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ONKALO – MAIN DRAWINGS IN 2007 
ABSTRACT 
 
The first overall site characterisation programme for a Finnish repository of spent 
nuclear fuel was introduced in 1982. This programme already suggested that the site 
confirmation for a detailed repository design and safety assessment should include 
characterisation performed in an underground rock characterisation facility (URCF). 
This idea was confirmed during the detailed site characterisation. International views 
have also emphasised the importance of underground characterisation before the final 
decision to construct the repository is taken. 
 
The underground rock characterisation facility (ONKALO) is excavated at Olkiluoto in 
the municipality of Eurajoki. ONKALO should be constructed to allow characterisation 
work for site confirmation without jeopardising long-term safety of the repository site. 
It should also be possible to link ONKALO later to the repository as to a part of it. The 
construction of ONKALO was started in 2004 and will be completed in 2014. The 
characterisation work has started in ONKALO and will focus on the disposal depth. 
 
In the main drawings stage, ONKALO was described at the level of detail needed for a 
construction permit in 2003. This meant description of the location, final structures and 
final systems. This summary report describes the development of design to updated 
main drawings in 2007 at the same level of detail (no temporary arrangements are 
described). The main changes are the added exhaust air shaft and advancing the 
controlled area’s inlet air shaft to the ONKALO phase. Also the layout and the depth of 
the characterisation levels have been updated according to the current bedrock 
information. Some buildings on the surface will house sets of equipment directly 
connected with underground facility and this equipment is described in this report. No 
buildings or other equipment are described in this report, because they are not directly 
connected with the underground facility. 
 
The main element of ONKALO is a system of characterisation drifts and niches 
accessed by the personnel shaft 1 and an access tunnel. The main characterisation level 
is located at a depth of -420 metres. Demonstrations related to the repository technology 
will be mainly carried out on the main level. The lower characterisation level at a depth 
of -520 metres could mainly be used to assess the feasibility of the two-storey layout. 
 
The total underground volume of ONKALO is approximately 410 000 m3, the 
combined length of tunnels and shafts being 10.8 km. The access tunnel from the 
surface to the lower level consists approximately of 5.6 km of tunnelling with an 
inclination of 1:10. The inlet air shaft 1, exhaust air shaft 1 and personnel shaft 1 will be 
raise bored to lower level. The personnel shaft 1 will be equipped with technical 
systems and a man cage for personnel transport. Connecting tunnels from the access 
tunnel to the shafts at every 1 to 1.5 km will make it easier to ventilate and evacuate the 
ONKALO facility. 
 
The main drawings stage has been followed by the realisation and the building stages 
for each contract. 
 

Keywords: ONKALO, underground rock characterisation facility, spent nuclear fuel, 
disposal, main drawings, construction permit 



  

ONKALO, PÄÄPIIRUSTUKSET VUONNA 2007 
 
TIIVISTELMÄ 
 
Ensimmäinen kokonaisohjelma käytetyn ydinpolttoaineen sijoituspaikkatutkimusohjel-
maksi julkaistiin vuonna 1982. Jo tässä ohjelmassa esitettiin, että varmentavat kalliope-
rätutkimukset loppusijoituslaitoksen suunnittelemiseksi ja turvallisuuden analysoimi-
seksi on syytä tehdä maanalaisista tutkimustiloista käsin. Tämä käsitys vahvistui paik-
katutkimusprosessin myötä. Kansainvälisetkin näkemykset ovat painottaneet maanalais-
ten tutkimusten tärkeyttä ennen päättämistä loppusijoitustilojen rakentamisesta. 
 
Eurajoen Olkiluotoon rakennettavan maanalaisen kalliotutkimustilan (ONKALO) tulee 
mahdollistaa varmentavat tutkimukset kallioperän pitkäaikaisturvallisuuden kannalta 
tärkeitä ominaisuuksia vaarantamatta. Lisäksi ONKALO tulee myöhemmin voida liittää 
osaksi loppusijoituslaitoksen maanalaisia tiloja. ONKALOn rakentaminen aloitettiin 
vuonna 2004 ja se valmistuu vuonna 2014. Yksityiskohtainen tutkimus on alkanut jo 
rakennusaikana ja se tulee keskittymään loppusijoitussyvyydelle. 
 
Pääpiirustusvaiheessa vuonna 2003 maanalaiset tilat kuvattiin sillä tarkkuudella, joka 
tarvittiin rakennusluvan saantiin kunnalta. Tuolloin määriteltiin ONKALOn sijainti, 
rakenteet ja järjestelmät. Tässä yhteenvetoraportissa on dokumentoitu maanalaisten 
tilojen suunnitelmien kehittyminen vuoden 2007 tilanteeseen vastaavalla tarkkuustasolla 
(tilapäisiä työnaikaisia järjestelyjä ei kuvata). Huomattavimmat muutokset ovat 
poistoilmakuilun lisääminen ja tuloilmakuilun aikaistaminen ONKALOn toteutuksen 
yhteyteen. Kalliomallin päivitysten johdosta myös tutkimustasojen asemointia ja 
syvyystasoa on muutettu. Maanpinnalle rakennettuihin ja rakennettaviin rakennuksiin 
sijoitetaan eräitä suoraan maanalaisia tiloja palvelevia järjestelmiä, jotka on kuvattu 
tässä raportissa. Itse rakennuksia tai muita maanpäällisiä järjestelmiä ei tässä raportissa 
kuvata, koska ne eivät suoraan liity maanalaisiin tiloihin. 
 
ONKALOn päätarkoitukseen tarvittavat tilat ovat karakterisointitunnelit ja tutkimustun-
neliperät (tutkimuskuprikat), joihin kulku maanpinnalta tapahtuu henkilökuilun ja ajo-
tunnelin kautta. Päätutkimustaso sijaitsee -420 metrin syvyydessä. Loppusijoitusteknii-
kan demonstroinnit tehdään pääosin päätutkimustasolla. Alempaa tutkimustasoa -
520 metrin syvyydessä käytettäisiin pääasiassa loppusijoituksen kaksikerrosvaihtoehdon 
toteutettavuuden arviointiin. 
 
ONKALOn tilavuus on noin 410 000 m3 ja yhteenlaskettu tunneli- ja kuilupituus on 
10,8 km. Ajotunnelin pituus alemmalle tutkimustasolle on 5,6 km kaltevuudella 1:10. 
Tuloilmakuilu 1, poistoilmakuilu 1 ja henkilökuilu 1 nousuporataan alemmalle tasolle 
asti. Henkilökuiluun asennetaan teknisiä järjestelmiä sekä henkilöhissi. Ajotunnelista on 
yhteys kuiluille noin 1...1,5 km välein ilmanvaihdon ja pelastautumisen helpottamiseksi. 
 
Pääpiirustusvaihetta ovat seuranneet urakoittain toteutussuunnittelu- ja rakentamisvai-
heet. 
 
Avainsanat: ONKALO, maanalainen kalliotutkimustila, käytetty ydinpolttoaine, loppu-
sijoitus, pääpiirustus, rakennuslupa 
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FOREWORD 
 
This report is a specific summary report of the development of ONKALO design from 
2003 to updated main drawings in 2007. The report covers two different aspects: 
justifying all decisions that have been taken up till current design (chapters 1 and 4-6) 
and  presenting the updated design – with justification (chapters 2-3 and 7-12). 
 
The present engineering companies involved to ONKALO main drawings in 2007 are 
Saanio & Riekkola Oy (principal designer Matti Kalliomäki), Fortum Nuclear Services 
FNS (layout adaptation, Timo Kirkkomäki), Saanio & Riekkola Oy (architecture, Ari 
Gardemeister), L2 Paloturvallisuus Oy (fire protection, Juha-Pekka Laaksonen), WSP 
Finland (rock engineering, Pauli Syrjänen), Rakenne Rauma Oy (structures, Markku 
Katajamäki), Pöyry Engineering Oy (electricity, Antti Hakomäki) and Satakunnan 
Insinöörikeskus Oy (heating/ plumbing/ ventilation, Juha Lind). 
 
The following persons of Posiva Oy have contributed the first draft of following parts in 
this report: Juhani Palmu (requirement management system paragraphs in Chapter 2), 
Pasi Mäkelä (Section 9.1), Petteri Vuorio (Section 9.2) and Veli-Matti Ämmälä 
(monitoring for safeguards purposes paragraphs in Chapter 13). 
 
Esa Parviainen from Saanio & Riekkola Oy and Timo Kirkkomäki from FNS have 
provided the scope of works (section 8.8) for this report. Jari Gerlander from Saanio & 
Riekkola Oy have been a great help editing this report. Antti Ikonen from Saanio & 
Riekkola Oy has wrote and compiled this report using various sources. 
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1 INTRODUCTION 
 
This report is an update of Posiva Working report 2003-26 (Posiva 2003b) which 
described the ONKALO URCF for the first time. The excavation of ONKALO was 
commenced in 2004 and since then considerable changes have been made in the layout 
of the facility. The design of ONKALO have been conducted in parallel with the design 
of the disposal facility and it is obvious that a great part of changes are due to the 
evolution of the repository design. The knowledge accumulating from the geological 
environment of the construction site has been continuously considered in the design 
work both to optimise the layout and accommodate the constraints emerging from long 
term safety issues. The advancement of the layout has been presented, as well as, the 
latest alternatives for layout, not yet finally approved. The timing of the decision for the 
layout at the planned repository level is at hand since the excavation and construction 
will progress to planned depth during 2009 and the design for the work shall be frozen. 
 
The first overall site characterisation programme for a Finnish repository of spent 
nuclear fuel was introduced in 1982 (Äikäs & Laine 1982). This programme already 
suggested that the site confirmation for a detailed repository design and safety 
assessment should include characterisation performed in an underground rock 
characterisation facility built specifically for this purpose. This was strengthened during 
the  site characterisation stages prior to site selection. The drilling and other 
investigations carried out from the ground surface do not provide sufficiently detailed 
information for purposes of implementation.  
 
International views have also emphasised the importance of underground 
characterisation before the decision to construct the repository is taken. Generic 
underground laboratories (Stripa, Grimsel, URL, Äspö, Bure) have been and still are 
operating in several countries. The development and full-scale testing of the disposal 
concept conducted at these  have proved the significance of the knowledge of site-
specific properties for the design of the disposal system. 
 
The underground rock characterisation facility named ONKALO is excavated at 
Olkiluoto in the municipality of Eurajoki. As a general design condition two important 
purposes were designed for ONKALO. First of all, it should be constructed to allow 
characterisation work for site confirmation without jeopardising long-term safety of the 
repository site (Posiva 2006). Secondly it should be possible to link ONKALO later to 
the repository as a part of it. In this respect, ONKALO differs from the above 
mentioned generic underground laboratories. 
 
The design work for ONKALO was conducted by stepwise fashion. In the preliminary 
design stage in 2001 different alternatives for ONKALO were considered in principle 
(Figure 1-1). No site-specific examinations were done. Already in the preliminary 
considerations, at least two separate access routes were considered feasible in terms of 
operational safety (in the event of, e.g., a cave-in or fire, one access route is 
insufficient). The difference between having two or three access routes was considered 
not to be fundamental. In addition, an access tunnel (inclination) steeper than 1:10 was 
excluded because it was considered necessary to include the possibility for the transport 
of heavy waste packages in the access tunnel from the surface to the repository. 
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The outline planning stage resulted two alternative designs in 2002. These were the 
shaft alternative and the access tunnel alternative (Figure 1-2). The suitability of these 
access routes to fulfil the purposes were evaluated (Ikonen et al. 2003). Posiva selected 
the access tunnel alternative for the next design stage (the main drawings stage) mainly 
because it provides the greater flexibility for implementation, better logistics, working 
environment and feasibility for characterisation of greater rock volumes during 
construction period. 
 

 
Figure 1-1. In the preliminary design stage different alternatives were considered in 
principle (Posiva 2003b). 
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Figure 1-2. The outline plans: on the left, the shaft alternative and, on the right, the 
access tunnel alternative, which was chosen for further development (Posiva 2003b). 
 
 
In the main drawings stage, the ONKALO facility was described at the level of the 
detail needed for the application for a construction permit from the local authority 
(Posiva 2003a). This meant description of the location, final structures and final systems 
(no temporary arrangements were described). 
 
Posiva (2003b) described the underground ONKALO facility as it was designed at the 
end of the main drawings stage in 2003. This report describes the development of 
design of ONKALO presented in updated main drawings in 2007 at the same level of 
detail (no temporary arrangements are described). Some buildings on the surface will 
house sets of equipment directly connected to underground facility and this equipment 
is described in this report. The original principal requirements and the rationale for the 
location of ONKALO are attached also to this report as appendices. No buildings or 
other equipment are described in this report since they are not directly connected to the 
underground facility and they are subject to separate applications for a construction 
permits. 
 
The main drawings stage has been followed by the realisation and the building stages. 
In the realisation stage the facilities, volumes and quality have been and will be defined 
in more detail for each contract (also the temporary systems for the construction). In the 
building stage the drawings have been and will be updated and completed according to 
geological conditions of the site and Posiva’s requirements developed for disposal 
system. 
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2 DESIGN REQUIREMENTS  
 
The design requirements for ONKALO are devided to and listed in 9 categories. These 
are presented in table format in appendix 2. The design requirements are not prioritized 
or linked to each other. The design requirements embrace also the requirements 
presented in appendix 1. 
 
To keep the appendix 2 in a compact form, the table does not include the list of all 
relevant laws and regulations (each designer knows the regulations concerning his/her 
own engineering discipline). However, interpretation of laws and regulations in the 
government’s Decision of Principle and construction permit of local authority 
concerning ONKALO (and repository) are presented. Some of these requirements 
belong to several categories, but to keep the table compact they have been presented 
only once. 
 
Posiva has an ongoing project for structuring a requirements management system. The 
aim of the project is to design and implement a systematic process and an information 
system to manage the requirements related to Posiva’s disposal facility. 
 
The requirement management system under development will cover the whole 
repository and will later replace the table of appendix 2. The desired result of the current 
project is an information system with the database which 
 
- includes all the significant requirements and their justification with existing solutions 

to fulfil them 
- enables a rapid review of compliance between individual specifications and 

requirements 
- contains information on dependencies between requirements 
- enables a systematic review and documentation of influence caused by modification 

of the requirements 
- enables implementation of requirements management as part of day-to-day work of 

organisation. 
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3 LAND USE 
 
The surface facilities of ONKALO will be built on land owned and leased from 
Teollisuuden Voima Oy (TVO). The surface facilities are located in quarter 5 of the 
present building plan for the Olkiluoto power plant site (see Figure 3-1). The planned 
underground part of ONKALO is located mainly in the same quarter 5. The other zoned 
quarters 1 and 3 on this island have been reserved for nuclear power plants and related 
facilities and installations.  
 
According to the current legislation, the permitted building volume in the building plan 
area does not place any restrictions on construction of the ONKALO facility. 
 
The new master plan for Olkiluoto is under preparation (See Figure 3-2) and the plan 
forms the basis for the revision of the building plan. This revision is undergoing. The 
planning process is expected to last up to 2010. 
 

 
 
Figure 3-1. Land ownership in 2003 and plan map of the Olkiluoto area (grid 500 m). 
The Natura area is indicated in dash-line. Figure by Kari Försti / Saanio & Riekkola 
Oy). 
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Figure 3-2. The new master plan under preparation in 2007 (Eurajoki community). The 
area marked with purple colour is reserved in the plan for uses of energy production. 
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4 SELECTION OF THE LOCATION 
 
4.1 Potential area for the entrance points of access routes 
 
The selection of suitable location for ONKALO at Olkiluoto was a complex process 
mainly due to the long time spans involved. On the one hand ONKALO has to fulfil its 
purposes as a research facility and part of future repository. On the other hand it has to 
fit in the infrastructure of Olkiluoto. Furthermore, ONKALO should be located by such 
a manner that it would allow maximum flexibility for the design of disposal facility in 
the future. In the location process two phases can be distinguished a) delineation of 
potential area at the island and b) more detailed search of location within this potential 
area. 
 
