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ABSTRACT 
 
The long-term programme aimed at selection of a site for a deep repository was initiated in Finland 
in 1983. This programme has come to end in 2001 and a new phase aimed at implementation of the 
geological disposal of spent fuel has been started. In this new phase the first milestone is the 
application for a construction license for the disposal facility around 2010. To fulfil the needs for 
detailed design of the disposal system, an underground rock characterisation facility (URCF) will be 
constructed at the representative depth at Olkiluoto. The excavation of this facility will start the 
work for underground characterisation, testing and demonstration, which is planned to be a 
continuous activity throughout the whole life cycle of the deep repository. 
 
The overall objectives for the underground site characterisation are 1) verification of the present 
conclusions on site suitability, 2) definition and identification of suitable rock volumes for 
repository space and 3) characterisation of planned host rock for detailed design, safety assessment 
and construction planning. The objective for verification aims at assessing that the Olkiluoto site 
meets the basic criteria for long-term safety and as well the basic requirements for construction and 
thus justifies the site selection. The two other main objectives are closely related to design of the 
repository and assessing the long-term safety of the site-specific disposal system. 
 
The most important objective of ONKALO should allow an in-depth investigation of the geological 
environment and to provide the opportunity to allow validation of models at more appropriate scales 
and conditions than can be achieved from the surface. In some areas, such as in demonstrating 
operational safety, in acquiring geological information at a repository scale and in constructional 
and operational feasibility, the ONKALO will provide the only reliable source of in situ data. 
 
The depth range envisaged for URCF called ONKALO is between 400 and 600 m. The location and 
underground geometry of access ramp is of significance. Development of ONKALO will begin in 
2003 and it consists of surface facilities, access ramp and vertical shaft to the depth of 500 metres 
and characterisation and demonstration facilities. Total volume of the ONKALO underground 
facilities is approximately 250 000 m3. The development will be completed around 2010. The 
reconciliation of construction and investigations plays an important role through the project. Other 
major issues will be the management of groundwater conditions, workplace safety and 
documentation of the work. 
 
 
INTRODUCTION 
 
The management for disposal of spent fuel in Finland is a stepwise approach (Figure 1). The long-
term programme aimed at selection of a site for a deep repository was initiated in Finland in 1983. 
Site investigations in five different crystalline bedrock areas were based on investigations from 
surface in form of deep drillings with extensive sampling program. The site was selected after 
evaluation of results from detailed characterisation phase. This programme has come to end when 
Olkiluoto site was selected for further investigations in 2001. The decision in principle for disposal 
of spent nuclear fuel was approved by Finnish parliament and a new phase aimed at implementation 
of the geological disposal of spent fuel has been started. In this new phase the first milestone is the 
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application for a construction license for the disposal facility during 2010-2014. To fulfil the needs 
for URCF detailed design of the disposal system, an underground rock characterisation facility will 
be constructed at the representative depth at Olkiluoto. The excavation of this facility will start the 
work for underground characterisation, testing and demonstration, which is planned to be a 
continuous activity throughout the whole life cycle of the deep repository. 
 

 
 
Fig. 1. The management for disposal of spent fuel (Posiva, 2002). 
 
The site characterisation for the repository has been in progress for 15 years, and the possibilities to 
obtain new essential data by the methods used until now are limited. The strategy is to develop an 
underground rock characterisation facility, called ONKALO, and conduct investigations and 
underground testing to assess the properties of the site. Construction of the ONKALO for detailed 
characterisation of suitable rock volumes for the repository is planned to be started in 2004. The 
access routes into ONKALO and other underground excavations may later be used as parts of the 
repository. Access to the underground facilities will be arranged via a tunnel and a shaft. The 
information gained will be used for the application for the construction license. The disposal 
facility, consisting of an encapsulation plant and a deep repository, will be built thereafter. Posiva 
shall be prepared to start final disposal of spent fuel in Finland in 2020. The operational phase for 
repository continues until disposal for Finnish spent fuel have been completed. Thereafter follows 
the closure and sealing the repository presumably at the end of 21st century. 
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CONCEPT FOR FINAL DISPOSAL  
 
The Posiva plans to construct a KBS-3 type repository for spent fuel in the crystalline bedrock at 
the island of Olkiluoto at the coast of the Baltic Sea. The Olkiluoto nuclear power plant and the VLJ 
Repository for low and intermediate level waste are also located on the island.  
 
The safety concept is based on multi barrier system, which guarantee the long-term isolation of 
spent fuel assemblies. Engineered barriers consist of durable copper-iron canisters, highly 
compacted bentonite buffer and the tunnels, which will be sealed by backfill materials and sealing 
structures. The crystalline bedrock offers a natural barrier for repository, which will be located at 
the depth of 400-700 metres. The repository design is of KBS-3V or KBS-3H type (Figure 2). In a 
KBS-3V type repository, a canister is emplaced in a vertical deposition hole bored in the floor of a 
tunnel. In the KBS-3H type repository, several canisters are emplaced in a horizontal deposition 
hole with a length of about 200 metres (2,3). In both concepts, the space between the canister and 
rock is filled with highly compacted bentonite clay. 
 
