removed and the deposition hole will be
washed and dried. A visual inspection will be made. The first stage will last one
working day. In the second stage the moisture protection system will be installed, the
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bentonite blocks are transported and most of the bentonite blocks will be installed in the
deposition hole. In this context the straightness of bentonite blocks will be checked.
This stage should last one day. The third day contains the transport of the upper
bentonite blocks, the possible removal of the moisture protection system, the installation
of the copper cannister and the upper bentonite blocks. However, the moisture
protection system will prevent the premature swelling of the bentonite blocks and that is
why the removal of them should be considered just before the backfilling starts.
(Juvankoski 2010)
The general functional requirements for the moisture protection system and designing of
the bottom of the deposition hole are:
-

The maximum water inflow 0.1 l/min
The horizontal straightness of the bottom is 1/1750
The installation time of the moisture protection system is 1 hole/week
The operating time of the moisture protection system is at least 1 month

The functional requirements for the moisture protection sheet have been presented in
Chapter 4.1 and for the dewatering system in Chapter 2.2.
2.2

Water Leakages in the Deposition Hole

The leaking water which flow from the bedrock is gathered to a seepage pit between the
moisture protection sheet and rock wall and it is removed by a dewatering system. The
dimensions of the dewatering system will affect the size of the seepage pit, the number
of the exhaust pipes, the duration of the precaution time and the volume of the pellet
filling. It may possible to use the water pipes of the dewatering system as hoses in
artificial wetting of the gap/or pellets if such an alternative design is pursued (Holt
2010). In Figure 2 shows the height of the water statue as a function of time when the
width of the gap is 50 mm and precaution time is 24 hours, which corresponds to 0.5
meters high water statue. The limiting alarm value is at half of the precaution time.
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Figure 24. The pressure caused by water leakages (0.1 l/min) when the width of the gap
is 50 mm during the first 24 hours (calculations have been presented in Appendix 1).
3.

STRUCTURAL SOLUTIONS OF THE BOTTOM OF THE DEPOSITION HOLE

3.1

General

In the Posiva-2009 report Posiva has presented the structural solution options for
planning the bottom of the hole, with the following aspects:
-

levelling of the bottom using low-pH grout
isolating of the bottom from concrete mortar using a copper plate
grinding the bottom surface to be even.

The reference solution (Figure 25) of Swedish Kärnbränslenhantering Ab (later SKB)
consists of casting concrete and two copper plates (Cu 95 %) over which the bentonite
blocks are piled. The lower copper plate is attached to the rock by adjustment bolts. In
the middle of the lower copper plate is a hole for casting the concrete below the plate.
The thickness of low pH concrete cast is about 150 mm. After casting the upper copper
plate is attached to the lower copper plate with the help of concrete casting.
In the reference solution of SKB the moisture protection sheet is attached between
flanges of copper plates with the help of an inflatable seal. The moisture protection
sheet is made of 1.2 mm thick EDPM rubber. Four rubber straps are vulcanized to the
sheet along the entire height. The shape of the sheet is maintained by supporting rings
that pass through loops that are vulcanized to the sheet with a regular spacing of 500
mm, radially. The role of the rings is to maintain the shape of the sheet so that the edges
of the stacked buffer blocks will not damage it.
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Figure 25. The reference solution of SKB in which two copper plates have been
installed by adjustement bolts over the low pH concrete layer. The moisture protection
sheet is attached between the flanges with the help of an inflatable seal. (Wimelius and
Pusch, 2008)
The basis of Posiva's structural solutions for the moisture protection system and design
of the bottom have been both the reference solution of SKB and the demands set by the
long-term safety. Because a majority of the deposition holes are so-called dry-holes,
Posiva is considering using a lighter structural solution than for instance SKB. In
addition, considering the use of low pH concrete has been abandoned because of the
demands on long-term safety and uncertainty between concrete and bentonite
interaction. At the moment Posiva's structural solutions for the bottom can be divided
into dry and wet hole solutions. "The thin copper plate" solution represents the first one
and "the thick copper plate" solution the latter one. The alternative levelling materials to
use in the bottom of the hole are discussed in Chapter 3.2.4.
3.2

Structural Solutions for Design of the Bottom

3.2.1 Thin Copper Plate Solution

The thin copper plate solution has been designed to be used in dry holes (moisture
protection system is not needed or it is very light). In this structural solution a thin
copper shell is attached to the lowest bentonite block before the installation of bentonite
blocks. The copper plate will be placed to the bottom of the deposition hole together
with the bentonite block. The bottom of the hole is first levelled either by machining of
the rock surface or by using levelling materials. The moisture protection sheet can be
attached to the copper shell before the installation of bentonite blocks, which reduces
the installation stages of the sheet. On the other hand the simultaneous installation of
bentonite block, copper shell and moisture protection sheet may prove to be technically
extremely challenging and slow.
The thin copper shell that protects the lowest bentonite block is extremely thin: at the
edges its thickness is only 0.5–1 mm and along the bottom 2–3 mm (Figure 26). This
sets high demands for the cleaning of the deposition hole toprevent damage or breaking
of the thin copper shell. In this structural solution the copper consumption is minor
compared to the structural solutions of the hole. Furthermore, it is very light, only about
50 kilos.
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Figure 26. In the thin copper plate solution a very thin copper shell is attached onto the
lowest bentonite block and it will be placed in the deposition hole together with the
bentonite block. The bottom of the hole is levelled either by machining (straight rock
surface) or by using levelling materials. This structural solution is suitable to use in dry
hole case.
3.2.1 Thick Copper Plate Solution

The structural solutions of the wet hole (moisture protection system is needed) in which
the maximum water inflow is 0.1 l/min are based on the reference solution of SKB. In
Posiva's solution there is only one copper plate and instead of low pH concrete grout
either quartz sand or bentonite powder is used as the levelling material. In the first
solution the wet hole the copper plate is installed over a cross-type installation frame
that has been attached to the rock by adjustement bolts. The adjustement bolts corfirm
that the copper plate is accurately installed horizontally. The space between the
installation frame and the adjustement bolts is supported with copper installation disks.
The gap between the frame and the rock surface is filled with levelling material so that
the load caused by the bentonite blocks would not be directed only to the adjustement
bolts. Figure 27 shows the principle of the structural solution.