To manage the location process a set of principal requirements was defined for the 
assessment of the location of ONKALO. These requirements formed the basis for 
planning the entrance and layout and can be summarized as the following five 
requirements: 

 
1. ONKALO must enable detailed underground characterization of a rock volume 

representative of the actual host rock for repository before submission of the 
application for the construction license 

2. ONKALO should be designed, built and operated in a way that preserves the 
conditions in repository host rock as close to natural as possible 

3. ONKALO should be designed and constructed in a way that allows it to become a 
part of the actual repository 

4. ONKALO should preserve flexibility as regards the design, construction and 
operation of the actual repository 

5. ONKALO must comply with relevant standards, official guidelines and existing 
legislation. 

 
These requirements are described in more detail in Appendix 1. In the appendix each 
requirement is discussed in order to give guidance to planning of the location of 
ONKALO access way. 
 
One of the starting points for planning the location was the land use and plans in 
Olkiluoto. Location of the access tunnel entrance and the collar of the personnel shaft 1 
on the surface were integrated with the land ownership in 2003 and the land use plans. 
 
In the west, location of the access routes to ONKALO is limited by quarter 3, which is 
reserved for the power plant units. In the east, location of the access routes was limited 
by land ownership in 2003 (Posiva 2003b and Figure 4-1). Today TVO owns almost the 
whole land area of Olkiluoto. In 2003, however, the ownership was more limited in 
eastern part of the island (Figure 3-1). 
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Figure 4-1. The potential repository area on the -400 m level in 2003 is indicated in 
grey colour (grid 500 m) (Posiva 2003b). 
 
The area south of the Olkiluodontie road has been zoned for a forestry test area (EL) 
and a nature preservation park area (P), which include also a Natura area (Figure 3-1 
and 4-1). The Governmental Forest and Park Service owns most of these areas. On the 
southern side of the Olkiluodontie road, TVO owned only a narrow, about 100-meter-
wide strip parallel to the road, which was not sufficient to build the facilities on surface. 
For these reasons, location of the access routes in the south was limited by the 
Olkiluodontie road (Figure 4-1). 
 
Locating an access route in shoreline areas that constitute groundwater discharge areas 
should be avoided to prevent short flow paths from being formed. The northern side of 
the present power transmission lines (Figure 3-1 and 4-1) mostly constitutes a low-
lying, local groundwater discharge area. For this reason, location of the access routes is 
limited in the north by the power transmission lines and the shoreline area north of 
them.  
 
The area delineated by red in Figure 4-1 constitutes the best potential area for location 
of the ONKALO access route in Olkiluoto. This area complies best with the 
requirements presented in appendix 1. 
 
Additional alternatives for the location outside the indicated area in Figure 4-1 were 
explored in the process of studying the fulfilment of the requirements. The studies were 
carried out partly to confirm the best use of local infrastructure and partly to examine 
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possibilities to minimize the influence to the groundwater conditions. A great concern in 
the selection of location was given to possible disturbance of groundwater conditions of 
the construction. This disturbance, in general, may depend on locating the ONKALO 
entrance further away from the potential repository volume.  
 
The following alternative locations outside the area marked with red in Figure 4-1 were 
studied for entrance of ONKALO: 
 
• long tunnel starting from power plant area 
• long tunnel starting from VLJ-repository 
• start of tunnel outside the area indicated in Figure 4-1, for example, close to 

borehole KR3. 
 
In the following a brief description of alternatives is given. 
 
 
The power plant area  
 
There is an option to co-locate the KPA-store (Interim storage for spent fuel) and 
encapsulation plant of the disposal facility. KPA-store is situated in the power plant area 
(see Figure 3-1). An outcrop close to KPA-storage facility was considered as a 
technically favourable location for the entrance of the access tunnel This area, however, 
is reserved for the third power plant unit on the Olkiluoto island, which limited the 
studies to a less favourable area. 
 
The distance between the KPA-storage facility and the investigation area is about two 
kilometres. The geological conditions along this tunnel alignment are poorly known 
except for some geophysical measurements and geological surface mapping conducted. 
Since the water leakage into the tunnel shall be minimized the tunnel should penetrate 
as few hydraulically conductive fracture zones as possible. This is possible to confirm 
only based an investigation campaign based on coredrillings. 
 
Due to the length of tunnel two additional shafts would be needed for occupational 
safety reasons and ventilation purposes. The access tunnel would arrive at desired 
location close to planned repository volume at 300 m depth. Thus, the investigations in 
the potential repository area would not be practically possible before this depth. 
Furthermore the tunnel would most likely cross the potential repository area. This might 
make the investigations of the target area of the repository possible but cause potentially 
significant disturbances to the potential repository host rock. 
 
Another problem encountered was the planned logistics of the access tunnel and later 
repository. This location alternative would mean that heavy traffic (excavated rock, 
backfilling materials, heavy machines etc.) would cross the power plant area, which is 
not desirable. 
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The VLJ-repository 
 
The VLJ-repository (Repository for the low- and intermediate level waste) is located in 
the northwestern part of the Olkiluoto island (see Figure 3-1). The access ways and the 
repository silos are within a tonalite lens. The upper part of the silos is at the depth of 
60 metres. The VLJ-repository has two access ways, a spiral access tunnel down to the 
depth of 100 m and an access shaft down to the 60 m depth. Two eastern curves of the 
elongated spiral tunnel are located at the depth of 35 m respective 56 m. The curve at 
56 m depth curve is right above the silo hall and it was considered to be too close to the 
VLJ-repository (for ONKALO access tunnel). 
 
The curve at the 35 m depth in the access tunnel was considered as a possible place for 
the ONKALO access tunnel entrance. The profile of VLJ access tunnel is, however, 
smaller than the ONKALO access tunnel and thus it needs to be reamed. Reaming of the 
VLJ access tunnel would mean that the existing systems had to be temporarily 
disassembled. This would affect the operation of the VLJ-repository. In addition, the 
main hydraulically conductive fracture zone is located at the eastern curve (-35 level) of 
the VLJ-repository. The orientation and continuation of this zone would need to be 
investigated well before the construction. 
 
The tunnel alignment towards the investigation area could follow the same tonalite body 
which hosts the VLJ-repository. This bedrock type, based on experience from VLJ-
repository, is rather favourable for construction. The two kilometres long straight tunnel 
needs two additional shafts and is expected to meet unknown structures on its way to a 
planned repository volume. The orientation of the tunnel is not favourable compared to 
main geological orientations of the bedrock. The dip of some of the observed features is 
close to the slope of the tunnel. This alternative demands also an extensive investigation 
programme to enable the design of the access tunnel. 
 
This tunnel would arrive to suitable location close to repository volume at about 300 m 
depth, which would mean that before this depth the investigations in the potential 
repository area are practically impossible. Since the tunnel would arrive to repository 
area from the west there is possibility that the tunnel would have been located directly 
above the potential repository volume.  
 
 
The area around borehole KR3 
 
In addition to power plant area or VLJ-repository the ONKALO entrance could be 
located elsewhere outside the well investigated area and potential repository volume in 
the central part of the island. The area around borehole KR3 on the western side was 
suggested as a possible access way location. The area is quite low in elevation but one 
of the access ways could be located on a flat outcrop close to borehole KR3. 
 
Before being able to design the access tunnel in this area additional investigations 
should be carried out. According to the hydrogeochemical studies the properties in the 
KR3 borehole differ from the other boreholes of the site since brackish groundwater is 
met already close to the ground surface. A fairly good hydraulic connection to the sea 
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from the borehole has been suggested as a possible explanation. The lineament 
interpretations and results of geophysical measurements suggest anomalous structures 
for the area.  To investigate these subjects more closely new boreholes and extensive 
hydrogeological and hydrogeochemical measurements would be required. 
 
 
Overall judgement 
 
The distant location alternatives suffered from lack of knowledge about the bedrock 
volumes between the possible tunnel entrance and the area of interest as a host rock for 
repository. The design and construction of the tunnel from these locations would be 
possible only after investigation programs that were estimated to require from two to 
three years to carry out. Such investigation programmes, however, would not guarantee 
that a location fulfilling the criteria posed would eventually be found (e.g. the criteria 
regarding the avoidance of major facture zones). Therefore, the risks of failure in this 
respect are considered to outweigh the potential benefits obtainable from such 
programmes. 
 
 
4.2 Location in the potential area 
 
The requirements for the location presented in Appendix 1 are to some extent 
contradictory when locating ONKALO access routes within the well-investigated area 
(Figure 4-1). To enable examination of the bedrock properties in the vicinity of the 
planned repository, the best location of ONKALO would be in the middle of the 
potential repository rock (Figure 4-1). The requirement for ONKALO to form a part of 
the repository speaks in favour of the location above the potential repository volume. 
On the other hand, minimisation of the disturbance caused to the bedrock speaks in 
favour of the separation of the access tunnel upper part from the potential repository 
area to be examined. Siting ONKALO quite on the periphery of the potential repository 
rock, as to a part of the central tunnels of the repository (see Figure 12-1) and in as large 
part as possible (access tunnel) outside it, is an integrated design made on the basis of 
the above-mentioned requirements. 
 
The location of the access routes must be compatible with the layout of the repository, 
and the location must not reduce opportunities to extend the future repository in the 
event that the amount of spent fuel to be disposed of should increase. The central area of 
the potential repository area (see Figure 4-1) would considerably restrict the foreseen 
area available for the disposal tunnels and was thus excluded from further development 
of the upper part location of the access tunnel. 
 
Two areas, one close to borehole KR5 and another close to borehole KR8 
(see Figure 4-1), were recognised as potential areas for the upper part of the access 
tunnel, because no strict restrictions were identified at the time. For reason of long-term 
safety and the feasibility of construction, the access routes should be located in intact 
rock. Consequently, the access routes must be located in a well characterised area 
covered by investigations. The eastern part of the potential area and its properties were 
less well known because in 2003 there was only one borehole (KR9) at considerable 
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distance from the other boreholes (see Figure 4-1). Locating an access route close to 
KR9 and farther from the foreseen repository area would have required extensive 
investigations and probably would have led to a larger number of penetrated fracture 
zones but still not an appreciably smaller disturbance compared with the areas close to 
KR5 and KR8. Further attention to the eastern part of the potential area was not 
considered necessary. 
 
The quality of the bedrock was studied in two optional access tunnel areas in 2002. One 
of these areas, in which investigation boreholes KR19, KR20 and KR21 were drilled, is 
located close to the KR5 area. An optional access area was identified close to the KR8 
area, where investigation boreholes KR22 and KR23 were drilled and KR8 was 
extended (see Figure 4-1). A new investigation trench (TK3) was exposed close to KR5. 
Refraction seismic soundings were performed in both areas to gain deeper insight into 
the bedrock quality and ground conditions. These two alternative locations were 
evaluated with help of bedrock model developed on the basis of the seismic soundings, 
the borehole investigations, mapping the investigation trench and the vertical seismic 
profiling (VSP) of borehole KR19. 
 
The rock types in the area of KR5 are mainly migmatitic mica gneisses and in the area 
of KR8 veined and grey gneisses. Migmatitic mica gneisses are usually more foliated 
than other rock types. In the area of KR5 the foliation is more dominant than in the area 
of KR8 (Posiva 2003b). The grey gneisses are also the least fractured bedrock types on 
the Olkiluoto Island. However, there are no significant differences in the type or amount 
of fracturing and fracture zones of the bedrock in these areas.  
 
According to the hydrogeological measurements, the groundwater flow in both areas is 
similar, but in the area of KR8 the flow is more concentrated on the larger fracture 
zones. This makes the prediction of water inflow into the tunnel and the design of the 
grouting easier. According to the flow modelling supported by the geochemical 
modelling, the groundwater having higher salinity is located underneath the structure 
R21 (see Figure 5-3 and 5-4). In the area of KR5 this structure is located at a shallower 
depth than in the area of KR8. Large water inflow into the tunnel may accelerate the 
upconing of saline water at deeper levels. Thus, in the area of KR5 the more saline 
water may reach the repository level faster with the higher salinities, causing eventually 
more problems in the performance of engineered barriers (Posiva 2003b). 
 
Both areas (KR5 and KR8) were located on the periphery of the potential repository 
area. However neither one will take up a substantial part of the potential repository area. 
In both areas the hydraulically significant structures are located close to the repository 
level.  
 
In the land use planning, the area of KR5 is reserved for the transformer field and the 
extension power lines, which limits the surface infrastructure of the repository.  
 
Considering the geological knowledge on bedrock features as well as developing land 
use plans of Olkiluoto the area close to KR8 was chosen as the area for the access 
routes. 
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5 LAYOUT IN 2003 
 
Design of shaft 
 
In accordance with the building regulations, the personnel shaft 1 was divided into four 
sections for supply air, exhaust air, a man cage and technology (Figure 5-1). The 
sections constituted separate fire compartments and were implemented by reinforced 
concrete structures. The dimensioned supply (and exhaust) air for ONKALO and the 
repository uncontrolled area was 58 m3/s and the area of both the ducts was 2.4 m2. 
Emergency exits were provided at intervals of 12 metres from the man cage to the 
platforms of grating found in the technology section of personnel shaft 1. The assumed 
life span of the shaft was about 30 years and shaft wall maintenance space was 
considered unnecessary: the minimum working allowance from a ready shotcrete 
surface was about 0.2 m. The theoretical inner dimension of the personnel shaft 1 was 
5.7 m. 

 

 
Figure 5-1. Personnel shaft 1 cross section in 2003 (Posiva 2003b). 
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The elevator design followed the building code (Ministry of Trade and Industry 1997) 
even it is not made for deep underground facilities. According to this elevator code 
emergency exiting from elevator cage was arranged to the platforms in different fire 
compartment and from there with ladders to the closest characterisation level or shaft 
connection. The maintenance work of technology was done from the same platforms 
and ladders. 
 
The personnel shaft 1 was assumed to be raise bored to about 2.4 m diameter and then 
slashed to the final outer diameter of about 6 m. During slashing grouting fans, bolting 
and shotcreting can be done from slashing equipment. 
 
Personnel shaft location 
 
The personnel shaft 1 is designed in such a manner that it is located on the periphery of 
the potential repository area near the borehole KR4 area (see Figures 4-1 and 5-2). This 
enables connections to be provided between the personnel shaft 1 and both the 
repository area and the access tunnel partly located outside of it. These shaft 
connections from the access tunnel were needed for grouting, raise boring and the 
arrangement of ventilation. 
 
Design of tunnels 
 
With regard to the long-term safety and cost-effective implementation of ONKALO, it 
is important that ONKALO is built in as intact rock as possible and grouted carefully. 
This makes possible to minimise the amount of water inflow, the risk of the upconing of 
saline groundwater to the repository level and other chemical disturbances (e.g. loss of 
the buffering capacity of bedrock fractures). This requires thorough knowledge about 
geology of the borehole KR8 area and its careful consideration in the ONKALO design. 
 
In the layout design of ONKALO, objective is to avoid hydraulically conductive 
fracture zones as far as possible. The purpose was to leave a minimum distance of 50 m 
between ONKALO and the structures considered being the most significant. When ever 
it is necessary to penetrate hydraulically conductive fracture zones, this is sought to be 
made perpendicular to the orientation of the structure. In the orientation of tunnels, 
schistosity and rock stress have also been taken into account. Correct orientation 
contributes to the natural stability of the rock facilities, which has a noticeable effect on 
occupational safety, the need for rock reinforcement and, consequently, on the 
construction costs and schedule. Despite orientation, provision must be made for the 
increased need for reinforcement at a depth of more than 400 m. 
 
