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the plans concerning the facility be sufficient in terms of safety, that the protection of workers 
and the population's safety have been taken into account appropriately when planning the 
operations, that the location is appropriate with respect to the planned operations, and that 
environmental protection measures have been taken into consideration in an appropriate 
manner in the planning of operations.   

In addition, the construction of a final disposal repository and an encapsulation plant requires a 
number of other permits and licenses, such as permits in accordance with the Environmental 
Protection Act and the Water Act, and a municipal building permit.  

A construction license for the final disposal repository of spent nuclear fuel must be applied for 
by the end of the year 2012. A hearing procedure involving municipalities, authorities and 
citizens will be established during the application process for the construction license. 

The operation of a nuclear facility requires an operating license issued by the Government. In 
order to receive a license, it must be ensured that the protection of workers, safety and 
environmental protection have been taken into account as appropriate. Furthermore, for 
instance, licenses in accordance with the legislation regulating the transport of hazardous 
substances are required for the purpose of transporting spent nuclear fuel. The operating license 
will be granted only for a fixed term. A hearing procedure involving municipalities, authorities 
and citizens will be established during the operating license application process.  

Design and Construction of Onkalo - J. Vira (Posiva) 

Design premises 

The idea of underground characterization as a final, confirming phase of the site selection 
process is included in Teollisuuden Voima's and later Posiva's plans since the early 1980's and 
the construction of an investigations facility was one of the main objectives set in the long-term 
RTD program Posiva published in 2000. The idea was presented in IAEA's early guidelines for 
repository siting, but how the characterization facility would be related to the actual repository, 
was not, perhaps, made all clear in them. At the time Posiva started its design of the ONKALO a 
separate characterization facility in the actual host rock looked like a potential source of 
hydraulic and geochemical disturbances that, in general, should be avoided. For the efficient use 
of both rock resources and manpower it was considered natural to design the ONKALO in a way 
that it could later be used as an access way to the repository as well. Of course, it was 
understood that this would cause additional complexity in the actual construction work, since 
the design and construction of the facility should, in this case, comply with nuclear regulations. 

The principal objectives set to the ONKALO design were 

•  to enable the underground characterization of the actual host rock of the repository, and, 
barring unexpected negative results, the final confirmation of the site suitability; 

•  to enable in situ testing and demonstration of repository technologies and work 
processes in realistic conditions 

with the main constraints that 

•  it should be built in a way that the characteristics of the host rock important for long-
term safety were not compromised, and 
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•  it should be built as if it were a nuclear facility. 

The first of the constraints came directly from the regulations. The second constraint had 
particular implications to 

•  quality management, 

•  safety classification of systems and structures, 

•  application of safeguards. 

Posiva had applied an ISO 9001 quality assurance system for all its previous R&Dwork, but now 
the QA system needed to be extended to the design and construction work and it should comply 
with the regulatory QA requirements. However, on the details of QA the existing YVL Guide on 
quality assurance largely referred to IAEA's safety guides. What came up handy at that time was 
a comparison, made by IAEA, between ISO based QA and IAEA's safety guides. It showed that the 
differences were actually small and comprised mainly of the graded approach based on safety 
meaning, and the role of a responsible facility manager, which were not included in the ISO 9001 
based QA system. Posiva decided to continue with the ISO based quality management revamped 
with additional features from IAEA safety guidelines. 

Management of ONKALO design and construction 

In many respects the QA system for the ONKALO was a straight-forward application of the ISO 
9001 and 10006 guidelines. The main new challenges were 

•  how to manage and coordinate the parallel design, construction and investigations 
activities 

•  how to formulate the QA system in a way that meets the IAEA requirements on graded 
approach and focus on safety-critical aspects.  

Since there would be no radioactive substances handled in the ONKALO and most of the 
structures and systems would not have any bearing on nuclear operational safety of the 
repository, the main nuclear and radiation related safety issues would be concerned with long-
term safety and, particularly the issue of how to minimize the negative disturbances to the host 
rock. In addition, there should be a system through which the potential disturbances could be 
monitored and the necessary corrective actions could be taken.  