Figure 27. The copper plate is installed over the installation frame made by copper.
The installation frame is aligned to a horizontal level with the help of adjustment bolts.
The weight of the frame is about 60 kilos and the thick copper plate 580 kilos.

43

The structural solution described above is quite heavy and will require much handwork
during the installation stage. Furthermore, the injection of the empty space between the
rock and the installation frame can cause some unforeseeable difficulties. This solution
should be considered only in case if the low pH grouts are allowed in the deposition
hole.
The second structural solution for the wet holes is also based on the thick copper plate
which can be installed straight on the bedrock or over the levelling material layer. The
installation of the copper plate to the right horizontal station is confirmed with plugs or
adjustement bolts (Figure 28). The moisture protection sheet is attached to the copper
plate by an inflatable seal. The installation of the sheet is made at the bottom of the
hole. The solution is quite easy and simple to execute, the most challenging is the usage
of the levelling materials. In Table 3 lists the strengths and weaknesses of each
structural solution.

Figure 28. The installation of a thick copper plate without the installation frame. a) The
plug solution in which a hole does not need to be made to the copper plate but it is not
sure that the plate can be installed totally straight. b) The copper plate can be installed
horizontal by adjustment bolts but the usage of the levelling material may cause some
difficulties.
Instead of the thick copper plate, the use of a stone plate also can be considered. The
only apparant weakness to this method is that it might be sensitive to damage during the
installation stage. The advantages of the stone plate are:
-

the price is only about a quarter compared to the price of a copper plate
natural material, widely available
reaction and corrosion free
the machining technique already exists in the building block industry
preparation of the stone can be done in advance and in large batches.
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Table 3. Strengths and weaknesses of different solutions.
Structural solution
Thin copper plate

Strengths
+ Possible to install straight on the
rock surface
+ Possible to install on the levelling
material
+ Installation of the sheet will be
done on top of the deposition hole
+ Moisture protection sheet is
placed together with the lowest
bentonite block
+ Minor copper consumption vs.
other solutions
+ Light
+ Large seepage pit
+ Does not require special
structures to the bottom of the hole

Thick copper plate

+ Possible to install straight on the
rock surface
+ Possible to install on the levelling
material
+ Installation of the copper plate
into right place with the help
of plugs
+ Checking the seal systems
during their installation phase
+ SKB has tested a similar
arrangement

Thick copper plate
with the installation
frame

+ The copper plate is surely
horizontally installed because of
the installation frame
+ Checking the seal systems
during their installation phase
+ SKB has tested a similar
arrangement
+ Possible to use if low pH grouts
are allowed

Weaknesses
- There can be more
installation stages
- The thin copper plate
can break down easily
- Complex structure
- Challenging
installation technique
- Risk: Failure of the
bottom seal at
installation stage

- Installation of the
sheet on the bottom of
the deposition hole
- Heavy solution
- The installation takes
time

- Heavy solution
- The installation
requires considerably
time and handwork
- Consumption of
copper is remarkable
vs. thin copper plate
- The use of injection
material is uncertain

3.2.3 Machining of the bentonite blocks

At this stage of the study the development of Posiva's drilling machine is still unfinished
and the certainty about meeting the requirements for the bottom of the deposition hole
cannot be obtained. In the planning of the structural solutions, it has been noticed that
the bottom of the hole may have to be levelled for example with quartz sand. Sand can
cause uncertainty during the installation stage of the copper plate and it is possible that
the copper plate is not installed horizontally straight enough. One alternative is to install
the lowest bentonite block with a slight inclination and then machine the next block to
get a properly-aligned bentonite block tower agove (see Figure 29).
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Figure 29. A carricatured example of the machining bentonite blocks if the copper plate
has not been installed straight.
3.2.4 Levelling of the bottom and levelling materials

According to the functionality requirements it is not allowed to have a horizontal
deviation on the bottom of the deposition hole and because of it the extremely high
demands are set for the structural solutions of the bottom. The bottom can be levelled
either by machining the bottom even or by using different levelling materials on the
bottom of the hole.
At the moment the planning of the deposition hole drilling machinery is unfinished. On
the basis of discussions with the drilling machine manufacturer, it is known that the
levelling of the bottom is not possible at least with the present equipment. A new
accessory must be developed. The drilling machine being planned leaves a neck
surrounding the bottom of the deposition hole. The size of the neck is 170 mm x 75 mm,
as seen in Figure 30. The neck is so big that it cannot be levelled even with levelling
materials. The downsizing of the neck has been discussed with designers of the drilling
machine.
The surface of the bottom does not need to be even and a small unevenness, less than 5
mm, can be accepted but the horizontal straightness has to be fulfilled. According to
Sorvikivi Oy who has delivered machined bentonite blocks to Posiva, it could be
possible to mill the bottom of the deposition hole even with separate equipment.
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Figure 30. A drawing, presenting how the drilling machine machines the bottom of the
deposition hole. At the moment the drilling machine leaves a neck of material around
the deposition hole base. The size of the neck is approximately 170 mm x 75 mm.
Instead of machining the rock surface, the different levelling materials can also be used
at the bottom of the deposition hole. So far the uses of following materials have been
clarified or they have been studied:
-

low pH grouts (Boden A. et al. 2005)
glass water
silica sol
crushed glass/quartz sand etc.
bentonite powder.

