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ABSTRACT
The main parts of the project were: to make a literature survey of the previous uniaxial
compaction experiments; do uniaxial compaction tests in laboratory scale; and do
industrial scale production tests. Object of the project was to sort out the different
factors affecting the quality assurance chain of the backfill block uniaxial production
and solve a material sticking to mould problem which appeared during manufacturing
the blocks of bentonite and cruched rock mixture.
The effect of mineralogical and chemical composition on the long term functionality of
the backfill was excluded from the project. However, the used smectite-rich clays have
been tested for mineralogical consistency. These tests were done in B+Tech OY
according their SOPs
The objective of the Laboratory scale tests was to find right material- and compaction
parameters for the industrial scale tests. Direct comparison between the laboratory scale
tests and industrial scale tests is not possible because the mould geometry and
compaction speed has a big influence for the compaction process. For this reason the
selected material parameters were also affected by the previous compaction
experiments.
The industrial scale tests were done in summer of 2010 in southern Sweden. Blocks
were done with uniaxial compaction. A 40 tons of the mixture of bentonite and crushed
rock blocks and almost 50 tons of Friedland-clay blocks were compacted.
Keywords: Backfill block, Friedland-clay, the mixture of bentonite and crushed rock,
block compaction, uniaxial compaction, industrial scale production test.

YKSIAKSIAALINEN TÄYTTÖLOHKOVALMISTUS
TIIVISTELMÄ
Projektin tavoitteena oli tehdä selvitys aiemmin tehdyistä täyteainelohkojen yksiaksiaalisista valmistuskokeista, ja niihin pohjautuen tehdä yksiaksiaalisia puristuskokeita
laboratorio- ja teollisessa mittakaavassa. Projektissa on pyritty selvittämään erilaisia
tekijöitä jotka tulee huomioida täyteainelohkojen valmistusprosessin laadun hallinnassa
sekä ratkaista muottiintarttumisongelma, joka ilmeni valmistettaessa lohkoja bentoniitin
ja murskeen seoksesta.
Projektissa ei tutkittu täyteainemateriaalien mineralogisten ja kemiallisten ominaisuuksien vaikutuksia täyteaineen toimintakykyyn. Käytetyille smektiitti pitoisille materiaaleille kuitenkin tehtiin mineralogisia määrityksiä. Nämä analyysit tehtiin B+Tech
OY:ssä heidän laatuohjelmansa mukaisilla menetelmillä.
Projektissa tehtyjen laboratoriomittakaavan puristuskokeiden tavoitteena oli etsiä oikeat
materiaaliparametrit teollisen mittakaavan kokeita varten. Tuloksien suora vertailu ei
kuitenkaan ole mahdollista sillä puristusprosessin lopputulokseen vaikuttaa huomattavasti myös muottigeometria sekä puristusnopeus. Tästä syystä teollisen mittakaavan
kokeiden materiaaliparametreihin vaikutti myös aiemmin tehdyissä kokeissa käytetyt
materiaaliparametrit.
Teollisessa mittakaavassa tehtiin valmistuskokeita kesällä 2010 Etelä-Ruotsissa. Valmistuksessa käytettiin yksiaksiaalista puristusmenetelmää. Yhteensä kokeissa puristettiin noin 40 tonnia bentoniitin ja murskeen seosta (40/60) ja liki 50 tonnia Friedlandsavea.
Avainsanat: Täyteainelohko, Friedland-savi, murske-bentoniitti, bentoniitin ja murskeen seos, lohkojen puristus, yksiaksiaalinen puristus, teollisen mittakaavan tuotantokoe.
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INTRODUCTION

This project is a part of the deposition tunnel backfill development and concentrates to
show the reliability of block manufacturing process and develop the manufacturing of
backfill blocks as well as quality assurance system.
The Backfill consists of in situ compacted floor, precompacted blocks and bentonite
pellets. Over the levelled floor the precompacted montmorillonite-containing material in
form of blocks will be assembled. The reference material for Posiva is Friedland-clay.
The alternative to reference material was a mixture of crushed rock and high quality
bentonite, and a few types of bentonites containing about 40-60 % montmorillonite.
Pellets are considered to be similar material to the backfill blocks, although crushed
rock won't be added into the pellet material.
The objective of the study described in this report was to create preliminary quality
assurance system for the backfill block manufacturing and solve the material sticking to
mould problem, which appeared with the mixture of bentonite and crushed rock. The
quality assurance starts from the acceptance testing of the materials, contains the control
of the compacting process and ends with the inspection of the blocks produced.
The study can be divided into three parts:
- Gathering experiences from previous Backfill production experiments.
- Small scale tests to gather more information and to decide the compaction parameters
for the large scale production. Small scale tests were performed at factory owned by
Weber Saint-Gobain Oy Ab located in municipal of Kiikala in southern Finland.
- Large scale production tests. Object of these large scale tests was to ensure the
hypothesis from the small scale tests and to prove the feasibility of backfill block
manufacturing in industrial scale. Large scale production was done in factory owned by
Höganäs Bjuf located in municipal of Bjuv in southern Sweden.
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BACKGROUND

Several nuclear waste companies are planning to use bentonite rich materials for the
backfill and the in situ emplacement of backfill materials has been widely studied
(Gunnarsson et al. 2004) (Korkiala-Tanttu et al. 2007) To fulfill the performance
targets the backfill material needs to have a certain density which is, in some cases,
difficult to reach with the in situ emplacement methods. To improve the density and to
make backfilling operations in a more controlled way Posiva have decided to use
precompacted blocks and pellets and install them into the deposition tunnels. The target
backfill degree with blocks is between 72-78 % depending on the amount of
overexcavation, and the backfill material specifications. (Hansen et al. 2009)
The required average density is difficult to achieve with in-situ compaction for materials
with high montmorillonite content. Dry density achieved for Friedland-clay in the test
was only 1400-1475kg/m3 (Gunnarsson et al. 2004). The greatest difficulty would be
the quality control and ensuring sufficient compaction everywhere.
2.1 Block pressing experiences as part of the block/pellet backfill
concept development
The manufacturing of backfill blocks in industrial-scale was tested already in Baclo
phase II (Gunnarsson et al. 2006). Based on the tests done with compaction pressures of
25 and 50 MPa, it was estimated that blocks with maximum dimensions of
800×600×500 mm can be manufactured with a similar type of equipment using a
compacting pressure of 30 MPa. (Keto P. et al. 2009)
The block sizes are dependent on several factors. First the block compaction unit’s
limitations will determine what sizes can be manufactured. Second, the size must be
adjusted to the actual tunnel dimensions and finally on the emplacement method
used.(Keto P. et al. 2009)
The scope of the tests and the size of the produced blocks have varied much. The
smallest blocks were small cylinders of 50 mm in diameter (Johannesson L. & Nilsson
U. 2006) and the biggest one's were 300x300x150 mm blocks. In the laboratory scale
the batches have been small - few kg of cylindrical blocks, whereas in the larger
emplacement experiments there have been over hundred tonnes of blocks. The objective
in the laboratory scale has been to specify the optimal compaction parameters (e.g.
water content and compaction pressure). On the other hand in the large scale production
the quality control and tolerances in the manufacturing process has been the primary
objective. Due to some misunderstandings or unexpected material property variations,
some of the produced backfill blocks have not fulfilled the required specifications.
(Dixon D. et al. 2008b)
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Table 2-1. Programs where backfill blocks have been manufactured.
Test

Material

Pressure

Baclo 2,
lab.
studies

Milos B, 25 MPa
Friedland,
50 MPa
Asha 230

Size

Pressing plant

Reporting

cylinders
50 mm

-

Johannesson L. Laboratory A few kg
& Nilsson U.
2006 and

Mixture
30/70

Scale

Amount

Gunnarsson
et al. 2006

Baclo 2,
Mixture
block
30/70
production
Friedland
study

25 MPa

Baclo 3,
Friedland
blocks for
1/12-scale
tests and
½ scale
tests

7 MPa

300x150x Bjuv, Sweden
75 mm
Höganäs Bjuf
AB

Dixon D. et al. Industrial
2008b

Around
100 000
kg

BASE

50 MPa

300x150x Bjuv, Sweden
75 mm
Höganäs Bjuf
AB

(Johannesson
et al. 2010)

Industrial

Around
100 000
kg

Baceko
Mixture
block
40/60
production
Friedland

30-60
MPa

300x300x Aachen,
150 mm
Germany

(Riikonen
2009)

Industrial

Around
30 000 kg

Kiikala
test

13,5-50
MPa

Milos B

Mixture
40/60

50 MPa

300x300x Aachen,
150 mm
Germany

Gunnarsson
et al. 2006

Demonstration

LAEIS GmbH

30 blocks
(about 900
kg)

Quality
concern

LAEIS GmbH
200x100x Kiikala, Finland
100 mm
Maxit Oy

Demonstration

Friedland

2.2 Friedland-clay block manufacturing experiences
Friedland-clay is natural mixed layer clay found in Germany. The smectite content is
around 35 %.
Friedland-clay has been tested in various programs as can be seen above. It can be said
to be the best known backfill material candidate. Lately there have been only little or no
problems in the compacting of the blocks. Compacting Friedland-clay isn't easy and the
parameters can move only within a narrow corridor of temperature, water content and
compacting speed. However this narrow corridor is known and compaction results have
been satisfactory in most of the cases.
In laboratory phase the testing was done with small blocks. Blocks produced were
cylindrical shaped and with diameter of 50mm. There was only ten blocks made out of
Friedland-clay. The objective was to gather data, how the achieved dry density
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correlates into used water content. There was also testing on the hydraulic conductivity,
swelling pressure and mechanical parameters.(Johannesson L. & Nilsson U. 2006)
Friedland-clay blocks, size 300x300x150 mm, were produced in LAEIS GmbH’s block
pressing test facility in Germany. Although the nominal height of the blocks was 150
mm, the variation was ±10 mm due to the manually done loading. The objective was to
demonstrate production. Well under 1 000 kg of blocks were produced. The tests were
performed partly under vacuum. Used water contents were 10.8 and 12.1 %. Dry
density was greater with the dryer material in every tested compaction force.
(Gunnarsson, D et. al. 2006)
Friedland-clay blocks with size 300x300x150 mm were produced in 2008 for BACEKO
tests. Blocks were produced by Alpha ceramics GmbH in Germany. Around 25 tonnes
of blocks was produced for BACEKO tests. The water content of the produced blocks
was around 6 %.(Riikonen E. 2009)
For the ½-scale tests at BACLO to examine water uptake by bentonite pellets in a
block-pellet backfill system, there were about 10 000 blocks made in Sweden by
Höganäs Bjuf using uniaxial compression. Blocks were 150x75x300 mm in size.
According to preliminary results (Johannesson L. 2008) the test blocks produced in
Bjuv brick factory in Sweden in July 2006 had water content of 6.3 %, bulk density of
1 940 kg/m3, dry density of 1 820 kg/m3 and a degree of saturation of 33 %. The total
mass of blocks manufactured was around 200 tonnes.
The lower than desired density was the result of an inadequate compaction pressure
being used during manufacturing, only approximately 7 MPa was applied, which was
inadequate to achieve the previously specified 2 000 kg/m³ dry densities. Clay
Technology AB had initially defined the block specifications to be: a water content
8.6 % (saturation 62.2 %), bulk density 2 200 kg/m³, dry density 2 000 kg/m³ and a void
ratio of 0.385. (Dixon D. 2008a)
2.3 Milos B block manufacturing experiences
Milos B is montmorillonitic clay from island of Milos in Greece. It is a byproduct from
production of high quality bentonite and the major fluctuation which distinguishes it
from pure bentonite is the smectite content of the material. The smectite content is
typically between 50-60 %, but there is also indications of contents as low as 38 % and
as high as 80 %. The smectite content is mainly montmorillonite. The material is
engineered for backfill purposes considering functionality requirements, mass
productability and price. The Milos B material has somewhat lower quality and greater
variance (mineralogical and smectite content) compared to the bentonite required for
buffer bentonite.
Compaction tests with Milos B have been done so far mainly by SKB, in Sweden.
Block size has varied from laboratory scale to 300x150x75 mm. Scope of the block
compaction has also varied much.
In the laboratory phase the testing was done with small blocks. Blocks produced were
cylindrical with diameter of 50 mm. There was only ten blocks made out of Milos B.
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The objective was to find some data on how the achieved dry density correlates to the
used water content. With manufactured blocks the functional properties like hydraulic
conductivity and, swelling pressure were measured and oedometer tests were
performed. (Johannesson L. & Nilsson U. 2006)
Clay technology AB has done some tests for the SKB regarding compaction and
properties of the Milos B blocks. Compacting was done by Höganäs Bjuf AB. Blocks
manufactured were 300x150x75 mm in size and preliminary the production was tested
with one ton of material. The average achieved dry density in the preproduction batch
was 1 700 kg/m3, however, the compaction pressure was 65 MPa. Water content in the
raw material was 18.5 %. With the same material specifications a larger batch (60
tonnes) was produced 3 months later for backfill tests at Äspö. Compaction pressure
was lower with the larger batch (50 MPa), therefore the average dry density was
1 650 kg/m3. (Johannesson et al. 2010)
2.4 Mixtures of bentonite and ballast manufacturing experiences
For the tests with mixtures of bentonite and ballast high grade bentonite was been used.
The smectite content was around 70-80 %. Na-bentonite and Na-activated Ca-bentonite
was been used. Typical bentonite clays used in the tests were MX-80, SPV200, AC-200
and IBECO Deponit CA-N (CA-bentonite).
The ballast has varied much in grain size as well as in origin of the ballast, as can be
seen in table 2-2. Lately the experimentations have been done mainly by Posiva. Testing
of the mixture of bentonite and crushed rock (30/70) have been stopped because of the
insufficient self-healing and swelling pressure of the material.
Table 2-2. Different types of mixtures tested in previous tests.
Tests