In general, for the purpose of long-term safety assessment modeling, it would be worthwhile to 
try and keep the host rock as close to the natural state as possible.  However, some disturbances 
would be unavoidable, and for this reason a survey was made to identify the FEPs that could be 
affected by the construction activities and would be important for long-term safety.  The focus of 
monitoring should be placed on these FEPs. However, some of the potential changes that were 
considered as interesting from the long-term safety point of view were found very difficult if not 
completely impossible to monitor. Mineralogical changes were of this nature. 

In general, the most important FEPs that could be either created or influenced by construction 
activities were related to geohydraulic or geochemical disturbances. Geohydraulic changes 
would be brought about by the inflow of groundwater to the open tunnels and shafts; boreholes 
drilled in the ONKALO or its neighborhood could add to these effects. The hydraulic changes 
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could entail geochemical effects, but further geochemical effects could also be caused by the 
"foreign" materials used in the construction and investigations activities. A special type of 
disturbance to the host rock would also be the excavation damage zone (EDZ) created around the 
tunnels and shafts. 

The first approach to limit the disturbances was to select the type and location of the 
underground characterization facility in a way that would minimize the negative effects on the 
host rock. The first ideas of the ONKALO comprised only one or two shafts, but for the rock 
characterization and for the intended use as an access way to the repository the shaft designs 
were considered less flexible than a combination of an access tunnel and one or  several shafts. 
The combination alternative was chosen, but as it was expected to lead to larger hydraulic 
disturbances than one or two shafts, special attention was called to the location of the 
underground access routes: they should be located close to each other to avoid hydraulic 
pressure differences between the openings and in the part of the host rock that was known to be 
relatively dry. A number of possible locations were compared on this basis until the present 
location was selected in the southern part of the Olkiluoto Island.  The choice received criticism 
from some geologists, but could well be defended on the basis of its expected geohydraulic 
properties. 

The further control of potential long-term safety implications of the ONKALO construction was 
based on the safety classification developed. The current regulatory advice on safety 
classification was at that time only for nuclear power plants and hardly applicable for long-term 
safety issues. Therefore, Posiva decided to develop its own classification system for long-term 
safety issues and defined three safety classes: 

A. activities that had known effects on the host rock characteristics important for long-term 
safety 

B. activities that had potential effects on the  host rock characteristics important for long-
term safety 

C. other activities. 

On the basis of an assessment four critical issues were identified that required attention 
according to the highest (long-term) safety class A: 

•  the groundwater inflow to the ONKALO 

•  the rock damage resulting from the excavations (EDZ) 

•  the use of harmful foreign materials  

•  the drilling of boreholes in the ONKALO area. 

Special QA rules and instructions were developed for activities that could have direct effects or 
indirect couplings to these issues. The most challenging issues turned out to be the groundwater 
inflow management and the control of EDZ. 

The problem with groundwater inflow constraints was that - after the selection of the location of 
the facility - the inflow could only be controlled through grouting injections, and grouting 
implied using foreign materials that should be avoided. In the early 2000's opinions on the use of 
cement-based materials in the high-level waste repositories were strongly divided: some experts 
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would totally ban the use of all cement-based materials, whereas some others claimed that it 
would not be possible to construct any repository without concrete. Posiva concurred to the 
latter opinion, but carried out two specific development programs to minimize the potential 
harmful effects of the cement-based materials. 

In general, the safety meaning of EDZ was not considered to be significant in the safety 
assessments made earlier for KBS-3, but, of course, it was agreed that its nature and extent 
should be known and controlled in the excavations.  The main issue has been said to be the 
question whether excavations could bring about new connected fracturing along the tunnel 
direction, and in this way create new flow channels.  However, the characterization of the real 
EDZ arisen has turned out to be difficult. The current guidance is still based mainly on the 
control of the thickness of the EDZ and some bulk measurements of its hydraulic properties. 

The long-term safety related rules and instructions on the design and construction were in place 
at the time of start of the excavations. However, a further challenge was how to control the 
compliance with these rules and how to react to new information gained during the 
construction process. For this purpose a so called CEIC procedure was established (Coordination 
of Engineering Design, Investigations and Excavations), but a number of iterations turned out to 
be needed until a satisfactory feedback, learning and decision-making procedure was defined. 