The main direction of the tunnels in the access tunnel upper part (to a depth of 
-286.8 m) was chosen in such a way that it is favourable in terms of the schistosity and 
orientation of rock stress (see also Figure 12-1). Furthermore, the penetration point of 
R24 was assumed to be only a couple of tens of metres away from the tunnel opening, 
and consequently it could have been grouted from the surface (see Figures 5-2 and 5-3). 
(R24 was not found when excavating the access tunnel and R24 has been removed from 
the later models.) Gently dipping structure R19B was assumed to be penetrated only 
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once, after which the tunnel would have remain below R19B (this has also happened 
during excavation). 
 
The main direction of the tunnels in the access tunnel lower part (from a depth of 
-286.8 m) has been chosen in such a way that it is favourable in terms of the schistosity, 
orientation of rock stress and direction of the planned repository (see Figures 5-4 and 
12-1). Gently dipping structure R20 is assumed to be penetrated only once, after which 
the access tunnel remains below R20. The layout of the access tunnel from -286.8 m to 
the main level enables characterisation of the bedrock above the area to be investigated. 
The access tunnel between the characterisation levels was situated as far from the 
potential repository volume as possible to maximise the potential for the disposal 
tunnels. The characterisation tunnel of the main characterisation level was located in 
such a manner that the repository rock could be flexibly investigated from it in three 
directions (see Figures 5-2 and 5-5). 
 

 
 
Figure 5-2. ONKALO layout in 2003 on level ±0 (based on bedrock model 2003/01) 
(Posiva 2003b). 
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Figure 5-3. Cross section of the upper part of the access tunnel in 2003 (based on 
bedrock model 2003/01) (Posiva 2003b). 
 

 
 
Figure 5-4. Cross section of the lower part of the access tunnel in 2003 (based on 
bedrock model 2003/01) (Posiva 2003b). 
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The spent fuel has been assumed to be disposed of at a minimum depth of 400 metres as 
presented in the Decision in Principle 2000. Since the most reliable arrangement to 
conduct seepage water to the personnel shaft 1 is implemented by means of gravity and 
inclination, the main characterisation level near to the personnel shaft 1 was located 
about 20 metres lower than the farthermost tunnel. The depth of the main 
characterisation level, 420 metres in 2003, was chosen on this basis. Since the spent fuel 
generates heat, the minimum distance between the disposal levels must be 100 metres in 
the two-storey layout (Ikonen 2003). It was thus calculated in 2003 that the depth of the 
lower characterisation level is 520 metres.  
 
Figure 5-5 shows the layout of the entire ONKALO facility in 2003. 
 
 

 
 
Figure 5-5. 3D-illustration of ONKALO in 2003. Characterisation tunnel loop on the 
main characterisation level is indicated in blue colour (Posiva 2003b). 
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Ground plan 
 
The personnel shaft 1 is located 300 m and the access tunnel opening 150 m 
north - west of the harbour road crossing (see Figures 5-2 and 7-6). The collar of the 
personnel shaft 1 (+9.7 m) and the access tunnel opening (+10.0 m) have been located 
above the water level of the Korvensuo reservoir (+8.00...max +8.35 m). This means 
that in the event of a potential dike burst, the reservoir water will not flood ONKALO. 
The collar of the personnel shaft 1 and the access tunnel opening are also sufficiently 
above sea level (±0.0...max +1.25 m) in case of a rise in sea level. Location of the collar 
of the personnel shaft 1 and the access tunnel opening in a relatively high place, in rock 
outcrops, have reduced the need for soil removal and, consequently, the environmental 
effects and costs. In this case, the sufficiency of the overlying bedrock has been verified 
most easily. The access tunnel opening and the collar of the personnel shaft 1 are at 
nearly the same level, and so no significant flow caused by the difference in hydraulic 
head is anticipated after the sealing of the facilities. 
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6 LAYOUT IN 2006 
 
Design of shafts 
 
The planned life time of present reactors in Finland was extended from 30 years (in 
2003) to 50...60 years and the Olkiluoto 3 reactor was taken into account in full scale in 
2004-2005. This increased the volume and the planned life span of the disposal facility 
(and ONKALO as part of it). The disposal facility design was reported in Posiva 
Working report (Tanskanen 2006). The assumed life span of the personnel shaft was 
extended from about 30 years to more than 100 years and space for shaft wall 
maintenance became inevitable: the minimum working allowance from a ready 
shotcrete surface was raised to 1 m. The dimensioned supply (and exhaust) need for air 
was raised from previous 58 m3/s to 120 m3/s (and the area of both the ducts from 
2.4 m2 to 6 m2). 
 
To tackle these challenges three options were studied in 2005. 
 
The first option was to enlarge the personnel shaft 1 structures and diameter from about 
6 m to 8 m (see Figure 6-1). The space for shaft wall maintenance was provided with 
the platforms of grating. An additional concrete structure was needed for exhaust air, 
since the original structure could have lost air proof joint sealing during smoke 
ventilation (heat expansion) and repair work after an eventual fire would have been 
extensive. The main advantages of one shaft solution were dry environment for elevator, 
the best groutability (from shaft) and the least seepage waters. The main disadvantages 
were very challenging concrete structures, unproven ventilation during slashing, only 
one escape route during shaft slashing/ construction and lack of Finnish slashing 
equipment for 8 m shaft. 
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Figure 6-1. The first option for the personnel shaft 1 cross section. Figure by Ari 
Gardemeister / Saanio & Riekkola Oy. 
 
The second option was to have instead of one shaft an additional exhaust air shaft 1 
(raise bored, diameter 3.5 m) and keep the diameter of the personnel shaft 1 close to 6 m 
(see Figure 6-2). The space for personnel shaft 1 wall maintenance was provided with 
the platforms of grating (every 3 metres) and the same section was used for supply air. 
Dry supply air provides favourable environment for all installations in the personnel 
shaft (maintenance economics). A concrete structure inside the personnel shaft 1 was 
divided in different fire compartments for a man cage and technology. The main 
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advantages of two shafts were dry environment for all shaft technology, simple raise for 
exhaust air, proven ventilation during slashing, two escape routes at all times and 
existence of Finnish slashing equipment for 6 m shafts. The main disadvantages were 
challenging concrete structures, challenging grouting through long drill holes and larger 
seepage waters. 
 
The third option was to have three shafts, personnel shaft 1 together with an exhaust air 
shaft 1 and inlet air shaft 1 (both diameter 3.5 m) and shrink the diameter of the 
personnel shaft 1 to about 4.5 m (see Figure 6-3). All three shafts could be raise bored. 
A concrete structure in the personnel shaft 1 was changed to more simple steel structure 
and the technology (some cables etc.) was combined to the same fire compartment with 
the man cage. The maintenance of personnel shaft 1 wall (and technology) was possible 
from the maintenance platform attached under the man cage. The main advantages of 
three shafts were simple raise for all shafts (no slashing equipment was needed and no 
excavation damaged zone to shafts), proven ventilation and two escape routes at all 
times. 
 
 

 
 

Figure 6-2. The second option for the personnel shaft 1. The diameter is 6.2 metres. 
Figure Finnmap Consulting Oy. 
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Figure 6-3. The third option for the personnel shaft 1. The diameter is 4.5 metres. 
Figure by Esa Parviainen / Saanio & Riekkola Oy. 
 
The main disadvantages were damp environment for all shaft technology, challenging 
grouting through long drill holes, the largest seepage waters and compromising the fire 
compartmentation. 
 
The required long term safety constraint is achievable in all three options when seepage 
waters, backfilling, foreign materials, excavation damaged zone and extra holes are 
taken into account. Raise bored shafts are pre-grouted before raise boring between each 
shaft connection. The grouting holes are drilled inside the shaft profile. Raise boring 
machine will bore most of the holes away so they can not form any continuous shortcut 
from repository level to surface. It has been prepared to use shotcrete and bolts for 
reinforcement in raise bored shafts if needed. 
 
A comparison of all three options was carried out. The third shaft would have brought 
the advantage of (robust) proven shaft technology from mining but the fire 
compartmentation was not compromised. In 2005 the existence of cables with very low 
fire load were not identified well enough and this option was not able to be chosen at 
that time. Two other options were left for comparison. Two shaft option was found most 
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suitable. It was presented for Finnish radiation and nuclear safety authority (STUK) and 
selected for further development in 2005. The reason for the selection was that two 
shafts provided more simple, flexible technologies/ schedules and increased operational 
safety. STUK found the grounds for the added exhaust air shaft 1 sufficient (STUK 
2006b & 2006c). 
 
The fire safety of ONKALO was increased slightly because of the selection. Total 
separation of exhaust air (smoke ventilation) duct as an independent shaft and removing 
the smoke ventilation duct from personnel shaft 1 shaft connection both increased the 
fire safety. 
 
Exhaust air shaft location 
 
The optimal location of the exhaust air shaft 1 is close to the inlet air duct (i.e. personnel 
shaft 1) as in the original layout (See Figure 5-5). In that case the exhaust vent is 
situated in the top of each loop of spiral access tunnel (each loop forms also a fire 
compartment). In the case of fire the hot gases will flow naturally upwards the access 
tunnel with such energy that it is impossible to suck gases downwards. Also the 
flexibility of the access tunnel layout would suffer if every loop would have more than 
one forced shaft area to meet. 
 
All shafts penetrate the same horizontal hydraulically conductive fracture zones in spite 
of location. All shafts are grouted as dry as possible. In that case the location of the 
shafts does not affect to the total inflow of ONKALO. (If for some reason grouting 
result would be poor the effect to the total inflow would be smaller in close shafts 
within the same interaction-region (Sievänen et al. 2006). This also speaks in favour of 
shafts close to each other.) 
 
Two alternative locations for exhaust air shaft 1 were studied in 2005 (See Figures 6-4 
and 6-5). These were the alternatives which the layout of that time allowed without 
crossing other tunnels or drill holes. The closest alternative to the personnel shaft 1 
offered minimum risk in case of poor grouting result. The total length of shaft 
connections needed was also minimized in the closest alternative and this location was 
more central in the main characterization level (shorter ventilation ducts). Because of 
above mentioned reasons the closest alternative (to the personnel shaft) were selected 
for the location of exhaust air shaft 1 (See Figure 6-4). A drill hole was drilled to the 
selected location and results confirmed the location. Connections to the exhaust air shaft 
1 were added to all levels. The personnel shaft 1 and exhaust air shaft 1 were still 
located on the periphery of the potential repository area. 
 



 30

 
 
Figure 6-4. The closest alternative for the exhaust air shaft 1 was chosen. Personnel 
shaft 1 in shown with green color. Figure by Timo Kirkkomäki / Saanio & Riekkola Oy. 
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Figure 6-5. The farther alternative for the exhaust air shaft 1. Personnel shaft 1 in 
shown with green color. Figure by Timo Kirkkomäki / Saanio & Riekkola Oy. 
 
The selected location for exhaust air shaft 1 was presented for STUK in 2005. STUK 
found the grounds for the location of exhaust air shaft 1 sufficient (STUK 2006b & 
2006c). Figure 6-6 shows the layout of the entire ONKALO facility in 2006. 
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Figure 6-6. 3D-illustration of ONKALO in 2006. Figure by Timo Kirkkomäki / Saanio 
& Riekkola Oy. 
 
Design of tunnels 
 
With regard to the long-term safety, orientation of tunnels and avoidance of fracture 
zones the same principals as presented in chapter 5 are still valid. The original layout in 
2003 was drawn according to printed cross sections from bedrock model (see Figures 
5-2...5-4) and 50 m distance was used between ONKALO and fracture zones that 
wanted to be avoided. Later Posiva started wider use of 3D-models where accurate 
distances are easy to verify. This made it possible to shrink the distance between 
ONKALO and avoided fracture zones to 30 m. The minimum distance to drill holes is 
set to 10 m (+2.5 m per each 200 depth meter for measuring error). 
 
The updated bedrock model and wider use of 3D-modelling brought some changes to 
the layout of the access tunnel in 2004 (See Figure 6-7). Avoiding fracture zone R19B 
removed slightly the third curve in the first loop of spiral shaped access tunnel. The 
second loop was designed to circle around the drill hole KR10 and the third loop to 
reach further north to get the required distance to borehole KR10. The fourth loop was 
designed to circle around the borehole KR7 for the same reason. 
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Figure 6-7. Access tunnel layout changes in 2004 (are also included in Figure 6-6). 
Red colour indicates the original layout in 2003. Figure by Kimmo Kemppainen / 
Posiva Oy. 
 
In 2004 a shaft connection and an electrical room reservation were also added to the 
-10 level (See Figure 6-7) to increase the flexibility of later operating building 
arrangements. In 2005 after chainage 260 weaker bedrock section was met in the access 
tunnel. Considerations of layout change were done but it was decided to keep the 
original layout (mainly because of favourable grouting conditions: low groundwater 
pressure). In 2006 the shaft connection at the -83 level was modified to avoid 
unnecessary penetration of fracture zone R19. 
 
Ground plan 
 
The exhaust air shaft 1 is located 300 m north - west of the harbour road crossing (see 
Figure 7-6). The collar of the exhaust air shaft 1 (+9.6 m) have been located above the 
water level of the Korvensuo reservoir (+8.00...max +8.35 m). This means that in the 
event of a potential dike burst, the reservoir water will not flood exhaust air shaft 1 
which is also sufficiently above sea level (±0.0...max +1.25 m) in case of a rise in sea 
level. Location of the collar of the exhaust air shaft 1 in a relatively high place, in rock 
outcrops, has reduced the need for soil removal and, consequently, the environmental 
effects and costs. In this case, the sufficiency of the overlying bedrock has been verified 
most easily. The access tunnel opening and the collars of the personnel shaft 1 (+9,7 m) 
and exhaust air shaft 1 are at nearly the same level, and so no significant flow caused by 
the difference in hydraulic head is anticipated after the sealing of the facilities. 
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7 LAYOUT IN 2007 
 
Design of shafts 
 
In late 2006 the existence and availability of wide range of cables with very low fire 
load were identified. This meant that cables in personnel shaft 1 were able to locate in 
the same fire compartment with the elevator (without jeopardising the fire safety). 
These type of cables do not burn without external fire load (which does not exist in 
personnel shaft 1). 
 
As a result of disposal facility design studies there was recognised the possibility for 
combining the repository controlled area’s inlet air shaft and uncontrolled area’s 
(ONKALO’s) inlet air duct in late 2006. The inlet air can be brought down in one shaft 
and distributed underground to ONKALO (uncontrolled area) and controlled area of 
repository. This does not compromise the separate ventilation principle in controlled 
and uncontrolled areas of the repository. All this is feasible if the repository inlet air 
shaft 1 is raise bored (about 5 years earlier) in ONKALO phase instead of repository 
phase. The combined inlet air shaft enables to bring the controlled and uncontrolled 
areas’ facilities next to each other both under ground (See Figures 8-4 and 8-7) and on 
ground surface. ONKALO shaft area (even with future encapsulation plant) is far 
enough from the access tunnel entrance with muddy or dusty trucks. 
 
The above mentioned changes enabled to remove inlet air duct (compartment) from 
personnel shaft 1 (to inlet air shaft 1) and combine the remaining technology 
compartment(s) and elevator/hoist compartment in one. This resulted a personnel shaft 1 
without compartmentation inside it (See Figure 6-3). The heavy concrete structure 
(more than 0.5 km high concrete structure / compartmentation in an underground 
narrow shaft) in personnel shaft 1 was avoided without compromising the fire safety. 
Furthermore no extra shafts were needed in repository. All this led up to the solution 
that is proven and robust hoist technology in deep mines with applicable existing 
legislation (Ministry of Trade and Industry 1995). 
 