Ballast

Bentonite

Mixtures
[Agregate/bentonite]

Water
contents

Scale

References

BACLO 2,
Lab. Studies

Crushed rock,
Three
different grain
size
distribution

MX-80,
SPV200,
Deponit CA-N

(70/30) except with
Deponit CA-N also
(60/40) and (50/50)

4-23 %

Laboratory

Johannesson
& Nilsson
2006 and
Gunnarsson
et al. 2006

Baclo 2,
block
production
study

Crushed rock
0-5mm

Deponit CA-N

(70/30)

7.5-9.1 %

Demonstration

Gunnarsson
et al. 2006

BACEKO

Crushed rock
0-16mm

AC200

(60/40)

12-18 %

Industrial

Riikonen
2009

Kiikala tests

Crushed Rock
0-16

AC200

(60/40)

9-13 %

Demonstration

TSX

Sand

Kunigel V1

(30/70)

12-14.5 %

Industrial

N.A.
Chandler
et al. 2002
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2.4.1

Mixture of bentonite 30 % and crushed rock 70 %

In laboratory phase the testing of mixture of bentonite (30 %) and crushed rock (70 %)
was done with small blocks. Blocks produced were cylindrical shaped and with
diameter of 50 mm. There was ten blocks made out of mixture of bentonite and crushed
rock (30/70). The objective was to find some data on how the achieved dry density
correlates with the used water content. With manufactured blocks the geotechnical
properties like hydraulic conductivity and swelling pressure were measured and
oedometer tests were performed. (Johannesson L. & Nilsson U. 2006)
In laboratory phase the testing was done with small blocks. Blocks produced were
cylindrical shaped and with diameter of 30 mm and height of 70 mm. The objective was
to study the geotechnical properties of the unsaturated backfill material, and the scope
was fitted for this purpose. (Johannesson L 2008)
Blocks made out of mixtures of bentonite and crushed rock (30/70) size 300x300x150
mm were produced in LAEIS GmbH’s block pressing test facility in Germany.
Although the nominal height of the blocks was 150 mm, the variance was ±10 mm due
to the manual loading. The filling height of the mould was constant at 300 mm.
Altogether 22 blocks were produced in the test. The objective of the tests was to
demonstrate production in semi-industrial scale. The tests were performed partly under
vacuum. Used water contents were between 7.5 and 9.6 % Dry density was greater with
the dryer material in every tested compaction force.
2.4.2

Mixture of bentonite 40 % and crushed rock 60 %

Posiva initiated the block manufacturing testing with mixture of bentonite and crushed
rock 40/60 in summer 2008. The purpose was to show that mixtures with 40 % of
bentonite content can be manufactured and a range of blocks was produced to the
Baceko tests, which test the backfill concept behavior after emplacement (Riikonen
2009)
Posiva manufactured less than 100 200x100x100 mm blocks out of the mixture of
bentonite and crushed rock (40/60). The purpose was to study mechanical properties as
well as the compaction process and defining right compaction parameters for the large
scale production. The large scale production was done by Alpha ceramics GmbH in
Germany in 2008. Blocks were manufactured with the same compactor as used in the
small scale tests (chapter 3.). Because the loading was done manually the height
fluctuated as much as ±20 mm. The crushed rock had grain size distribution between 012 mm, and the bentonite used was AC200.
In addition around 30 tonnes of blocks made out of the mixture of bentonite and crushed
rock (40/60) were manufactured by Alpha ceramics GmbH in Germany during 2008.
Blocks were size 300x300x150 mm, although height varied ±2 mm. Likely reason for
the fluctuation is the process, which was mainly manual. Water content was 18 % in the
beginning, but with such high water content the manufacturing was extremely difficult.
After a few months the material was dryer (around 13%). At beginning the compaction
was difficult but started to went smoothly after training as average dry density of the
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blocks was 2 005 kg/m3. The crushed rock had grain size distribution between 0-16 mm,
and the bentonite used was AC200. (Riikonen E. 2009)
2.4.3

Mixtures of bentonite and sand

With natural sand or gravel the shape of the grains is more rounded (unlike with the
crushed rock), and the compacting process has different types of problems. (N.A.
Chandler, et al.2002) The quality chain for the blocks may be more difficult to handle if
sand or gravel would be used. Quality fluctuations may come from the variation of the
sand properties, dependant on the source of the sand.
Within the tunnel sealing experiment TSX (done by AECL) about 14 000 blocks were
manufactured, containing 150 000 kg of material, produced from mixture of sand 30 %
and Kunigel V1 bentonite 70 %. In the compactor there were two pistons operating into
opposite directions. As the blocks were pushed out of the compactor they tended to stick
to the load application piston. Teflon sheet was fixed to the surface of the piston to
prevent the blocks from sticking and potentially breaking apart. (N.A. Chandler et al.
2002)
Extensive compaction trials were conducted to optimize the compaction process. There
were three variables: moisture content, block size, and hydraulic compaction pressure.
The compactor operated at hydraulic pressures of between 5.5 and 24 MPa. Above
moisture contents of 14.5 % the clay became too sticky to fall smoothly into the
compactor. At moisture contents below 12 % the clay was too dry to provide cohesion
for production of stable blocks. Using the mixture of materials having moisture content
in the range of 13 to 14 % the block maker produced blocks having dry densities that
ranged between 1900 and 2005 kg/m3. Density was primarily dependent upon the
compaction pressure. (N.A. Chandler et al. 2002)
One other control allowed by the compactor was the duration of the applied pressure.
The compactor was capable of producing 10 blocks per minute; however blocks
produced at these higher rates were not uniform in density and were often produced
with cracks perpendicular to the direction of compression. The optimum rate of block
production was approximately two blocks per minute. The resulting blocks had uniform
distributions of density and moisture content, and had smooth planar surfaces (N.A.
Chandler et al. 2002)
The blocks manufactured were wrapped in polyethylene. Blocks were stored in the
wrapping for four to nine months before using in the experiment. No marks from the
storing were spotted before emplacement. (N.A. Chandler et al. 2002)
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3

THE SMALL SCALE TESTS

The small scale testing for the backfill blocks was done in Kiikala at November 2009
and at the end of December 2009. The objective was to determine the specification to be
used in the large scale tests and ultimately in the designing of the compaction facility
for industrial manufacturing of the backfill blocks. For this purpose there were three
wider test phases, studying different physical variables. The variables were water
content, compaction pressure and temperature of the material. Also testing concerning
the adherence problem was performed with the mixture of bentonite and crushed rock
(40/60).
3.1 Materials
In the small scale tests Friedland-clay and mixtures of bentonite and crushed rock
(40/60) were used. In the mixtures the bentonite was AC-200 which is a high quality
Na-activated Ca-bentonite from Greek island of Milos. Both clay materials were tested
for mineralogy as well as basic physical properties. Results can be seen in Figure 3-1
and in Tables 3-2 and 3-3. Results can be considered to be typical for the materials in
question. Full analyze report is in Appendix II.
Water added into materials to achieve desired water contents was regular tap water.
Basic information concerning the water is presented in Appendix 1.

Figure 3-1. Plot of granule size vs. percent passing for AC200 and Friedland clay.
Determined by dry sieving.
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Table 3-2. Results of basic acceptance testing of backfill-materials AC200 and
Friedland clay.
Measurement

Method

AC200

Friedland clay

Water ratio (batch 1)

Oven drying 105 °C 24h

9.9 %

6.8 %

Water ratio (batch 2)

Oven drying 105 °C 24h

9.9 %

10.3 %*

CEC (batch 1)

Cu()װ-triethylenetetramineexchange

0.99 mEq/g

0.32 mEq/g

Liquid limit (batch 1)

Fall-cone

709 %

77 %

Swelling index (batch 1)

Based on ASTM D
5890-06

30.3 ml/2 g

4.0 ml/2 g

* sample was mixed to desired water ratio.

Table 3-3. Mineralogical composition determined with Rietveld-method for Friedland
clay and with RIR-method for AC200. The results are mean values from analyses of
three diffractograms.
Mineral

AC200 (RIR)

Friedland clay (Rietveld)

Montmorillonite (smectite)

77

33.2

Illite

31.1

Kaolin

7.9

Calcite

8

Muscovite

0.1
5.0

Dolomite

1

Quartz

4

14.9

Siderite

2.0

Gypsum

0.2

Goethite

0.2

Pyrite

5

1.7

Albite

5

1.5

Orthoclase

1.4

Rutile

0.6

3.1.1

Mixing of the materials

Mixing of the materials in the laboratory scale tests was done with EIRICH Laboratory
Mixer RV 02 E with mixing capacity of 12 kg (8-10 l). The main parts for the mixer
are: mixing pan rotating at an inclination; the eccentrically positioned rotor and fixed
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multi-purpose tool. The multi-purpose tool divides and deviates the material stream.
Split streams are guided in opposite directions. The rotor acts upon the circulating
material stream which is caused by mixing pan and multi-purpose tool.
In the case of Friedland-clay, the clay was measured first (10 kg dry material). Then the
mixer was started, pan rotated at speed of 21 rpm and the mixing star was rotating at
speed of 350 rpm. Water was added into rotating mixer in form of mist or small drops.
After the water had been added into the clay, the rotation speed of the pan was increased
to 42 rpm and the rotating speed of the mixing star was increased to 600 rpm. The
higher speeds were used for 2 to 3 minutes to ensure equal composition.
In the case of the mixture of bentonite and crushed rock, the crushed rock was measured
first (6 kg of dry material) and then the bentonite was added (4 kg of dry material).
After adding the solid materials the mixer was started, pan rotated at speed of 21 rpm
and the mixing star was rotating at speed of 350 rpm. Water was added into rotating
mixer in form of mist or small drops. After the water had been added into the clay, the
rotation speed of the pan was increased to 42 rpm and the rotating speed of the mixing
star was increased to 600 rpm. The higher speeds were used for 4 to 5 minutes to ensure
effective mixing.

