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DESIGN OF THE DISPOSAL FACILITY 2012
ABSTRACT
The spent nuclear fuel accumulated from the nuclear power plants in Olkiluoto in Eurajoki and in Hästholmen in Loviisa will be disposed of in Olkiluoto. A facility complex
will be constructed at Olkiluoto, and it will include two nuclear waste facilities
according to Government Degree 736/2008. The nuclear waste facilities are an
encapsulation plant, constructed to encapsulate spent nuclear fuel and a disposal facility
consisting of an underground repository and other underground rooms and above
ground service spaces. The repository is planned to be excavated to a depth of 400 - 450
meters. Access routes to the disposal facility are an inclined access tunnel and vertical
shafts. The encapsulated fuel is transferred to the disposal facility in the canister lift.
The canisters are transferred from the technical rooms to the disposal area via central
tunnel and deposited in the deposition holes which are bored in the floors of the
deposition tunnels and are lined beforehand with compacted bentonite blocks. Two
parallel central tunnels connect all the deposition tunnels and these central tunnels are
inter-connected at regular intervals. The solution improves the fire safety of the
underground rooms and allows flexible backfilling and closing of the deposition tunnels
in stages during the operational phase of the repository.
An underground rock characterization facility, ONKALO, is excavated at the disposal
level. ONKALO is designed and constructed so that it can later serve as part of the
repository. The goal is that the first part of the disposal facility will be constructed under
the building permit phase in the 2010’s and operations will start in the 2020’s. The fuel
from 4 operating reactors as well the fuel from the fifth nuclear power plant under
construction, has been taken into account in designing the disposal facility. According
to the information from TVO and Fortum, the amount of the spent nuclear fuel is
5,440 tU. The disposal facility is being excavated and closed in stages over a long term
operational lifetime of about 100 years. In the expansion plans of the facility, there is a
layout example of the repository for 9,000 tU. This is also the maximum amount of
spent fuel in the Decision-in-principle regarding the final disposal of spent fuel.
The plans for the disposal facility located in Olkiluoto are based on data from
investigations of the bedrock. The location of the disposal facility will be revised when
more information on the bedrock has been gained. More detailed data of the bedrock
will be obtained from above ground investigations, from investigations in ONKALO
and from investigations during the excavation of the repository during operations in the
disposal facility. The facility is planned so that technical development can be flexibly
utilized. The total volume of the disposal facility is approximately 1.3 million m3. The
maximum open volume is around 0.8 million m3 at any given time, because the disposal
facility is excavated and backfilled in stages.
The disposal facility is divided into the controlled area and the uncontrolled area.
Canisters are always handled and lowered to the deposition hole in the controlled area.
The excavation and construction of new tunnels and the backfilling of the tunnels is
carried out in the uncontrolled area. Extensive material transfers, such as transfers of
excavated rock and backfilling materials are transported in the access tunnel. Separate
ventilation systems are provided for the controlled and the uncontrolled area.
Keywords: Spent nuclear fuel, disposal facility, repository, disposal.

LOPPUSIJOITUSLAITOKSEN SUUNNITELMA 2012
TIIVISTELMÄ
Eurajoen Olkiluodon ja Loviisan Hästholmenin ydinvoimalaitoksilla kertyvä käytetty
ydinpolttoaine loppusijoitetaan Olkiluotoon. Olkiluotoon rakennetaan laitoskokonaisuus, joka käsittää kaksi valtioneuvoston asetuksen 736/2008 mukaista ydinjätelaitosta.
Ydinjätelaitokset ovat käytetyn ydinpolttoaineen kapselointia varten rakennettava kapselointilaitos sekä loppusijoituslaitos, joka koostuu maanalaisista loppusijoitustiloista,
muista maanalaisista tiloista ja maanpäällisistä aputiloista. Loppusijoitustilat on suunniteltu louhittavaksi 400 - 450 metrin syvyyteen. Loppusijoituslaitoksen maanpintayhteyksinä toimivat ajotunneli sekä pystykuilut. Maanpinnalta kapseloitu polttoaine siirretään loppusijoituslaitoksen tiloihin kapselikuilun hissillä. Kapselit kuljetetaan teknisen
tilojen alueelta keskustunnelia pitkin loppusijoitusalueelle ja sijoitetaan loppusijoitustunnelin pohjaan porattuihin loppusijoitusreikiin, jotka on etukäteen vuorattu koviksi
puristetuilla bentoniittilohkoilla. Loppusijoitustunneleihin johtaa aina kaksi rinnakkaista
keskustunnelia. Ne on yhdistetty toisiinsa yhdystunneleilla määrävälein. Ratkaisu parantaa maanalaisten tilojen paloturvallisuutta ja tarjoaa joustavan mahdollisuuden täyttää ja sulkea loppusijoitustunneleita vaiheittain tilojen käyttöjakson aikana.
Loppusijoitussyvyyteen on rakenteilla maanalainen tutkimustila, ONKALO. Se on
suunniteltu ja toteutettu siten, että sitä voidaan myöhemmin käyttää osana loppusijoituslaitosta. Rakentamislupavaiheen jälkeen tavoitteena on, että loppusijoituslaitoksen ensimmäinen osa rakennetaan valmiiksi 2010-luvulla ja loppusijoitustoiminta käynnistyy
noin vuonna 2020. Loppusijoituslaitoksen suunnittelussa on huomioitu neljän käynnissä
olevan reaktorin lisäksi myös rakennusvaiheessa olevan viidennen ydinvoimalaitoksen
polttoaine. Suunnittelun perustana oleva jätemäärä on TVO:lta ja Fortumilta saatujen
tietojen mukaan 5 440 tU. Loppusijoituslaitosta louhitaan ja suljetaan vaiheittain tilojen
pitkän, noin 100 vuoden käyttöjakson aikana. Tilojen laajentamista koskevassa suunnitelmassa esitellään asemointiesimerkki 9 000 tU:n polttoainemäärälle, joka vastaa
myönteisten periaatepäätösten maksimipolttoainemäärää.
Loppusijoituslaitoksen suunnitelmat on laadittu Olkiluodon kallioperään siitä käytössä
olevien tutkimustietojen perusteella. Tilojen sijaintia tullaan tarkentamaan kallioperätiedon karttuessa. Kallioperätietoa saadaan maanpintatutkimusten ohella maan alta
ONKALOn tutkimuksista, loppusijoitustilojen rakennusvaiheessa sekä loppusijoituslaitoksen pitkän käyttöjakson aikana tehtävillä tutkimuksilla. Laitos on suunniteltu siten,
että myös loppusijoitustekniikan kehityksen aiheuttamat muutokset voidaan huomioida
mahdollisimman joustavasti. Loppusijoituslaitoksen kokonaislouhintatilavuus on noin
1,3 milj. m3. Koska tiloja louhitaan ja täytetään vaiheittain käyttöjakson aikana, on kerrallaan avoinna oleva tilavuus noin 0,8 milj. m3.
Toiminnallisesti loppusijoituslaitos on jaettu valvonta-alueeseen ja valvomattomaan alueeseen. Kapselien käsittely ja asennus loppusijoitusreikään tapahtuu aina valvontaalueella. Uusien tunneleiden louhinta ja rakentaminen sekä loppusijoitustunneleiden
täyttö tehdään valvomattomalla alueella. Suuret materiaalivirrat, kuten louhe ja
täyttömateriaali, kuljetetaan ajotunnelia pitkin. Valvonta-alueella ja valvomattomalla
alueella on erillinen ilmanvaihto.
Avainsanat: Käytetty ydinpolttoaine, loppusijoituslaitos, loppusijoitustilat, loppusijoitus.
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1