According the TKS-2009 report, the bottom of the deposition hole can be levelled with
low pH concrete grouts but the present requirements of the long-term safety do not
allow such concrete grouts in the bottom of the deposition hole.
Water glass is used as an injecting material for loose soil in the construction industry.
Silica sol has been used in the injecting of road tunnels in Sweden. The most important
chemical properties of water glass and silica sol have been collected in Table 4.
The molecular formula of water glass shows that it is alkaline and therefore not suitable
as a levelling material. Silica sol would be approved for its chemical composition but a
study at Chalmer University has shown it shrinks considerably during solidifying. So
only natural materials, that can be used as levelling materials are sand, crushed stone or
glass and bentonite powder. For these materials the study is still unfinished. (Butron C.
et al. 2007)
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Table 4. Chemical properties of Water glass and Silica Sol.

Molecular formula
Elements

Mole mass
Density (solid)
Density (fluid)
pH
Solubility
Melting point
Appearance
Irritating/corrosive
Manufacturing

Water glass

Silica sol

NaSiO3
Sodium
Silicon
Oxygen
122.06 g/mol

SIO2
Sodium
Oxygen

2400 kg/m³
1400 kg/m³
11.3–13.6
highly soluble
1088 °C
light, colourless, odorless
yes
soda
quartz sand

60.0843 g/mol
2600 kg/m3
1200 kg/m³
10–11.4
0.012 g/100 mL
1650 °C
colourless, odorless
yes
neutralises from glass
water by carbonic acid

4.

MOISTURE PROTECTION SHEET

4.1

Functional Requirements for Moisture Protection Sheet

The purpose of the moisture protection sheet is to protect betonite blocks from air
humidity, from excessive dryness and from premature wetting. In all the structural
solutions the moisture protection sheet is attached to the bottom plate with an inflatable
rubber seal. The seal system has to hold reasonable water pressure without leaking in
case of a malfunction. In the installation and removal phase of the seal underpressure
will be utilised to make the remote removal of the sheet possible from the top of the
deposition hole. The pressure hoses will be integrated together with the water pipes into
the moisture protection sheet so it will be possible to install and remove them
simultaneously with the sheet.
The moisture protection sheet is tightly attached to the lid structure at the top of the
deposition hole. The design of the lid structure has to pay attention to the room
reservation for the water and pressure hoses. The planning of the lid structure is
currently on-going.
The moisture protection sheet can be sealed with an inflatable seal and a metal
tightening ring (later support ring) against the rock face on the upper part of the
deposition hole. The purpose is to underpressurise the space between the sheet and the
rock, therefore the sheet is in tight contact against the rock face and wrinkles and folds
do not develop. The risk of the sheet getting stuck under the lowest bentonite blocks
will be reduced during the installation phase of the bentonite blocks. For the present
time, the underpressurising of the sheet has not been tested in a real rock hole. Other
facts which are observed in the design of the sheet structure are:
-

The sheet has to integrate such lifting structures that it is possible to pull the whole
sheet out of the deposition hole at once.
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4.2

Wrinkles and the folds which could harm the installation process of the bentonite
blocks should not form into the sheet material.
The sheet material should be as light as possible but strong enough so it would not
break down or be ripped off during the removal stage of the sheet.
The sheet should be reliable.
The sheet has to be possible to close as a bag.
The sheet would not be disposable.
The Material Selecting for the Moisture Protection Sheet

After the specification of the functional requirements for the moisture protection sheet,
the following materials were chosen for the preliminarily material study for the sheet:
-

EPDM rubber (Ethylene Propylene Diene Monomer)
NBR rubber (Nitrile rubber)
PVC plastic film (Polyvinyl choride)
Trilaminate and Cordura (fabrics)
Roofings which are used in house building.

In the reference solution of SKB, the moisture protection sheet has been made from
EPDM rubber and it is in the form of a circular tube that is supported by steel rings. The
regular spacing is 500 mm, radially. However, the EPDM sheet is quite heavy, 150 kg
without lifting handles or steel rings, and therefore lighter materials should be
considered. In Appendix D presents the material properties of the Trellerborg
Elastoseal. (Wimelius & Pusch 2008)
Table 5. Material properties of Trelleborg Elastoseal geomembrane (EPDM).
Physical properties
Thickness
Hardness
Density
Tension 100% on stretch
Mechanical properties

Unit
%
IRH
g/cm
N/mm

0.8
±10
65±5
1.2±0.05

1
±10
65±5
1.2±0.05
>2.8

Tensile strength

N/mm

Strenght, broad specimen

kN/m

8

%

454

Strain, broad specimen
Ultimate tensile strain
Initial tearing strength
Initial tearing strength
2-directional tensile strength
2-directional ultimate tensile strain
Burst strength
Burst, level point

%
N/mm
N/mm
kPa
%

7.5

1.2
±10
65±5
1.2±0.05

380

380
30
40

9

380
40
50
2130
118

N

163

Burst, ball point

N

161

Burst, sharp point
Burst, pyramid point

N
N

213
111

1.25
±10
65±5
1.2±0.05

11

380
50
60

Method
ASTM D5 199
SS-ISO 48
ASTMD792
SS-ISO 37
ASTM
D412/D882/SSISO 37
ASTM
D4885/EN ISO
10319
ASTM
D4885/EN ISO
10319
ASTM D882/SSISO 37