 

 
 
Fig. 2. KBS-3V and KBS-3H alternatives. 
 
The design basis for repository may accommodate 6500 tU spent fuel from the Loviisa (2 x 488 
MWe VVER-440 type PWR) and Olkiluoto (2 x 880 MWe BWR) nuclear power plants and also 
from the fifth reactor, which will be possibly built in Finland in near future. 
 
DESCRIPTION OF SITE CONDITIONS 
 
Olkiluoto is an island (approx. 10 km2), close to the mainland, at the coast of the Baltic Sea. The 
topography is flat and thin layer of sandy tills covers the sparsely outcropped bedrock. The bedrock 
consists of Svecofennian metasediments and plutonic rocks of 1800-1900 million years in age. 
Migmatitic mica gneiss is the most abundant rock type, and is intruded by foliated tonalites and 
massive coarse-grained granites and pegmatites. At the depth of about 500 metres, the majority of 
the rock mass at Olkiluoto consists of intact rock between fracture zones and has been estimated as 
“normal” from the point of constructability (1). This means that excavation and rock support can be 
carried out using conventional methods and materials generally used in underground constructions. 
Close to the depth of 700 metres, the rock has been estimated as “demanding” or “very demanding” 
in terms of its constructability, because of its relatively low uniaxial compressive strength ( ucs = 80 
– 140 MPa) and the higher stress field ( H = 35 – 40 MPa at 700 metres). Severe spalling of the 
rock may occur, and special methods and materials (including for example shorter blasting rounds, 
temporal supporting with bolts and shotcrete, and pregrouting) may be needed when excavating and 
supporting the rock (8). 
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At the depth between 400 and 900 metres more than 90% of the hydraulic conductivity 
measurements with a test interval of 2 metres in rock between fracture zones included in the 
hydrogeological model have shown a hydraulic conductivity of 10-10 m/s or less. In deep bedrock a 
major part of flow of groundwater takes place in fracture zones or in hydraulic conductive features 
(outside known fracture zones) consisting of an individual fracture or a group of fractures having a 
transmissivity of 10-8 m2/s or higher. At the depth of 300 – 700 metres, the distance between such 
features varies typically between 60 and 140 metres. In the upper parts of the bedrock the fracturing 
occur more intensively and hydraulic conductivity is somewhat larger. Fresh groundwater (content 
of Total Dissolved Solids (TDS) < 1 g/l) is found to the depth of about 150 metres, and brackish 
(TDS between 1 and 10 g/l), sulphate-rich groundwater between 100 and 400 metres. Deeper 
groundwaters are saline (TDS > 10 g/l). At the depth of 500 metres, TDS varies between 10 and 25 
g/l. The most saline waters at depths greater than 800 metres have TDS values between 30 and 75 
g/l. These deep saline waters seem to have been undisturbed during the most recent glaciation and 
even much longer in the past.   
 
Table I. Main Water Types at Olkiluoto and Their Interpreted Origins and Formation Ages (1,5). 

Depth  of 
occurrence 
(metres) 

Water type Origin of dominant 
end-members 

Age estimate of dominant 
end-member type 
(years) 

above 150  Fresh-brackish HCO3-rich
 

Meteoric water and 
present Baltic Sea water 

0 – 2500  

100 – 300  SO4-rich brackish Na-Cl 
 

Litorina Sea water 2 500 – 7 500  

100 – 500  Brackish Na-Cl water Pre-Litorina water containing 
fresh glacial meltwater 

7 500 – 10 000 

below 500  Saline Ca-Na-Cl Preglacial to Precambrian 
saline water  

>> 10 000  

 
During the construction and operation phases groundwater will be drawn into ONKALO and later 
into the repository from the surrounding bedrock. A design basis TDS value of 35 g/l has been 
recommended for a repository excavated at the depth of about 500 metres at Olkiluoto (7). All 
repository systems and engineered barriers should perform properly at least at groundwater 
salinities ranging from fresh water to 35 g/l. 
 
DESCRIPTION OF ONKALO 
 
The overall objectives for the underground site characterisation are: 1) verification of the present 
conclusions on site suitability, 2) definition and identification of suitable rock volumes for 
repository space, and 3) characterisation of planned host rock for detailed design, safety assessment 
and construction planning. The objective for verification aims at assessing that the Olkiluoto site 
meets the basic criteria for long-term safety and as well the basic requirements for construction and 
thus justifies the site selection. The two other main objectives are closely related to design of the 
repository and assessing the long-term safety of the site-specific disposal system. For practical 
implementation the objectives are broken down to smaller, task oriented objectives, which phase in 
and out with the progress of the programme. The practical tasks will serve different needs of design 
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of the underground rock characterisation facility ONKALO, design of the deep repository itself and 
safety case input. 
 