Figure 3-4. Picture of Eirich Laboratory Mixer RV 02 E opened so the parts can be
seen.
Table 3-4. Summary of the mixtures prepared for the small scale compaction tests.
Friedland-clay

The mixture of bentonite
and crushed rock (40/60)

Water content of the mixture

6.5 %

7.5 %

Water content of the mixture

8%

9%

Water content of the mixture

10 %

11 %

Water content of the mixture

13 %
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3.2 Test setup
Compacting tests were done with a test compactor manufactured by MKH Press Oy in
Finland. The compactor was modified to be better suited for the compacting tests for the
backfill blocks. The compactor is presented in Figure 3-5. Modifications were done
mainly for the mould. The mould was reconstructed to the compactor as a fixed part.
Therefore the whole mould setting was renewed and the height of the compactor was
raised about 500 mm. No modifications were done to the hydraulic unit of the
compactor. Modifications are done to the parts that are not painted, Figure 3-5. The
compactor is able to compact at very high pressures, but it was used only until 900 kN
equaling 45 MPa. Compactor was uniaxial and compacting force was driven
hydraulically. Pressures were decided in advance.
Pressure was read from compactors own instrument scale. The instrument's calibration
was old, so the precision of the indicator is unknown. However the indicator's absolute
error can be presumed to be constant. Size of the mould was not similar to the
specifications so every dimension of the blocks was measured separately. Also the
height of the blocks fluctuated depending on the loading of the mould.
Loading was always done similarly. The material was poured with scoop into the
mould. Filling height of the mould was around 225 mm. After the filling of the mould
the surface was leveled using metallic strip. Excess material was then removed from the
top of the mould. Sealing of the mould was done with about 3 cm thick cover.
In some of the tests heating of the mould was required. Heating was done with gas
burner. When testing the effects of the temperature of the materials the heating was
done by warm air blower. Cooling of the materials was done with air, when desired
temperatures were above zero degrees and in two cases material was put into freezer to
achieve temperatures under zero degrees.
The test matrix can be seen in Table 3-6.
The measuring of back spring effect was neither practical nor beneficial because of the
time it took to remove the block and measure it after compacting. The shortest times
were around 10 min after the compacting and at the longest it took nearly 20 min. If
there were some back spring effect, it was over when the measuring was made.
Overall the compacting time was 25-45 min for a single block. Compacting process
itself took around 8-10 minutes, then the raising and removing of the block took around
7-10 minutes and lowering of the cylinder took 10-25 minutes. Fastest times were those
with no sticking and longest with the most sticking. Problem was not the cleaning (took
1-5 minutes) of the mould, but the fact that the material went into the gap between
piston and the cylinder, causing the piston to stuck on its way down. It is likely that the
sticking of the mould could cause problems in mass production. If there will be any
problems it is likely that pressurized air would be enough for cleaning the gap.
Time period between the mixing and compaction was from one to six days. The mixing
was done in three days during the two and half week time period.
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Figure 3-5. Compactor used in the tests.
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Table 3-6. The test matrix.
15
MPa

20
MPa

25
MPa

30
MPa

35
MPa

45
MPa

Heating of the
mould tested
at 25 MPa
(Chapter 3.7)

6,5 % water content

-

-

w

-

-

-

-

8 % water content

-

-

w

-

-

-

-

10% water content

p

p

wT

p

p

p

-

7.5 % water content

p

p

w

p

p

p

-

9 % water content

-

-

wT

-

-

-

-

11 % water content

p

p

w

p

p

p

-

13 % water content

p

p

wT

p

p

p

x

The mixture of
bentonite and
crushed rock
(40/60)

Friedland-Clay

w= water content test (chapter 3.4)
p= pressure test (chapter 3.5)
T= Temperature of the material test (Chapter 3.6)

3.3 Testing the effects of water content
The mixture of bentonite and crushed rock (40/60) with varying water contents of 7.5,
9, 11, 13 % were used. Temperature of the material can be considered to be constant at
18 °C. Three blocks were compacted with each water contents.
Similar compacting tests were performed for Friedland-clay with water content of 6.5, 8
and 10 %. Temperature of the mixture materials can be considered to be constant at 18
°C, varying only less than one degree. As later shown, this kind of fluctuation doesn't
have effects on the blocks. Also with Friedland-clay three blocks were made with each
water contents.
Compacting force was also considered to be constant (500 kN equal to 25 MPa). Slight
variations may have occurred because of reaction times and accuracy of the gauge, this
variation is also considered to be insignificant to the density.
3.3.1

Results from the water content test

Numerical results are presented in Appendix 2. Achieved density correlates straight to
the water content of the material. Water content also correlates with adherence. The
dryer the material is, the less adherence occurs. Compromises between adherence and
density will be needed, but as shown later the optimal density will be achieved without
the maximum water content. Another possible solution is to find some coating material
or lubricant to solve the adherence.
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Figure 3-7. Relation between achievable dry densities and water content of the material
at compaction pressure of 23MPa.
Graphical interpolation of the results can be seen in Figure 3-7. Water content effects
are almost linear with Friedland-clay to the achieved density within the experiment
parameters. It can be presumed that with higher water contents (over 12 %) the density
growth wouldn't be linear. Presumption is based on the results with the mixture of
bentonite and crushed rock (40/60).
Water content effects are significant with the mixture of bentonite and crushed rock to
the achieved density within the experiment parameters. However it seems that the
higher water content of the material will lower the measured density through adherence.
Even if and when the adherence problem is solved the benefits from higher water
content are only marginal. Possible benefits from the higher water contents come from
lower compacting pressure and therefore longer lifespan of the mould.
3.3.2

Conclusions from the water content test

Considering the small-scale tests done with Friedland-clay it is not useful to use water
content of 10 % or higher. In the previous tests the ideal water content has been around
7 %. This seems to provide too low densities as seen in the Figure 3-7, therefore it can
be presumed that optimal water content would be between 7.5 % and 9 %. However the
following small scale tests were done with 10 %, purely based on the higher density
achieved here.
The best compromise between the density and surface quality with the mixture of
bentonite and crushed rock (40/60) were the blocks made with water content of 11 %.
The sides of the blocks were smooth and the adherence was not an overwhelming
problem unlike with 13 % water content. In the previous compaction tests the water
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content had been over 13 %, however data gathered here doesn't support such high
water contents. For the following small scale tests the 13, 11 and the 7.5 % were chosen
based on density and interests of gathering new information from the mixtures with low
water content.
3.4 Testing the effects of compaction pressure
The materials were: Friedland-clay with water content of 10 % and the mixture of
bentonite and crushed rock (40/60) with water contents of 7.5, 11 and 13 %. Two or
three blocks were made with each pressure, depending on the fluctuation of the visual
quality and density.
Compacting pressure was altered similarly to all mixtures. Compacting forces were 300,
400, 600, 700 and 900 kN and the pressures were roughly 15, 20, 30, 35 and 45 MPa,
respectively. Pressures were calculated with presumption of mould being 100x200 mm,
so the actual pressure is slightly lower, difference is around 7.5 %.
3.4.1

Results

The effects of compacting pressure was not similar with all of the water contents.
Depending on the water content there was quite sharp limit in compressibility. After the
limit compressibility was very low. This limit was found with the mixtures of bentonite
and crushed rock (40/60), as can be seen in Figure 3-8. The limit can be presumed to
exist also with Friedland-clay, but it would need higher water contents or higher
pressures than was used in the experiments to discover it.
2100
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Dry density [kg/m3]

2000

The mixture of bentonite and crusher rock 13%
The mixture of benotnite and crushed rock 11%

1950

The mixture of bentonite and crushed rock 7,5%
Friedland-clay 10%
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Figure 3-8. Achievable dry density as a function of compaction pressure. Percent
markings shows the used water content.
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With water content of 10% Friedland-clay the density rises almost linearly with the
compacting pressure. With the higher pressures the compaction didn't continue linear
and there were some cracking in the edges and corners of the blocks. It can be said that
35 MPa is the maximum compacting pressure reasonable to be in used in the mass
production.
As can be seen in Figure 3-8, the mixture of bentonite and crushed rock (40/60) with
water content of 13 % doesn't compact much further, when adding compaction pressure.
With higher pressures than 25 MPa the adherence became a significant problem. Even
with lower pressures some adherence can be detected and in many cases removing the
block had to be done with a sledgehammer.
With the mixture of bentonite and crushed rock with water content of 11 % the density
correlates linearly with the compacting pressure until the pressure of 35 MPa. With
higher pressures there was significant adherence and the effects to the density was
minimal or not existing.
With water content of 7.5 % the density seems to be rising linearly with even higher
pressures than was tested. In the visual inspection the quality of the blocks
manufactured is inferior compared to the higher water contents. Therefore the usage of
dryer mixtures can't be recommended, even though the density would be higher and the
adherence significantly lower (at least with 45 MPa). Because simultaneously the dry
density being higher the mechanical strength would be significantly lower.
3.4.2

Conclusions from compaction pressure influence

As can be seen from Figure 3-8, it is possible to select the water content so that the
compaction pressure will remain between 25-30 MPa. With higher pressures the
benefits to achieved dry density are less obvious and the adherence is greater. Therefore
the 25-30 MPa can be considered to be the optimal pressure area considering the
adherence; achieved density; the wear to the mould and demands to the compactor.
3.5 Testing the effects of temperature of the material
The objective was to determine the effects of temperature of the material to the density
and adherence. In this phase of the testing two mixtures were used: Friedland-clay with
water content of 10 % and the mixtures of crushed rock and bentonite with water
content 9 and 13 %.
Temperatures of materials fluctuated between -10 °C and 45 °C. Cooling was done
outdoors, and in the coldest mixtures in freezer. Warming was done by heater. Warming
time ranged from a few hours to 16 hours depending on the object temperature. With
short times the material was mixed to ensure equal temperature. Longer warming times
caused some troubles because of possibility of water evaporating from the mixtures.
Although some water evaporated the amount is small and can be considered to be
insignificant. Temperature of the mould was 18 °C. Indoor temperature in the
compacting facility was also 18 °C.

20

There were a couple of blocks made with lower temperature (10 °C and 18 °C) and only
single blocks with higher temperatures as well as with temperature below zero.
3.5.1

Results

There was no clear effect from temperature of material into the achievable density.
However, there are other effects from temperature variation in the raw material. In the
case that temperature is below 0 °C the block can crack from the middle, because of
sudden change of internal pressure. With high temperatures adherence comes greater
problem. Adherence occurs also with Friedland-clay if the temperature is over 27 °C. If
temperature is over 32 °C, the block production, out of the tested materials, comes
impossible without the use of lubricants.
Best results came with temperatures between zero and ten degrees centigrade.
Especially with the mixture of bentonite and crushed rock, temperature has significant
effect to adherence. The effect was observable when the temperature was under 10 °C
and grew in significance as the temperature dropped towards 0 °C. The best material
temperature for compaction is 0-10 °C.
3.5.2

Conclusions

The best temperature for the material would be between zero and ten degrees. Effects on
the achieved dry density are minimal or nonexistent (as can be seen in Appendix III); on
the other hand the effects on the adherence are significant. However, cold temperatures
may be unpractical due to the energy consumption i.e it requires cooling. Therefore it
can be recommended that production is organized during the colder period of the year,
in order to minimize the need of cooling.
Even though the optimal temperature for the mixture of bentonite and crushed rock is 010 °C, the practical compaction temperature is 0-20 °C. With that temperature range the
problems can be managed and cooling is not an overwhelming problem as far as the
production is done in Scandinavia.
3.6 Testing methods to prevent adherence
Adherence has been detected to affect only the mixtures of bentonite and crushed rock
(40/60). Therefore the focus has been in the mixtures, although in the small scale testing
the Friedland-clay was also detected to suffer from adherence in elevated temperatures.
Methods to minimize adherence were tested during the last few days of the testing
campaign. There was also an additional testing day to determine methods to overcome
adherence. Methods used were heating of the mould before compacting and heating the
mould while detaching. Also some experiments were done using a layer of dryer
mixture of crushed rock and bentonite, pure AC-200 bentonite or Friedland-clay. These
experiments with layers were based on the observations. There were around 15 blocks
made to find suitable solution to adherence.
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Another potential method to overcome adherence could be compacting under a vacuum,
because the condensation temperature is significantly lower with lower pressures. In the
small scale tests the machine capable to compact under vacuum wasn't available, and
therefore it wasn't tested.
Coating of the mould with anti-adhesive coating (like Teflon) was considered to be
unpractical, because those can't stand the wear caused by the crushed rock. Some traces
from the coating are always left in the block. With almost every lubricant material, the
lubricant would need to be machined away. This information has been gained from
uniaxial buffer compacting tests. (Holt E, Peura J, 2011)
In the small scale no lubricants were tried, because no suitable candidates were found.
3.6.1

Results

Pure AC-200 bentonite powder and Friedland-clay 0-1 mm granules were emplaced into
the mould, as very thin layer, before filling it with the mixture as solution for adherence.
However the difference in behaviour with water makes this undesired solution. In few
days after the block has been compacted the surface layer of pure material starts to peal
off.
Heating of the mould lowers the adherence. Sufficient surface temperature is around 80100 °C. Right after the compacting the blocks surface temperature was around 50 °C.
Those temperatures shouldn't cause any undesired mineralogical changes from smectite
to illite. (Pusch R. et al. 1998) However it is unlikely that the heating of the mould alone
would be sufficient measure to overcome adherence. Results were similar regardless of
whether the heating was done prior the mould loading or after the compaction.
3.6.2

Conclusions

As conclusion no solution for adherence was found during the small scale tests. Best
option based on these tests is to cool down the material to temperature 0-5 °C and heat
up the mould. Also this potential solution is doubtful and difficult to tests in a larger
scale. There is a need for tests with lubricants, which are not causing harmful effects on
the block performance. Based on the expertise of the workers, in industrial scale
manufacturing plant some lubricants may be tested.
Another option to overcome adherence is the coating with different clay or aggregate
material (for example: quarts powder). This is difficult to apply in the industrial scale
and brings a new problem (the difference in swelling). If the challenges can be solved,
this could potentially provide a solution.
3.7 General remarks and observations from the small scale tests
Results from the small scale tests were mainly as expected, and similar to the previous
tests. The most interesting new results concerned the material temperature. Those
results indicated that the adherence is somehow related to water viscosity or water
vapour pressure. Either way the water tends to flow to cooler surface of the mould and
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form a thin film of water. This film then causes the adherence, by creating suction
pressure between the block and mould. If the adherence is solved by lubricants or some
coating, then temperature of the material is insignificant as long as it is not heated over
the environment temperature.
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4