According to the hoist codes (Ministry of Trade and Industry 1995) emergency exiting 
from the man cage is taken care with manual drive of cage to the selected 
characterisation level or shaft connection (instead of climbing ladders in personnel shaft 
1). The installation of technology to the same fire compartment with hoist is also 
allowed. The maintenance work of technology and shaft walls is permitted from the 
maintenance platform that can be attached under the man cage. The hoist inspections are 
more frequent compared to elevator inspections. Several references of hoist technology 
are visited by the engineering designers of ONKALO. Also the authorities from 
municipality, fire department and STUK have visited Äspö Hard Rock Laboratory in 
Sweden, which has the same shaft system as ONKALO 2007 layout. 
 
Compared to two shafts option in chapter 6 challenging concrete structure and extra 
seepage water are avoided without compromising the fire compartmentation. Benefits 
compared to two shafts are also simple raise for all shafts (no slashing equipment is 
needed and no excavation damaged zone to any shafts) and proven hoist technology. 
The remaining disadvantage was damp environment for all shaft technology which is a 
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question of economical optimisation (maintenance). Proven ventilation, two escape 
routes and challenging grouting through long drill holes are common features for both 
two and three shafts layout. Long term safety is achievable in both options as mentioned 
in chapter 6. These were the reasons that three shaft concept was chosen for further 
development for ONKALO in December 2006. It was presented for STUK in meetings 
in December 2006, February 2007 and September 2007. Identified advantages were 
desided to utilize in 2007 layout. Backfilling of the shafts were added to the issue list of 
STUK. 
 
Inlet air shaft location 
 
The optimal location of the inlet air shaft 1 is close to the exhaust air shaft 1 as in the 
original layout (See Figure 5-5). In that case the inlet vent is situated in the bottom of 
each loop of spiral access tunnel (each loop forms also a fire compartment). In the case 
of fire the hot gases flow naturally upwards the access tunnel with such energy that it is 
impossible to suck gases downwards. The supply air for smoke removal is essential to 
have in the bottom of each loop. Also the flexibility of the access tunnel layout would 
suffer if every loop would have more than one forced shaft area to meet. (Close location 
to exhaust air shaft 1 also provides simple system for heat recovery in ventilation 
building.) 
 
All shafts penetrate the same horizontal water conductive fracture zones in spite of 
location. All shafts are grouted as dry as possible. In that case the location of the shafts 
does not affect to the total inflow of ONKALO. If for some reason grouting result 
would be poor the effect to the total inflow would be smaller in close shafts within the 
same interaction-region (Sievänen et al. 2006). This also speaks in favour of close 
shafts.  
 
In 2006 it was brought forward (Kirkkomäki 2006) that geometry of fracture zone R20 
was updated (Kemppainen et al. 2007). The updated location required changes in the 
layout of ONKALO below -300 metres to fulfill the 30 m distance from tunnel to 
fracture zone R20. The decision to utilize shaft changes in 2007 work included the 
update of ONKALO below -300 metres. Because tunnels below -300 metres were about 
to modified they were not considered to restrict locating the inlet air shaft 1. 
 
Four alternative locations for inlet air shaft 1 (close to exhaust air shaft 1) were studied 
in early 2007 (See Figures 7-1 and 7-2). These were the alternatives which the layout 
(above -300 metres) of that time allowed without crossing other tunnels or drill holes. 
The intended location for the shaft need to be drilled and studied and in case of rejection 
the fixed distance from drill hole to tunnels need to be fulfilled. 
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Figure 7-1. Four alternative location (I-IV) for inlet air shaft 1 (under ground). 
 

 
 
Figure 7-2. Four alternative location (I-IV) for inlet air shaft 1 (view from north east). 
 
The alternative I has symmetric location to the existing shafts along access tunnel. (On 
surface alternative I settle to the same field with existing shafts). Topmost metres of 
alternative I penetrates “storage hall fault” and fractured surface bedrock. Alternative I 
requires to lower auxiliary rooms on main characterization level about 15 metres to 
fulfill 30 meter distance to the fracture zone R20. 
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The above mentioned alternative was improved by moving it to as close to personnel 
shaft 1 as possible so that fixed distance from the future drill hole was still fulfilled. 
This improvement is called alternative II. (On surface alternative II settle to the same 
field with existing shafts). Topmost metres of alternative II are also in fractured surface 
rock but it does not penetrate “storage hall fault”. Alternative II requires to lower 
auxiliary rooms on main characterization level about 10 metres to fulfill 30 meter 
distance to the fracture zone R20. 
 
Exhaust air shaft 1 could be turned into inlet air shaft 1 and a new location for exhaust 
air shaft 1 could be indentified north-west from present shafts. This is called alternative 
III. The advantage in this alternative is that inlet air would be close to the controlled 
area. Alternative III requires about 30 metres displacement of fire compartmentation 
(walls) and meeting points (extra excavations) from present location in two first 
furnished access tunnel loops. (On surface alternative III settle to the same field with 
existing shafts). Alternative III does not require to lower auxiliary rooms on main 
characterization level more than existing personnel shaft 1 shaft yard requires (about 5 
metres) to fulfill 30 meter distance to the fracture zone R20. Shaft connection on level 
level -90 m needs to be adjusted with fracture zone R19 and drill hole KR4. Shaft 
connection on level -300 needs to be adjusted with fracture zone R20. Alternative III 
does not reach the alternative II overall benefits for inlet air shaft 1 mainly because of 
extra excavations for meeting points in furnished access tunnel section. 
 
The alternative IV is situated inside the spiral access tunnel. The advantage in this 
alternative is that inlet air would be close to the controlled area. Alternative IV requires 
tunnel openings on the same wall with temporary tunnel technology which is not 
desirable. (On surface alternative I settle close to the storage hall and research building 
which would make it more difficult to construct shaft buildings.) Shaft connection on 
level -90 m needs to be adjusted with fracture zone R19. Alternative IV does not require 
to lower auxiliary rooms on main characterization level more than existing personnel 
shaft 1 shaft yard requires (about 5 metres) to fulfill 30 meter distance to the fracture 
zone R20. In alternative IV some inlet air ducts would need to be installed through 
another access tunnel fire compartment. To avoid this alternative IV would need to be 
moved to south-east (See Figure 7-2), but then it would penetrate “storage hall fault”. 
Alternative IV does not either reach the alternative II overall benefits because of above 
mentioned reasons. 
 
As written above, the alternative II was selected for the primery candidate for inlet air 
shaft 1. The auxiliary rooms on the main characterization level were lowered about five 
additional metres to -437.5 (~ 437) level to allow later updates of small changes in 
hydrostructure model (Ahokas & Vaittinen 2007). Geological information like transition 
zones and rock mechanic information like foliation were also recognized. These aspects/ 
models will be considered more systematicly through host rock classification (in future). 
A bore hole was drilled to the selected location and results are pending at the moment. 
Connections to the inlet air shaft 1 were added to all levels. The personnel shaft 1, 
exhaust air shaft 1 and inlet air shaft 1 are still located on the periphery of the potential 
repository area. Figure 7-3 shows the layout of the entire ONKALO facility in 2007. 
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Figure 7-3. 3D-illustration of ONKALO in 2007. Figure by Esa Parviainen / Saanio & 
Riekkola Oy. 
 
 
Design of tunnels 
 
In 2006 it was recognised that forthcoming hydrostructure model (Ahokas & Vaittinen 
2007) will affect to the ONKALO layout on main characterisation level in form of 
updated fracture zone R20 (also called HZ20B_alt). The depth of the main 
characterisation level is still 420 metres but the auxiliary room on the main level has 
been lowered to avoid R20 (See Figure 7-4) as presented above. The possibility of 
combining the repository controlled and uncontrolled area’s (ONKALO) inlet air shafts/ 
ducts was adopted. The other controlled and uncontrolled area’s auxiliary rooms were 
brought together in the layout. With regard to the long-term safety, orientation of 
tunnels, depth and avoidance of fracture zones (minimum distances etc.) the same 
principals as presented in chapter 5 are still valid. 
 
In 2007 the shaft connection at the -177 level was modified to enable a low pH grouting 
test in desired facture. 
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Figure 7-4. Fracture zone R20 (HZ20B_alt) is some 35 m distance from the auxiliary 
rooms on level -437 m. Figure by Esa Parviainen / Saanio & Riekkola Oy. 
 
The main direction of the tunnels in the access tunnel lower part (from a depth of 
-289 m) has been chosen in such a way that it is favourable in terms of the schistosity, 
stress state and direction of the planned repository (see Figures 7-5 and 12-1). Gently 
dipping structure R20 is assumed to be penetrated only once, after which the tunnel 
remains below R20. The layout of the access tunnel from -289 m to the main level 
reaches far to north-west and enables characterisation of the bedrock above the area to 
be investigated. The current access tunnel layout does not have remarkable better 
coverage for characterisation (compared to the original one). The characterisation drifts 
of the main characterisation level are located in such a manner that the repository host 
rock can be flexibly investigated from it in several directions (see Figures 8-5 and 12-1). 
 
Former (2003 and 2006) rectangular layout (see Figure 5-2) of fourth and fifth access 
tunnel loops reserved only a bit larger host rock volume from disposal tunnels than 
present (2007) one (see Figure 7-5). Access tunnel layout 2007 with narrow shape 
enables more optimal layout for disposal tunnels (see Figure 12-1). The access tunnel 
between the characterisation levels is situated below the fourth access tunnel loop to 
maximise the potential for the disposal tunnels. 
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Figure 7-5. ONKALO layout in 2007. Figure by Esa Parviainen / Saanio & Riekkola 
Oy. 
 
The access tunnel has been designed to run down clockwise (except the last loop), in 
which case the vehicles heavily loaded with blasted rock, which drive upwards, can use 
the less steep outer curve at most cases. This helps improve operational safety. 
Technical installations necessary for the construction phase are installed on the more 
sheltered inner curve wall along the entire route. 
 
According to the future bedrock investigations the bedrock models will be updated by 
more detailed information. New information will be used to update the layout of 
ONKALO already in 2008. Observational method will be applied in layout change 
management and co-ordination process. 
 
At the end of 2007 more detailed engineering design of the fifth access tunnel loop and 
lower characterisation level were incomplete. That is the reason for presenting only the 
layout of the above mentioned galleries in this report. Engineering design of these areas 
and the whole ONKALO is continuing in 2008, as well as, for the whole disposal 
facility. 
 
Ground plan 
 
In locating the access routes, attention has been drawn, for instance, to power lines, 
switchyards, transformer stations, water pools, pipelines and roads. There is no conflict 
between the layout and the current infrastructure. The layout of ONKALO enables a 
reasonable layout for the buildings on surface and logistics in the future 
(see Figure 7-6). 
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The inlet air shaft 1 is located 300 m north - west of the harbour road crossing (see 
Figure 7-6). The collar of the inlet air shaft 1 (+9.3 m) have been located above the 
water level of the Korvensuo reservoir (+8.00...max +8.35 m). This means that in the 
event of a potential dike burst, the reservoir water will not flood exhaust air shaft 1 
which is also sufficiently above sea level (±0.0...max +1.25 m) in case of a rise in sea 
level. Location of the collar of the exhaust air shaft 1 in a relatively high place, in rock 
outcrops, has reduced the need for soil removal and, consequently, the environmental 
effects and costs. In this case, the sufficiency of the overlying bedrock has been verified 
most easily. The access tunnel opening and the collars of the personnel shaft 1 and 
exhaust air shaft 1 are at nearly the same level, and so no significant flow caused by the 
difference in hydraulic head is anticipated after the sealing of the facilities. 
 
 

 
 
Figure 7-6. The area plan. Figure by Ari Gardemeister and Jari Gerlander / Saanio & 
Riekkola Oy. 
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8 FACILITIES 
 

8.1 Access tunnel 
 
The access tunnel runs down clockwise (except the fifth loop), thus making it possible 
for vehicles that drive upwards to use the less steep outer curve of the tunnel in most 
cases (see Figure 7-3). Connections to the shafts are located outside the access tunnel, 
which means that in the construction phase, when the tunnel equipment is placed on the 
inner curve side, there is no need to move the equipment near the connections. 
 
In determining the free height of the access tunnel, the requirements set by both the 
construction and the operation were taken into account. With regard to the vehicles 
operated currently, the design vehicle is the concrete truck, which requires a free height 
of 3.8 m. Other known vehicles are lower.  
 
In determining the free height, potential changes in the transport equipment during the 
long operating life were also taken into account by increasing the free height required 
by the current vehicles by 0.7 m. It was thus calculated that the free height of the access 
tunnel is 4.5 m. This enables the canister transport vehicle to be developed flexibly and 
machinery to be transported by a carriage. 
 
One lane with passing places will be sufficient for the estimated traffic volume 
(Sylvänne et al. 2003) in the access tunnel. The access tunnel width (5.5 m) was 
determined on the basis that pedestrians and vehicles can pass everywhere in the access 
tunnel. The same dimensioning enables an ambulance to pass most vehicles that move 
in the access tunnel even between the passing places. The access tunnel and open cut are 
covered with a concrete-type floor (see Figure 8-1). 
 
In 2005 the size of the loading niches were increased and shape modified according to 
the dimensions of the loader and trucks used by current contractor. The positions of 
loading niches have also been changed in some extent according to bedrock conditions. 
 
Floor ducts made of reinforced concrete will be built under the floor. In 2006 it was 
considered if the floor ducts could be installed on the floor and get the tunnel profile 
smaller. This does not offer any saving of total cost or time so no changes has been 
made. At the same time it was considered if the profile’s floor corners would be 
beneficial to be round shaped, but no remarkable differences were identified and no 
changes were made. 
 
In dimensioning the curves, the turning radius required by the current vehicles (lorries 
about 20 m) and the opportunity for passing at curves were taken into account (see 
Figure 8-1). Potential changes in the transport equipment during the long operating life 
were taken into account in the dimensioning of curves by increasing the inner radius to 
26 metres. Different arc-heights in curves has been tested but it has been returned to the 
original shape (from 2003 layout) according to building equipment. Free height remains 
as 4.5 m. 
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The steepness of the access tunnel is 1:10. This makes it possible to drive the normal 
vehicles and the potential canister transport vehicle along the access tunnel. At curves, 
the steepness of 1:10 is at the inner curve, and so the steepness is smaller in the centre 
line of the curve. 
 
The amounts of water inflow in the access tunnel (and other tunnels as well) are 
measured with the aid of measuring dams. The location and number of the measuring 
dams will be defined during construction. Dams are located at intervals of a few 
hundred metres (see Figure 8-2). The lower part of each measuring dam is built during 
excavations and the upper part later with the concrete-type pavement when excavations 
are completed. This method allows simultaneous use of textile ventilation duct with 
large excavation equipment during excavation. 
 
Several characterisation niches will be made in the access tunnel to investigate the 
bedrock. The characterisation niche is described in Section 8.7. 
 
 

 
 
Figure 8-1. Access tunnel open cut. Figure Posiva Oy. 
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Figure 8-2. Drainage system, measuring dams, and water rings or similar. Figure 
modified from Posiva (2003b). 
 
 
When grouting does not produce the desired result in certain fracture zones, a pressure-
tight water proofing structure can be made of concrete in them. The need for and 
number of such structures will be specified during construction. 
 
The connecting tunnel from access tunnel curve on level -425 m to technical rooms on 
main level is an additional part of access tunnel. Information on the dimensions of the 
access tunnel: 
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 Cross-sectional area in straight sections [m 2 ] 34.4 

Cross-sectional area at bends [m 2 ] 56.8 

Width in straight sections [m] 5.5 
Width at bends [m] 8.5 

Height (from the completed floor surface to the arch) 6 
Free ride height [m] 4.5 

LENGTH:  

Access tunnel +3…-428 [m] 4523 

Access tunnel -428…-517 [m] 1080 

Access tunnel additional part to technical rooms on main level [m] 178 

 
 
8.2 Personnel shaft 1 
 
In dimensioning the personnel shaft 1, the requirements set for the personnel shaft 1 
operation have been taken into account, including man cage and technology (Figure 
6-3). 
 