The main element of the ONKALO will be a system of exploratory tunnels accessed by a ramp. The 
exploratory tunnels are planned to serve the actual repository in the future as part of the transport 
tunnel network or as auxiliary rooms. The actual layout of the exploratory tunnels will be decided 
before the access construction arrives at the designated depth. The tunnels will serve two purposes: 
to provide an opportunity for exploring the potential host rock volume in more detailed than would 
be possible from the ground surface and to provide adequate space to allow experiments and tests. 
The preliminary lay-out is presented in Figure 3. 
 
 

 
 
Fig. 3. Preliminary lay-out of ONKALO. A) ramp, B) shaft, C) upper characterisation level, 
D) main characterisation level, E) demonstration tunnels, F) lower characterisation level. 
 
The main characterisation level is located at the depth of 400 metres. Two minor characterisation 
levels at depth of 300 metres and 500 metres are connected to the main characterisation level by 
ramp. Demonstrations and tests related to the repository technology will be mainly carried out on 
the main level. 
 
In addition to underground facilities ONKALO also consist of the buildings and areas on the 
surface. 
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DESIGN REQUIREMENTS FOR ONKALO 
 
Following important design requirements have been identified for ONKALO facility: 

  The buildings and structures comply with the land use plan for Olkiluoto. This ensures 
continuation of the present operations in the area and does not prevent the implementation of 
new projects. 

  The systems are based on well-tried technology that is being applied. This helps minimise 
technical risks and influence the working conditions in advance. 

  It must be possible to begin operation of the final disposal facility in 2020 in accordance 
with the decision taken by ´Council of State, which is also the requirement of Posiva’s 
owners. 

  The acquisition of sufficient information on the final disposal rock and on the conditions 
that affect the long-term safety is ensured. 

  The occupational and operational safety level is good, and corresponds with the level of the 
LW/ILW Repository at Olkiluoto. 

  Visits underground must be rendered possible after ONKALO has been completed. 
  ONKALO facility is compatible with the plans for the final disposal facility, since the 

purpose is to perform the characterisation in the area of final disposal tunnels. The facilities 
must allow the vertical and the horizontal disposal concepts, the one-storey and two-storey 
concepts, and future extension of the facilities.  

  The natural conditions of the bedrock, and the conditions otherwise favourable with respect 
to long-term safety, will be kept sufficiently unchanged in the repository area. 

  The environmental effects will be kept small in order not to considerably change the natural 
surroundings and the local people’s living conditions. 

  The costs will take account of the entire life cycle of the project until the sealing of the final 
disposal facility. (4). 

 
 
SHAFT VS. RAMP - SELECTION THE ACCESS INTO ONKALO 
 
Originally there were nine alternatives for selection the access route to be constructed first to the 
disposal depth. Alternatives with one access were excluded due to operational safety reason. 
Alternatives with steep ramp (1:8) were also excluded while it could inhibit the option for canister 
transport via ramp. An alternative with two vertical shafts and an access ramp with one vertical 
shaft were drawn up on the basis of the preliminary design. The final decision was made during 
spring 2002 and the ramp with one vertical shaft was selected to the basis for further developments.  
 
The main reasons for selection of the ramp alternative resulted from the flexibility during 
construction, investigation and operational phases. The excavation of the ramp is also well-known 
and proven technique in Finland with a short mobilisation period and it can be almost totally 
contracted by domestic resources. 
 
ONKALO shall be compatible with design for final repository. During the operational phase several 
large equipment are used. Transport vehicle for canister, drilling rigs for repository holes and others 
can be easily transported into ONKALO via ramp access. The previous plans for the repository 
were based primarily on the use of vertical shafts as access routes, but ramp offers more flexibility 
for different design solutions. 
 
ONKALO shall make possible acquisition of data on host rock and conditions important for long-
term safety. During construction phase, it is easier and more flexible to carry out investigations in 
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ramp instead of a blind shaft. The ramp allows a good possibility to investigate the properties of 
bedrock and assist to initialise suitable blocks. 
 
It is obvious that disturbances caused by the shaft are smaller and effects on the long-term safety are 
also smaller than in the ramp. Ramp penetrates several geological structures and the limiting of 
seepage water is one of the most important issues during the construction. To prevent the hydraulic 
connections between ONKALO and surface the ramp should be located in as intact rock as possible. 
 