INTRODUCTION

The spent nuclear fuel accumulated in the nuclear power plants in Olkiluoto, Eurajoki
and Hästholmen, Loviisa, will be disposed of in Olkiluoto. A facility complex will be
constructed in Olkiluoto, comprising two nuclear waste facilities in line with
Government Decree 736/2008 (Government 2008d). The nuclear waste facilities are the
encapsulation plant constructed for the purpose of encapsulating the spent nuclear fuel
and the disposal facility consisting of underground repository facilities and other
underground facilities and auxiliary facilities above ground. This report deals with a
plan of the final disposal facility. The report describes the design situation in 2012.
The disposal facility plan provides the basis for:
 a construction licence application, i.e.: the level of detail provided in the plans is at
an acceptable level of accuracy required for a construction licence application
 for producing an assessment of long term safety as part of the construction licence
application
 for assistance when planning the implementation of ONKALO
 as initial data for the further design of facilities above ground
 as initial data for land use plans concerning Olkiluoto
 for planning research and development activities regarding the different areas of
disposal technology
 to act as guidance for bedrock surveys carried out in Olkiluoto
 for calculations regarding the life cycle costs of final disposal to be used, among
other things, for producing an estimate of total costs and for setting out the financial
provisions for waste management (nuclear waste fund)
 for assessing the feasibility of disposal
 as part of the overall description of the entire project.
Excavations for ONKALO, the underground research facility, began in 2004. ONKALO
will provide detailed information on the bedrock of the disposal site. ONKALO has
been designed and implemented in such a way that it can later be used as part of the
repository. For this reason, the design principles of the disposal facility and the
construction requirements related to the long-term safety of disposal are taken into
account when designing ONKALO. They concern, among other things, the materials
and excavation methods used. The design work for the disposal facility and ONKALO
is carried out in close co-operation to ensure the compatibility of both plans at all times.
The disposal facility design is based on the so-called KBS-3 solution. KBS-3V method
entails placing the canisters into vertical holes drilled in tunnel floors.
The aim is to maintain maximum flexibility in the disposal facility design work to allow
changes in the design solutions. As technologies develop and more knowledge is
accumulated, the disposal methods may be changed. The underground facilities have
been designed for operations taking place at one level, at an approximate depth of 400450 meters.
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Investigations and comparative studies have already been carried out during the earlier
reported preliminary design phase (Saanio et al. 2006) for a variety of options including
whether the canisters should be transported to the repository using a lift or a vehicle
running on tracks along the access tunnel. It was also assessed whether the
encapsulation plant should be located adjoining the interim storage for spent fuel or
connected to the disposal facility, located directly above it. It has been agreed that the
encapsulation plant will be located directly above the repository. Canisters will be
transported by elevator down to the repository level. In this report the reference solution
includes the following options:
 The canisters are to be deposited in a vertical position in the holes drilled in the
tunnel floors, i.e. the KBS-3V solution.
 The encapsulation plant is located directly above the disposal facility and connected
to it.
 The canisters are transferred from the encapsulation plant to the repository by lift.
 The repository facilities are located on one level, at an approximate depth of 400-450
meters.
 The deposition tunnels are backfilled using pre-compressed bentonite blocks.
The preliminary plan for phase 1 of spent nuclear fuel repository facilities was produced
in 2003 (Saanio et al. 2003) and for phase 2 in 2006 (Saanio et al. 2006). The repository
draft plan was drawn up in 2009 (Saanio et al. 2009)
The premises and solutions of the current outline design are very much the same as
those set out in the repository draft plan. Notable deviations from the repository draft
plan are:
 More specific information is now available on the Olkiluoto bedrock. New bedrock
surveys have been carried out, both above ground and in ONKALO. The location of
underground facilities has been updated on the basis of new bedrock data.
 Canister storage has been added to the technical rooms. Plans for technical rooms
and shafts have been updated.
 The construction of ONKALO has progressed to an advanced state. By the summer
of 2012 ONKALO access tunnel excavation reached current planned depth of 455
meters below the surface. In future the main focus will be on construction work and
building system technology instead of excavation work. The work has progressed to
the future disposal level. The bedrock suitability assessment method and techniques
for constructing both the deposition tunnels and deposition holes are being tested in
the demonstration tunnels at the depth of approximately 420 m.
 The plan for the canister transfer and installation vehicle has been updated, and the
operation of installing the canister in the deposition hole has been planned in greater
detail.
 The schedule for disposal activities has been updated. The schedule is based on an
estimation of spent fuel from separate power plant units, its quality, quantity and
burn-up, and the new values of decay heat generation. For OL1-2 units the maximum
allowable burn-up has risen to a value of 50 MWd/kgU during 2011. For OL3 the
maximum burn-up is considered to be 50 MWd/kgU in the beginning of the
utilization and it is planned to rise to a value of 55 MWd/kgU from the year 2018
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onwards as is also planned for the OL1-2 units. As for the LO1-2 units the allowable
maximum burn-up has risen to the value of 57 MWd/kgU during 2011. The
estimations of the quantities and qualities of the fuel have been updated according to
the new consumption forecasts.
 The positive decision-in-principle for disposing of the OL4 unit’s fuel, which will
increase the total spent fuel quantity to 9,000 tU, has been accounted for in the
principle design concerning the expansion of the facility.
According to the Nuclear Energy Act, 990/1987 (Government 1987), the Finnish
government can issue general regulations that concern the safety, security arrangements
and emergency response arrangements or rescue operations. Regulatory guides that
detail the regulations of the Finnish Government are provided by Finland’s Radiation
and Nuclear Safety Authority (STUK) in Regulatory Guides on nuclear safety (YVL).
The YVL-guides in STUK are currently under revision.
In particular, Government Decree 736/2008 on the Security in the Use of Nuclear
Energy relate to the disposal facility (Government 2008d). The Radiation and Nuclear
Safety Authority is updating guide YVL 8.4, 23.5.2001, long-term safety of disposal of
spent nuclear fuel (STUK 2001), which is about putting the decree into practice. The
guide applies to disposal in a repository built in crystalline bedrock to a depth of several
hundreds of meters, and deals with the long-term safety of the disposal. In addition the
Radiation and Nuclear Safety Authority has submitted guide YVL 8.5, operational
safety of a disposal facility for spent nuclear fuel (STUK 2002), which provides more
detailed specifications on design, construction and utilization of the facility, and which
is also being updated. Corresponding new drafts of the guides are YVL D.3 and YVL
D.5. STUK and Posiva have agreed that the new guide drafts can be used as a basis for
the facility design.
Chapter 2 of this report presents the long-term safety concept and the initial material for
planning and design work. The chapter describes the Olkiluoto area, both with respect
to infrastructure and bedrock conditions. The description also includes the exact details
of nuclear fuel to be disposed of, as well as of its quantity and quality. Chapter 2
presents a summary description of the entire plant complex.
The facilities, systems and construction process of the disposal facility are presented in
Chapter 3. The matters pertaining to the integration of ONKALO and the potential for
later expansion of the facilities are compiled into this chapter. Section 3.5 presents the
design solution for a quantity of 9,000 tU of spent nuclear fuel. Design solution is sited
on the confirmed local detailed plan for land use. The more detailed designs of the
disposal facility are made of volumes in which the fuel from plants currently operating
or under construction can be disposed. Design basis of spent fuel in this consideration is
5,440 tU. The previously mentioned detailed designs are presented in sections 3.5 and
3.6. The presented options are examples of possible layouts and are based on the current
knowledge about the bedrock characteristics and do not consider the restrictions by the
local detailed plan for land use. In section 3.8 it is presented how the disposal facility
dimensioned for 9,000 tU fuel could be situated when designed only based on bedrock
characteristics and the present knowledge of them.
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Chapter 4 deals with disposal operations. The chapter describes the entire range of
operational activities. The backfilling operation of deposition tunnels during the
operating phase is also described in this chapter.
When all fuel has been disposed of, the disposal facility will be backfilled and closed.
The matters related to the closure phase are compiled in Chapter 5. The chapter also
discusses the potential for retrieval of canisters from the repository facilities.
In circumstances where the bedrock permits, the repository can in principle be located
on two layers. This option is presented in Chapter 6. In the same section the KBS-3H
solution is described, where the canisters are placed in horizontal drifts. The technical
details of the disposal facility are compiled in Appendix 1, and Appendix 2 contains a
glossary of the terms used. The layout for a quantity of 9,000 tU of spent nuclear fuel
that has been used in the long-term safety case for the construction licence application
material is presented in the memorandum in Appendix 3 and the layout limiting
structures from the rock suitability classification (RSC) used as the initial data for that
layout are compiled in Appendix 4.
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2