INDUSTRIALS SCALE MANUFACTURING TESTS

Based on the previous tests as well as the small scale tests described in the previous
chapter, an industrial scale manufacturing tests were conducted. Tests took place in
Brick Factory owned by Höganäs Bjuf AB, located in the municipality of Bjuv in the
southern Sweden. Testing was done mainly during weekends between March and
September 2010.
4.1 Materials
Materials were similar to the small scale tests (chapter 3.2). Friedland-clay 0-1 mm
granules, trade name FIMONIT SEAL 0-1, were compacted with water content of 7.89.0 %. Water content was selected based on small scale tests and experiences from the
previous tests. There was also one compaction test with the industrial scale press before
large scale production was started. Also Friedland-clay 1-6 mm granules, FIMONIT
SEAL 1-6 tm, was tested with water content of 9.5 %.
For the mixture of bentonite and crushed rock (40/60) similar materials were used as in
the small scale tests. Water content of the mixtures was 12 % ±0.5 %. Water added was
tap water. Water quality data is gathered from the water works and is presented in
Appendix V.
The bentonite was AC-200 sodium activated Ca-bentonite from the Greek island of
Milos. Similar testing was done for the bentonite as was done in the small scale testing
(Chapter 3.2).
Two types of grain size distributions of crushed rock were used. First one was 0-8 mm.
the second one was 0-4 mm, respectively. This smaller grain size was hoped to have
beneficial effects on adherence, but without success.
There was also some need for the use of lubricants with the mixture of bentonite (40/60)
and crushed rock.
4.1.1

Acceptance testing

Water content of the materials was tested in the factory by heating the sample into 160
°C and weighting the amount of evaporating water. With the mixture of bentonite and
crushed rock (40/60) the water content was measured, right after mixing using
microwave drying to ensure desired water content.
Water content of the Friedland clay was measured before compacting in the factory.
Method was to dry the clay with heat resistor in temperature of 160 °C. Measuring time
was about 5 min. According to these measurements the water content varied quite much
i.e from 5.7 % to 9.2 %.
For acceptance testing the following tests were performed for Friedland-clay as well as
for AC-200 bentonite: Water ratio, Swelling index, Liquid index, CEC, Grain size
distribution and XRD-quantification. Acceptance testing, besides the water content
tests, was done later in laboratory conditions. Results can be found in Appendix VI.
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4.2 Mixing of the materials
The mixture of bentonite and crushed rock (40/60) was planned to be prepared (mixed
and homogenised) in advance and the Friedland-clay to be compacted in delivery state.
Due to the unexpectedly wide variation of water content in the Friedland-clay, the water
content adjustment was needed. Water content varied between 5.7 and 9.2 %, however
according to the material specifications the water content should have been 7±0.5 %.
In the mixing process of Friedland-clay water was added to the material when the water
content was below 7.8 %. Target water content after the mixing was 8.2 % ±0.5 %,
while it showed that a little higher water content compared to the specifications gave the
best compaction result. Mixing was done with three different mixers, see Table 4-1.
Mixing time altered according to the Table 4-1. No clear difference could be observed
between the mixtures. After the water content adjustment for Friedland-clay was made
in the factory at Bjuv, the material was used few hours after the mixing. No clear effect
was detected compared to the Friedland-clay batches mixed days or weeks earlier.
The mixture of bentonite and crushed rock (40/60) was manufactured with two different
mixers. The Eirich mixer in Äspö was used to enable comparing of mixers, and the
amount of mixture mixed there was only 2 tonnes. The mixture with 0-8mm crushed
rock showed little differences according to the mixer. These differences can be caused
either random variance or shorter time between mixing and compacting.
A mixture of bentonite and crushed rock (40/60) with 0-4 mm crushed rock was also
prepared. The mixture seemed to be better suited for the compaction machine, because
of its smoother structure.
At the mixing pieces of steel wire were detected from the crushed rock. The mass of the
steel wires is, with 0-8 mm crushed rock, estimated 5-10 g/tonne of crushed rock. On
the other hand with the 0-4 mm crushed rock there was significantly more steel wires,
probably around 30-50 g/tonne of crushed rock. Picture of the steel wire can be seen in
Figure 4-1. In either case it can be presumed to have only little or no effect to long term
safety. The steel wires are presumably made out of stainless steel. The steel wires were
magnetic and therefore removing could be done with magnets. Probable origin of the
wires is the shotcrete used in reinforcement of ONKALO.
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Figure 4-1. Picture of the steel wires found in the crushed rock., picture is taken over a
Styrofoam. The wires were about 4 cm long.
Table 4-1. Mixing times with different materials and mixers tested.

Friedland-clay

Eirich mixer
in Bjuv

Eirich mixer
in Äspö

Mixer in
Riihimäki

Total time

60 min

13 min

20 min

Time after adding
all of the materials

5 min

5 min

10 min

15 min

25 min

5 min

10 min

The mixture of
Total time
bentonite and
crushed rock (40/60) Time after adding
all of the materials
4.2.1

Eirich mixer in Bjuv

The mixer in Bjuv was Eirich mixer. The specific type of the mixer is unknown and it is
not in everyday use. The mixer was manufactured in 1950's and is belt driven, whereas
the new Eirich mixers are directly connected into the electric motors. One belt
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connected the electric motor into three mixing stars, positioned vertically in the mixing
drum. The mixer was not tilted. Although the mixer is old, the mixing is principally the
same as in the newer mixers.
Material was loaded into mixer from big bags from above the mixer. Material was not
weighted, as the big bag was approximated to contain 1000 kg of material. The big bags
were weighted elsewhere and the weight was between 970-1030 kg. The water was
added by compression sprayer, it was considered to provide suitable mist. The water
was weighted. The water content of the mixed material was measured by drying at
160 °C before compacting. Unloading of the mixer was done from below into a bucket.
4.2.2

Eirich mixer in Äspö

The mixer used in Äspö bentonite laboratory was Eirich RV 15. The mixer has
acapacity of 600 litres or 840 kg (maximum capacity), and it was driven with around
350 kg in every batch. It was similar in mixing principles to the mixer used in the small
scale tests. The mixer has been designed and optimized into mixing of different
bentonite types.
Material was added into the mixing pan by bucket operated by lift. Material was
weighed, and the water content was analysed with microwave drying, before loading
into the bucket. Unlike in the small scale tests, in Äspö there is a built-in water
distribution pipe. Water added into the mixture was scaled in water scale, and then
dispersed into the mixture by automation system. Unloading of the mixer was done by
built-in screw feeder into big bags.
4.2.3

Mixer in Riihimäki

Mixer is designed for the mixing of aggregate and bentonite normally used for landfill
sites and it is a modified twin-shaft concrete mixer. Picture of the mixer can be seen in
Figure 4-2. The bentonite content for mixtures for that purpose is usually below 10 %
and mixing bentonite and crushed rock (40/60) was a new experience. Still, the mixing
procedure showed that the mixer is suitable for this kind of mixing.
Mixer is assembled from various components produced by different manufacturers. The
material feed is run by one conveyer belt and screw conveyer. Conveyer belt can feed
materials that are in big bags or stored in pileup and moved by earth moving machines,
in this case the crushed rock was fed via conveyer belt. Screw conveyer can feed
materials from the silos, in this case the AC-200 bentonite was fed from silos. Both of
the feeding systems have an inbuilt scale. Accuracy of the scale is ±2 kg.
There is a possibility to feed water via the nozzles in the mixing drum. However, those
nozzles were considered to be unsuitable for mixing of the mixtures of high bentonite
quantity and high demand for homogeneity. To ensure the high homogeneity of the
mixture the water was added with pressure washer. Water taken by the pressure washer
was weighted. With this type of water adding the water content of the mixtures were
inside the ±0.5 % tolerance.
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Figure 4-2. Picture from inside of the mixer in Riihimäki.

4.3 Compacting process used to manufacture the backfill blocks
Premixed material was brought to the compactor and loaded to the work silo. Work silo
is located in the second floor just above the compactor. Work silo can take in slightly
more than one ton of material.
From the work silo material is being dropped into filling system. In the filling system
there is enough material for one cycle of production. In the industrial scale testing it
meant 15-23 kg of material. The material is not weighted but in the filling system there
is a small mixer that measures the friction power to determine right amount of material.
From the filling system the material is loaded into the mould. At this time lubricants are
sprayed into surfaces if needed. Loading is controlled by automation, which adjust the
amount of the material constantly based on the height of previous block. In the loading
system there is a screen with 12 mm screen capacity.
Compactors used in the industrial scale tests were Sacmi PHR 1000 and Sacmi PHR
1600. With the PHR 1600 two or three blocks could be made in one cycle. Sacmi PHR
1000 was used only in the first test, because it's loading was too challenging. Both of
the compactors use so called floating mould. In this type of mould, the mould itself
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moves along the compacting pistons. In principle this enables better surface quality and
better control for the compaction process. There is no coating in the moulds or pistons,
the material itself is hard metal.
Offloading of the block was done by the unloading system. The mould lowered by itself
so that the block was exposed. The unloading system then grabbed the block, lifted it up
and moved it to a conveyer belt. From the conveyer belt the blocks were lifted by hand
and loaded into a pallet (this work phase can be done automatically too, but in the tests
it was done manually). Plastic bag was put over the pallet so that the blocks could be
covered in plastic and no moisture transfer would occur.

Table 4-2. Amount of blocks manufactured in different times. Amount also includes
rejected blocks.

Friedland-clay 0-1 mm

13.3.2010

29-30.5.2010

3-4.7.2010

8-12.9.2010

1 tonne

10 tonnes

10 tonnes

24 tonnes

18 tonnes

8 tonnes

Friedland-clay 1-6 mm

2 tonnes

The mixture of bentonite
and 0-8 mm crushed rock
The mixture of bentonite
and 0-4 mm crushed rock

20 tonnes

4.4 Manufacturing of the Friedland-clay blocks
The aim of the Friedland-clay tests in the industrial scale was to find right compaction
parameters for manufacturing, to produce blocks for ongoing BACEKO II tests and to
provide information for the designing of the backfill block compacting facility.
Industrial scale tests also provide information about parameters affecting the quality of
the blocks and how the quality can be determined fast and reliably.
4.4.1

The first production test

The test took place in 13th of March 2010. Material was stored inside the factory and
therefore the material temperature was around 25 °C. Water content was measured by
drying in 160 °C and the result was 7.9 and 8.2 %. Amount of material was a single big
bag containing about 1000 kg of Friedland-clay. Compactor used was Sacmi PHR 1000,
this was the only time that compactor was used.
First there were tests concerning minimum and maximum compacting pressure. First set
of blocks was done with 31 MPa pressure. Results were good; the dry density was 2 040
kg/m3 and the surface quality excellent. To determine how wide area of pressure could
be used and still have satisfactory results the pressure was raised to 38 MPa. As a result
the dry density didn't rise at all and the surface quality was poor. There were lamellas at
the top of the block and surface cracks in the sides of the blocks. Underneath the
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lamellas the material was still in powder-form. This was caused by too fast compaction
when air doesn't have enough time to escape from the block. Lowest pressure used was
24 MPa. With 24 MPa pressure the achieved dry density was 1 980 kg/m3. After
searching the limits it was decided that machine could adjust the pressure between 28
MPa and 34 MPa. Straight after deciding the pressure parameters the lamellas started to
appear to blocks. To overcome this problem one stroke was added to the cycle, making
the total number of strokes into three/cycle.
When the parameters had been calibrated there was about 25 compacting cycles done
resulting in 50 blocks. Picture of the blocks manufactured in the test campaign can be
seen in Figure 4-3. The dry density of the blocks was around 2 040 kg/m3. Thickness of
the blocks varied less than 0.1 mm from the targeted 75 mm. Compaction speed was 2.1
cycles/minute.
In the test campaign there was lots of dusting from the filling system. Even though the
system is relatively closed, the fine dust was able to get out. This lead to need of
respirator filters. Another major problem caused by the dusting was in the filling system
where the dust blocked a sensor, which needed to be cleaned before continuing the
production. The cleaning took couple of minutes of time.