The dimensioning of the man cage is based on rapid escape in case of emergencies 
(26 persons). The hoist velocity speed can be about 6 to 10 m/s. The transport of 
ONKALO’s maximum number of persons (50) from the rescue chamber onto the 
surface takes 9-12 minutes. The man cage has been designed to be a two-floor man cage 
(2 x 13 persons), in order not to unnecessarily increase the cross section of the personnel 
shaft 1. In that case the weight-carrying capacity of the man cage is some 2 000 kg and 
the cage dimensions are 1.62 m x 2.24 m. The dimensions of the hoist section are 
bigger, since the ropes and other technology require a safety distance of about 0.1 m. 
 
From the personnel shaft 1, there is a connection (See Figure 8-3) to every access tunnel 
loop and to the main characterisation level and the lower characterisation level. On the 
main characterisation level and the lower characterisation level, separate emergency exit 
platforms have been provided for both floors of the man cage. On the shaft connections 
to the access tunnel, the man cage is stopped according to the man cage floor to be used. 
The maximum size of a group of experts possibly visiting the access tunnel is 13 
persons (including guides), and thus only one floor of the man cage is needed. 
 
Close to every shaft connection there is an electrical room. In 2004 a shaft connection 
and an electrical room reservation was added to the -10 level to increase the flexibility 
of later shaft building arrangements. 
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Figure 8-3. Shaft connections on level -289 m. The niche for the pools will be excavated 
only to the -289 level. Figure Ari Gardemeister and Jari Gerlander / Saanio & Riekkola 
Oy. 
 
The amounts of water inflow into the shafts will be measured with the aid of water rings 
or similar to be built. Rings will be built at the connecting tunnels of the shafts, if 
necessary (see Figure 8-2). The exact location and number of the water rings will be 
defined during construction. 
 
 
8.3 Exhaust air shaft 1 
 
The dimensioning of exhaust air is based on the volumes of air necessary for the smoke 
ventilation, ventilation and ventilation of explosion gases required by ONKALO and the 
repository. In that case the area of the exhaust air shaft is 9.6 m2 without ground 
support. 
 
 
8.4 Inlet air shaft 1 
 
The dimensioning of supply air is based on the volumes of air necessary for the smoke 
ventilation, ventilation and ventilation of explosion gases required by ONKALO and the 
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repository. In that case the area of both the inlet air shaft is 9.6 m2 without ground 
support. 
 
 
8.5 Main characterisation level 
 
The technical rooms, auxiliary rooms, characterisation drifts and demonstration tunnels 
are located on the main characterisation level (see Figures 8-4, 8-5 and 8-6). 
 
8.5.1 Technical rooms 
 
The technical rooms include the electrical equipment rooms, the telecommunications 
room and the sprinkler centre. The technical rooms (see Figure 8-4) are covered with a 
concrete-type floor. Separate electricity supply can be provided from several routes and 
electrival rooms. The maintenance and replacement of heavy transformers are taken into 
account when locating transformers stations and doors. 
 
The sprinkler centre is located near the personnel shaft 1 and the doors open to the 
double smoke barrier of the rescue chamber, thus ensuring the rescue workers the 
opportunity to use the centre in an emergency. 
 
The water tanks are located in the maintenance facilities near the personnel shaft 1. The 
sewage tank of the toilets is located in the personnel tunnel next to the parking hall and 
the area reserved for an extension to the rescue chamber, and so the toilets of the 
extension can be connected to the same tank. 
 
8.5.2 Auxiliary rooms 
 
The auxiliary rooms include the rescue chamber, the double smoke barriers, the repair 
shop, the washing and refuelling room, the fuel tank room and the parking hall (see 
Figure 8-4). The auxiliary rooms are fitted with a concrete-type floor. 
 
The rescue chamber is located in the immediate vicinity of the personnel shaft 1. The 
rescue chamber functions as both a waiting room in a situation when exiting is 
impossible and as an operational co-ordination centre of the fire brigade. Efforts have 
been made to safeguard the operation of the rescue chamber in emergency as long as 
possible by the following means: 
- a separate duct has been provided from the personnel shaft 1 for ventilation of the 

rescue chamber;  
- electricity supply to the rescue chamber has been safeguarded by means of two 

routes and from two independent sources;  
- the rescue chamber can be overpressurised, if necessary, through shaft 
- the rescue chamber is fitted with emergency lighting;  
- the rescue chamber is fitted with a first aid ability; 
- opportunities for communication with the repository and the facilities on surface 

have been provided in the office of the rescue chamber;  
- the rescue chamber is fitted with compressed air line breathing apparatures for the 

personnel seeking shelter at the rescue chamber; 
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- entry into the rescue chamber is always through safety locks;  
- entry into the personnel shaft 1 is directly through the pressurised (in the event of 

fire) personnel shaft 1 yard. 
 
The rescue chamber functions as a staff room for 35 person in normal situation. The 
toilets, office rooms, kitchen and cleaning room are also located at the rescue chamber. 
 
The rescue chamber has been dimensioned in accordance with the maximum number of 
people (100 persons) in the uncontrolled area in repository. It will be possible to extend 
the rescue chamber in the final disposal phase, when the number of people at the 
controlled area is 50 persons. In the ONKALO phase, the area reserved for the 
extension is used as a storage room of the investigation equipment. 
 
The personnel shaft 1 and the rescue chamber have been separated from the other 
facilities by double smoke barriers. Entry into the rescue chamber is always through a 
double smoke barrier. This arrangement helps prevent smoke from spreading to the 
rescue chamber in an emergency. The personnel shaft 1 has also been separated from 
the other facilities by double smoke barriers. The dimensioning of the double smoke 
barrier and the personnel shaft 1 yard (see Figure 8-4) has taken account of the 
opportunity to also let groups of stakeholder visitors pass through the double smoke 
barrier. In a maintenance situation, the opportunity to transport materials in such a way 
that there is no direct, open connection to the personnel shaft 1 from the other facilities 
exists. 
 
The repair shop has been located as a part of the auxiliary rooms, so that repair and 
maintenance of the equipment difficult to transport to surface can be made underground. 
The repair shop can be later used in the event of malfunction of the repository 
equipment. The repair shop has been fitted with separating elements so as to form a 
compartment of its own. The repair shop will be fitted with maintenance tools, which 
enable the normal repair and maintenance work of construction machines and 
equipment to be carried out. The vehicles are mostly overhauled in the facilities on 
surface. 
 
The washing and refuelling room has been located as a part of the auxiliary rooms. 
Clean vehicles help improve occupational safety and lengthen the lifespan of the 
vehicles. The refuelling place underground helps reduce traffic in the access tunnel and 
eliminates the need to transport fuel tanks in the tunnels. The fuel is conveyed from 
surface to the tank of the refuelling place along a pipe. The fuel tank room and the 
refuelling room have been separated from each other so as to form fire compartments of 
their own. The washing and refuelling room can later be expanded for controlled area’s 
need. The same tank room can be used for both areas. 
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Figure 8-4. Main characterisation level: technical rooms and auxiliary rooms. Figure 
Ari Gardemeister and Jari Gerlander / Saanio & Riekkola Oy. 
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The traffic and parking halls intended for the vehicles have been dimensioned on the 
same principles as the access tunnel (Section 8.1). Vehicle traffic and passenger traffic 
have been separated from each other. The traffic flow down the access tunnel is directed 
separately to the access tunnel leading to the lower characterisation level, to the 
characterisation drifts and to the auxiliary rooms.  
 
Rooms for characterisation equipment storage are provided. These storage rooms can be 
later expanded for controlled area’s parking and canister receiving purposes if needed. 
  
8.5.3 Characterisation drifts 
 
The characterisation drifts enables detailed characterisation of the bedrock to several 
directions at the planned disposal depth (see Figure 8-5). The characterisation drifts 
have been dimensioned in accordance with the access tunnel of the repository. The 
tunnel is covered with a crushed rock floor. The tunnel alignment follows foreseen 
alignment of the central tunnel of the repository (see Figure 12-1). Characterisation 
niches can be excavated in the characterisation drifts (see Section 8.7) if needed. The 
number and location of the niches will be defined in a later stage on the basis of the 
research findings and the data accumulated on the bedrock.  
 
8.5.4 Demonstration tunnels 
 
Demonstration tunnels will be excavated on the main characterisation level for the 
purpose of testing and demonstration of the disposal technology (see Figure 8-6). The 
facilities have been separated into a compartment of its own, and the tunnels have been 
located in such a way that the tunnels demonstrating the disposal tunnels run parallel 
with the planned disposal tunnels (see Figure 12-1). The scope of demonstration tunnels 
and the demonstrations are determined in more detail during 2008. 
 

 
 
Figure 8-5. Main characterisation level: characterisation drifts marked with grey 
colour enable characterisation to several directions. Figure by Esa Parviainen / Saanio 
& Riekkola Oy. 
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Figure 8-6. Main characterisation level: demonstration tunnels. Figure Ari 
Gardemeister and Jari Gerlander / Saanio & Riekkola Oy. 
 
 
8.6 Lower characterisation level 
 
The lower characterisation level is located approximately on level -520 m. 
Sedimentation pools, a pumping station, service tunnel (for the hoist), electrical room 
and a parking hall are located on the lower characterisation level (see Figures 8-7 and 
8-8). A sprinkler centre and a telecommunications room are designed to be a part of the 
reservation for the rescue chamber. Reservation for a vehicle washing and refuelling 
room exists and can be excavated later if necessary. The floors of the lower 
characterisation level are covered by concrete-type material. 
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The drainage and drilling waters from ONKALO are collected in the sedimentation 
pools (see Figure 8-8). Fine fraction is separated in the sedimentation pools. From the 
sedimentation pools, the water is conducted to the pumping pools, from which the water 
is pumped into the system on surface. A spillage pool is provided in the service tunnel 
under the pumping station for those waters from the lower characterisation level that 
cannot be conducted to a sedimentation pool. From the spillage pool, the waters are 
pumped into a sedimentation pool. Oil is separated from the waters. 
 
The sedimentation pools also function as an emergency pool in the event of 
interruptions in operation. The pools have been dimensioned for an interruption of 48 
hours in the operating phase of ONKALO. In the final disposal phase, it will be possible 
to extend the pool capacity with extra pool (Figure 8-8). 
 
Characterisation niches, which are described in Section 8.7, can also be excavated on 
the lower characterisation level. 
 
At the end of 2007 more detailed engineering design of the fifth access tunnel loop and 
lower characterisation level were incomplete. That is the reason for presenting only the 
layout of the above mentioned galleries in this report. Engineering design of these areas 
(and the whole ONKALO) is continuing in 2008. 
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Figure 8-7. Lower characterisation level: electrical room, technical rooms and parking 
hall. Figure Ari Gardemeister and Jari Gerlander / Saanio & Riekkola Oy. 
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Figure 8-8. Lower characterisation level: sedimentation pools and pumping station. 
Reservation for a second sedimentation pool is indicated with dash-line. Two shaft 
connections for controlled area’s needs can be excavated later (see chapter 13). Figure 
Ari Gardemeister and Jari Gerlander / Saanio & Riekkola Oy. 
 
 
8.7 Characterisation niches 
 
Characterisation niches will be excavated as part of the access tunnel, the 
characterisation drifts and the auxiliary rooms of ONKALO (see Figures 8-9, 8-10 and 
8-11). Investigations will be carried out in the characterisation niches during both the 
construction and the operation of ONKALO. From the niches, it will be possible, for 
instance, to drill investigation boreholes, to study the groundwater chemistry and to 
conduct studies into the bedrock quality. The characterisation niches will be fitted with 
lighting, sewers and sufficient electrification to enable the investigations. The exact 
number of the niches are defined later. The first characterization niche has been 
excavated on chainage 1 473 at the depth level -137.7 m. 
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Figure 8-9. Example of characterisation niche (view from the tunnel) (Posiva 2003b). 

 

 
 
Figure 8-10. Example of characterisation niche (view from the niche) (Posiva 2003b). 
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Figure 8-11. Example of a characterisation niche. Niche’s free ride height is 4.5 m 
(Posiva 2003b). 
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8.8 Scope of works 
 
GENERAL DATA ON ONKALO
Depth level +9…-539
Access routes access tunnel and personnel shaft 1
Number of the characterisation levels 2
Tunnelling technique blasting

ACCESS TUNNEL (INCLUDING NICHES)
Height [m] 7
Free ride height [m] 4,5
Width [m] 5,5
Gradient, average  1:10
Length [m] (to level -427,6) 4523
Volume [m3] (to level -427,6) 196049
Length [m] (from level -427,6 to -517,1) 1080

Volume [m3] (from level -427,6 to -517,1) 44469
Length [m] (from level -425 to technical rooms on main level) 178

Volume [m3] (from level -425 to technical rooms on main level) 6407

PERSONNEL SHAFT 1
Diameter [m] 4,5
Volume [m3] 8315
Height +9… [m] 548

INLET AIR SHAFT 1
Diameter [m] 3,5

Volume [m3] 4849
Height +9… [m] 528

EXHAUST AIR SHAFT 1
Diameter [m] 3,5
Volume [m3] 4719
Height +9… [m] 528

SHAFT CONNECTIONS ON LEVELS -10,  -83, -177, -289
Length [m] 366
Volume of solid rock excavated [m3] 17296

MAIN CHARACTERISATION LEVEL
Length [m] 1005
Volume of solid rock excavated [m3] 59835

LOWER CHARACTERISATION LEVEL
Length [m] 1118
Volume of solid rock excavated [m3] 37600

DEMONSTRATION TUNNEL
Length [m] 488
Volume of solid rock excavated [m3] 13868

CHARACTERISATION DRIFTS
Length [m] 482
Volume of solid rock excavated [m3] 18973

TOTAL VOLUMES
Combined length of tunnels and shafts [m] 10844
Volume of solid rock excavated [m3] 412380  
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9 TECHNICAL SYSTEMS 
 
9.1 Heating, plumbing, ventilation, automation, compressed air and 

refuelling systems 
 

Heating 
 
An electric boiler plant will be built in the technical facilities on surface to heat the 
supply air for ONKALO. The ventilation system will be provided with a heat recovery 
plant. Some of the heat will also be needed for the buildings on surface. Domestic water 
for ONKALO will be heated by means of separate storage water heaters. The 
preliminary total demand of repository for thermal power is 2 165 kW (See appendix 2). 
In ONKALO phase it is prepared for total repository thermal power. 
 
Plumbing 
 
Both a domestic water system and a drilling/fire water system will be built in the 
ONKALO facility. The domestic water consumption points in the staff rooms and other 
water taps required for operation of the facility will be connected to the potable water 
system (see Figure 9-1). The domestic water is normal potable water, and the design 
discharge of the system is 2.5 l/s. Domestic water will be heated locally in, for example, 
the rescue chamber and the repair shop and in the technical facilities on surface. 
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Figure 9-1. Potable water system. Figure modified from Posiva (2003b). 
 
Water for the drilling water system will be taken from the Korvensuo water treatment 
plant, where it is treated to a necessary extent and then pumped through the personnel 
shaft 1 to the drilling points. The drilling water system is also used as a fire hydrant 
network. The need for drilling water will be 8.0 l/s (of which 4.5 l is enough for fire 
fighting). Connections to the drilling/fire water system will be installed extensively in 
the characterisation facilities and the access tunnel (see Figure 9-2). 
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Figure 9-2. Drilling water system (also for fire fighting). Figure modified from Posiva 
(2003b). 
 
Drainage system 
 
Drainage system will be installed in ONKALO to remove the seepage waters (see 
Figure 9-3). The domestic water consumption points in the staff rooms, and the floor 
and wash basin sewers in the auxiliary rooms will also be connected to the drainage 
system. Seepage (subsurface drain) waters are collected in the sedimentation pools and 
at the pumping stations, and conducted upwards along the personnel shaft 1. A 
discharge of 10.0 l/s is used as the design basis for the pumping system. 
 