DESIGN BASIS AND STARTING POINT

2.1

Safety concept and design of the disposal facility

Figure 2-1 shows Posiva's safety concept and a description of how safe disposal of
spent fuel is achieved using the KBS-3 method, taking into account the properties of the
fuel, as well as the characteristics of the Olkiluoto site.
Due to its long-term hazard, the spent fuel has to be isolated from the surface
environment over a prolonged period of time. Safe disposal is therefore achieved by
long-term isolation and containment. The features that favour long-term isolation and
containment are shown as orange pillars and blocks in Figure 2-1. The figure also shows
secondary features as green pillars and blocks which ensure that safety is maintained
even in the event of releases of radionuclides over time. Another key element of the
safety concept is the existence of multiple barriers so that it is unlikely that any single
detrimental phenomenon or uncertainty could undermine the safety of the whole system.
These primary and secondary features of the safety concept are described below.
SAFE DISPOSAL

FAVOURABLE, PREDICTABLE BEDROCK
AND GROUNDWATER CONDITIONS

PROVEN TECHNICAL QUALITY
OF THE EBS

Slow diffusive
transport in the buffer

Slow release from the
spent fuel matrix

Retention and retardation of
radionuclides
Slow transport in the
geosphere

FAVOURABLE NEAR-FIELD
CONDITIONS FOR THE
CANISTER

LONG-TERM ISOLATION AND CONTAINMENT

WELL-CHARACTERISED MATERIAL
PROPERTIES

SUFFICIENT DEPTH

ROBUST SYSTEM DESIGN

Figure 2-1. Main features of the safety concept for a KBS-3 type final disposal of spent
nuclear fuel in crystalline bedrock. The safety concept is based on a robust design. The
orange columns and bars illustrate the primary safety features and characteristics of
the disposal system. The green columns and bars illustrate the secondary safety features
that are particularly significant in the event that radionuclides are released from a
canister (Posiva 2012f).
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In the KBS-3 method, isolation of the radionuclides associated with the spent fuel is
provided first and foremost by encapsulating the fuel in sealed gas- and water-tight
copper-iron canisters. Most of the activity in the spent nuclear fuel is in the ceramic
matrix (UO2), which is sparingly soluble in the expected disposal conditions. The slow
release of radionuclides from the spent fuel matrix is part of Posiva's safety concept.
The likelihood of any radionuclide releases occurring from the canisters is kept small by
an environment around the canisters that favours their longevity (favourable near-field
conditions for the canisters) and by the proven technical quality of the engineered
barrier system (EBS). The EBS includes: the canisters; a surrounding clay buffer that
protects the canisters mechanically, hydraulically and chemically (see below); a backfill
of the deposition tunnels which supports the buffer and the rock; as well as closure
structures, such as the backfill in the rest of the openings and the plugs and seals of
central tunnels, shafts, access tunnels and research boreholes. These structures are
designed to be compatible with the canister, the buffer, the backfill of the deposition
tunnels and the host rock, and support their performance. For example, backfilling and
sealing of the repository cavities (including tunnels, shafts and boreholes) support the
safety functions of the host rock by giving mechanical support to the rock and
preventing the formation of transport pathways (flow paths). They also contribute to
discouraging inadvertent human intrusion into the repository. The surface environment
is not included since it does not have any safety function.
The system design should also be robust. This is achieved through a sufficient depth for
the repository, favourable and predictable bedrock and groundwater conditions and
well characterised material properties of both the bedrock and the EBS. The
characterisation of the Olkiluoto site and the strategy for repository design are focused
on a volume of bedrock situated between 400 and 450 meters below the ground surface.
At such depths, favourable and predictable bedrock and groundwater conditions, such as
reducing conditions, low frequency of water conducting fractures and slow movement
of groundwater, are found and the likelihood of inadvertent human intrusion is low. The
depth range is consistent with guidance in YVL D.5 according to which the repository
should be located:
“...at a sufficient depth in the bedrock in order to mitigate the impacts of above-ground
events, actions and environmental changes on the long-term safety, and to discourage
inadvertent human intrusion.” (YVL D.5 section 4.3)
Should any canister present an initial penetrating defect or be breached at a later time,
the consequences of radionuclide releases for humans and other biota inhabiting the
surface environment will be mitigated by the slow release from the spent fuel matrix,
slow diffusive transport in the buffer and backfill, and slow radionuclide transport in
the geosphere. Together, the engineered barriers and the rock provide for retention and
retardation of radionuclides. Radioactive decay also continues during radionuclide
transport. These features are illustrated in Figure 2-1 as secondary safety factors of the
concept (as green columns and bars) because they only become relevant if the primary
barrier, the canister, has failed.
The safety concept is based on a robust system design that also includes the design of
the disposal facility. In this context, the robustness of the system means that isolated
faults in the design and implementation, or lack of information and uncertainties related
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to future conditions may not lead to a significant deterioration of the safety features.
The design work is developed iteratively between the repository designers and longterm safety assessors (see also the section “Interaction between long-term safety and
design of disposal system”).
Release barriers and their safety functions
The safety functions of the barriers in Posiva’s disposal system are presented in Table
2-1. In the KBS-3V design, the radionuclide release barriers are:






canister
buffer
deposition tunnel backfill
closure structures and
host rock.

