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2 - COMPOSITIONS AND USE OF CEMENTITIOUS MATERIALS: 
EXPERIENCE FROM ONKALO 

Johanna HANSEN (Posiva Oy, Olkiluoto, Finland) 

Introduction 

Posiva Oy, a company jointly owned by the two Finnish nuclear power companies Fortum 
Power and Heat Oy and Teollisuuden Voima Oyj (TVO), is responsible for the geological disposal 
of the spent nuclear fuel of the Loviisa and Olkiluoto power plants. The disposal facility will be a 
KBS-3 type repository at the depth of 400-500 metres in crystalline bedrock. Due the similar 
concept and bedrock type there is intensive co-operation between Posiva and SKB. The 
construction and operation of the repository will disturb the host rock conditions. To minimise 
the hydrological disturbances, such as surface water drawdown and upconing of saline 
groundwater, grouting is used. The impact of the grout and other cementitious materials needs 
to be assessed in the safety case. Consequently, it is important to document all materials during 
construction of the underground rock characterisation facility ONKALO, while it is intended to 
be part of the repository. 

Time schedule for development of disposal system 

The main milestones in the spent fuel disposal programme have been the Olkiluoto site 
selection in the Eurajoki municipality in 1999 and the Decision in Principle (DiP) by the 
Government in 2000 and its ratification by Finnish Parliament in spring 2001. After intensive site 
investigations the construction of ONKALO started in autumn 2004. As a next milestone Posiva 
will submit the construction license application in 2012, and thus the application is successful, 
the construction of the encapsulation plant and of the repository will begin in 2014-2015. The 
operation of the facility is scheduled to begin in 2020 after receiving the operating license. The 
closure of the facility will occur sometime in the 2100s, depending on the planned life time of 
owners nuclear power plants with a total of 12 000 tons of uranium.  

ONKALO facility and the role of the ONKALO  

ONKALO provides an opportunity to develop excavation techniques, and final disposal 
techniques in realistic conditions. It also serves as an opportunity to develop quality 
management practices and investigate, test and demonstrate the performance of the engineered 
barrier system during the next decade. The evolution of ONKALO design as well as design 
premises are presented in ONKALO main drawings report (Posiva, 2008).  

During the excavation of ONKALO in addition to the excavation methods, the sealing 
actions like grouting and reinforcement of the tunnel and documentation practices are being 
developed. ONKALO will reach the target depth -420 meters in 2010 and thereafter excavation 
will continue for the characterisation and research facilities. ONKALO also helps to design the 
repository layout and to characterise the repository panels in greater detail. ONKALO will be 
later part of the repository and therefore its construction is followed by nuclear safety 
authorities. ONKALO consist of access tunnel and personnel, fresh air and exhaust shafts and 
the updated extent of subsurface facilities is described in Anttila et al. (2008).   
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Stray materials in ONKALO and in the planned repository 

The first estimate on engineered and stray materials which remain in the repository in the 
time of closure was done before the construction of ONKALO started (Hjerpe 2004). This estimate 
includes all manmade materials used for construction but the altered materials like corrosion 
products or decomposition product during the evolution of the repository are not included. 
Materials with 100 % removal are not included in the estimation. The results show that the total 
remaining quantity will be in the range from 13 000 000 to 28 000 000 kg. Cement is the most 
dominating component, with about 75–85% of the total quantity. Steel, organic materials, 
aluminium, and zinc are other important materials. The source for cement, estimated to remain 
in the repository, can be found in Table 1. If steel wire mesh tunnel support is used instead of 
shotcrete reduces the remaining cement quantity to about half. The removal efficiency of 
shotcrete also influence to the result. (Hjerpe, 2004) 

Table 1:  Remaining quantity of stray materials during the time of closure 

Material Estimation 2004 
(Hjerpe 2004) Removal efficiency Estimation 2007 

(Hagros 2007) Removal efficiency 

Support bolts 276 241 kg 0 % 61 000 kg 0 % 

Anchor bolts 18 130 kg 0 % 18 000 kg 0 % 

Shotcrete with admixtures 10 991 425 kg 0 % 190 000 kg 95 % 

Grouting materials 5 000 000 kg 0 % 490 000 kg 20 % 

Concrete plugs 4 692 000 kg 0 % 4 700 000 kg 0 % 

Miscellaneous 
construction 88 169 kg 98 % 88 000 kg 98 % 

Floors 137 790 kg 98 % 140 000 kg 98 % 

Bottom plates in 
deposition holes   140 000 kg 0 % 

 
Three years later these estimates were updated (Hagros, 2007) based on a new layout and 

the experiences in grouting and shotcreting during construction of the ONKALO. According to 
the updated estimates of engineered and stray materials, the remaining amounts of cement are 
attached in Table 1. The scenarios have different alternatives for grouting and shotcreting and 
therefore the amount of cement also varies depending on the grouting and shotcreting strategies. 
The bottom plate of the deposition holes is reconsidered and this might be replaced with more 
suitable material.  

In practice the total amount of introduced cement is a little above 20 000 000 kg but the 
remaining quantity is 6 000 000 kg, where major part comes from the deposition tunnel plugs. 
Estimated amount of organics in combination with cementitious materials is estimated to be 
27 100 kg. The amount is quite small compared to the total amount of organic carbon in buffer 
and backfill which is estimated to be 1 840 000 kg to 15 140 000 kg depending on backfill 
materials (Hagros, 2007). 
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So far the length of the access tunnel in ONKALO is 3889 metres and three shafts have been 
raise-bored down to the -290 m. The actual use of cement for different purposes until the end of 
2008 is: 

• Grouting material 503 480 kg  
• Shotcrete 1 671 954 kg 
• Cement for anchor and support bolts 42 576 kg. (Juhola 2009) 

These amounts do not correspond to the final amounts left in the repository as part of the 
cement (e.g. shotcrete) will be removed before closure. 

Practical actions for decreasing the amount of cement  

To minimize the consequences of use of cement, low pH cementitious materials and 
colloidal silica have been considered as alternative materials for groundwater control. Their 
development was initiated already in 2003. Posiva developed together with SKB and NUMO low 
pH grout material for sealing rock fractures (Bodén & Sievänen 2005) and analysed jointly with 
Nagra the long-term safety aspects of organic additives  (Andersson et al. 2008). The colloidal 
silica grouting was tested and developed in the Äspö Hard Rock laboratory jointly with Posiva 
and NUMO and experiences was gained in several civil construction projects in Sweden.  

As construction of the ONKALO advanced, Posiva decided that low pH grouting cement shall 
be mainly used from the spring 2008 onwards (Arenius et al., 2008). This decision was only valid 
for grouting materials because they cannot be removed at the time of closure. The shotcrete can, 
in principle, be removed and therefore a similar material requirement was not granted. The 
amount of support bolt grout and rock bolt grout was not assumed to be significant and 
therefore ordinary grout was preferred. The plug design for deposition tunnels was updated 
during 2008 and, according to the new design, the plug contains 20 000 kg cement (Haaramo & 
Lehtonen, 2009). Totally this makes 2 100 000 kg of cement for all plugs in deposition tunnels, 
which is a half of the earlier estimations, if the amount of tunnels is 105 (Posiva,2009). The plugs 
needed for closure have not been included in these estimations.  

Conclusions 

The use of cement in the repository is necessary and therefore it is important to assess their 
impact on long-term safety. The impact of cement on long-term safety can be minimised by 
developing material compositions that are not harmful (or less harmful) to the natural or 
engineered barriers. Though, quite intensive testing and additional experience are needed to 
decrease the amount of harmful components and amount of cement used without endangering 
the workability in expected conditions.   
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