Figure 4-3. Picture of the good quality blocks manufactured in the first industrial scale
test with Friedland-clay.
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4.4.2

The second production test

The test took place in 29th and 30th of May 2010. Material was stored inside the factory
and therefore the material temperature was around 25 °C. Water content was measured
by drying in 160 °C and the results varied between 5.7 and 9.3 %. Amount of material
was thirteen big bags each containing about 1000kg of Friedland-clay. Compactor used
was Sacmi PHR 1600.
Some blocks were made with the lower water content. These blocks were fragile and
extremely difficult to handle. Compacting pressure was 6 MPa. This resulted into dry
density of 1 880 kg/m3. The compacting pressure was significantly lower than in the
first test, this was caused by unexpectedly low water content (well under 7 %). When
trying to raise the compacting pressure, the dry density didn't raise and cracks started to
appear to the sides of the blocks. Maximum usable compacting pressure is under 10
MPa with the dry material. An additional reason for compacting the blocks with
inadequate density was a misunderstanding. With bentonite blocks the typical referred
density is the dry density but in the factory workers usually refer to the bulk density.
Bulk density was just over 2 000 kg/m3, and therefore it was considered to be enough.
Because of the poor quality of the blocks the production was halted until the material
could be mixed with water. In the mixing the water content was raised to 7.9-9.3 %.
After the mixing the compaction was continued. There was one to two hours between
mixing and compacting. There was no effect from that short time between the mixing
and compacting. Based on this test and other tests done in this project, evolution of
Friedland-clay is minimal after the mixing.
With the mixed Friedland-clay the compaction could continue with satisfactory results.
Water content varied between 7.9 and 9.3 %, and therefore the compaction needed more
adjustments between mixing batches. Compacting pressure was around 22 MPa,
pressure was allowed to alter 2 MPa to produce more equal height for the blocks.
Achieved dry density was between 1 960 and 2 020 kg/m3. Height of the blocks altered
more in the second tests than in the first one. This time 80% of the blocks produced
were within 0.1 mm tolerance. However, only the blocks with clearly over one
millimetre fluctuation were rejected. This higher fluctuation was considered to be
caused by the variation in the materials. Compaction process is especially sensitive to
fluctuation of the water content.
Compaction speed is hard to compare in these larger tests. Compaction speed could
have been higher if the workers could unload the blocks from the conveyer belt faster.
Therefore only an estimation of the compaction speed for the machine can be given. It
seems that the machine could do over 3 cycles/minute. Speed is also dependant to the
block size so with larger blocks the speed would be lower. However the production
volume in time period would be higher.
At this time there was less dust than in the first test, for this time there was additional
filtering device in use. This device created higher vacuum into the filling system. This
filtering system didn't solve the dusting completely, but there was no problems for the
machines anymore.
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4.4.3

The production test with Friedland-clay granules 1-6 mm

The test took place in 30th of May 2010. Material was stored inside the factory and
therefore the material temperature was around 25 °C. Water content was measured by
drying in 160 °C and the results varied between 8.3 and 9.3 %. Amount of material was
two big bags each containing about 1000 kg of Friedland-clay. Compactor used was
Sacmi PHR 1600.
Test with the bigger granules and higher water content was an attempt to overcome the
dust problem observed in the first test. These measures didn't solve the dust problem.
There was less dust than in the first test, but compared to the second test, the amount of
dust was similar. Unlike the first test the compactor was equipped with local suction and
filtration, and therefore the first test is not comparable.
Compacting pressure was higher with the coarse granules than with the 0-1 mm
granules. The compacting pressure was around 28 MPa. Dry density was around 1 980
kg/m3. Achievable density correlates well with the results gained from the 0-1 mm
granules tests. Mechanical strength seemed to be better with coarser granules; however
no tests were performed for the blocks. Surface quality is not as good as it is with the
finer material, this can be seen in Figure 4-4. Because this granular size is not in main
production, and the small amount tested was separated as by-product there is no reason
for further study of this granular size.

Figure 4-4. In the right side of the picture there are blocks made from the finer material
and in the left side blocks made out of 1-6 mm granule material. All of the blocks were
dismissed from various reasons.
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4.4.4

The third production test

The test took place in third of July 2010. Material was stored inside the factory. Because
of a heat wave in the area the material temperature was around 35 °C. Water contents
were measured with standard method in Äspö when the water was added into clay.
Water content varied between 7.9 and 9.3 %. Amount of material was ten big bags,
each containing about 1 000 kg of Friedland-clay. Compactor used was Sacmi PHR
1600. Unlike in previous tests, at this test there was a mould that was able to produce 3
blocks in one cycle.
Mould was a new one and there was a shiny spot in one corner. Spot was triangle in
shape with dimensions on 4x30 mm. In the production the spot caused one corner to
crack away. The crack was clean and hard to notice as it was only about 0.5 mm in
height. When the cracking was noticed and reason found, the shiny spot was grinded.
The grinding solved the problem.
The compaction pressure varied between 20 and 23 MPa. Achieved dry densities were
around 1 950 kg/m3. This is slightly lower than achieved in the second test. This may be
caused by higher temperature, the alteration in the mould or even from random
variation.
4.4.5

The fourth production test

The test took place between 10-12th of September 2010. The material was mixed, to
water contents between 7.8 and 8.8 %, few days before. The water contents were
measured by microwave drying. Material temperature was around 25 °C. Amount of
material was 25 tonnes. Compactor used was Sacmi PHR 1600. Similarly to the third
production test, the compactor was able to produce three blocks in every cycle.
The objective was to produce higher densities by using higher compaction pressures.
The highest pressure tried was 30 MPa ±0.5 MPa, which proved to be unsuccessful. The
highest pressure, with good quality blocks, was 27 MPa ±0.5 MPa. The 27 MPa
pressure was achieved with three preliminary compaction pressures of 10 MPa, 13 MPa
and 17 MPa. The achieved dry density was 1 960-1 980 kg/m3. However, the pressure
of 27 MPa was very sensitive to even the slightest changes to material parameters, such
as water content. The sensitivity caused lamellas and cracks to appear, also slight
adherence was observed. Adherence demanded the mould to be cleaned after two to
three tonnes (equal to 100-130 compaction cycles) of compacting.
Due to the sensitivity, the compacting pressure was lowered to 23 MPa with preliminary
compacting pressures of 10 MPa and 13 MPa. However this didn't solve cracking
problem. Cracks were considered to be caused by air trapped inside the block. Many
parameters were changed to overcome cracking: changing the compacting speed;
changing height where the cylinder is raised between the compaction cycles. These
solutions didn't work, whereas rising of the preliminary compaction pressures to 19
MPa and 21 MPa solved the problem. With the lower preliminary compaction pressures
the surface layer is formed to be tight, so the air is unable to escape through it. In the
solution most of the air is evacuated from the block simultaneously to the creation of the
surface layer. The raised preliminary compaction pressures led to higher dry density 1
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980-2 000 kg/m3. There was also a test to leave the second preliminary compaction,
with 21 MPa, away. The tests proved to be unsuccessful, as the cracks grew larger.
Due to the troubles with mould that caused poor surface quality to the blocks the
production was forced to be stopped. Picture of a typical poor quality block can be seen
in Figure 4-5. The troubles were caused by mould abrasion. Even that the abrasion was
extremely small, only some fractions of millimetre, the disturbance was significant
especially with Friedland-clay. The abrasion of the mould was considered to be the only
reason for the troubles. Friedland-clay is especially sensitive for the change of the
mould's tolerances, because of the small grain size distribution and smooth consistency.

Figure 4-5. Picture of a block made with worn-down mould.

4.4.6

Summary of the Friedland-clay block compaction

The 0-1 mm granulated Friedland-clay is very sensitive for the material parameter
variations. The sensibility is noted in the appearance of the small cracks and
delamination in the top corners. The most significant and easily measured change in the
material paramenters is the water content. The ±0.5 % allowed variation is typical for
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the factory, and therefore was expected to be good. However, during the tests the
variation was considered to be too great for the material used.
The 0-1 mm granulated Friedland-clay is also sensitive to abrasion of the mould. The
abrasion was noted in the last compaction as the amount of missed blocks increased
gradually over a few tons.
The 1-6 mm granulated Friedland-clay is less sensible for the material variations. It
seemed to allow wider compaction pressure with better results. This is vital when the
block height is greater, and the tolerance for the block height is also bigger. However,
the purpose of the test was different and therefore the conclusion is preliminary. No
tests to determine the functional properties of the blocks were done.
Table 4-3. Summary table of the manufactured Friedland-clay blocks.
Granule
size

Water
content

Compaction
pressure

[mm]

[%]

[MPa]

0-1

7.9-8.2

0-1

pressure
steps

Green density
[kg/m3]

Dry density
[kg/m3]

28-34

3

2200

2040

5.7-6.x

6

1

2000

1880

0-1

7.9-9.3

20-24

3

2140

1980

0-1

7.9-9.3

20-23

3

2120

1950

0-1

7.8-8.8

26-28

4

2180

2000

1-6

8.3-9.2

26-30

3

2160

1980

4.5 Manufacturing of the blocks from the mixture of bentonite and
crushed rock
Aim of the tests with the mixture of bentonite and crushed rock (40/60) in the industrial
scale is to find right compaction parameters for manufacturing; and to produce blocks
for ongoing BACEKO II tests; and to provide information for the designing of the
backfill block compacting facility. Industrial scale tests also provide information about
parameters affecting the quality of the blocks and how the quality can be determined
fast and reliably.
4.5.1

The first production test

The first test took place on the third and fourth of July 2010, right after the third test
with Friedland-clay. Material was stored inside the factory. Because of a heat wave in
the area the material temperature was around 35 °C. Water contents were measured with
microwave drying few weeks earlier in the mixing site. Water content varied between
11.7 and 12.8 %. Amount of the mixture was around 24 tonnes. Compactor used was
Sacmi PHR 1600. At this test there was a mould that was able to produce 3 blocks in
one cycle.
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Without any lubricants the blocks produced were sticking into the mould. In the worst
incident, the blocks were stuck in the compacting piston. If that had not been detected, it
could have broken the mould. After the incident it took around ten minutes to clean the
surfaces of the mould. Only about 30 blocks were manufactured without lubricants.
Production of the 30 blocks took about 45min due to the adherence. At that point it was
considered to be impossible to compact the material without using lubricants.
Information from the lubricant used in the tests is presented in Appendix VII. The
lubricant is produced from crude oil. The lubricant in question is in wide use at the
factory during normal production. Lubricant was sprayed to nearly every block. In the
normal production of the factory the lubricant is not a problem because the blocks are
heated and the lubricant evaporates from the blocks.
Firstly lubricant was sprayed to upper and lower surfaces of the mould for every other
compacting cycle. After little optimization amount of oil spraying was reduced to every
other time to lower surface and every third time to upper surface. After the optimization
the lubricant consumption was estimated to be 0.3-0.5 l/tonne of blocks. However the
lubricant was sprayed with nozzles that are not optimized for the mould and some oil is
also sprayed outside of the target area. Therefore it is very difficult to estimate the
amount of oil ended up into blocks. Probably, with finely toned spraying system, the
amount of lubricant ending to block would be around 0.1-0.3 l/tonne of blocks. As the
density of lubricant is 840 kg/m3 this amount would correspond 3-9 kg/meter of
deposition tunnel.
When the lubricant was used the production was smooth and there were no major
problems. Compaction pressures used were between 15 MPa and 23 MPa. Even though
the compaction pressure varied widely the achieved dry densities were around 2 050
kg/m3. When the compaction pressure was given to vary widely, the produced blocks
were quite equal in height. Around 80 % of the blocks were inside 0.1 mm of the target
height. Although 80 % of the blocks were inside the 0.1 mm margin, the compacting
pressures had peak in the lower end of the scale as 35 % of the blocks were compacted
with pressures between 15 and 17 MPa.
At the same time there were two tonnes of material that was mixed in Äspö, with the
Eirich, and the rest of the material was mixed in Riihimäki. There were differences
between the compaction results. In material there was no difference except the usage of
another type of mixer. The biggest differences were in the achieved dry density, which
was a bit lower 2 040 kg/m3 with the material mixed in Äspö, on the other hand the
height of the blocks altered much less as 98 % of the blocks were inside 0.1 mm margin.
This lower dry density can be just random variance and therefore can't be considered to
be significant without extensive testing. Other difference observed was little scratch
marks in the sides of the blocks. There were no obvious reason for the scratch, but it
was clearly caused by the mixture made in Äspö.
One significant observation concerning the raw materials was the presence of bigger
stones. As previously said in the filling systems there is a 12 mm sieve. There was two
times when the production had to be stopped to cleanout the filling system. In the first
time mixture contained stones with diameter of 30 mm; in the second time mixture
contained one stone with 100 mm diameter. These stones don't cause any ricks of
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machine failure, but slow down the production. The smaller stones also can cause
disturbances to filling system by partly blocking the sieve, and so slowing the filling.
There is also potential to cause unequal filling and therefore make blocks thicker on one
side than the other.
4.5.2