Closure refers to other backfilling and sealing structures used elsewhere than in the
deposition tunnels, such as in the access tunnel, the central tunnel and in shafts. These
structures are necessary in construction because of technical reasons or due to
operational safety, but in some cases, they also have safety functions. Their safety
functions are defined to avoid that the repository underground facilities (such as the
access tunnel and shafts) compromise the safety functions of the host rock (e.g. in case
they are not properly backfilled and sealed).
In the definition of the safety functions, the deposition tunnel plugs are part of the
deposition tunnel backfill, and their function is primarily to keep the backfill in place,
and thus to contribute to the performance of the backfill. Other auxiliary components
include grouting materials (cement-based materials or colloidal silica, Silica Sol), and
rock support structures (bolts, nets, etc.). These components are not assigned safety
functions. In most cases, however, they serve to protect the components that do have
safety functions during the operational period and through the early evolution of the
repository. For example, grouting protects the buffer and backfill from high, transient
water flows prior to repository saturation, and prevents drawdown of surficial waters or
upconing of saline water, thus supporting the safety functions of the host rock. The
overriding requirement regarding the design and construction of all engineered
components is that their presence should not significantly impair the safety functions of
other components (engineered or natural).
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Table 2-1. Safety functions assigned to the barriers (EBS components and host rock) in
Posiva’s KBS-3V repository (Posiva 2012f).
Release
Barrier

Safety functions

Canister



Ensure a prolonged period of containment of the spent nuclear fuel. This safety
function rests first and foremost on the mechanical strength of the canister’s cast
iron insert and the corrosion resistance of the copper surrounding it.

Buffer



Contribute to mechanical, geochemical and hydrogeological conditions that are
predictable and favourable to the canister.
Protect canisters from external processes that could compromise the safety function
of complete containment of the spent nuclear fuel and associated radionuclides
Limit and retard radionuclide releases in the event of canister failure.



Deposition
tunnel backfill





Host rock





Closure







Contribute to favourable and predictable mechanical, geochemical and
hydrogeological conditions for the buffer and canisters.
Limit and retard radionuclide releases in the possible event of canister failure.
Contribute to the mechanical stability of the rock adjacent to the deposition tunnels.
Isolate the spent nuclear fuel repository from the surface environment and normal
habitats for humans, plants and animals and limit the possibility of human intrusion,
and isolate the repository from changing conditions at the ground surface.
Provide favourable and predictable mechanical, geochemical and hydrogeological
conditions for the engineered barriers.
Limit the transport and retard the migration of harmful substances that could be
released from the repository.
Prevent the underground openings from compromising the long-term isolation of the
repository from the surface environment and normal habitats for humans, plants and
animals.
Contribute to favourable and predictable geochemical and hydrogeological
conditions for the other engineered barriers by preventing the formation of
significant water conductive flow paths through the openings.
Limit and retard inflow to and release of harmful substances from the repository.