Waste water from the toilet is collected in a closed tank (see Figure 9-3) and carried in a 
gully emptier to surface to be treated separately. 
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Figure 9-3. Pumping system for drain water and waste water tank. Figure modified 
from Posiva (2003b). 
 
 
Ventilation 
 
The purpose of the ventilation system is to create the required environmental conditions 
(Nieminen 2006) in the characterisation facilities by removing the impurities produced, 
by controlling the humidity conditions and by heating (or cooling) the facilities. Later, 
the ventilation system serves the repository, which has been taken into account in the 
target conditions and capacities. 
 
Indoor air conditions: 
- Humidity, max. 60 % in the working areas (max 80 % in the facilities where people 

do not work). 
- Indoor air temperature +18…+24 oC in working areas (+15…+24 oC in the facilities 

where people do not work). 
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- Temperature of the surrounding rock (on -520 level) is about +12…12.5 oC. 
 
The air of the characterisation facilities is treated – filtered, heated and dried – on 
surface in the ventilation building and it is then blown along the inlet air shaft 1 to the 
characterisation levels and into the access tunnel (see Figure 9-4). 
 
The horizontal ducts, which serve the different fire compartments, are separate from 
each other, fitted with fire dampers and insulated from fire where necessary. 
 
The rated value of the supply air handling units is ±120 m3/s. The personnel shaft yard 
on main level and the rescue chamber can be pressurised in case of fire in order to 
improve the personnel safety. Personnel shaft 1 (escape route) is constantly pressurised 
with the pressurisation fan. 
 
Exhaust air is conducted in a separate exhaust air shaft 1 to surface to the heat recovery 
plant, where some of the heat is extracted and used to pre-heating the supply air. The 
exhaust air from the uppermost (200 metres) part of the access tunnel is conducted out 
through the open cut front door. 
 
The exhaust air shaft 1 also serves as a smoke ventilation duct. The smoke ventilation 
fan is a separate special fan (see Figure 9-4), by means of which smoke from the fire 
area is removed by leading the smoke to the exhaust air shaft with the aid of dampers. 
Compensation air is led from the special fan, through the inlet air shaft and with the aid 
of dampers, to the consumption point. The effect value of the supply air fan and the 
smoke ventilation fan is 65 m3/s at most. 
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Figure 9-4. Ventilation system. Figure modified from Posiva (2003b). 
 
Automation 
 
The building automation system consists of the measuring and control equipment of the 
heating, plumbing and ventilation equipment, and the monitoring system that serves the 
operation, maintenance and repair of the characterisation facilities. The design basis is 
an open, automatic and reprogrammable DDC-based control and monitoring system, 
which is based on a hierarchical software and hardware design and which can be linked 
to the centralised monitoring system. The control room is located on surface. The sub-
control rooms are located both on surface and underground. 
 
Compressed air 
 
The compressed air plant produces the compressed air required by the repair shop 
equipment. 
 
Fuel tank 
 
A fuel storage tank will be installed in ONKALO for the refuelling of vehicles; filling 
pipes will also be installed to enable the tank to be filled from the surface. The fuel to be 
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stored is diesel oil. The system consists of a 10 m3 tank on main level and a space 
reservation for a tank of 3 m3 on lower level (see Figure 9-5). 
 

 

 
 
Figure 9-5. Fuel system. Figure modified from Posiva (2003b). 
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9.2 Electrical installations 
 
Electricity supply to the 20 kV will be implemented from two independent sources (see 
Figure 9-6). The mains are installed in the main transformer station and supplied by a 
ground cable. Emergency supply is provided by a separate ground cable. The need for 
electric power is 1 250 kW in normal operation. The additional electricity need during 
raise boring is 500 kW (Nieminen 2006). 
 
The earth wires to be installed together with the service lines will be connected to the 
main earthing bars of the building and the access tunnel. The characterisation facilities 
and tunnels will be fitted with a trunk earth network. 
 
The transformer stations of the characterisation facilities and the pumping station will 
be located on the main characterisation level and the lower characterisation level. Pad –
mounted substations will be located in the characterisation drifts and the access tunnel. 
All transformers are of the dry type.  
 

 
 
Figure 9-6. Electric input. 
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Floor ducts made of reinforced concrete will be built with a view to laying cables. 
Halogen-free installation and aluminium power cables will be used in the underground 
facilities. 
 
The lighting and smoke ventilation control panels will be located in the control room 
and in the sub-control rooms. 
 
Suspension rail system made of acid-proof stainless steel will be installed for the 
fastening of luminaires and devices and for the laying of some cables. The luminaires 
used will mostly be fluorescent lamps. In the access tunnel and the personnel shaft 1, 
the luminaires will be fitted with plug connections. In other facilities, the luminaires 
will be of fixed mounted type. 
 
Illuminated exit signs will be installed to indicate the escape routes. In the 
characterisation and access tunnels, illuminated exit signs will be installed at a height of 
about one metre and at intervals of 30 to 50 metres. Normal luminaires of the facilities 
will be used for emergency lighting; about every third luminaire will be connected to 
the emergency lighting system, i.e. the UPS network. 
 
Emergency lighting control centres, cables and special wall sockets will be installed in 
the characterisation facilities with a view to connecting the luminaires. Vibration-proof 
emergency and standby lights will be installed next to the wall sockets and connected by 
plugs to the wall sockets. For emergency lighting, the luminaires are fitted with a light 
source, which is automatically switched on in the event of a power cut. If necessary, the 
other, lamp of the luminaires can be switched on manually in important facilities. 
 
A 230 V / 220 V exit and emergency lighting system based on a central accumulator 
battery will be installed in the facilities on surface. UPS equipment, including its switch 
board, will be installed in the separate UPS main switch board room on the main 
characterisation level for the communication and the exit and emergency lighting 
systems of the underground facilities.  
 
A general cable system will be implemented for the ADP and telephone connections. 
For example computer connections and conventional telephone systems will use the 
general cable system. 
 
Line telephony will be complemented by the wireless ”DECT”system. Transmitters will 
be installed in all the underground facilities and in the auxiliary rooms on surface. 
 
A separate intercommunicating system will be implemented between the control room 
and sub-control rooms. 
 
A sound reproducing system will be installed mainly for announcement in emergencies. 
Announcement devices will be installed in the control room on surface and underground 
at the rescue chamber. The connection between the control room and the rescue 
chamber is safeguarded by cables laid on several routes. The functioning of the sound 
reproducing system will be safeguarded by connecting it to the UPS system of the 
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rescue chamber. A loudspeaker network will be installed in the characterisation 
facilities. In addition, the announcements intended for the characterisation facilities will 
be transmitted from the sound reproducing system to the radio network. 
 
Radio and television broadcasts will be received in the characterisation facilities 
through the common antenna network. The communication network of the authorities 
(VIRVE) will be built to the extent considered necessary.  
 
All switch boards, capacitors, emergency and exit lighting centres, accumulators, sound 
reproducing centres and antenna amplifiers will be fitted with vibration absorbers, so 
that blasting vibration does not affect on them. 
 
The camera monitoring system controls the ONKALO. Monitoring cameras will be 
installed for example on shaft connections of the personnel shaft 1, at the rescue 
chamber and in passages. The camera image is transmitted by means of an optical fibre 
cable. Multi-image equipment will enable images of several cameras to be transmitted 
in the same fibre, as the need for monitoring increases.  
 
The access control systems prevent unauthorised people from entering the 
characterisation facilities. The access is already controlled on surface, which prevents 
unauthorised persons from entering the hoist hall for example. 
 
9.3 Fire protection systems 
 
9.3.1 Fire detection system 
 
The facilities will be supplied by an automatic fire detection system (see Figures 9-8, 
9-9 and 9-10). The detectors used are smoke and heat detectors. The personnel shaft 1 
will be supplied by heat detectors. The smoke detectors are addressable and the heat 
detectors are of the localising type. 
 
In the characterisation drifts, personnel shaft 1 and access tunnel, the heat detection 
system is implemented by means of a fibre cable. The fibre cable helps measure 
temperatures in the different parts of the tunnel. The localisation accuracy is about 5 
metres. The fibre cable system indicates the fire area graphically on the PC display. The 
system triggers alarms to the fire detection system. 
 
Fire buttons will be placed in auxiliary rooms where people continuously stay and work. 
In the characterisation drifts and demonstration tunnels, fire buttons will be placed in 
the vicinity of the main switch boards and the fire-fighting equipment. Also access 
tunnel will be equipped with fire buttons. 
 
The central control equipment of the fire detection system consists of three control 
panels, which are located in the control room and in the sub-control rooms. The system 
is fitted with parallel actuators, which are secured by cables laid in different routes. If 
necessary, the fire detection control centre is capable of controlling different systems, 
such as fire doors and the smoke ventilation system and the sound reproducing system.  
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Fire announcements are given by flashing lights in the tunnel and by alarm bells in the 
facilities close to the rescue chamber. In addition, the sound reproducing system and the 
radio system are used for fire announcements. 
 
9.3.2 Fire-fighting system 
 
The fire-fighting system consists of the following parts: 
- the portable fire fighting equipment 
- the fire hydrant network with water pools 
- the sprinkler systems, including the water source tank, in the technical and auxiliary 

rooms. 
 
For initial extinction, the underground facilities are fitted with portable fire fighting 
equipment and a fire hydrant network (see Figure 9-2). The network covers all the 
facilities of ONKALO. Emergency supply connectors are installed in the upper end of 
the personnel shaft 1 for the fire brigade.  
 
On the characterisation levels, the facilities around the personnel shaft 1 that contain a 
fire load are fitted with sprinkler system (see Figure 9-7). The electrotechnical facilities 
are protected by a prevention system against water damage. 
 
The water pool on level -289 m acts as the tower water source for the sprinkler system 
of the characterisation levels (Figure 9-7). The effective volume of the pool is 200 m3. 
Owing to the great differences of height, pressure is reduced in two steps. The pressure 
reducing valves are duplexed.  
 
The man cage is protected by a local protection system. The protection is implemented 
by a high-pressure water fog system. The trigger action can be either automatic or 
manual. 
 



 70

 
 
Figure 9-7. Sprinkler system. Figure modified from Posiva (2003b). 
 
 
9.3.3 Smoke ventilation system 
 
The smoke ventilation system will be mechanical (see Figure 9-4). Equipment of the 
system includes 
- the smoke exhaust fans 
- the supply air fans  
- the dampers 
- the smoke ventilation ducts (exhaust ducts/ shaft of the ventilation system) 
- the supply air ducts (supply air ducts/ shaft of the ventilation system). 
 
The fans and dampers of the smoke ventilation system are controlled from the smoke 
ventilation control centres. The smoke ventilation system is used by the fire department. 
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Control cables will be installed in the fire doors fitted with hold-open devices with a 
view to controlling the closing operation of the fire doors. The fire detection system 
controls the closing of the motor-controlled fire doors and the fire doors fitted with 
hold-open devices. 
 
9.3.4 Compartmentation system  
 
The access tunnel has been divided into five six compartments. The division has been 
made near the shaft connections of the personnel shaft 1 and on the characterisation 
levels. The shaft connections have also been compartmentalised (see Figure 9-8). 
 
On the characterisation levels, the facilities intended for the different uses and 
belonging to the different fire load groups have been separated from each other, thus 
forming compartments of their own (see Figures 9-9 and 9-10). 
 
The fire classes are generally EI 60. The rescue chamber and the fuel storage have been 
classified into EI 120. Most of the fire doors are fire doors of class EI 60 made of steel. 
The doors have not received type approval owing to their large size in this time. Some 
of the doors are fitted with hold-open devices, which are controlled by the automatic 
fire detection system of the facilities. Large doors are fitted with separate pedestrian 
doors.  
 
A secondary compartmentation is used to form double fire cell frame and smoke 
barriers. A secondary compartmentation is implemented in the same manner as the fire 
compartmentation. Ventilation is not separate for a secondary compartment. The 
secondary compartments next to the personnel shaft 1 and the rescue chamber and the 
rescue chamber itself can be pressurised when needed to prevent the access of the 
smoke through the smoke barriers. 
 
The facilities have no load-bearing structures, except for the landing structures (R120) 
from the upper level of the man cage on the main and lower characterisation levels. 
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Figure 9-8. Fire protection system in shaft connections. Dark red text indicates fire 
cells and red text secondary fire cells (only structural). Area with addressable fire 
detection system is indicated with purple color and area with fibre laser heat sensor 
cable with green color. Figure L2 Palosuunnittelu Oy. 
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Figure 9-9. Fire protection system in the main characterisation level: technical rooms 
and auxiliary rooms. Area with dry sprinkler system and addressable fire detection 
system is indicated with pink color and area with sprinkler system (including fire 
detection system) with blue color. Area with fibre laser heat sensor cable is indicated 
with green color. Dark red text indicates fire cells and red text secondary fire cells (only 
structural). Figure L2 Palosuunnittelu Oy. 



 74

 

 
 
Figure 9-10. Fire protection system in the main characterisation level: demonstration 
tunnels.  Area with fibre laser heat sensor cable is indicated with green color.  Dark red 
text indicates fire cells. Figure L2 Palosuunnittelu Oy. 
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10 CONSTRUCTION METHODS AND MATERIALS 
 
The excavation started in 2004 and the construction of ONKALO is scheduled to be 
completed by the end of 2014. The total duration of the ONKALO Project is about ten 
years. 
 
The underground excavation and construction work is divided into three stages. 
Construction driven stage 1 consists of the access tunnel down to the -300 level 
(approximately), including three shafts to the -289 level. Stage 2 consists of the access 
tunnel from -300 m downwards, i.e. to the lower level. The main characterisation level 
is also included in stage 2, as well as the three shafts from the -289 m to the bottom. 
Stage 2 includes more extensive characterisation work. Stage 3 consists of the 
permanent structures, such as concrete-type pavement, heating, plumbing, ventilation, 
electrical installations, and the personnel shaft 1 installations. Stages 2 and 3 are partly 
simultaneous. Stages described here differs from construction contracts. 
 
The tunnels are excavated using the drilling and blasting technique. The shafts are made 
by the raise boring technique to the final diameter (See Figure 10-1). The tunnels and 
the shafts are reinforced with rock bolts, shotcrete and partly with steel mesh 
reinforcement. Cast concrete structures may also be used. 
 

 
 
Figure 10-1. Raise bored exhaust air shaft 1 of ONKALO. Figure Posiva Oy. 
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In order to limit groundwater inflow, the tunnels are pre-grouted and post-grouted. 
Revised estimation of seepage water inflow into ONKALO was published in 2006 
(Sievänen et al. 2006). It based on measured parameters, geological investigations and 
modeling. The revised estimation includes also the three shaft case. One example of the 
measured inflow is presented in Figure 10-2. The methods and the amount of 
reinforcement and grouting depend on the local conditions, and changes even at short 
intervals. This requires the utilisation of “CEIC” (Coordination of Engineering design, 
Investigations and Construction) to recognise the most probable, favourable and 
unfavourable conditions in advance and to pre-establish design alternatives based on 
these conditions. CEIC is also utilised in ONKALO layout change management and co-
ordination process. 
 
The groundwater in Olkiluoto bedrock is very saline. Because of this, acid proof steel 
and other corrosion proof materials must be used. Most of the construction materials are 
also incombustible. 
 

PROGNOSIS OF LEAKAGE WATER INFLOW INTO ONKALO (3 shafts) (Posiva TR-2006-29)
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Figure 10-2. An example of the measured inflow to ONKALO compared to estimation. 
TR-2006-29 refers to Sievänen et al. (2006). 
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11 OPERATIONAL SAFETY 
 

The threats posed to the operational safety of ONKALO resulting from the environment 
or the facility operation include a fire, a cave collapse, a flood, a traffic accident, and a 
chemical accident. 
 
Fire 
 
The fire safety concepts are based on the prevention of a fire from breaking out, the 
restriction of a fire to one compartment, the maintenance of the load-carrying capacity 
of structures, the escape route and protection arrangements, and the fire detection and 
fire-fighting systems.  
 