ASTM D1004
ISO34
ASTM D5617
ASTM D5617
ASTM D4833
FTMS
101C/2065
FTMS
101C/2031
ASTM D5494
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A review of new alternative materials for the moisture protection sheet found trilamite
and cordura fabrics. Both fabrics are light, durable and waterproof but not flexible. The
properties informed by the material retailers of trilaminate and cordura cloths are given
in Table 6.
Table 6. Material properties for trilamite and cordura fabrics.
Properties

Method

Unit

Trilaminate

Cordura

Mass

BSF 100/16

g/m2

225–255

560–620

Ply Adhesion

BFS 100/39

N/mm

35/50

35/50

BSF 100/32:1

Bubbles

0

0

BSF 100/13

N

80

200

-

N

-

1400/2200

Air Porosity
Tear Strenght
Tensile Strenght

Supply of the NBR rubbers and PVC plastic films are so huge that a universal property
table cannot be made, but the material properties can be inquired for the chosen material
deliverer. Table 7 presents material properties for a basic NBR rubber and in the Table 8
the properties of PVC.
Trials were done during this current study with some potential materials. The thickness
of NRB rubber delivered by Kumi-Apu Oy was only 0.4 mm. Unfortunately NBR
rubber ripped very easily and thus cannot be considered as a material alternative. A
PVC plastic film with thickness of 3 mm turned out to be stiff and inelastic so it would
not be suitable material either. Furthermore, the use of PVC would be very
unecological. Trilamite seems to be quite a potential alternative but its price is multiple
compared to the other materials. EPDM rubber has already been studied and it has
worked well, yet as earlier stated it is also a really heavy solution. The clarifying of
potential roofings materials is still unfinished.
Table 7. Material properties for NBR rubber (Trelleborg).
Specific
Gravity

Hardness

Tens.
Stren.

Elong.

Tear.
Stren.

Compres.
Set

g/cm3

Shore A

M Pa

%

N/mm

C

h

BE10

1.14

40

6.9

600

70

22 10

‐20/110

B429

1.20

50

8.5

425

20

70

22 35

‐30/100

B569

1.28

60

10

350

25

70

22 30

‐30/110

B747

1.25

70

13

225

30

70

22 20

‐30/110

B739

1.32

70

12

300

30

70

22 35

‐30/110

B936

1.25

80

12

200

40

70

22 40

‐30/110

B939

1.24

90

13

200

40

70

22 50

‐25/110

Ref.

%

Working
Temp.
ºC
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Table 8. Material properties for PVC plastic film (Plastic International). Note: the
information contained herein is typical values intended for reference and comparison
purposes only. They should not used as a basis for design specifications or quality
control. (www.plasticintl.com)
Property

ASTM Test Method

Units

PVC

Density

D 792

kg/m³

1419

Water Absorption

D 570

%

0.06

Cell Class

1784

-

12454-B

Rockwell Hardness

D 785

R scale

115

Shore Durometer

D 2240

D

89

D 638

bar

28.344

Physical

Mechanical
Tensile Modulus
Yield Strength

D 638

bar

0.5172

Flexural Modulus

D 790

bar

33.172

Yield Strength

D 790

bar

0.8827

Izod Impact

D 256

ft-lb/in

1.0

Vicate Softening Point

D 1525

°C

82.8

Heat Deflection Temperature

D 648

Thermal

Linear Coefficient of Expansion

°C

81.7

in/in/°F

3.2 x 10^-5

Flammability

D 635

-

Self-Extinguishing

Flammability

UL 94

-

V-0

E 84

-

15

D 257

ohm/cm

5.4 x 10^15

Flame Spread
Electrical
Volume Resistivity
Dielectric Constant

D 150

60 Hz

3.19

Dissipation Factor

D 150

60 Hz

0.0096

Loss Index

D 150

60 Hz

0.030

Dielectric Strength

D 149

V/mil

544

D 1784

-

Class B

Chemical
Chemical resistance

5.

DEWATERING SYSTEM

The functional requirements (presented in Chapter 2) have been proposed that the
dewatering system should operate continuously for at least a month. The precaution
time in a 50 mm gap is 24 hours which corresponds to a 0.5 meter high water statue (5.3
kPa). The height of the seepage pit surface is controlled with a separate alarm system
and the limiting alarm value is half of the precaution time. Furthermore it should be
possible to remove the components of the dewatering system from the deposition hole
without any extra materials staying in the hole.
The deposition holes are very deep and it is possible to pump one bar (corresponding to
9.8 meter height) water theoretically with a normal suction pump. For the reliability and
durability of the dewatering pumps, it is recommended to use pumps based on the
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ejector technique which makes it possible to pump at even 12–15 meter depth.
(Wimelius and Pusch 2008)
According to the phasing of the final disposal, the dewatering system will be installed in
four deposition holes after the inspection of the holes. Each hole will have their own
alarm system that triggers the pumping of water when it is necessary, hole-specifically.
Water on the bottom of the hole will be pumped up to the deposition tunnel and it will
be collected to the dewatering system of the deposition tunnel along the side of the
tunnel wall. The pumps of dewatering system and the amount of pumps are as small as
possible so they will fit along the edges of the deposition tunnel. Thus installation
vehicles for the copper cannister and bentonite blocks should be allowed as much space
as possible. If components of the dewatering system cause problems for installation
vehicles they can be placed into the chamfer. In this case the depth of the pumping will
be decreased and the amounts of the pumps increase.
In all of the structural solutions, it has been proposed that the bottom of the deposition
hole may have to levelled by using levelling materials, such as sand (quartz) or
bentonite clay. Considering the dewatering system, it means that there has to be a filter
at the end of the water pipes or alternatively the end of the water pipes should be high
enough that levelling materials are not able to be carried inside pipes with water flow.
Because the amount of water is likely very small, it is possible that the pipes of the
dewatering system will be filled with air from time to time and this could cause the
cavitation of the pumps. This cavitation risk should be accounted for in the design and
planning.
The gap between the bentonite blocks and the rock is likely to be 50 mm, based on
current design. However there is only about 25-30 mm room for the dewatering system
because the structural solutions of the bottom and excavation tolerances reduce the free
space. So the outside diameter of the water pipes should not be more than 10 mm at the
maximum. The pipes can be attached to the rock wall with the help of copper rings or
they can be integrated into the moisture protection sheet for instance.
Design and realization of the dewatering system in the deposition hole was intended to
be a subcontracting project. However, no offers have been obtained in spite of the new
tendered request. This is the reason why the design of the dewatering system is behind
from the schedule. The dewatering system will be designed and tested during the year
2011 by VTT.
6.