Safety aspects guiding the design of the repository facilities
For the design of the disposal system Posiva has developed a formal requirements
management system (VAHA). VAHA translates the principles related to the safety
concept (defined in VAHA level 1) into a set of safety functions (VAHA level 2).
The performance requirements, consisting of performance targets for the engineered
barriers and target properties for the host rock, are defined such that the safety
functions are fulfilled (VAHA level 3); the design requirements for the engineered
barriers and the underground openings including rock suitability classification criteria
(RSC criteria) are defined such that the performance requirements will be met (VAHA
level 4); and the detailed specifications to be used in the design, construction and
manufacturing are defined such that the design requirements and RSC criteria are met
(specifications, VAHA level 5).
The definition of the performance targets for the safety functions of the engineered
barriers and the target properties for the safety functions of the host rock require the
identification of the different loads and interactions that may act on the repository
system at the time of canister emplacement and in the long term. The performance
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targets and target properties, together with the derived design requirements and the
underlying design basis scenarios, form the design basis of the repository. The
background and premises for the design basis are presented in the Design Basis report.
The design specifications are presented in the production line reports and are
summarised in the Description of the Disposal System report.
The connection between the evolution of the disposal system and the design is given
with the help of the design requirements and design specifications as they ensure the
fulfilment of the performance targets and target properties from the initial state and
during the expected evolution. The initial state is defined as the state when the direct
control over that specific part of the system ceases and only limited information can be
made available on the subsequent development of conditions in that part of the system
or its near field. Through the performance assessment it is shown that if the
underground disposal system is implemented according to the technical design
requirements and according to the specifications, the performance targets and the target
properties are fulfilled and the safety functions are also provided.
To achieve this, the potential future conditions have to be described as alternative lines
of evolution, and their likelihoods are assessed based on present-day understanding and
the findings of earlier assessments. All the lines of evolution and expected loads that are
judged reasonably likely to occur (based on this understanding and previous findings)
are taken into account and, hence, included in the design basis. Thus, by definition,
when the performance targets and target properties are met and the future follows the
reasonably likely lines of evolution (design basis scenarios), the safety functions are
fulfilled.
The design, construction, operation and backfilling of the repository must be
implemented in a manner that supports the safety functions of the canister, buffer,
deposition tunnel backfill, sealing and in particular, the host rock. The design,
construction and operation must address the requirements for feasibility, operation and
long term safety.
The first safety function of the host rock (and closure), i.e. to isolate the repository from
the biosphere and human habitat (see Table 2-1), is achieved by:
 requirements of the deposition hole location in areas where the water conductivity of
the rock is sufficiently low
 requirements on the backfilling methods so that the repository does not provide
groundwater flow paths
 requirements on the backfill and closure of other disposal facilities as well as the
access points to the surface (e.g. the vehicle access tunnel, shafts and research holes)
in order to prevent the formation of pressure differentials and the potential
subsequent channel formation and erosion in buffer material and the formation of
water migration routes.
In addition, the first safety function is also achieved by choosing the location and depth
of the facility so that it is free of any valuable resource or other reasons that would
increase the possibility of human intrusion. The depth of the repository shall be selected
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in such a way that both the safety requirements for the repository are fulfilled and the
aspects related to the constructability of the underground spaces are taken into account.
The safety requirements are largely influenced by the hydrogeology of the site, i.e.
frequency and occurrence of water-conducting fractures with depth while the
constructability is mainly related to rock mechanics issues, i.e. stability of the
deposition holes prior to emplacement.
The second safety function of the host rock (and closure), i.e. to provide favourable and
predictable mechanical, geochemical and hydrogeological conditions for the technical
barriers (see Table 2-1), is achieved by:
 requirements on the deposition hole locations to reduce the probability of large rock
shear movement; low groundwater flow into the deposition hole and the groundwater
chemistry target properties are fulfilled
 certain requirements regarding the orientation of deposition tunnels, the excavation
methods to minimise the excavation damage zones (EDZs) and rock damage
 inclusion on the distance between deposition tunnels and deposition holes in order to
ensure adequate dissipation of the decay heat from spent fuel without damaging the
fuel, rock or buffer
 requirements on the construction techniques regarding dimensional and alignment
tolerances and safety distances from given host rock features
 requirements regarding the minimisation of rock volumes to be kept open during the
operating phase in order to minimise any hydraulic and hydrogeochemical
disturbances
 requirements regarding the control of seepage water volumes in order to minimise
any hydraulic and hydrogeochemical disturbances
 requirements regarding the monitoring of hydraulic and hydrogeochemical impacts
during the construction work and the operating phase
 requirements regarding the limitation of the amount of foreign materials (organic
materials, oxidising materials or other materials having harmful effects on long-term
safety) in the repository
 requirements concerning the decommissioning phase so that the quantities of harmful
substances that remain in the repository, either inadvertently placed or installed there
on purpose, do not endanger long-term safety and are sufficiently removed before
final closure. The foreign materials with potentially adverse effects on long-term
safety of engineered barriers include:
 NOx, NH4, acetate, organic compounds and sulphur-containing materials that may
affect the corrosion of the spent fuel canisters
 iron compounds and potassium that may affect the transport properties of the
buffer
 cement-containing materials that may change the mineral composition of the
buffer.
The host rock (and closure) third safety function, i.e. to limit and delay flows into the
repository and releases from it (see Table 2-1), are related to the above-mentioned
safety functions of the rock and closure and imply the same requirements on
hydrogeology and chemical properties as described above.
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The target properties of the host rock set the starting point for the definition of the Rock
Suitability Classification system (RSC) developed by Posiva. The RSC programme
aims to develop a classification scheme to identify the rock volumes suitable to host
deposition tunnels (disposal panels) for the layout design, to identify tunnel sections
suitable to host deposition holes as well as to approve that the rock properties at the
deposition holes are acceptable for canister emplacement. The RSC are defined so that
the safety functions of the host rock and of the EBS are initially achieved and will be
upheld in the expected conditions during the time window the spent fuel presents a
significant hazard. A successful design (including manufacturing and installation/
emplacement, QC) and application of RSC will help to initially achieve and uphold
safety functions during the time window during which the spent fuel presents a
significant hazard. The classification scheme considers both long-term safety and
engineering aspects. The rock suitability criteria have been presented in the RSC-2012
report (Posiva 2012j).
Interaction between long-term safety and design of disposal system
The development of the disposal system is the result of a continuous iteration between
performance assessments and design bases, as illustrated in Figure 2-2.
The goal is to first set the system design bases which are the objectives set for the whole
system, the limitations set by the environment, technology and knowledge and the
existing operating environment (regulations, responsibilities, organisations, resources).
The design bases also include other requirements (e.g. those related to operational safety
and nuclear material safeguards) and other relevant parameters (e.g. spent fuel
inventory, special features of the repository site).
The design basis refers to the current and future environment-induced loads and
interactions that are taken into account in the design of the disposal system, and,
ultimately, to the requirements that the planned disposal system must fulfil in order to
achieve the objectives set for safety and other factors. The assessment of loads is based
on an understanding of the features, events and processes (FEPs) that have the potential
to impair the safety functions of the disposal system.
A preliminary design is produced first, taking into account the design basis, loads and
interactions as well as other requirements, as described above. The preliminary design
will determine, for example, the location and main dimensions of the repository, the
materials used for constructing the structures, the instructions to be observed during
construction and use, as well as the quality control measures.
The preliminary design is followed by a performance assessment done by long-term
safety assessors to provide feedback and guidance to the system design concerning:
 criteria for the development of improved engineered robustness, which if realized,
will contribute to the reliability of long-term safety estimates
 specifications of the uncertainties and deviations that do not affect long term safety.
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The iteration between the design and long-term safety is carried out through incremental
understanding of the key FEPs and how they affect the safety concept, which means
taking into account the:
 the mutual compatibility of engineered barriers with each other and the host rock,
taking into account their safety functions
 the capability of technical release barriers to cope with the thermal, hydraulic,
mechanical and chemical loads during the evolution of the disposal system
 robustness with respect to long-lasting processes and unlikely events that may occur
over the regulatory compliance period.
The way in which the system evolves in time depends on its initial state, which has been
defined above. The initial state depends on decisions taken on repository design and the
implementation of such design. These decisions will be constrained by design
requirements, based in part on guidance from previous performance and safety
assessments. The initial state also takes into account uncertainties and deviations from
the planned design.
According to the requirements, the achievement of the initial state is shown through
designed underground commissioning tests. These tests will be carried out in
accordance with the requirements in the underground disposal facility by constructing
deposition tunnels and demonstrating the implementation of the final disposal solution
without using spent fuel.
Equipment and components have been developed, purchased and will be licensed for
the purpose of these commissioning tests. These tests help to demonstrate in practice
that the capabilities needed for the implementation of the disposal method have been
sufficiently developed and that it is possible to achieve the initial state required for the
long-term safety thereby demonstrating the readiness to begin final disposal operations.
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Figure 2-2. Connections between the repository design basis, safety concept and safety
case (Posiva 2012f). FEPs = features, events and processes, PSAR = preliminary safety
assessment report, FSAR = final safety assessment report.
2.2