Current experience  

The construction of the ONKALO has reached the final stage and the next step is to apply for a 
license to construct the actual repository tunnels. The project is lagging behind its original time 
schedule, but the main reason for this is the changes in design that have been made since the 
start of construction: two more shafts have been made to ensure safe and healthy work 
conditions, and the tunnel layout was modified to avoid intersections of tunnels with some 
potentially well-conductive fracture zones.  

After some difficulties in the early phase of the construction, the coordination of the 
investigations, design and construction has made it possible to proceed fairly smoothly, without 
major unplanned interruptions in the work processes. Most of the important geological and 
geohydraulical features that were crossed were predicted by the models developed in advance of 
the excavation and few surprises were encountered. The total amount of groundwater inflow 
has been kept in the prescribed limits. 

Unfortunately, one serious accident took place: in the early 2011 a falling rock block caused the 
death of a person who was scaling the rock walls at the end of the access tunnel. After the 
accident new measures were taken to improve the safety of tunnel working. These measures 
also stressed the importance of rock mechanics observations for the prediction of risk levels. 

Some of the control procedures implemented for long-term safety grounds have been modified 
on the basis of the experience gained.  Most of the changes have been small, but some 
requirements and related working procedures are still subject to discussion and fine-tuning. 
Grouting has still turned out to be more an art than a mature technology, and at times, difficult 
decisions have been required to cope with the requirements set on the groundwater inflow 
management. The control of EDZ will also still require further testing to prove that the quality 
required can be verified by non-intrusive means. 

On the basis of the investigations and interpretations conducted the objective of final 
confirmation of the Olkiluoto site suitability can be reached as expected. In most respects the 
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conditions correspond to the models developed before the construction of the ONKALO. What 
perhaps are the main new findings are the significant number of single fractures classified as 
"large", i.e., with dimensions of at least several dozens of meters, and the characteristics of the 
matrix pore waters. The large fractures will affect the location rules of deposition holes, and are 
important for the efficient use of the rock resources. The properties of the matrix pore waters 
may still call for supplementary studies to ensure consistent interpretation of the site evolution. 

Regulatory approach to the construction of ONKALO - J. Heinonen (STUK) 

General 

The Finnish regulation requires that the bedrock in disposal site shall be characterized at 
disposal depth before submitting the construction license application. This requirement is 
further developed in STUK guide YVL 8.4 which defines that characterization involves 
construction of a research or characterization facility at the site. ONKALO will first function as 
an underground rock characterization facility to ensure the suitability of the Olkiluoto site for 
repository purposes and then as an access route to the actual repository. The construction of 
ONKALO therefore already means “de facto” construction of the disposal facility because the 
access tunnel, the shafts and other underground parts will be utilized during disposal operation. 
ONKALO URCF has been constructed prior to construction license based on Governments 
decision given in the Decision in Principle, as the Olkiluoto DiP contains an authorization for 
starting limited facility construction. STUK has the responsibility of regulatory oversight of 
ONKALO construction and oversees it like it would be an access route to a nuclear facility. 
However, a construction license is needed before starting construction of the encapsulation 
facility and of the first disposal tunnels and deposition holes.   

STUK has re-organized and increased its resources in response to the progress of the disposal 
project and expanding operations of Posiva. In particular, STUK has developed and started 
implementing a new regulatory approach for inspection and review of ONKALO and Posiva’s 
activities. STUK’s inspection program utilizes a graded approach based on safety importance of 
the repository’s structures, systems and components.  

Regulatory requirements 

The safety of the Olkiluoto disposal facility is based on ensuring the integrity of the containment 
of the disposed waste i.e. (engineered) containment for a long period of time and, protecting it 
from external impacts, and in the case this primary barrier becomes defective, effective 
limitation of the release of radioactive nuclides (retardation as well as protection from external 
impacts). For long term safety it is vital that such chemical and mechanical conditions are 
maintained in the bedrock and that the safety functions of the repository are not jeopardized 
over a long period of time in a variety of normal and abnormal circumstances. 

Construction of ONKALO to the planned disposal depth (c.a. -430m) disturbs the geological 
environment and conditions in a variety of ways. The purpose of STUK’s regulatory control of 
ONKALO construction is primarily to ensure that the design, location, orientation and 
construction are carried out in such a manner that the geo-environment retains its favourable 
characteristics and conditions needed for the safety functions. 

 