SMALL SCALE TESTS

6.1

Seal Tests of the Bottom Plate

The structural solutions of the bottom are based on the copper plate solutions in which
the moisture protection sheet is combined with the base plate through the seal channel.
The testing of structural solutions in a small scale began with the testing of the seal
solutions. The objectives of these tests were to: clarify the dimensioning of the seal
channel in the bottom plate, determinate the optimal seal pressure, establish the
functionality of the seal solution during the installation and removal phases and
establish the under pressure between the moisture protection sheet and rock.
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The small scale tests studied how well the under- and over pressurising of the seal
functioned in the installation and removal conditions. Two commercial EPDM seals
were chosen for the seal tests. The seal profile differed on basis of the location of the
flange and on the basis of the wall thickness (Figure 31). The pressurising of the seals
was made in a square cut POM disk to which six seal channels had been lathered. The
widths of the seal channels varied between 8–12 mm and the lower parts of the seal
channels varied between 12–15 mm. The length of the POM disk was 382 mm and the
thickness was 31.6 mm. A pulling test machine was used with a manually controllable
load frame by Robcon. The load speed was 0.5 mm/s.

a)
b)

Figure 31. The commercial EPDM seals that have been used in small scale seal testing.
a) profile 1 b) profile 2. (Korja-Kumi 2010)
Both seals were tested in all of the seal channels except numbers 1 and 6. The seal
channel number 1 was cleaved at the processing stage and therefore it was not
comparable to the other seal channels. The seal channel number 6 corresponded the seal
channel number 2 from its dimensioning except that the triangle of the lower part was a
few millimetres larger than the width of number 2 (Table 9).
In the installation tests the seal was under pressurized. The removal tests used
overpressure at levels of 0, 100, 150, 200, 250 and 300 kPa over pressure. Also the
removal force of the seal affected by under pressure was measured. Each test was
repeated into three times. Altogether 81 tests were made (Table 11).
Table 9. Dimensions of the seal channels.
Width of the
top, mm

Width of the
lower part,
mm

Depth of the
seal channel,
mm

#1

-

-

-

#2

11.7

11.9

14.9

#3

9.9

11.9

15.2

#4

7.9

11.9

15

#5

8.8

11.9

19

#6

11.9

15

15

Seal
channel
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Table 10. Seal tests on profiles 1 and 2. More details are presented in Appendix 2.
Profile
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 1
Profile 2
Profile 2
Profile 2
Profile 2
Profile 2

The width of the
seal channels
12 mm
12 mm
12 mm
12 mm
12 mm
10 mm
10 mm
10 mm
10 mm
10 mm
8 mm
8 mm
8 mm
8 mm
8 mm
8 mm
8 mm
9 mm
9 mm
9 mm
9 mm
9 mm
9 mm
9 mm
12 mm
12 mm
10 mm
10 mm
10 mm

Pressure
underpressure
0 kPa
100 kPa
150 kPa
200 kPa
underpressure
0 kPa
50 kPa
100 kPa
150 kPa
underpressure
0 kPa
100 kPa
150 kPa
200 kPa
250 kPa
300 kPa
underpressure
0 kPa
100 kPa
150 kPa
200 kPa
250 kPa
300 kPa
100 kPa
150 kPa
underpressure
100 kPa
150 kPa

Amount of
repetitions
1
3
3
3
1
1
3
3
3
3
1
6
3
3
3
3
3
1
6
3
3
3
3
3
3
3
1
3
3

From the Table 10 it can be seen that all of the seal channel alternatives were tested
with 0–300 kPa pressure and with the seal profile 1. With the seal profile 2 only seal
channels 2 and 3 were tested because they were the most potential alternatives on the
basis of the results made by profile 1. In fact the best results were measured on the seal
channel 4 (8 mm) but because the walls of the profile 2 are 2 mm thicker than profile 1
the seal was not adapted to the seal channel 4 in spite of the under pressurising. The
over pressurising test results shows that a bigger overpressure is more profitable but the
pressure of the seal should not be raised too high because it can cause damaging of the
seal affected by water pressure or lifting forces.
In the seal tests the biggest overpressure was 300 kPa even though the seal tolerated
about 6–7 bar overpressure. This was due to the fact that the flange of the seal slid
partly away from the jaw of the test machine already with a 300 kPa overpressure. So it
was not useful to continue the tests with higher pressure without making changes into
the test arrangement.
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Seal profile 1 also had tested the behaviour of the seal after releasing the overpressure.
Tests were made in 8 and 9 mm seal channels with 150 kPa overpressure. The first three
measurements were with the seal was under pressurised at the installation stage and then
the pressure was released. In the next three tests the seal was under pressurised, then
over pressurised with 150 kPa before the pressure was released and removal was
achieved. Table 11 shows that the over pressurising of the seal did not have an effect on
the removal force in the 8 mm seal channel. Test results made in the 9 mm seal channel
gave half smaller forces than the tests that were done earlier. It appeared that these tests
were performed at the last (after a 300 kPa removal tests) and the rubber had likely
become exhausted already, therefore it came off the seal channel easier than before.
Table 11 shows the average maximum removal forces of the three seal tests, with the
latter test series marked U/O/P.