Olkiluoto site

2.2.1

Facility area and land use plans

The underground openings of the disposal facility and the buildings above ground are
situated mainly in Olkiluoto in Eurajoki in local detailed town plans, block number 5,
which is owned by Teollisuuden Voima Oyj (TVO) and rented to Posiva Oy.
There is a local master plan and several local detailed plans about the land use in the
Olkiluoto area. In the area rented by Posiva there is a valid local detailed plan that was
ratified in March 2011 that allows the disposal of spent nuclear fuel to the depth of
-400…-700 meters.
The local detailed plan concerning land use is based on the partial local master plan that
was ratified in June 2010 by the edict of the Supreme Administrative Court. The
purpose of the local master plan is to generally guide and adjust functions of the
municipality or part of its community structure and land use. A local plan is drawn up
for the purpose of detailed organisation of land use, building and development.
Buildings may not be built in the coastal zone forming part of the coastal areas of sea or
other body of water in the absence of a local plan (so-called shore plan). The Eurajoki
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master shore plan, ratified on 25 October 2000, has been in force in the area. The
Municipal Council of Eurajoki approved the Olkiluoto partial master plan replacing the
above master shore plan on 19 May 2008. The partial master plan shows a rough outline
of the area where the tunnels of the disposal facility will be located.
In 2011 the local detailed plan was revised and also the local plan for the housing
village in Olkiluoto, while the local detailed plan of Liiklankari was repealed.
Liiklankari is in the old growth forest preservation program and Natura program.
The Satakunta regional land use plan delivered by the Regional Council of Satakunta in
2010 to the Ministry of the Environment was ratified in November 2011 and is valid in
Eurajoki. Olkiluoto is a target area for the development of energy supply in the regional
land use plan. In addition to the nuclear power plant units, other energy production and
actions based on the region’s energy supply can be sited in the area without it being
restricted by the regional land use plan. In the regional land use plan a safety area with
land use restrictions, defined by the YVL-guide, is marked around the nuclear facility
area.
TVO has reserved blocks 1 and 3 on the west side of Olkiluoto Island for the new
nuclear power plant units.
2.2.2

Bedrock

Topography
The island of Olkiluoto is gently sloping, with a rather low elevation. Approximately
half of the total area of the island is below the +5 m contour line. The highest point is
the Liiklankallio rock, 18 meters above sea level. The elevation of the island from sea
level is constantly changing as a result of land uplift. Most of the soil on the island is a
few meters thick, and the thickest observed soil deposits are 12-14 meters thick.
Moraine is the most abundant soil type in the area (Posiva 2012g).
Rock types
Rock types found in Olkiluoto can be divided into two main categories: 1) supracrustal
rocks with a high degree of metamorphosis: different migmatitic gneisses, tonalitegranodiorite-granite gneisses, micaceous gneisses, quartz gneisses and mafic gneisses,
2) magma rocks: pegmatitic granites and metadiabases. The types of migmatitic gneiss
can be further divided into three subcategories depending on their migmatite structure:
veined gneisses, striped gneisses and diatexitic gneisses. The refolding and shearing
conditions of the metamorphic rocks indicate that they have undergone a five-step
ductile deformation process. Following the deformation phases, the rocks are
completely oriented. The Olkiluoto bedrock has also been subjected to extensive
hydrothermal alteration. The most significant alteration processes are illite formation,
kaolinite formation and pyrite formation (Posiva 2012g).
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Fractures
Three main fracture sets have been observed in the ONKALO area (Posiva 2012g). The
most significant fracture set is flat or gently sloping, dipping south-east. The second
fracture set striking from south to north is sub-vertical and the third set is also vertical
and strikes east-west.
The number of different fracture sets varies locally. The results of tunnel mappings
carried out in the ONKALO indicate that the number of different fracture sets decreases
as the depth increases. After a depth of 120 m, only one or two fractures sets are found
in the tunnels at a given time, which mean that the formation of key blocks around the
tunnel is unlikely. The fracture density also decreases with increasing depth and in the
central part of the island (in ONKALO), the bedrock is almost intact in places after a
depth of 120 m, i.e.: the RQD (Rock Quality Designation) value is 100%. The average
length of the fractures is about 1 m (Posiva 2012g).
Fracture or brittle deformation zones
Fracture zones trending from NW to SE and from NE to SW dominate the regional
fracture zone pattern of the Olkiluoto bedrock. The mechanical properties of the fracture
zones are lower than the rock mass properties, and they have higher hydraulic
conductivities, which is why they are avoided in the layout design.
A classification scheme (RSC) for host rock requirements is presented in (Posiva
2012j). All layout determining features, their influence zones and respect volumes are
presented in Posiva (2012h); see Figure 2-3 and Table 2-2. Penetrating these with
tunnels and shafts are avoided in layout design if possible. The hydrogeological zones
(HZ), brittle fault zones (BFZ) or their respect volumes cannot be penetrated with
deposition tunnels or deposition holes (Posiva 2012a).

Figure 2-3. The layout determining features for the Olkiluoto area at a depth of 420 m
(Posiva 2012h).
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In conclusion, the starting point for the layout design on a disposal panel scale (RSC) is
as follows:
 Deposition tunnels are not designed inside the layout determining features or their
respect volumes.
 The layout determining features are avoided with other tunnels and shafts if possible.
 The total number of deposition holes (the number of holes required + the number of
hole positions to be rejected) will be estimated on the basis of the utilisation degree.
 The orientation of deposition tunnels is determined on the basis of the orientation of
the major rock stress; see the section entitled “strength and stress conditions of the
bedrock” below.
Hydrological features
The annual rainfall in Olkiluoto is about 550 mm. The groundwater flows are mainly
affected by local variations in topography. The direction of groundwater flow under the
island is mainly downwards, while it is horizontal or upwards near the coastline and
under the seabed. The hydraulic gradient near the repository facilities is 0.1 - 1.3 %.
Hydrogeological zones (HZ), see Table 2-2, are also included in the layout determining
features. These are avoided with deposition holes if possible to stay below the allowed
deposition hole seepage water limits (Posiva 2012g).
The investigation results indicate that the surface(up to a depth of 200 m) of the bedrock
in the entire investigation site of the Olkiluoto Island display clearly higher water
conductivity values than the more intact bedrock deeper down. The abundance of waterconducting fractures clearly decreases as the depth increases (Posiva 2012g).
Table 2-2. The layout determining features and defining criteria of Olkiluoto.
Layout determining feature

Defining criteria

BFZ020a
BFZ020b
BFZ021
BFZ099
BFZ146
BFZ148
BFZ159
BFZ214
BFZ262
LINKED0112
LINKED0320_0166
LINKED0477
HZ19C
HZ20A
HZ20B
HZ21
HZ21B
HZ039
HZ099
HZ146

Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Size approximately or over 3 km
Significant hydrogeological zone; T ≥ 10 -6 m2/s
Significant hydrogeological zone; T ≥ 10 -6 m2/s
Significant hydrogeological zone; T ≥ 10 -6 m2/s
Significant hydrogeological zone
Significant hydrogeological zone
Significant hydrogeological zone; T ≥ 10 -6 m2/s
Significant hydrogeological zone
Significant hydrogeological zone; T ≥ 10 -6 m2/s
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Strength and stress conditions of the bedrock
The strength properties of the Olkiluoto bedrock are characterised by major variations
due to the heterogeneity of the bedrock. For example, the compression strength of
migmatitic gneiss varies in the range 60-160 MPa (95% confidence limit). There are no
significant differences in the strength properties of different types of gneiss. The only
significant difference in the properties of different rock types concerns the tensile
strength of pegmatite granite, which is roughly half of that of the gneiss varieties. The
foliation of the bedrock (its orientation and degree) has some impact on the strength
properties. The strength properties of altered rocks do not significantly differ from those
of non-altered rocks, although only relatively few test results are available so far. The
strength properties have not been found to be depth or place dependent (Posiva 2012g).
The in-situ rock stress state, on the other hand, increase with increasing depth and the
maximum horizontal and minimum vertical stress components at a depth of 400 m are
about 24 MPa and 11 MPa respectively. Near the surface (< 300 m), the orientation of
the major principal stress varies, but becomes more stable at the repository depth. The
orientation of the major principal stress is estimated to be at the repository depth around
112° i.e. E-W (Stress model I) or around 144° SE-NW (stress model II), (Posiva
2012g). Further, the stress field is anisotropic, which means that the orientation of the
tunnels has a clear effect on the stress distribution around the rock facilities. In order to
minimize any stress induced damage, the tunnels should be placed parallel to the major
stress component.
Seismicity
The earthquakes occurring in the vicinity of Olkiluoto are minor (M ≤ 3.1) and rare.
Nine earthquakes have occurred within a radius of one hundred kilometers from
Olkiluoto during the period 1804 - 2007. The nearest earthquake (M = 3.1) had its
epicentre in Uusikaupunki, 35 - 40 km from Olkiluoto. Another earthquake at a similar
distance occurred in Laitila in 2007 (ML = 1.9). The orientation of the two nearest
seismically active fracture zones appears to be SE-NW. The more southern of the two
runs along the edge of the Laitila rapakivi granite massif, passing Olkiluoto at a distance
of about 15 km south-west, and the other zone runs along the edge of the Satakunta
sandstone formation, about 35 km north-east of Olkiluoto. One or two minor
earthquakes may have occurred in these active zones. Apart from these, earthquakes in
the area occur when the present stress field in the bedrock activates old weakness zones.
(Saari 2012).
Thermal properties and temperature of the bedrock
The average thermal conductivity of Olkiluoto bedrock at room temperature is
2.91 ± 0.51 W/mK, and the calculated diffusivity is 1.47 x 10-6 ± 0.29 m2/s. Pegmatitegranite thermal conductivity is slightly higher than gneiss. The thermal properties are
temperature dependent; the equivalent values at +60 ºC are 2.82 W/mK and
1.34 x 10-6 m2/s (Posiva 2012g). Like strength properties, the thermal properties of rock
also depend on the foliation of rock. Thermal conductivity is reduced by perpendicular
foliation. Anisotropy is estimated to be about 20 - 25 %.
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The thermal expansion coefficient of Olkiluoto bedrock is 9.5 ± 2.5 x 10-6 k-1. The
temperature of the bedrock in Olkiluoto is about +10.5 ºC at a depth of 400 m, and the
average temperature gradient is 1.4 ºC/100 m (Posiva 2012g).
The thermal properties of the bedrock are vitally important when optimising the
distances between the deposition holes and the deposition tunnels and when estimating
the thermal stresses around the rock facilities induced by the radiogenic generation of
heat.
Hydrogeochemistry
The groundwater composition in the Olkiluoto area reflects the geological history of the
site, periods of glaciations with infiltration of glacial meltwater, seawater (incl. Littorina
Sea) and meteoric water. The distribution of the groundwater types is the result of
progressive mixing of groundwaters and the slow interaction between the groundwater,
porewater and the minerals of the rocks. Fresh waters (total dissolved solids, TDS
<1 g/l) are found at shallow depths, in the uppermost tens of meters. Brackish
groundwater, with TDS 1 - 10 g/l dominates at depths between tens of meters and about
400 m. Saline groundwaters (TDS >10 g/l) dominate at still greater depths. The highest
salinity measured from the groundwater samples is 84 g/l, from a sample taken at about
1000 m depth, but the electrical conductivity measurements indicate salinity above
100 g/l at depth of 900 m (Posiva 2012g).
Redox conditions at Olkiluoto are anoxic except locally in shallow infiltrating
groundwater. Except for the upper most part of the rock, the groundwater pH is slightly
alkaline. At repository depth, pH is about 7.5 - 8. The sulphate-rich waters are
particularly common in the depth layer 100 - 300 m (sulphate content 0.1 - 0.6 g/l).
Below this depth, the sulphate content is low, typically clearly below 0.1 mg/l, but
exceptionally high levels of dissolved sulphide (at max 12 mg/l) have been observed at
the interface of sulphate-rich groundwaters and methane-rich groundwaters. Methane is
observed both in the brackish-chloride-rich waters and in saline groundwaters below
about 200 m depth. Methane content increases with increasing depth (Posiva 2012g).
The groundwater composition at the repository depth conforms to the target properties
for the host rock (Posiva 2012j). The radon content of the groundwater samples varies a
lot due to geology and hydrological conditions in the host rock. The radon content
decreases with increasing salinity and depth and follows the uranium content in the deep
groundwaters.
Suitability of the bedrock for construction
The suitability of bedrock for construction purposes depends on its properties regarding
the rock types-, fractures, hydrogeological conditions, rock stress and groundwater
chemistry. The suitability of the Olkiluoto bedrock was assessed to be normal even
before the ONKALO construction (Äikäs et al. 2000). “Normal” suitability for
construction refers to excavations using drill and blast technique, reinforcement using
rock bolts and shotcrete with mesh, and improving its tightness using rock grouting.
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The experience accumulated so far during the construction of the ONKALO (excavated
to a depth of 455 meters by the spring of 2012) indicates that the bedrock displays
normal suitability for construction purposes. The Q index of the bedrock has been >1,
and below the top layers of the bedrock (depth > 130 m), the Q index has, on average,
been of the order of 100 (excellent), (Posiva 2012g). Rock bolting and shotcreting are
the main methods used for reinforcing the ONKALO access tunnel. The stability of
excavated rock facilities (tunnels and shafts) has been good, and no significant rock
damage or fracturing has occurred. Individual occurrences of rock blocks becoming
loose as a result of the combined effect of fractures, foliation and blasting, have been
observed (Posiva 2012g). Normal rock grouting measures have been sufficient to seal
the rock, and no cast structures resistant to groundwater pressure have been required, for
example.
Mainly normal construction materials have been used for the ONKALO. However, a
low-pH cement has been developed for use near the deposition holes in order to
preserve the properties of bentonite. Steel grades with a higher-than-normal corrosion
resistance are used in part of the facilities for reasons of long service life and
groundwater chemistry.
2.3

Basic parameters for design work

The design criteria for the disposal facility are summarized in a comprehensive report;
Posiva 2012a. The basic parameters for the design of the disposal facility are compiled
in this section.
2.3.1

Regulatory requirements to be observed

According to paragraph 81 of the Nuclear Energy Act 990/1987 (Government 1987),
the Government may issue general regulations concerning the safety, physical
protection and emergency planning as well as rescue service arrangements related to the
use of nuclear energy. The Radiation and Nuclear Safety Authority (STUK) issues
detailed guidelines further specifying the Government decisions in its YVL Guides.
The YVL Guides are currently divided into eight subcategories:
1.
2.
3.
4.
5.
6.
7.
8.

general guides
systems
pressure equipment
buildings and structures
other structures and components
nuclear materials
radiation protection
radioactive waste management.