Potential fire areas include, for instance, cables, machinery and equipment, vehicles and 
transformer stations. Fire simulations were created of the worst anticipated incidents, 
which helped determine the necessary fire prevention classes, fire-fighting systems, 
smoke ventilation volumes and procedures (Posiva 2003a). 
 
A vehicle fire is the most serious and the most probable fire threat in ONKALO. The 
safety level is acceptable, when the engine bays of all the vehicles regularly operated in 
ONKALO are fitted with automatic extinguishing systems and portable extinguishers. 
Furthermore, the personnel will be trained in manual extinction. Portable extinguishers 
taken along in the vehicle and a trained driving guide are sufficient only for occasional 
suppliers. 
 
Owing to the depth of ONKALO, the escape distances do not comply with the design 
values intended for buildings on surface. Two independent escape routes have been 
provided from ONKALO, one through the personnel shaft 1 (hoist) and the other 
through the access tunnel. In the access tunnel, the longest escape distance from one 
compartment to another is 1.4 km. The personnel shaft 1 has been pressurised, thus 
preventing the smoke from spreading to the personnel shaft 1. In addition, there are 
double smoke barriers on the shaft connections and in the passages leading to the rescue 
chamber and the personnel shaft 1, which help prevent the smoke from spreading as a 
result of the opening of a fire door. 
 
In accordance with the fire simulations, the escape distances and times, on the 
characterisation levels from one fire compartment to another, are safe. Smoke has not 
the time to spread in the tunnels of the characterisation levels to such an extent that it 
would prevent people from exiting on foot.  
 
Smoke spreads up the access tunnel. If people stay in the access tunnel in the fire area or 
under it, they must always exit the access tunnel downwards. If people stay in the access 
tunnel above the fire area, they must exit uphill ahead of the smoke. In the event of a 
fire, it is vital that people are reliably informed of the location of the fire, so that they 
can choose the safe emergency exit. 
 
Working in the access tunnel is allowed only if a motorised vehicle is immediately 
available for the workers for a rapid escape. The vehicle must be reliable and it must 
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enable the workers to rapidly exit uphill up to the surface. The spreading speed of 
smoke up the access tunnel is about 1.2 m/s. The speed of a person moving at normal 
walking pace is 0.8...1.2 m/s on even ground. Exiting uphill on foot ahead of smoke is 
thus not possible, and for this reason a vehicle must always be available. 
 
In the fire area, the tunnel surface temperature rises only locally so high (>500 °C) that 
the rock surface disintegrates and pieces of rock fall from the tunnel surface. 
 
A rescue chamber has been located on the main characterisation level (see Section 
8.5.2); it functions both as a rescue chamber and as an optional operational co-
ordination centre of the fire brigade. The functioning of the rescue chamber in the 
normal situation as a staff room and as a showroom for stakeholder visitors help render 
its location familiar to everyone.  

 
In addition to the rescue chamber, the facilities are fitted with portable rescue chambers. 
They are transported as the workplace, facilities and opportunities for exiting change. 
The portable rescue chambers are compartmentalised and smoke-tight rooms intended 
for 6-12 persons. The purpose of portable rescue is to protect people from smoke and 
they are designed for a stay of 12-16 hours. The portable rescue chambers have thermal 
insulation, but they do not protect from heat in the immediate vicinity of a fire. The 
number of people working underground is limited in accordance with the capacity of the 
portable rescue chambers and the rescue chamber with the aid of the access control 
system. 
 
The man cage is dimensioned for 26 people. The hoist is safeguarded by redundancy 
and duplexed power supply. The man cage and the hoist engine room are protected by 
an automatic extinguishing system. The extinguishing system can also be operated 
manually from the both floors of the man cage. In the event of the hoist malfunction, it 
is possible to exit the man cage on manual drive of the hoist. The personnel shaft 1 is 
overpressurised.  
 
The escape routes are marked and secured by emergency lighting. Illuminated exit signs 
show the way on the main characterisation level to the rescue chamber, and in the 
access tunnel and on the lower characterisation level to the personnel shaft 1. The 
lighting is battery-secured (UPS). The operating time of the lighting is 1 h, in the rescue 
chamber 12 h, however. In the tunnels, the safety lights have been placed at a height of 
about one metre from the floor surface, which safeguards the visibility of the lights as 
long as possible in the event of smoke spreading to the tunnel. Under the lights, there 
are post-illuminating signs, which indicate the approximate distance to the rescue 
chamber or the personnel shaft 1 by the shortest way.  
 
The facilities are fitted with a sound system or some other communication system with 
the people working underground. 
 
The facilities are fitted with the following fire safety signs: 
- fire detector / actuator 
- smoke ventilation control centre  
- sprinkler centre 
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- sprinkler supply connectors  
- fire water feeding pipelines  
- fire hydrants 
- portable fire fighting equipment 
- fire alarm buttons 
- main shut-off valve of water 
- main switch boards 
- storage of inflammable liquids 
- gas bottles (if needed). 
 
Cave collapse 
 
The falling pieces of rock and cave in’s in the underground tunnels and rooms are 
prevented with sufficient rock bolting, shotcreting and wire meshing. When needed, 
also steel-reinforced concrete structures can be constructed for the purpose. 
 
Flood 
 
In the place of the personnel shaft 1, exhaust air shaft 1 and inlet air shaft 1 to ONKA-
LO, the bedrock is on +9.3…+9.7 m level and in the upper part of the open cut on about 
the +5…+15 m level, the thickness of the soil cover varying between 0 and 6 m. In the 
open cut, the overflow weir height is +10.0 m. The flooding of ONKALO by sea water 
(±0.0...max +1.25 m) or the water from the Korvensuo reservoir (level on 
+8.00…+8.35 m) is impossible.  
 
The pumping of seepage waters from the ONKALO facility has been safeguarded by 
triplexed pumps and duplexed current supply. The sedimentation pool of seepage waters 
has been dimensioned for an interruption of 48 hours in operation, thus making 
provision for a sufficiently long maintenance and repair time. In the event of any 
interruption, it is possible to carry water in a road tanker through the access tunnel, 
which also enables the downtime to be lengthened, if necessary. 
 
Traffic accident 
 
Particular attention has been focused on traffic safety by separating the traffic flows 
from each other as well as possible. Passenger traffic mainly takes place through the 
personnel shaft 1, from which there are short connections to the rescue chamber and the 
parking hall.  
 
The probability of a traffic accident is highest when moving vehicles meet in a tunnel or 
at a crossing. The risk posed by meeting situations is low, since the tunnels have single-
lane roads and one of the vehicles always stops in the passing place when the other 
passes it.  
 
Chemical accident 
 
The amounts and types of chemicals to be taken to ONKALO are restricted, in so far as 
they are needed at all. The use of gas-powered machines is forbidden. The amount of 
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poisonous and explosive substances will be minimised. The refuelling of vehicles takes 
place in a separate refuelling room, which has been separated from the other facilities 
by a fire compartment. The fuel is conducted from the surface along a separate fuel-
feeding pipeline to the tank.  
 
The radon, methan and other gas content is measured and the contents are reduced by 
means of ventilation so as to be low enough. 
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12 COMPATIBILITY WITH THE REPOSITORY 
 
Licencing steps 
 
ONKALO is designed to be later a part of the repository. The repository may be based 
on what is called the KBS-3V concept (canisters in the vertical position) or the KBS-3H 
concept (canisters in the horizontal position), and the disposal tunnels may be located on 
one level or several levels. The summary report on the repository (Saanio et al. 2006) 
gives a detailed description of the technical systems of the facility in 2006. 
 
The design of the repository and the design of ONKALO have been co-ordinated. It is 
possible in the access tunnel concept to take a decision whether to transport a canister in 
the canister shaft or in the access tunnel at very late stage. The present inclination, width 
and height of the tunnels are likely to make it possible to operate the canister transport 
vehicle in the tunnels. Figure 12-1 shows in principle how ONKALO could later form a 
part of the repository. 

 
 
Figure 12-1. An example how ONKALO (marked with yellow colour) could be a part of 
the repository located on main level. The deposition tunnels shown here are for the first 
decade’s operation (marked with red colour). Central tunnels are marked with green 
colour. Principal stress 120° and foliation 139° are from Johansson et al. 2007. 
(Modified from figure by Timo Kirkkomäki / FNS.) 
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Layout in 2007 with three raise bored shafts allow to delay the lower characterisation 
level excavation with several years if found reasonable. This would need a service 
tunnel (same type as in Figure 8-8) some tens of metres under the main level from 
where the extension work of shafts could be done. Hoist and other technology can be 
extended deeper after raise boring. Delaying the lower level would also mean that 
pumping station and sedimentation pools would be excavated to the main level (and 
later only a small pumping station would be needed in the lower level). Delaying might 
be reasonable for example to minimise the open gallery and seepage water volumes 
(disturbances). 
 
Supervision by nuclear authority 
 
STUK is supervising ONKALO by the same principals as any nuclear facility. The 
systems, structures and components (later) important to nuclear safety are designed, 
manufactured, installed and operated so that their quality and the quality assurance and 
quality control procedures employed are adequate, taking the safety importance of the 
system in question into account. In compliance with this principle the systems, 
structures and components are classified to different safety classes (Saanio et al. 2006). 
The safety classification also determines the scope of ONKALO control implemented 
by STUK. 
 
Monitoring for safeguards purposes 
 
The purpose of Posiva Oy's nuclear non-proliferation control is to ensure that activities 
during the construction of the underground research facility ONKALO comply with all 
relevant laws and decrees as well as the obligations prescribed in international 
agreements. Posiva’s safeguards procedure describes nuclear non-proliferation control 
activities during the construction of ONKALO till 2012 when the building licence for 
the planned final disposal facility will be applied for.  
 
In order to ensure implementation of nuclear non-proliferation control YVL Guides 6.9 
and 8.5 of STUK are complied with in ONKALO. The purpose of the procedure is to 
ensure that the subsequent integration of ONKALO with the final disposal facility and 
the embedding of spent fuel in facilities connected with ONKALO can be implemented 
in compliance with the obligations specified in international agreements. 
 
During the construction of ONKALO the purpose of nuclear non-proliferation control is 
to ensure acquisition of the building/operating licence for the actual final disposal 
facility and the fulfilment of the requirements of international agreements. The nuclear 
non-proliferation control in ONKALO is based on preliminary, implementation and 
monitoring data. 
 
Preliminary data contains an overview of the facility and the main drawings, on the 
basis of which the building licence has been applied for and the implementation plans 
prepared. 
 
Implementation data contains verification measurements, as-built drawings, inspections 
and operating records. Verification measurements (laser scanning) are performed 



 83

continuously as the excavations proceed. The extent of the measurements is defined to 
ensure establishment of the correct shape of the premises. A measurement plan is 
prepared for measurement activities. Posiva's approval is obtained for the organisation 
that performs the measurements and for the measurement programme before the 
measurements are performed. Posiva must inspect the measurements before shotcreting 
of the structures is started. As-built drawings of the excavations are prepared on the 
basis of excavation data and laser scanning results. The completed as-built drawings are 
submitted to STUK as enclosures to the next interim report. 
 
Monitoring data contains micro-seismic monitoring, vibration and acceleration 
measurements. Micro-seismic measurements produce data on the bedrock at Olkiluoto 
and on blasting work carried out there. Monitoring focuses on the underground research 
facility and the rock mass that surrounds it, i.e. an area of ca. one square kilometre, to 
500 - 1 000 metres. High-quality seismic measurement sensors have been installed on 
the ground in a pattern that surrounds the estimated location of the final disposal 
facility. The subcontractor responsible for the measurements reports the measurement 
results to Posiva on a monthly basis. The monthly reports are submitted to STUK three 
times a year. 
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13 SUMMARY 
 
The first overall site characterisation programme for a Finnish repository of spent 
nuclear fuel was introduced in 1982. This programme already suggested that the site 
confirmation for a detailed repository design and safety assessment should include 
characterisation performed in an underground rock characterisation facility built 
specifically for this purpose. This was confirmed during the detailed site 
characterisation. The drilling and other investigations carried out from the ground 
surface do not provide sufficiently detailed information for purposes of implementation.  
 
International views have also emphasised the importance of underground 
characterisation before the decision to construct the repository is taken. Generic 
underground laboratories have been and still are operating in several countries (Stripa, 
Grimsel, URL, Äspö, Bure). The development and full-scale testing of the disposal 
concept conducted at these have proved the significance of site-specific properties for 
the design of the disposal systems. 
 
The underground rock characterisation facility is excavated at Olkiluoto in the 
municipality of Eurajoki. ONKALO should be constructed to allow characterisation 
work for site confirmation without jeopardising long-term safety of the repository site. 
In addition, it should be possible to later link ONKALO to the repository as a part of it. 
In this respect, ONKALO differs from the above mentioned generic underground 
laboratories. 
 
In the main drawings stage, the underground facility was described at the level of detail 
needed for a construction permit in 2003. This meant description of the location, final 
structures and final systems (no temporary arrangements were described). This report 
describes the development of design to updated main drawings in 2007 at the same level 
of detail. The main changes are the added exhaust air shaft and advancing the controlled 
area’s inlet air shaft to the ONKALO phase. Also the layout and the depth of the 
auxiliary rooms on main characterisation level has been updated according to the 
current bedrock information. Some buildings on the surface will house sets of 
equipment directly connected with underground facility and this equipment is described 
in this report. No buildings or other equipment are described in this report, because they 
are not directly connected with the underground facility and they are subject to separate 
applications for a construction permit. 
 
The main element of ONKALO is a system of characterisation drifts and niches 
accessed by a personnel shaft 1 and an access tunnel. The main characterisation level is 
located at a depth of -420 metres and auxiliary rooms at a depth of -437 metres. 
Demonstrations related to the repository technology will be mainly carried out on the 
main level. The lower characterisation level will mainly be used to assess the feasibility 
of the two-storey layout. 
 
The construction of ONKALO was started in 2004 and will be completed in 2014. The 
total underground volume of ONKALO is approximately 410 000 m3, the combined 
length of tunnels and shafts being 10.8 km. The access tunnel from the surface to the 
lower level consists approximately of 5.6 km of tunnelling with an inclination of 1:10. 
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The shafts are excavated to the lower level. The personnel shaft 1 will be equipped with 
a man cage for personnel transport. Connecting tunnels from the access tunnel to the 
personnel shaft 1 at every 1 to 1.5 km will make it easier to ventilate and evacuate the 
ONKALO facility. 
 
At the end of 2007 more detailed engineering design of the fifth access tunnel loop and 
lower characterisation level were incomplete. Engineering design of (these areas and) 
the whole ONKALO is continuing in 2008. 
 