The second production test

The second test took place in 12th of September 2010 (right after ending of the third
test(chapter 4.5.3)) with the mixture of bentonite and crushed rock 0-8 mm (40/60).
Material was stored inside the factory for two months, so it had lost some water.
Material temperature was around 25 °C. Water content was measured by drying in
160 °C, results were around 11 %. Amount of material was about 10 tonnes. Compactor
used was Sacmi PHR 1600. At this test there was a mould that was able to produce 3
blocks in one cycle.
Because of the consistency of the mixture of bentonite and crushed rock (40/60), is such
different to the Friedland-clay that even with the outworn mould the blocks had fine
surface quality. The usage of the lubricant may also have affect to this. This ability to
function properly with outworn mould is beneficial, and may compensate the heavier
wear caused by the crushed rock in the mixture. Therefore the life span of the mould
can be estimated to be similar with; the mixture of crushed rock and bentonite (40/60);
and Friedland-clay.
Compaction pressures used were 19 MPa ±4 MPa. There were two preliminary
compaction cycles, 9 MPa and 13 MPa. Even though the compaction pressure varied
widely, compared to Friedland-clay, the achieved dry densities were between 2 0502 080 kg/m3. When the compaction pressure was given to vary widely, the produced
blocks were quite equal in height. Around 85 % of the blocks were inside 0.1 mm of the
target height. Although 85 % of the blocks were inside the 0.1 mm margin, the
compacting pressures had peak in the lower end of the scale as 35 % of the blocks were
compacted with pressures between 15 and 17 MPa. The low compacting pressures can
be caused by the larger grain size of the crushed rock. The larger rocks may cause
troubles for the loading system, and therefore cause too small amount of material to be
loaded to the mould. Similar observation can't be made from Friedland-clay or the
mixture of bentonite and crushed rock 0-4 mm (40/60).
Similarly to the first compaction test there was a need to use lubricants. However the
need of lubricants was smaller, only every third time to bottom plate and every fourth
time to the upper plate. This lower lubricant need may partly be explained by dryer
mixture, but major part seems to be caused by the curing of the mixture. The curing also
raised the part of the blocks which is inside the 0.1 mm margin, i.e. improved the
quality of the products from 80 % in the first campaign to 85 %.
4.5.3

The third production test

The third test took place in ninth and tenth of September 2010. Material was stored
inside the factory and the temperature was around 25 °C. Water contents were measured
with microwave drying six days earlier in the mixing site. Water content varied between
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10.5 and 12.4 %. Amount of the mixture was around 20 tonnes. Compactor used was
Sacmi PHR 1600. In this test there was a mould that was able to produce 3 blocks in
one cycle.
The smaller grain size distribution of the crushed rock was intended to be beneficial
considering the adherence. Also the water content was slightly lower to avoid
adherence. Whatever the beneficial effects might have been, was possibly nullified by
the mixing schedule. The mixture was done only under week before compacting, and
therefore no curing occurred before compacting. Late mixing time was caused by
unfavorable weather, and at the time the curing process wasn't considered to be so
significant.
The adherence was a significant problem in this test campaign. It started with the first or
the second block, and accumulated to the tenth or eleventh block which may even stick
on the upper plate. After the cleaning of the plates, it took only two cycles for the
adherence to reappear as bad as before the cleaning. Therefore, lubricants had to be
used, to be able to manufacture blocks. Lubricant was sprayed every other time to the
lower plate and every third time to the upper plate. In the Figure 4-6 effects of the
lubricant can be seen as air is escaping from the block as the lubricant is sucked into the
block.

Figure 4-6. Picture of the blocks made out of the mixture of bentonite and crushed rock
0-4 mm (40/60). Note the small bubbles in the block, which is caused by the lubricant
been sucked into block.
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Compaction pressures used were 19 MPa ± 4 MPa. There were two preliminary
compaction cycles, 9 MPa and 13 MPa. Even though the compaction pressure varied
more than with Friedland-clay, the achieved dry densities were between 2 060-2 080
kg/m3. When the compaction pressure was given to vary widely 98 % of the blocks
were within 0.1 mm margin. Compaction pressures were distributed roughly according
to the Gauss-curve. This satisfying compaction result was achieved, because of the
homogeneous mixture; better suited grain size of the crushed rock. Although the
compaction result was better with 0-4 mm crushed rock, the mixture had much more
steel wires in it. Approximated steel wire content was 20-50 g/tonne of blocks. Almost
every block had at least one wire in the surface, which caused significant risks for
working hazards.
4.5.4

Summary of the mixture of the bentonite and crushed rock (40/60) block
compaction

The achieved density was satisfactory, and the compacted blocks were very durable.
However, the production was impossible without any lubricants. The lubricant used in
the tests was Formway 3 (Appendix 7), which was in wide use at the factory. Few other
lubricants (for example silicon oil and typical dry lubricants) were considered but in
closer inspection would have not been suitable because of the long term effects.
Because of the usage of lubricants the comparison between the mixture of bentonite and
crushed rock (40/60) and Friedland-clay is very difficult. However some comparison
can be made:
- The mixture of bentonite and crushed rock (40/60) can be compacted with much wider
pressure range than Friedland-clay while maintaining sufficient density.
- Due to the wider compacting pressure range, the height fluctuation was considerably
smaller with the mixture of bentonite and crushed rock up to 98 % were inside ±0.1 mm
tolerance, than with Friedland-clay it was around 80 %.
- The mixture of bentonite and crushed rock (40/60) wears the mould more than
Friedland-clay, but on the other hand the mixture can be compacted with worn down
mould. Therefore the lifespan of the mould can be assumed to be roughly the same for
the both tested materials.
Table 4-4. Summary table of the blocks made out of the mixture of bentonite and
crushed rock (40/60).
Water
content of
the
Compaction
bentonite*
pressure pressure
[%]
[MPa]
steps

Rock
grain
size
[mm]

Water
content
[%]

0-8

11.7-12.8

27.5

15-23

0-8

11

24.5

0-4

10.5-12.4

25

Green
density
[kg/m3]

Dry
density
[kg/m3]

Dry density
of the
bentonite
[kg/m3]

3

2300

2050

820

15-23

3

2290

2060

824

15-23

3

2310

2070

828
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5

QUALITY ASSURANCE CHAIN

5.1 Acceptance testing for the materials
Acceptance testing used in this project is not likely to be the same as used in the backfill
block production, although it is likely to be similar. Acceptance testing must be rapid
and reliable. The result must tell the mineralogical composition and other important
factors to guarantee the long term performance as well as the important factors in
compaction. The factors effecting the compaction process seem to be water content and
granular size as long as mineralogical composition is within a limited range.
Acceptance testing may be done to random samples taken before the shipment has left
for compacting facility. In this way the acceptability of the material would be known
before offloading, therefore only confirming tests would be done after the unloading.
The number of samples should be adequate. Exact number is highly dependent on the
material selected considering the observed heterogeneity. For the Friedland-clay it can
be estimated that from a big batch 1 sample/50 tonne might be adequate. Estimation is
based on the previous tests done for Friedland clay (Chapter 2.1, Table 2-1) and the
assumption that continuous water content measurement is available in the production
process.
Also the aggregate needs some acceptance testing. As the mineralogical changes in the
rock can be considered to be insignificant, there are only two important factors to be
measured from the crushed rock. The acceptance test for the crushed rock is the grain
size distribution. The grain size distribution has a tremendous effect on the compaction
process, and therefore direct effect to the achieved density. The other important factor is
the water content. The water content is not constant in the crushed rock batch, therefore
water content should be measured continuously from the process.
5.2 Mixing of the materials
As water content seems to have the greatest variation of the factors measured in the
acceptance tests, there needs to be a homogenisation mixing at least. Additionally there
is a need for mixing with the mixtures of bentonite and crushed rock (40/60). From
purely mixing point of view, mixing processes are similar in both cases and therefore
similar mixers are needed.
Based on the tests described above, the type of the mixer is not significant. Previously it
has been suggested that intensive mixers would be the only adequate option, however, it
seems that if the mixing time is long enough there is also possibility to use other types
of mixers. Mixer must have large enough capacity. It's beneficial if the water is added in
the form of small drops.
During the mixing period tests shall be performed to optimize mixing parameters
including water injection, mixing speed, mixing batch size and mixing time.
The water content of the mixed materials should be measured with online measuring
system, simultaneously to loading of the batch. This is vital especially with the mixtures
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of bentonite and crushed rock. High quality bentonite has relatively constant water
content throughout the batch, but the crushed rocks water content fluctuates widely. By
measuring all of the water contents of the materials, the water content of the mixture can
be fixed with great accuracy. From the measurements a calculations need to be done to
adjust the water feed to achieve the predetermined water content.
5.2.1

Storing of the mixed materials

After the mixing before and the compaction there may be a need to store materials.
Especially with the mixtures of bentonite and crushed rock it has been beneficial to let
the mixture settle down for a month or so. In these tests there was no such phenomena
detected in the case of Friedland-clay, but it could be beneficial also for Friedland-clay
to ensure better homogeneity. With better homogeneity, the variance in dimensions
could be minimized.
In the case of storing/curing the material, the storing must take place in tight silos or in
diffusion sealed big bags. Based on the operating experience the silos are the better
option. Temperature of the storage doesn't seem to have any effect as long as it is
between 0 °C and 40 °C and humidity is controlled. In the silos, the top few centimetres
may lose some water through evaporation, but the significance of the lost water can be
considered to be small. Water movement in the mixture during the curing can be
considered to be insignificant as the primary driving force is diffusion, and the water
conductivity is low.
5.3 Compaction of the backfill blocks
Compaction process is dependent on the compaction machines used. Every machine has
some unique properties, so general rules are hard to find. Also the size of the blocks
determines the number of compacting cycles needed as well as compaction speed.
However, it seems that 25-30 MPa is sufficient compaction pressure with the tested
materials. Also with the tested block size there is a need for three compaction cycles
(two preliminary and the final compaction) with Friedland-clay. With the mixture of
bentonite and crushed rock (40/60) there can be more variance to compaction pressure
and still get the desired result. On the other hand with the mixture there are problems
caused by adherence.
With optimized compacting process it is possible to reach a very small variance in the
block quality. Height will be over 90 % in 0.1 mm tolerance, as long as the material is
uniform, and the mould loading process optimized. On the other hand the height
fluctuation can be bigger as the blocks height is also bigger. Mechanical properties are
also likely to be good, with very small variance. The bigger grain size leads to better
mechanical strength of the blocks, but only if grain size is not significantly bigger than
6mm. Over the 6 mm grain size limit there starts to be problems caused by the loading
system, which may lead to smaller densities. The loading system is specific for a
compactor, and will be specified according to the selected material.
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5.4 Storing of the blocks
As emplacement of the blocks is likely to be done in campaigns there is a need to store
blocks. Storage time in normal operating conditions can be anything between one and
six months, depending on the production capacity of the compactor and disposal
schedule. As long as the blocks are stored in suitable conditions, the six month time
period can be stretched to many years.
If the blocks are stored in open pallets at rain protected space the blocks either take
humidity from the air or dry out. Water content change causes some transformations in
the surface layer of the blocks, which can make it difficult to use suction pads in the
emplacement process. Therefore the blocks need to be stored in either humidity
controlled warehouse or in plastic covered pallets.
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6

CONCLUSIONS

For the more specific acceptance testing, more material testing needs to be done. In the
additional testing focus shall be in the material variance, especially in the mineralogical
composition of the chosen bentonite. The water content of the bentonite rich clay varies
too much, as seen in the second production tests with Friedland-clay, and therefore
mixing is a mandatory part of the production.
Mixing is not highly dependable on the mixer type. Although a less efficient mixer may
produce the similar end product, the efficient mixer can do it faster and more accurately.
Therefore more efficient mixer is likely to be more economical when the unit costs are
calculated.
Curing of the material is important with the tested materials. If the mixing has been
done only few days or week before the compacting the adherence is more likely. For the
Friedland-clay two weeks seems to be suitable time, but the mixture of bentonite and
crushed rock (40/60) seems to need at least a month. More testing needs to be done to
determine the needed curing time of the mixture of bentonite and crushed rock (40/60).
Other mixed layer clays and finely grinded high quality bentonites are likely to cure
similarly as the Friedland-clay 0-1 mm granules.
Friedland-clay granulated 1-6 mm seems to be better material for the larger blocks than
Friedland-clay 0-1 mm. The difference is caused the evacuation of air from the material.
Based on the information from the Milos B compaction, the best grain size distribution
would also have some portion of the small size granules. The 1-6 mm granulated
Friedland-clay should be tested more to have better understanding for the material.
Compaction process of the Friedland-clay is well known, although the compaction
parameters are very difficult to optimize. The difficulties are caused by the narrow
pressure area where the sufficiently high dry density is achieved. If the compaction
pressure is little less than 23 MPa the target dry density of 2 000 kg/m3 can't be
achieved. If the compaction pressure is higher than 25 MPa, the blocks will have cracks
as well as lamellas. Narrow pressure area causes the block height to alter more; this can
lead to difficulties in the emplacement of the backfill. Compaction pressure may be
allowed to vary more without significant change to achievable density, if the
compaction process is finely tuned to specific block size and material. The material
consistency requirements will be a challenge for the mixing process, because the water
content variance must be less than ±0.5 %. This variance has been considered to be
tolerable. On the other hand without an accurate online measuring system it's very
difficult to achieve smaller variance.
Compaction process of the mixture of bentonite and crushed rock (40/60) has one major
problem, the adherence. The compaction process is easy to handle and the end result is
good, if the lubricants are used. However, the use of lubricants may not be allowed,
because the lubricants may have undesired effects on the long term safety of the
engineered barrier system (EBS). If the lubricants are not allowed to be used, an
alternative solution must be found. In the small scale tests warming of the mould
showed promising results in overcoming adherence. Other potential solutions might be
spraying some suitable inert dry lubricant to overcome adherence. Such potential
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materials might be some metal powders, quarts powder or a thin layer of Friedland-clay.
Traditional dry lubricants, such as molybdenum disulfide and hexagonal boron nitride,
are out of the question, because all of those may have harmful interactions with the
copper canister.
Quality control of the blocks may be a difficult task to do with a machine. Some cracks
in the sides may be accepted as long as they are only in the surface. The determination
is an easy task for a human but whether the machine with camera can do the same, is
uncertain. However the quality control of the blocks must be done automatically at least
as a primary determination method. After the automatic determination, the disqualified
blocks can be inspected manually, or crushed and recompacted. Possible measuring
methods could be visual inspection, x-ray and ultrasound measuring. Because the
amount of the blocks is great, the method needs to be quick. The radiological inspection
seems to be better suited for the task, but the need of radiation protection can complicate
things.
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APPENDIXES
Appendix I

Water quality data from the small scale tests

Appendix II

Acceptance test results from small scale tests.