a)

b)

Figure 32. a) Seal testing machine which was used in the installation and removal tests
of the seals. b) The POM disk with seal channels.
Figure 33 shows the effect of the seal channel width on the removal force on seal profile
1. The results of the picture have been measured by using the 150 kPa overpressure in
the seal. Figure shows the effect of the pressurised seal on the removal force on profile
1. It is seen from the results that a higher removal power is needed when a higher
overpressure in the seal is used and when using a smaller width of the seal channel.
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Figure 33. The average removal force of three tests when testing seal profile 1 and 150
kPa overpressure. The narrower used seal channel requires more force for the removal.
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Figure 34. The average results of removal force when the overpressure of the seal has
been changed and other variables have been remained constant (profile 1, seal channel
5). More overpressure in the seal requires more force for the removal of the seal.
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Table 11 presents the average maximum removal force of all tests. The highest removal
force was reached with profile 1, 300 kPa overpressure and seal channel number 5. All
the results have been reduced to the load force caused by the fastening system of the
seal, 29.665 N.
Table 11. The average maximum removal force of the three seal test on separate seal
profile, width of the seal channel and affect of under/overpressure. The results are given
N/m.
Max.force/avg.
seal
rubber channel
1
08 mm
09 mm
10 mm
12 mm
1 Total
2
10 mm
12 mm
2 Total

Pressure
underpressure
79.0
79.9
84.9
68.2
78.0
384.6

0 kPa
368.9
346.7
224.5
71.8
252.9

U/O/P
396.2
186.2

50 kPa

455.3
291.2

455.3

384.6

100kPa
945.0
889.4
652.8
203.5
672.7
1238.5
233.6
987.3

150kPa
1442.0
1306.3
985.1
394.1
1031.9
1533.8
219.4
1205.2

200kPa
1803.9
1765.7

250kPa
2263.0
3114.8

300kPa
3297.3
3830.1

1784.8

2688.9

3563.7

In the structural solution of the bottom, it has been stated that the seal should be under
pressurised during the installation and removal phases (Figure 35). Figure 36 shows that
the very minimal force is needed during the removal phase when the seal is under
pressurised and it is not dependent on the used seal channel profile. All test results are
presented in Appendix 2.

Figure 35. Underpressurised seal (profile 1).
On the basis of the installation and removal tests of the seals, it is possible to conclude
that the overpressure in the seal has to be high enough so it will survive the applied
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stresses. On the other hand the under pressure should be as low as possible so the risk of
a seal breaking is minor during the overpressure stage. However, a high removal force is
not necessary from the perspective of the moisture protection system. The purpose is to
design the structure that is tight enough but also easy to install and remove. This is the
reason why the use of profile 1 is more recommended than profile 2.
90
80
70
Force (N/m)

60

9 mm

50

8 mm

40

10 mm
12 mm

30
20
10
0
0

10

20

30

40

Deviation (mm)

Figure 36. The removal force of the underpressurised seal in different seal channels,
showing that removal force is minimal.
6.2

Under pressurising of the Moisture Protection Sheet

6.2.1 Tests

In the structural solutions of the bottom of the deposition hole, it has been proposed that
the moisture protection sheet should be under pressurised against the rock wall to
prevent wrinkles and folds developing during the installation phase of the bentonite
blocks. At the same time under pressurised the moisture protection sheet adheres to the
rock walls and prevents spalling of the rock.
For the testing of the under pressurised moisture protection sheet three different sheets
were ordered from Kumi-Apu Oy. The sheet materials were made of EPDM rubber,
NBR rubber and PVC plastic. In all of the sheets a seal was created in accordance with
profile 1. Furthermore, a fourth sheet was prepared by VTT made from EPDM rubber.
The purpose of the latter sheet was to clarify for the subcontracting companies how to
process EPDM rubber in the best possible way. The processing of the EPDM sheet was
described in Chapter 6.2.2.
For small scale tests, a plastic cylinder tube was made to simulate the deposition hole.
The inner diameter was 525 mm and the height was 700 mm (Figure 37a). Also the
upper seal of the moisture protection sheet was ordered from Kumi-Apu Oy. The
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effective diameter of the cross section was 30 mm and the material was PVC with a
thickness of 3 mm. The effective diameter of the circle formed by the seal was 480 mm.
Furthermore, Protoshop Oy made a metal supporting ring for the upper seal of the
moisture protection sheet. Its effective diameter was 480 mm, the height 50 mm and the
thickness 3 mm (Figure 37b).
The bottom plate was made from a POM disk (Polyoxymethylene) according to the
thick copper plate structure. The diameter was 478 mm and the thickness 31.6 mm. The
width of the seal channel, 9 mm, was chosen on the basis of the removal force tests. The
angle of the seal channel was 20 degrees (Figure 38). During under pressurising the
moisture protection sheet tests the overpressure of the upper and lower seals were
controlled by a hand-operated pump. The overpressure was about 100 kPa. The vacuum
pump manufacturer was Prenant Equipment Aps.