The main drawings stage has been followed by the realisation stage and the building 
stages for each contract. In the realisation stage the facilities, volumes and quality are 
defined in more detail for each contract (also the temporary systems for the 
construction). In the building stage drawings are updated and completed according to 
the bedrock conditions and Posiva requirements. 
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APPENDIX 1  1(6) 
APPENDIX 1: PRINCIPAL REQUIREMENTS FOR THE LOCATION OF THE 
ACCESS WAY TO ONKALO 
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APPENDIX 2  1(6) 
APPENDIX 2: DESIGN REQUIREMENTS OF ONKALO 
 

A. ONKALO must enable the underground rock characterisation required by regulations 
 

REQUIREMENT SOLUTION REF. 
ONKALO shall enable characterisation from main 
characterisation level to lower characterisation level 

Most tunnels allow drilling to lower level Posiva Oy 
2008 

ONKALO must be representative of repository 
depth and quality 

Main level at disposal level, lower level 
(delayable) 100 metres deeper 

Posiva Oy 
2008 

Access routes shall locate close to potential 
disposal volume. Expandability of repository is not 
allowed to suffer from location of the access tunnel 
- Access tunnel and research levels must be so 

located in relation to the intended repository 
volume that the volume can be characterised 

- Constructing an access tunnel in such a way that 
it would mainly be located above the potential 
location of the deposition tunnels should be 
avoided. Constructing access routes in such a 
way that it would be located above or near the 
potential location of the deposition tunnels should 
be avoided 

Access routes are located at the edge of the 
potential disposal volume 

Posiva Oy 
2008 
 
 
 
 
STUK 2001 
 
 
STUK 2003 

The research niches below fracture zone R20 must 
enable test drill coverage of the auxiliary rooms and 
the closest deposition tunnels on the main level 

Access tunnel layout allows drilling below 
R20 to central area of the main level 

Posiva Oy 
2008 

ONKALO shall incorporate the characterisation 
niches identified in the research program: 

  

- Several research niches shall be constructed in 
ONKALO 

Type drawing of research niches exists Posiva Oy 
2008 

- There must be several (=abt 20) research niches 
for online measurements and parameter 
development tracking 

All about 30 loading niches are equipped with 
electricity and IT-network 

Posiva Oy 
2008 

ONKALO shall enable characterisation from open 
surfaces before rock support 

At least walls of tunnel must be left open 
when possible 

as-built-
drawings 

ONKALO must include facilities and space for 
researchers and analysis and handling underground 

staff room, kitchen and office rooms will be 
built as a rescue chamber 

Posiva Oy 
2008 

ONKALO must be equipped with data transfer 
capability (IT-network) 

IT-network covers whole ONKALO Posiva Oy 
2008 

ONKALO laboratories shall enable rapid freezing 
of water samples 

Separate storage space for reserve samples 
exists in research building 

___ 

 
B. ONKALO must be designed, constructed and operated in a way that allows its use as a part of the 

repository 
 

REQUIREMENT SOLUTION REF. 
ONKALO must be realised so that it is possible to 
get regulatory approval for using ONKALO for 
final repository usage 

YVL-guides must be followed YVL-guides 
(www.stuk.fi) 

STUK is notified of ONKALO design Procedures have been implemented and more 
detailed year programmes are used 

STUK 2005 
STUK 2006a 
 

Characterisation drifts must be able to function as a 
part of central tunnel 

Current characterisation drifts are future 
access tunnels to the central tunnels and the 
ventilation ducts need to be considered  

Posiva Oy 
2008 

Two storey repository minimum distance is 100 m. The depth between character. levels is 100 m Posiva Oy 
2008 
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REQUIREMENT SOLUTION REF. 
ONKALO shall include a smaller lower 
characterisation level which realisation schedule 
can be decided independently from the rest of the 
ONKALO: 

  

- ONKALOs facilities and systems must be 
utilisable for final repository usage 

Shafts and hoist to lower level (delayable) Posiva Oy 
2008 

- No design feature may inhibit using ONKALO as 
a part of the final repository 

Lower level (delayable) 100 m deeper than 
main level 

Posiva Oy 
2008 

- The ONKALO must enable situating the final 
repository on one or two levels 

About 300 m of tunnel at the lower level 
(delayable) (including pumping station) 

Posiva Oy 
2008 

System design shall, when relevant, apply for use in 
final repository phase 

- Working areas: temperature + 18…+24 oC, 
no condensation is allowed (max 60 %) 

Nieminen 
2006 

 - Other areas: temperature + 15…+24 oC, no 
condensation is allowed (max 80 %) 

Nieminen 
2006 

 - Maximum contents in air are taken care Nieminen 
2006 

 - Non-controlled + controlled area's ventila-
tion capacity is 120 m3/s. Max 65 m3/s can be 
used for smoke removal 

Nieminen 
2006 

 - Repository water capacity 2,5+8 = 10,5 l/s 
(no water recycling because of the salinity, 8 l 
is the need for boring, 2,5 l for potable water) 

Posiva Oy 
2008 

 - Non-controlled area's sewerage capacity 
(basins) must allow 48 h pumping break and 
basins must be able to expand for controlled 
area's needs 

Posiva Oy 
2008 

 - Non-controlled area's electricity power 
1250+500 kW. 
Heating power 2165 kW (including heated air 
to the whole repository) 

Nieminen 
2006, page 
34, figure 8 

Pumping system shall be capable of removing all 
water inflow from ONKALO 

Capacity is 10 l/s, pumping in one stage Posiva Oy 
2008 

ONKALO must be designed to accommodate 
material flows during final repository usage 

One lane access tunnel is enough Sylvänne et 
al. 2003 

ONKALO shall enable driving with canister 
transportation vehicle 

Access tunnel: inner radius of tunnel 26 m, 
inclination 1:10 (inner radius of tunnel), width 
5,5 m (doors 4,4 m) and free height 4,5 m 
(total height 6,3 m) 

Posiva Oy 
2008 

An underground infrastructure need to be built An underground parking hall, refuelling/ 
vehicle washing hall, a fixed rescue chamber 
for 100 people/staff room for 35 people, a 
security centre, cleaning supply room and 
water closets are designed 

Posiva Oy 
2008 

Worst case data shall be assumed to be valid when 
no certain data is available 

All decision parameters should have 
conservative margins of error. Examples: 
sulfate resistant concrete and corrosion proof 
steel types recommended  

 

The design, construction, operation and closure of a 
disposal facility shall be implemented so that 
control of nuclear materials can be arranged in 
accordance with pertinent regulations 

IT and electricity network covers whole 
ONKALO, monitoring for safeguards 
purposes have been implemented 

Posiva Oy 
2008 

Two separate telephone-systems shall be installed 
into ONKALO 

Communication system include wired phone 
in all working areas, wireless phone system, 
IT-network and loudspeaker system 

Posiva Oy 
2008 
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C. ONKALO must not change the site conditions in a way that would make the site unsuitable for 
repository 

 
REQUIREMENT SOLUTION REF. 

ONKALO shall not be built close to heavily water 
conductive rock or drillholes 

- Seawater should not intrude into the repository host 
rock and groundwater table should not be drawn 
significantly below sea level 

- Surface waters should not migrate towards the 
disposal level 

- Significant upconing of deep saline groundwater 
should not take place 

- ONKALO should not create significant permanent 
hydraulic connections 

- Inflow rate of groundwater should be as low as 
possible 

Distance 30 m to remarkable water conductive 
zones and 10 m + 2,5 m/200 depth metres to 
drill holes 

 
Grouting procedures (target <140 l/min) and 
monitoring in use 
 
 

Posiva Oy 
2008, 
Surpac-model 
 
 
Sievänen et 
al. 2006, 
Klockars et 
al. 2007 
 

The upper ends of the access routes should be 
located close to each other, at the same level, above 
sea level, and not in a groundwater discharge area 

The upper ends of the access routes are 
located at the same level +9...+10 m, above 
sea level, and at a recharge area 

Posiva Oy 
2008 

Changes caused in rock and ground water state 
shall be recorded during the lifetime of ONKALO 

  

- The changes in the rock and ground water 
properties caused by ONKALO must be 
predictable and manageable so as to avoid 
risking the site suitability 

Waterlines are measured, water has tracer, 
rainwater is separated from tunnels, measuring 
dams are designed, humidity measurements 
can be added later. Most leaking half of the 
tunnel system length will be grouted with less 
than 3000t of grouting cement 

Hirvonen et
al. 2006, 
Posiva Oy 
2008 
 
Hjerpe 2003 

- The magnitude of the chemical disturbances in 
the bedrock must be evaluated 

Foreign material information is in use of 
engineering and reported annually 

Juhola 2005 

ONKALO should not create significant permanent 
hydraulic connections 

Systematic grouting fans or other drill hole 
network to the surface is not allowed to use 

Grouting 
drawings 

It is not allowed to weaken surrounding rock Abowe 300 metres the maximum allowed 
EDZ for floors is limited to 1000 millimeters 
and for walls to 400 millimeters. Below 300 
metres the maximum allowed EDZ for floors 
is limited to 400 millimeters and for walls to 
100 millimeters 

_ 

 
D. ONKALO must preserve flexibility for the repository design and planning of repository operations 
 

REQUIREMENT SOLUTION REF. 
ONKALO must be built and engineered in phases Drawings in building stage are produced in

sections: chainages, depth intervals, contracts… 
Orders 

ONKALO must be designed for disposal facility of 
6500 t spent fuel 
ONKALO life cycle cost shall be managed 

ONKALO's life span is 120 years for systems 
very difficult to replace, others depends on 
system (few months to several decades) 

Saanio et al. 
2006 

Preference must be given to a solution which allow 
easier implementation of design changes 

Lower characterisation level (delayable) is 
included 

Posiva Oy 
2008 

All design solution options should be kept open as 
late as possible 

Lower characterisation level is delayable Posiva Oy 
2008 

ONKALO access route shall enable transportation 
of both KBS-3V and KBS-3H equipment 

Access tunnel is 0,5 m wider than in Äspö and 
curve radius is 34,5 m (in Äspö 20 m) 

Posiva Oy 
2008 

Layout design shall enable realisation of both KBS-
3V and KBS-3H concepts 

Central tunnel/ characterisation drift layout 
does not restrict the consept 

___ 
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E. ONKALO design and operations must be based on proven, currently available technology 
 

REQUIREMENT SOLUTION REF. 
Design and construction must utilise proven and 
simple solutions 

Proven materials and drill and blast method 
has been chosen 

Posiva Oy 
2008 

 
 

F. ONKALO must be implemented in a cost-efficient way and the costs must be optimised in the 
perspective of the repository life-cycle 

 
REQUIREMENT SOLUTION REF. 

ONKALO's annual costs shall be managed Cost estimated Kukkola & 
Saanio 2005 

No room built for licencing shall be left unused 
during repository usage 

All rooms shall be used in repository (except 
research niches and demonstration tunnels) 

___ 

ONKALO shall enable driving with a 4X4 car 
during construction and a normal car after 
completion 

Gravel floor during construction and concrete-
type floor after completion 

Posiva Oy 
2008 

Maintenance facilities capable of housing all 
operated equipment shall be constructed above 
ground 

Will be considered when operating building is 
designed 

___ 

 
G. ONKALO must not deteriorate the image of nuclear industry vis-a-vis the public, politicians and 

authorities 
 

REQUIREMENT SOLUTION REF. 
Architecture and materials should reflect high 
technology and safety standards 

All facades of the permanent buildings and 
open cut have been designed by an architect. 
Harmonious facades have been followed 

Drawings 

ONKALO shall include facilities for receiving 
visitors  

  

- Visits during construction 
• only for VIPs 
• max group of 9 (including guide and driver) 
• small diesel vehicle with 4W drive for 1+8 

people 
• visit to fixed research nich, where removable 

rescue chamber is sized for visitors too 

Guest facilities for the group exists in the gate 
building 
 
 
4W drive exists 

___ 

- Visits when ONKALO is completed: 
• for stakeholder visitors 
• max group of 13 (including guides) 
• walking through fixed route on main 

characterization level, where fixed rescue 
chamber is sized for visitors too 

• VIPs as during construction 

Guest facilities for the group will be situated 
in operating building.  
Hoist for 13+13 people (no bus transportation) 

___ 

- Visits when repository is completed: 
• in non-controlled area as above 
• in controlled area another stakeholder group 

max 13 people (including guides)(no bus 
transportation) 

- Fixed rescue chamber will be expanded for 100 
persons 

Guest facilities for the group will be situated 
in operating building. 
 
Hoist for 26 people (no bus transportation) 
 
Rescue chamber reservation prepared 

___ 
 
 
 
 
Posiva Oy 
2008 

ONKALO shall incorporate a fast personnel hoist 
(for 26 person)  

Two floor man cage for 2x13 person Posiva Oy 
2008 
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H. Design and implementation of ONKALO must conform with applicable laws and regulations 
 
 

REQUIREMENT SOLUTION REF. 
The repository shall be located at 400 m – 700 m 
depth  

Main level and delayable lower level are in 
mentioned depth interval 

Posiva Oy 
2008 

ONKALO shall incorporate emergency exits There are two emergency exits from ONKALO Posiva Oy 
2008 

ONKALO emergency exit and rescue chamber 
shall be (over)pressurisable 

Shaft exit is pressurised. Rescue chamber and 
shaft yard are overpressurisable 

Posiva Oy 
2008 

All exits and facilities with remarkable fire loads 
shall be compartmentalized according to fire class 
EI 60 requirements 

Whole ONKALO will be equipped with 
automatic fire-doors at specified intervals (for 
example at every shaft connection) 

Posiva Oy 
2008 

All safety critical systems shall be duplicated Power supply and drainage pumps duplicated. 
Power supply from two independent sources. 
Cables from two different routes 

Posiva Oy 
2008 

All personnel must be licenced to perform their 
duties as if ONKALO was a nuclear facility (also 
operational safety during construction and research) 

Engineering staff requirements for safety 
classes has been determined in quality 
procedures 

___ 

Most materials should be non-flammable and heat 
resistant 

Heat detectors of fibre cable, surface layers 
minimum of B-s1, d0 

Posiva Oy 
2008 

All doors shall be installed few metres away from 
driving lanes 

All doors will be installed few metres from 
driving lanes (some still need to be removed 
further from driving lanes) 

Posiva Oy 
2008 

ONKALO shall be equipped with methane, radon, 
smoke and dust detectors 

Methane, radon and dust are measured 
manually. Smoke and heat detectors will be 
installed 

Posiva Oy 
2008 

Fire extinguishing system shall exist in personnel 
areas and areas with remarkable fires loads 

Sprinkler systems will be installed in 
mentioned areas 

Posiva Oy 
2008 

ONKALO shall incorporate a permanent rescue 
chamber allowing all persons underground to stay 
until rescue 

ONKALO will incorporate a permanent 
chamber for 100 persons at main 
characterisation level 

Posiva Oy 
2008 

ONKALO shall incorporate relocatable rescue 
chambers 

Electricity and phone lines are provided for 
the chambers 

Posiva Oy 
2008 

All rescue chambers shall be equipped with 
breathing air pressure vessels 

Vessels are provided ___ 

ONKALO site shall have multiple separate entry 
gates 

Separate gates are in use ___ 

ONKALO site shall be fenced completely Complete fence is installed 
 

___ 

ONKALO shall incorporate an access control 
system ensuring that the identities of all persons at 
ONKALO site and in ONKALO is known at all 
times 
Measures for detecting sabotage shall be identified 
and employed 
ONKALO site shall be under guard around the 
clock 
Site control must be capable of detecting and 
preventing any unauthorized entry on to the 
construction site 

TVO security screening has been installed ___ 

Applicable laws and regulations must be followed Exceptions are presented for authorities in the 
accepted application for building permission 
and in the annual updates. 
New version of concrete regulations B4 is 
followed since 14.2.2006 (in spite unnecessary 
according to building permission) 

Posiva 2003a, 
updated main 

drawings 
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REQUIREMENT SOLUTION REF. 
ONKALO shall comply with the Olkiluoto land use 
plan 

Buildings and structures comply with the 
Olkiluoto land use plan ensuring the needs of 
present operations and future projects in the 
area. ONKALO needs are ensured in the new 
master plan under preparation 

Posiva Oy 
2008 

ONKALO construction shall keep the 
environmental impacts small in order not to 
considerably effect the natural surroundings or 
change the local habitants' living conditions. 

A summary of the observations and 
measurements is reported annually. 

Haapanen 
2006, 

Hirvonen et 
al. 2006 

 
I. ONKALO must enable testing and development of technologies needed in repository implementation 

 
REQUIREMENT SOLUTION REF. 

ONKALO shall enable performing the necessary 
system tests for repository operation. ONKALO 
shall include demonstration holes and places for 
canister deposition, backfilling, closure, drilling, 
grouting and blasting. 

Reservation for 400 m of demonstration 
tunnels (central and deposition tunnel size) 
exists 

Posiva Oy 
2008 

 
 
 