Appendix III

Numerical data from small scale tests

Appendix IV

Photos of the blocks manufactured in the small scale tests.

Appendix V

Water quality data from the industrial scale tests. (only in Finnish)

Appendix VI

Acceptance test results from industrial scale tests.

Appendix VII Safety information of the lubricant used. (FormWay 3)
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13,84
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27,70
27,72
32,33
32,34
41,53
41,46

13,83
13,80
18,44
18,46
28,17
27,66
32,27
32,26
41,47
41,47

23,05
23,50
23,07
23,03
23,41
23,05
23,47
23,07
23,10
23,11
23,44
23,10

14,09
14,13
18,80
18,44
28,19
27,66
32,22
32,27
41,50
41,48
41,50

11
11
11
11
11
11
11
11
11
11
11

7,5
7,5
7,5
7,5
7,5
7,5
7,5
7,5
7,5
7,5

7,5
7,5
7,5
9
9
9
11
11
11
13
13
13

10
10
10
10
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10
10
10
10
10
10

121,53
126,77
119,2
120,6
118,13
117
111,6
112,9
113,9
114,17
106,07
106,03
107,27
101,43
100,17
97,667
99,733
101,6
97,8
98,767
101,6

105,5
105,67
105,7
105,73
105,77
105,67
105,6
105,63
105,6
105,7
105,9

118,2
116,67
115,4
111,03
110,9
109,87
103,17
102,93
106,57
106,13
106,13
105,17

119,77
121,03
118,3
116,97
110,53
109,53
110,67
108,7
109
106,7
109,53

105,8
106,07
105,83
105,7
103,9
105,83
105,8
105,83
105,87
105,87

105,8
103,8
105,73
105,9
104,2
105,8
103,93
105,7
105,57
105,53
104,03
105,57

103,83
103,6
103,8
105,83
103,83
105,8
105,97
105,8
105,8
105,83
105,8

205
205
205
205
205
205
205
205
205
205
205

4933,3
4906,9
4969,7
4855,5
4774,9
4793,8
4884,2
4961,5
4999
4857,5
5019,7

5271,3
5509,8
5327,6
5368,8
5454,4
5399,8
5255,5
5293
5458,1
5476,1

5384
5325,1
5269,2
5130,3
5174,7
5110
4953,1
4934,7
5130,9
5139,6
5163,2
5120,4

205
205
205
205
205
205
205
205
205
205
205
205
205
205
205
205
205
205
205
205
205
205

5353,3
5387,1
5425
5369
5238,3
5163,5
5286,9
5194,7
5300
5193,5
5306,4

205
205
205
205
205
205
205
205
205
205
205

Theoretical
temperature
Compaction Water
Compaction compaction
Width Height Length Weight
of the
pressure
content
force [kN]
[mm] [mm]
[mm]
[g]
pressure
material [C]
[MPa]
[%]
[MPa]
18
500
25
24,01
6,5 101,6 103,42
205
4334
18
500
25
22,62
6,5 107,83 108,47
205
4614,4
18
500
25
23,04
6,5 105,87 104,63
205
4583,8
18
500
25
23,41
6,5 104,2 105,87
205
4544
18
500
25
23,03
8 105,9
115,1
205
5172,8
18
500
25
23,05
8 105,8 114,27
205
5141,9
18
500
25
23,02
8 105,93 114,57
205
5144
18
500
25
23,00
10 106,05 108,75
205
5088
18
500
25
23,08
10 105,67 109,43
205
5130
18
500
25
23,04
10 105,87
109,1
205
5107,1

Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland

Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland

material

Appendix 3.

2150,56
2136,35
2138,14
2208,45
2198,56
2265,9
2262,22
2255,09
2361,17
2269,73
2275,8

1999,78
1998,93
2060,06
2054,48
2167,73
2127,24
2171,25
2160,88
2208,03
2210,14

2100,14
2145,01
2106,56
2128,33
2184,4
2144,45
2253,35
2212,46
2224,8
2238,38
2281,08
2249,81

2099,88
2095,74
2155,08
2115,7
2226,42
2173,49
2199,18
2203,39
2241,87
2243,47
2233,65

2012,04
1924,47
2018,56
2009,36
2070,14
2074,74
2067,55
2152,05
2164,09
2156,93

Green
Density
[kg/m3]

1937,445
1924,642
1926,254
1989,594
1980,685
2041,356
2038,038
2031,615
2127,176
2044,799
2050,271

1860,263
1859,471
1916,331
1911,14
2016,493
1978,823
2019,77
2010,125
2053,98
2055,94

1953,618
1995,36
1959,587
1952,599
2004,036
1967,383
2030,047
1993,209
2004,327
1980,868
2018,656
1990,979

1908,984
1905,214
1959,165
1923,367
2024,015
1975,903
1999,256
2003,082
2038,061
2039,514
2030,586

1889,24
1807,018
1895,365
1886,722
1916,8
1921,059
1914,399
1956,413
1967,357
1960,848

Dry
Density
[kg/m3]

extracting with sledgehammer
extracting with sledgehammer
extracting with sledgehammer
extracting with sledgehammer

Corner had broken away

extracting with sledgehammer
extracting with sledgehammer, hole 2,7mm deep
extracting with sledgehammer
extracting with sledgehammer, hole 2,6mm deep
extracting with sledgehammer, hole 1,5mm deep

Hole 1,4mm deep

60

500
500
500
500
500
500
500
500

500
500
500
500
500
500
500
500
500
500

-1
5
5
10
10
30
35
41

-10
-3
0
10
10
30
30
37
41
43

-10
10
10
27
31
35
35

AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock

AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock

Friedland
Friedland
Friedland
Friedland
Friedland
Friedland
Friedland

The tested measures to overcome adherence
AC-200+Rock
10
500
AC-200+Rock
10
500
AC-200+Rock
10
500
AC-200+Rock
10
500
AC-200+Rock
10
500
AC-200+Rock
13
500
AC-200+Rock
13
500
Mould was preheated
AC-200+Rock
18
500
AC-200+Rock
18
500
Mould was heated before block remoaving
AC-200+Rock
18
500
AC-200+Rock
18
500
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18
18
18
18
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18
18
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18
18
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AC-200+Rock
AC-200+Rock
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AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock
AC-200+Rock

900
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AC-200+Rock

23,10
23,09
23,43
23,05
23,08
23,09
23,08
23,11
23,35
23,10
23,13

25
25

25
25

23,08
23,08
23,07
23,09
23,07
#DIV/0!
23,09

23,32
23,11
23,10
23,11
23,08
23,10
23,37
23,38
23,11
23,12

23,07
23,05
23,08
23,07
23,06
23,08
23,06
23,09

14,13
13,84
13,87
18,48
18,49
27,71
28,14
32,80
32,78
42,08
42,13
42,11

42,21

25
25
25
25
25
25
25

25
25
25
25
25
25
25

25
25
25
25
25
25
25
25
25
25

25
25
25
25
25
25
25
25

15
15
15
20
20
30
30
35
35
45
45
45

45

13 105,6
13 105,47

93,167
91,567

91,1
91,4

104,5
101,03
104,07
104,73
108,37
104,93
107,6

118,47

105,63

105,6
105,63
104,1
105,83
105,67
105,63
105,67

115,33
113,47
118,4
111,37
109,9

96,033
93,567
92,833
91,7
94,667
87,8
88,133
94,333
94
93,8

114,67
109,8
112,33
119,17
109,43
113,5
112,67
115,63

108,93
107
97,767
107,33
104,5
96,2
98,067
97,533
92,533
93
92,2
93,9

101,73

105,67
105,67
105,7
105,63
105,7

104,6
105,53
105,6
105,53
105,67
105,57
104,37
104,3
105,53
105,5

105,7
105,8
105,67
105,7
105,77
105,67
105,77
105,63

103,6
105,7
105,5
105,57
105,53
105,63
104
104,1
104,17
104,33
104,2
104,27

104

13 105,53
13 104,47

11
11
11
11
11
11
11

10
10
10
10
10
10
10

13
13
13
13
13
13
13
13
13
13

9
9
9
9
9
9
9
9

13
13
13
13
13
13
13
13
13
13
13
13

11

205
205

205
205

205
205
205
205
205
205
205

205

205
205
205
205
205

205
205
205
205
205
205
205
205
205
205

205
205
205
205
205
205
205
205

205
205
205
205
205
205
205
205
205
205
205
205

205

1988,788
1991,208
1989,51
1988,383
1979,483
1960,732
1983,002
1977,846
1955,702
1979,248

1990,973
1976,282
1972,796
1960,45
1961,103
1975,28
1982,413
1967,258

1978,706
1948,863
1959,087
1971,514
1961,177
1960,314
2003,485
1980,83
2008,018
1999,244
2003,579
2005,863

extracting with sledgehammer
extracting with sledgehammer
extracting with sledgehammer, 35gmass was sticking to the mould
extracting with sledgehammer, 75g mass was sticking to the mould
extracting with sledgehammer, 100g mass was sticking to the mould
extracting with sledgehammer, 68g mass was sticking to the mould, swetting w
extracting with sledgehammer, 47g mass was sticking to the mould

crack in the middle of the block
nearly perfect shape

no sticking, but some cracking
no sticking, but some cracking
extracting with sledgehammer
extracting with sledgehammer
extracting with sledgehammer

extracting with sledgehammer
35,9g mass was sticking to the mould
65,7g mass was sticking to the mould
extracting with sledgehammer
83,5g mass was sticking to the mould
54g mass was sticking to the mould
29g mass was sticking to the mould
extracting with sledgehammer
extracting with sledgehammer

2222,95
2224
2259,02
2189,52
2199,2
2189,71
2188,65

2002,66
2003,603
2044,358
1972,542
1981,258
1972,708
1980,681

Notes about the surface
quality
Excelent
unequal layer -> adherence
unsatisfying
Rust
unequal layer -> adherence
unequal layer -> adherence
unequal layer -> adherence

4453,8 2243,52 1985,419 Fine
4020,8 2249,7 1990,883 Fine

4423,2 2244,27 1986,078 Good
4524,9 2261,27 2001,128 Good

5028,8
4865,8
5016,9
4975,2
5162,4
4978,7
5101,3

2154,65
2175,21
2166,12
2189,39
2192,48

2247,33
2250,07
2248,15
2246,87
2236,82
2215,63
2240,79
2234,97
2209,94
2236,55

2170,16
2154,15
2150,35
2136,89
2137,6
2153,06
2160,83
2144,31

2235,94
2202,21
2213,77
2227,81
2216,13
2215,16
2263,94
2238,34
2269,06
2259,15
2264,04
2266,62

Coatin
material
AC-200
AC-200
Crushed rock
Friedland-clay
Friedland-clay
AC-200
Friedland-clay

Amount
of the
coating
100g
70g
200g
100g
100g
70g
80g

Water
content
of the
coating
9%
9%
5%
10 %
10 %
95
6,50 %

1958,777
1977,464
1969,204
1990,358
1993,163 extracting with sledgehammer
no measures because of the sticking, 220g mass was sticking to the mould
5488,4 2139,41 1944,921 extracting with sledgehammer, 75g mass was sticking to the mould

5383
5346,4
5557,3
5280
5221,1

4627,8
4554,7
4518
4457,5
4586,9
4209,9
4225,3
4507,9
4494,2

5392,1
5130
5232,5
5517,8
5072
5293,5
5278,6
5369,4

5172,9
5105,9
4680,9
5174,8
5010,2
4614,6
4733,4
4658,9
4483,6
4493,7
4459
4549,3

5012,8 2311,16 2082,126 extracting with sledgehammer, 14,1g mass was sticking to the mould
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APPENDIX IV

Friedland-clay block compacted at 25MPa, water content 10 %, material temperature 18
°C. Note the lamellas seen in the side of the block. Bottom of the block is toward the
camera.
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Friedland-clay block Compacted at 25MPa, water content 10 % material temperature 35
°C. Significant adherence in the block, missing parts is stuck in the mould. Bottom of
the block is toward the camera, almost no adherence can be observed in the upper side
of the block.