a)

b)

Figure 37. a) "Deposition hole" made from plastic tube. b) The upper seal of the
moisture protection sheet manufactured of PVC and metal ring used in tightening of the
seal.

a)

b)

Figure 38. a) Prosessing of the seal channel in the bottom plate b) testing the seal in
the seal channel.
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All four moisture protection sheets were underpressurised successfully in the simulation
hole (plastic tube). The functionality of the seal solutions, both upper and lower
solutions, was ensured to be satisfactory. Also the metal support ring was operated
sufficiently. In the small scale tests, it was noticed that if there was too much sheet
lengthwise in the deposition hole or it was placed slightly spiralled, wrinkles and folds
would developed into the moisture protection sheet (Figure 39). The underpressuring
itself was quite slow, especially taking into consideration that the under pressurised
space was quite small. The vacuum pump was not very efficient either. However, if the
moisture protection sheet would be under pressurised in a true deposition hole,
considerable time must be allowed. Furthermore, the EDZ zone and the local cracking
of the rock also affect the rate and success of the under pressurising process in the
deposition hole.
In the under pressurising test of the moisture protection sheet it was noticed that the
structure of the seal channel must be changed because the moisture protection sheet
could potentially get stuck under the lowest bentonite block. Figure 40b shows a new
structure of the seal channel. The new structure would facilitated the processing of the
sheet because in this solution the sheet does not need to be narrowed from the lower
part. In the future the integration of the pressure hoses and dewatering pipes in moisture
protection sheet also have to be developed.

a)

b)

c)

d)

Figure 39. a) The under pressurised EPDM sheet b) The upper seal solution with a
metal ring c) Exaggerated installation situation in which there is too much NBR rubber
sheet before under pressurising. d) Large wrinkles and the folds developed after the
under pressuring.
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a)

b)

Figure 40. a) Used seal channel solution in the bottom plate b) A "new" seal solution
has been proposed thinking for further studies.
6.2.2 The processing of the EPDM rubber

In all of the sheet glueing was done to create the seal profile 1. This chapter briefly
describes the the gluing process done at VTT for EPDM seal construction and the
seams. In the VTT sheet SC 2000 glue and an UT-R20 curing agent were used instead
of Kumiapu's instant glue, which are suitable for rubbers and plastics.
At first the rubbers which are connected to each others were roughened by grinding so
the shining surfaces no longer appeared. The dust was removed from the surface of the
sheet with compressed air. The 4 % curing agent (UT-R20) was carefully mixed to the
SC 2000 glue. The mixed batch was usable for 2 hours. The rubber required spreading
two layers. During the first round the glue has to dry totally. During the second round
the glue was dried only so much that it felt distinctly sticky to the fingers. After this the
surfaces were clamped tightly. If the glueing layer had dried too much, a third layer
could still be spread to surface of the rubber. (Teknillinen Korkeakoulu, kumien
työstömenetelmät)
In connection with the processing of the EPDM sheet, it was clarified that the sheet has
to be designed so that it does not need to be narrow because the number of the seams
increases and it will decelerate the work considerably. At the same time the tightness of
the sheet may suffer. Furthermore, a narrower part may be caught under or between the
bentonite blocks.
Other observations which were made in the small scale tests:
-

-

In connection with the under pressurising tests, it was noticed that the protective
rubber construction must be install between the rock and the under pressure
ventilator. This prevents the under pressure ventilator from catching to the walls
during the final stage of the under pressurising.
The EPDM seal was glued to the circle form so that a smaller hose was put inside
the seal. This seam function as the dimensioning factor for the width of the seal
channel because the structure is the stiffest in this section.
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7.

THE PRINCIPLES OF THE RESEARCH PLAN FOR YEAR 2011

The goal of the research plan 2011 of Stage 2 is to design the potential structural
solution for the bottom and for the bottom plate of the deposition hole with the principle
of the buffer moisture protection system. In additional to the actual planning and design
work, the further study will later also contain the testing and demonstrations of the
designed solutions and subsystems in full scale. This work will be done in the next year
2012.
The primary purpose of the structural solution work is to design the potential copper
plate prototype that can be installed straight on the bottom of the deposition hole. The
moisture protection sheet will be integrated to the bottom plate by seal construction. The
installation of the copper plate straight on the bedrock requires the machined rock
surface to be extremely even. The automation, machining overview and excavation
tolerance review will be made in cooperation with Posiva, Sandvik, Sorvikivi Oy and
with other consultants.
The research work on the moisture protection sheet concentrates on clarifying the
structural details in integration of different equipment. Special attention will be paid to
the planning and design of the seal between the flanges of the copper plate and buffer
moisture protection sheet
The alarm and dewatering system will be designed as one entire and that work is not yet
included in this project plan. However, in this project the functionality of the principle
solution for the alarm and dewatering system will be described. The dewatering system
includes the water pumping and pipe system, anchoring system of the pipes,
dimensioning of watershed area, and safety timing of the water leakage (according the
conditions accepted by the client).
All results from the preliminary studies, principle solutions, designed structural
solutions and details will be reported in a work reporting, by December 2011.
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App. 1: The height of the water statue and the pressure caused by water
leakages (0.1 l/min) when the width of the gap is 50 mm and precaution time is 24
hours.
Time, h