The ramp alternative resulted slightly more economical in construction costs. On the other hand, the 
excavation volume is larger which means that total volume to be backfilled is remarkable bigger 
than in shaft alternative. This is a major uncertainty while backfilling solution is not selected. 
 
No major differences were detected in comparison of the completion time. The construction time is 
approximately 6-6.5 years in both cases based on the 25 % of pre-grouting. 
 
SCOPE OF ONKALO 
 
The ramp from the surface to the depth of 500 metres consists approximately 5 km of tunnelling 
with an inclination of 1:10. The preliminary dimensions of the ramp are 5.5 metres in width and 
5.65 m in height. In addition, some 2,5 km of tunnels and shafts will be carried out on the 
characterisation levels and in the auxiliary areas.  
 
The vertical shaft will be excavated to the depth of 500 metres by using shaft slashing method. The 
preliminary inner diameter is 5.7 metres with concrete lining. The shaft will be equipped with 
ventilation routes and a man cage for personnel transport. 
 
The tunnels and shaft will be reinforced by bolts, sprayed concrete and possibly also by steel mesh 
reinforcement. The grouting technique to be mainly applied is cement grouting. The methods and 
the amount of reinforcement and grouting will depend on the local conditions, and may thus change 
even at a short distance. The method to be utilised in such situations is called observational method  
(design-as-you-go). The idea of the method is the recognition of most probable, favourable and 
unfavourable conditions in advance and pre-establish design alternatives based on these conditions. 
The application areas considered are rock reinforcement, grouting, drilling and blasting and 
geometrical factors. 
 
The surface buildings include, office facilities, laboratories, storages, a repair shop, and ventilation 
equipment for the underground facilities. Heavy traffic is directed into the ramp and passenger 
traffic into the shaft. 
 
Total volume of the ONKALO underground facilities is approximately 250,000 m3.  
 
SCHEDULE 
 
Before the construction of ONKALO starts, Posiva will provide current plans and information to 
the safety authority (STUK) by the end of June 2003. The material will contain the description of 
baseline (undisturbed conditions of site), preliminary design for ONKALO, research plan for 
investigations in ONKALO and estimation of effects of ONKALO on post-closure performance of 
the spent fuel repository. 
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The construction licence for ONKALO will be applied in early 2003 from Eurajoki municipality. 
The construction starts in 2003 with surface infrastructure. The excavation of the ramp will begin in 
2004. The project will be completed around 2010 (Figure 4). The depth of 300 metres will be 
reached by the end of 2006 and the main characterisation level at the depth of 400 metres by the end 
of 2007. 
 

 
 
Fig. 4. Preliminary ONKALO construction schedule including an extra ventilation raise 
between 0 - 125 metres. 
 
The schedule in ramp development is based on the estimation of 25 % of pre-grouting. The need of 
pre-grouting remains critical through the project with a major impact on the overall schedule and 
costs. The other key issues and challenges during the construction phase will be workplace safety 
and overall documentation of the work and local environment. Both national and international 
interest of the project will be outstanding.  
 
The reconciliation of excavations and investigations are of a great importance during the 
construction phase. The investigations will begin since commencing the ramp development and 
daily routines must be set up early and documented properly in contract documents. 
 
The operational phase of ONKALO will begin after the construction period and continues until final 
disposal phase ie. it will take place during 2010 - 2020. The period consists of rock characterisation, 
tests and demonstrations and later the construction of the first disposal tunnels and facilities. The 
construction licence for the final disposal facility will be applied during 2010-2014 and the 
operation licence by the end of 2020. 
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CONCLUSIONS AND SUMMARY 
 
Next challenge in Finnish spent fuel disposal program is to implement the construction of 
underground rock characterisation facility ONKALO. The ONKALO can be viewed, in part, as the 
normal continuation of the site characterisation programme. The scope and plans for ONKALO 
have been changed during the preliminary design phase. Previous plans, which were mainly based 
in vertical shaft alternative, were competed with ramp alternative. Experiences learned from 
construction of other underground rock laboratories and foreign and domestic reviews an important 
role in decision making process.  
 
The ramp alternative is more feasible in many areas: it provides better opportunity to be flexible in 
repository planning, the implementation can be made by domestic resources, combination of 
investigations and construction is easier and it covers widely the bedrock of Olkiluoto. The major 
disadvantageous in ramp are the higher hydrological and hydrogeological disturbances caused by 
larger water leakage and higher backfilling costs.  
 
Development of ONKALO will begin in 2004 and it consists of surface facilities, access ramp and 
vertical shaft to the depth of 500 metres and characterisation and demonstration facilities. Total 
volume of the ONKALO underground facilities is approximately 250 000 m3. The development will 
be completed around 2010. The reconciliation of construction and investigations plays an important 
role through the project. Other major issues will be the management of groundwater conditions, 
workplace safety and documentation of the work. 
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