65

Friedland-clay block, compacted at 45MPa, water content 10 %, material temperature
18 °C. One corner has cracked away, and lamellas are easily visible. Little adherence
can be seen in the block. Bottom of the block is toward the camera.
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The mixture of bentonite and crushed rock (40/60) block, compacted at 25MPa, water
content 9 %, material temperature 10 °C. Significant adherence.
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The mixture of bentonite and crushed rock (40/60) block, compacted at 25MPa, water
content 13 %, material temperature 18 °C, mould heated to 80-100 °C. Significantly less
adherence.

68

The mixture of bentonite and crushed rock (40/60) block, compacted at 25MPa, water
content 13 %, material temperature -10 °C. The block has cracked due to the unequal
heat expansion.

69

The mixture of bentonite and crushed rock (40/60) block, compacted at 25MPa, water
content 11 %, compacting surfaces covered with thin layer of AC-200 bentonite. There
was no observable adherence, but the coating detached partly by the swelling on the
material, in matter of days.
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APPENDIX V
677-2 in the table is not valid, because it is taken from different water works.
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APPENDIX VI
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APPENDIX VII
SAFETY DATA SHEET
FormWay 3
Last changed: 27/07/2009

Internal No:

Replaces date:

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING
Approved for use
Approved for laboratory use
Approved by Statoil E & R

Lub.: M-L Linderoth/M.Kopp (S),
J.Pretzmann (DK), S.Casadiego (N)
Main:K.Grave (N), Å.Håkansson (S),
J.Pretzmann (DK)
Chem.: R.R. Carlsen (N), M-L
Linderoth/M.Kopp (S)

TRADE NAME FormWay 3
SYNONYMS FO 515
TYPE OF USE Mould oil
Vendor art. number
103151
NATIONAL MANUFACTURER/IMPORTER
Enterprise
---MANUFACTURER IN EU/EEC, IMPORTER TO EU/EEC
Enterprise
Svenska Statoil AB
Address
Box 194
Postal code
S-149 22 Nynäshamn
Country
Sverige / Sweden
E-mail
smobest@statoil.com
Internet
www.statoilubricants.com
Telephone
+46 8 429 60 00
Fax
+46 8 429 68 60
CONTACT PERSONS
Name
E-mail
Nödtelefonnummer .
Emergency number ..
Milan Kopp
smkp@statoil.com
Marie-Louise Linderoth smle@statoil.com

Tel. (work)
020-996000
+46 8 33 70 43

Country
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2. HAZARDS IDENTIFICATION

Harmful
HEALTH
R-65 Harmful: may cause lung damage if swallowed. Risk of chemical pneumonia
(pneumonitis) if aspirated during and after ingestion. R-66 Repeated exposure may cause
skin dryness or cracking.
3. COMPOSITION / INFORMATION ON INGREDIENTS
No Ingredient name
1

Destillate (petroleum),
hydrotreated light

Highly refined mineral oil
2 (DMSO-extract < 3%, IP
346)

Reg.No

EC No.

CAS No.

Wt%

265-149-8 64742-47-8 40 - 60 %

-

-

Classificat
ion
Xn,R65 R66

No
classificati
40 - 50 %
on
required

Explanation of symbols: T+=highly toxic, T=toxic, C=corrosive, Xn=harmful,
Xi=irritantE=Explosive, O=Oxidising, F+=Extremely flammable, F=Highly flammable,
N=Dangerous for the environment, Cancer=Carcinogenic, Mut=Mutagenic, Rep=Toxic for
reproduction, Conc.=Concentration
INGREDIENT COMMENTS
Highly refined mineral oil = Group name base oil, unspecified Cas/Einecs no: 101316-727/309-877-7; 74869-22-0/278-012-2; 64742-62-7/265-166-0; 64742-53-6/265-156-6; 6474252-5/265-155-0; 64742-56-9/265-159-2; 64742-54-7/265-157-1; 64742-57-0/165-160-8 for
which the DMSO extract <3%, IP 346 or Group name gasoil, unspecified 64742-46-7/265148-2 or Higly refined base oil 8042-47-5/232-455-8; 92045-45-9/295-426-9 which fulfills
Concawe.
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4. FIRST AID MEASURES
GENERAL
Immediately move the patient from the source of exposure. General first aid in the form of
symptomatic treatment should always be given if there is uncertainty regarding specific
treatment.
INHALATION
Fresh air, rest and keep warm. Rinse nose, mouth and throat with water. Seek medical advice
if symptoms persist.
SKIN CONTACT
Wash the skin with soap and water. Remove contaminated clothing as soon as possible. Seek
medical advice if symptoms persist. Product in use under high pressure that has been forced
under the skin, is a serious situation that requires IMMEDIATE hospital treatment.
EYE CONTACT
Flush with water. Contact physician if discomfort continues.
INGESTION
DO NOT induce vomiting. Get medical advice.

5. FIRE-FIGHTING MEASURES
EXTINGUISHING MEDIA
Foam, powder, carbon dioxide. Water fog.
IMPROPER EXTINGUISHING MEDIA
Water
FIRE AND EXPLOSION HAZARDS
Heated product can form flammable vapours. Combustion can produce irritating fumes.
Carbon monoxide (CO) may be formed in the event of incomplete combustion. The product
may accumulate static electricity and cause ignition upon discharge.
PROTECTIVE EQUIPMENT FOR FIRE FIGHTERS
Use respiratory protection.
OTHER INFORMATION
Fire in closed areas should only be extinguished by trained personal. Containers near a fire
must be moved and/or cooled with water.
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6. ACCIDENTAL RELEASE MEASURES
PERSONAL PRECAUTIONS
Mark the spillage. Use personal protection as stated in section 8.
SAFETY ACTIONS TO PROTECT EXTERNAL ENVIRONMENT
General:
Contain the spillage using sand, soil or other suitable material. Avoid seepage into the drains.
Collect the spillage using cloths or an oil absorbent materiel. Immediately inform the
government agency (fire brigade) if the spillage escapes into the drains or waterways. At
large spillage inform the government agency (fire brigade). Collected material to be handled
as advised under section 13. Water: Contain the spillage and recover as much as possible.
Smaller volumes can be recovered using suitable absorbents.

7. HANDLING AND STORAGE
HANDLING PRECAUTIONS
Store correctly to avoid spillage and oil vapours.
STORAGE
Best under cover. Store container on their side so that the filling bungs are under the fluid
level. Provide good ventilation.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
EXPOSURE CONTROL
Ensure a high level of personal hygiene. Do not wear cloths that are contaminated with
product. Do not put oil-wet cloth / twist in your pocket. MECHANICAL VENTILATION
and LOCAL EXHAUST VENTILATION may be necessary.
RESPIRATORY PROTECTION
Gas cartridge A (organic substances, brown).
EYE PROTECTION
Wear goggles or face shield if there is a possibility of eye contact.
HAND PROTECTION
Always use gloves when there is a possibility of direct contact with the product.
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PROTECTIVE CLOTHING
Wear suitable clothing (long-sleeved, long-legged etc.) if there is a possibility of direct
contact or splashes.
OTHER INFORMATION
For more information contact supplier of protection equipment.
OEL value
Ingredient name
Highly refined mineral oil
(DMSO-extract < 3 %, IP 346)
Highly refined mineral oil
(DMSO-extract < 3 %, IP 346)
Destillate (petroleum),
hydrotreated light

ppm

mg/m3 Year Notification

Cas nr.

Interval

-

8h

1,0

0

-

15 min.

3,0

0

64742-47-8 8 h

350

OTHER INFORMATION REGARDING LIMIT VALUES AND MONITORING
Based on the swedish OEL:s for oil mist including oil smoke.

9. PHYSICAL AND CHEMICAL PROPERTIES
Physical State
Liquid.
Odour
Organic solvents.
Solubility
Organic solvent (most).
Water solubility
Negligible
Physical and chemical parameters
Parameter Value/unit Method/reference Observation
Flash point > 60 °C
ASTM D 92
Density
~ 838 kg/m³ ASTM D 4052
1)
Viscosity ~ 3 mm2/s ASTM D 445
2)
OBSERVATIONS ON PHYSICAL AND CHEMICAL PARAMETERS
Observation Comments
1
at 15 °C.
2
at 40 °C.
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10. STABILITY AND REACTIVITY
STABILITY
Chemically stable
MATERIALS TO AVOID
Strong oxidizing agents.
HAZARDOUS DECOMPOSITION PRODUCTS
When heated or during combustion carbon monoxide (CO) and other health hazardous
compounds may be formed.

11. TOXICOLOGICAL INFORMATION
GENERAL
Exposure to high concentrations of oil mist may cause irritaion to the respiratory organ.
Continuos or repeated skin contact combined with poor personal hygiene may cause
dermatitis like eczema and oil acne. Used oil may contain harmful contaminants.
INHALATION
High concentrations or prolonged exposure may cause headache and dizziness, as well as
causing anaesthetic and other central nerves system effects.
SKIN CONTACT
Product that under high pressure has been forced under the skin, may cause serious cell
damage/death under the skin. Dehydration of skin with fissuration and risk of eczema
EYE CONTACT
Splashes in the eyes will irritate, but will not harm eye tissue.
INGESTION
Chemical pneumonitis may develop if vomit which contains solvents enters the lungs.
Nausea, vomiting, diarrhoea, abdominal pains.
12. ECOLOGICAL INFORMATION
ECOTOXICITY
Not harmful to aquatic organisms. Expected LC/EC 50 value > 100 mg/l.
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MOBILITY
Low solubility in water, floats on water. The product evaporates partially from soil- and
water surface. The product can penetrate soil reaching the ground water.
DEGRADABILITY
The main component is readily biodegradable.
ACCUMULATION
Contain components with the potential to bioaccumulate. (logPow > 3)
OTHER EFFECTS
An oil film may cause physical damage to organisms and disturb the transportation of oxygen
in the intermediate zone between air/water or water/air.

13. DISPOSAL CONSIDERATIONS
GENERAL REGULATIONS
This material, if discarded, should be concidered an European hazardous waste in accordance
with European Law. Ensure conformity with procedures approved by the Local Authority.
Packing:
Disposal through approved facilities is recommended.
CATEGORY OF WASTE
EWC 13 02 05.
14. TRANSPORT INFORMATION
Classified as Dangerous Goods: No
OTHER INFORMATION
Not covered by the transportation of dangerous substances act.
15. REGULATORY INFORMATION
EC-Label

No

COMPOSITION
Destillate (petroleum), hydrotreated light (40 - 60 %),
R-PHRASES
R-65 Harmful: may cause lung damage if swallowed. Repeated exposure may cause skin
dryness or cracking.
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S-PHRASES
S-62 If swallowed, do not induce vomiting: seek medical advice immediately and show this
container or label.

16. OTHER INFORMATION
INFORMATION SOURCES
CONCAWE-report no. 6/05 Classification and Labelling of Petroleum Substances
According to the EU Dangerous Substances Directive. Applicable legislation. Information
from the raw materiel supplier(s).
VENDOR NOTES
For in depth technical information, se our Technical Data Sheet for this product, and other
technical papers.
LIST OF RELEVANT R-PHRASES
Nr.
R65
R66

R-Phrase text
Harmful: may cause lung damage if swallowed.
Repeated exposure may cause skin dryness or
cracking.

REVISION HISTORY
VersionRev. date Responsible Changes
1.0.0 27/07/2009Milan Kopp SDS IS PREPARED BY
Enterprise
Svenska Statoil AB
Address
Box 194
Postal code
S-149 22 Nynäshamn
Country
Sverige / Sweden
E-mail
smobest@statoil.com
Internet
www.statoilubricants.com
Telephone
+46 8 429 60 00
Fax
+46 8 429 68 60
CONTACT PERSONS
Name
E-mail
Nödtelefonnummer .
Emergency number ..
Milan Kopp
smkp@statoil.com
Marie-Louise
smle@statoil.com
Linderoth

Tel. (work)
020-996000
+46 8 33 70 43
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