Volume, l

Height, m

Pressure, kPa

0.25

1.5

0.0056

0.06

0.5

3

0.0112

0.11

0.75

4.5

0.0169

0.17

1

6

0.0225

0.22

2

12

0.0449

0.44

3

18

0.0674

0.66

4

24

0.0899

0.88

5

30

0.1123

1.1

6

36

0.1348

1.32

7

42

0.1573

1.54

8

48

0.1798

1.76

9

54

0.2022

1.98

10

60

0.2247

2.2

11

66

0.2472

2.42

12

72

0.2696

2.64

13

78

0.2921

2.86

14

84

0.3146

3.08

15

90

0.3370

3.3

16

96

0.3595

3.52

17

102

0.3820

3.74

18

108

0.4045

3.96

19

114

0.4269

4.18

20

120

0.4494

4.4

21

126

0.4719

4.62
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4.84

23
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0.5393
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App. 2: All test results.
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12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
12 mm
10 mm
10 mm
10 mm
10 mm
10 mm
10 mm
10 mm
10 mm
10 mm
10 mm
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10 mm
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1

profile
underpressure
not pressurised
not pressurised
not pressurised
150kPa
150kPa
150kPa
100kPa
100kPa
100kPa
200 kPa
150kPa
150kPa
150kPa
100kPa
100kPa
100kPa
underpressure
50kPa
50kPa
50kPa
not pressurised
not pressurised
not pressurised
150kPa
150kPa
150kPa
100kPa
100kPa

pressure
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1
1
2
3
1
2
3
1
2
3
1
3
3
3
2
2
2
1
1
2
3
1
2
3
1
2
3
1
2

measuring
24.399
3.743
11.354
11.74
22.867
21.116
20.372
20.034
20.316
16.237
29
test failure
test failure
7.024
test failure
8.992
test failure
26.267
13.322
18.047
17.71
17.308
19.759
21.894
25.159
32.612
20.109
32.34
21.258

displacement
68.18324607
50.04973822
85.23298429
79.96858639
466.8455497
339.0209424
376.2984293
208.5026178
210.3481675
191.617801
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test failure
test failure
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test failure
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test failure
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max_force
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32.559
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129.506
143.746
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test failure
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test failure
89.251
test failure
32.447
188.774
172.402
160.545
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88.457
366.383
370.656
391.919
239.399
273.779

max_force_orig
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APPENDIX B: ALTERNATIVE DESIGN FOR DESIGN OF THE BUFFER
MOISTURE PROTECTION SYSTEM
This summary is presented a short list about alternative planning solutions that have
been reported to Posiva (Peura & Ritola, 2010).
Levelling alternatives for the bottom of the deposition hole:
1) Grinding the bottom surface to be even
2) Levelling the bottom using different material options
a. low pH grouts
b. silica sol
c. glass water
d. crushed glass/quartz sand etc.
e. bentonite powder.
Alternative structure solutions for the bottom plate:
1)
2)
3)
4)

A thick copper plate solution
A thin copper plate with high flanges
A thick copper plate with the installation frame
A stone plate.

Material alternatives for the moisture protection sheet:
1)
2)
3)
4)
5)

EPDM rubber (Ethylene Propylene Diene Monomer)
NBR rubber (Nitrile rubber)
PVC plastic film (Polyvinyl chloride)
Trilaminate and Cordura (fabric)
Roofing materials that are used in house building, for instance different plastic type.

Other alternative planning options that have been considered and presented in
connection to the design of the buffer moisture protection system include:
1) Under pressurizing the moisture protection sheet against the rock wall (small scale
tests have been done at VTT during year 2010).
2) Machining the lowest bentonite block before its installation to the deposition hole
(no such high standards for the horizontal straightness of the deposition hole).
3) Coating of bentonite blocks with material which protects bentonite blocks from
premature wetting for a short time period.*
4) Replacement of the moisture protection sheet for instance with hot air ventilation.*
5) Artificial wetting of bentonite blocks (usage of the dewatering pipes in artificial
wetting process).*
* Note: Not experimentally studied.
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APPENDIX C: VULCANIZING OF THE EPDM RUBBER

Reference: Trelleborg, Elastoseal EPDM Geomembrane System.
www.trelleborg.com/rubber_membranes or www.epdm.se
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APPENDIX D:

MATERIAL PROPERTIES OF TRELLEBORG ELASTOSEAL
GEOMEMBRANE (EPDM).

Physical properties
Thickness

Unit

1,2

Method

%

±10

ASTM D5 199

Hardness

IRH

65±5

SS-ISO 48

Density

g/cm

1.2±0.05

ASTMD792

Tension 100% on stretch

N/mm

SS-ISO 37

Mechanical properties
Tensile strength

N/mm

9

ASTM D412/D882/SS-ISO 37

Strength, broad specimen

kN/m

8

ASTM D4885/EN ISO 10319

Strain, broad specimen

%

454

ASTM D4885/EN ISO 10319

Ultimate tensile strain

%

380

ASTM D882/SS-ISO 37

Initial tearing strength

N/mm

40

ASTM D1004

Initial tearing strength

N/mm

50

ISO34

kPa

2130

ASTM D5617

%

118

ASTM D5617

Burst, level point

N

163

ASTM D4833

Burst, ball point

N

161

FTMS 101C/2065

Burst, sharp point

N

213

FTMS 101C/2031

Burst, pyramid point

N

111

ASTM D5494

2-directional tensile strength
2-directional ultimate tensile strain
Burst strength

Reference: Trelleborg, Elastoseal EPDM Geomembrane System.
www.trelleborg.com/rubber_membranes or www.epdm.se
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