The YVL Guides are currently being revised by STUK. The subcategories will be regrouped in this context.
The regulation particularly relevant to the disposal facility is Government Decree
736/2008 on the safety of disposal of nuclear waste (Government 2008d). STUK is in
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the process of revising Guide YVL 8.4, dated 23 May 2001, for applying the decision.
The Guide is entitled “Long-term safety of disposal of spent nuclear fuel”
(STUK 2001). The guidelines refer to final disposal in crystalline bedrock in
repositories constructed at a depth of several hundreds of meters, and deals with the
long-term safety of final disposal. Furthermore, STUK has issued Guide YVL 8.5
entitled “Operational safety of a disposal facility for spent nuclear fuel” (STUK 2002).
This guide, now also in the process of being revised, offers more detailed instructions
on the design, construction and use of a disposal facility. New draft guidelines are given
in YVL D.3 and YVL D.5. STUK and Posiva have agreed that the new draft guidelines
can be used as the basis for plant design.
The following Government decrees shall also be observed in design work, as applicable:
 Government Decree on the Safety of Nuclear Power Plants, 733/2008 (Government
2008a)
 Government Decree on the Security in the Use of Nuclear Energy, 734/2008
(Government 2008b)
 Government Decree on Emergency Response Arrangements at Nuclear Power
Plants, 735/2008 (Government 2008c).
In addition, the National Building Code of Finland (Ministry of the Environment 2006)
and the Safety Regulations for Mines (Ministry of Trade and Industry 1975) are
observed as applicable. The method and extent of applying these regulations is defined
as part of the detailed design of facilities.
The requirements set out below are directly based on the above decrees and YVL
Guides, and it was not considered appropriate to reiterate them as a reference in each
paragraph or section.
Design basis related to radiation protection during the operation of the nuclear
facility
In addition to the stipulations of the Nuclear Energy Act and the regulations issued
pursuant to it, the stipulations of paragraph 2 and Chapter 9 of the Radiation Act
(592/1991) will apply to the design/planning and implementation of disposal.
Paragraph 3 of Government Decree 736/2008 stipulates that a nuclear waste facility and
its operation shall be designed so that:
 the radiation exposure of workers at the facility is limited by all practicable means
and that the maximum values laid down in the Radiation Decree (1512/1991) are not
exceeded
 as a consequence of undisturbed operation of the facility, releases of radioactive
materials into the environment remain insignificantly low
 as a consequence of assumed operational incidents, the annual dose to the most
exposed people other than workers at the facility remains below the value of
0.1 millisievert (mSv)
 as a consequence of a postulated accident, the annual dose to the most exposed
people other than workers at the facility remains below the value of 1 mSv when a
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Class 1 postulated accident occurs and below the value of 5 mSv when a Class 2
postulated accident occurs. The probability of Class 1 accidents is more than once
every one thousand years while that of Class 2 accidents is less than once every one
thousand years per plant.
When applying paragraph 3, radiation doses arising from natural radioactive materials
in the host rock or released from groundwater bodies into the underground rooms of the
disposal facility shall not be taken into account.
Long-term radiation impacts of disposal
Under no review period of time shall final disposal of nuclear fuel pose any healthrelated or environmental impacts that exceed the maximum level approved at the time
the final disposal is carried out.
Disposal of nuclear waste shall be planned so that radiation impacts arising as a
consequence of expected evolution scenarios will not exceed the limits given above.
In any assessment period during which the radiation exposure of humans can be
assessed with sufficient reliability and which shall extend at a minimum over several
millennia:
 the annual dose to the most exposed people shall remain below the value of 0.1 mSv
 the average annual doses to other people shall remain insignificantly low.
During assessment periods after the period referred to above, average quantities of
radioactive materials over long time periods, released into the living environment from
the disposed nuclear waste, shall remain below the maximum values specified
separately for each radionuclide by the Radiation and Nuclear Safety Authority.
These limits shall be specified so that:
 at a maximum, radiation impacts caused by disposal can be equivalent to those
caused by natural radioactive materials in the Earth’s crust
 on a large scale, the radiation impacts remain insignificantly low.
Consideration of unlikely events
The significance of unlikely events impairing long-term safety shall be assessed by
evaluating the reality, probability and possible consequences of each event.
Handling of spent nuclear fuel and other nuclear waste
According to Government Decree 736/2008, “Spent nuclear fuel and other nuclear
waste shall be conditioned and packed in accordance with disposal specifications. Waste
packages shall be classified on the basis of their characteristics. Limits and other quality
specifications shall be defined for each class, necessary in terms of the operational
safety of the nuclear waste facility and the long-term safety of disposal, and which the
waste packages are required to meet.
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The nuclear waste facility shall employ effective radiation protection arrangements in
order to limit the occupational radiation exposure and radiation impacts caused in the
environment of the facility. In waste handling, releases of radioactive materials inside
the facility and into the environment shall be prevented and limited as necessary with
containment, recovery and filtering systems. Sufficient radiation protection shall be
ensured in handling of spent nuclear fuel or other highly irradiating nuclear waste by
using remote handling and radiation shielding.
In the handling of spent nuclear fuel, any damage to the fuel and the occurrence of a
self-sustaining chain reaction of fissions shall be prevented, and sufficient cooling of the
fuel shall be ensured, to a high degree of certainty.”
Safety classification
In order to ensure the safe operation and long-term safety of the disposal facility, for the
design, construction and operation of the facility as well as for the sealing off of the
repository
 proven or otherwise carefully examined high quality technology shall be employed
 advanced quality assurance programmes shall be applied
 an advanced safety culture shall be maintained.
The systems, structures and components of a nuclear waste facility shall be classified on
the basis of their significance in terms of the operational safety of the facility, or the
long-term safety of disposal. The required quality level of each classified object, and the
inspections and testing necessary for verifying the quality, shall be adequate as regards
the significance of the object in terms of safety.
Systems and structures or functions important to the safe operation of a disposal facility
include: (Draft guideline YVL D.3)










transport or transfer cask of the spent nuclear fuel and its handling at the facility
handling of spent fuel elements
storage racks for nuclear fuel
handling cell for spent fuel elements
drying of spent fuel elements
handling of the disposal canister
fire protection in compartments containing radioactive materials
ventilation and filtering at the controlled zone
radiation monitoring.

Systems, structures and components or functions important to long-term safety and
subject to safety classification include: (Draft guideline YVL D.3)
 disposal canister
 the disposal canisters fabrication, sealing and inspection
 the buffer materials and sealing structures surrounding the spent fuel canisters and
the layout, excavation and sealing of the underground disposal facility.

27

The construction of the interim storage and the encapsulation plant must comply with
the requirements presented in guidelines YVL 4.1 and 4.2 (YVL E.6). The general
requirements of guideline YVL 2.0 (YVL B.1) must be followed as well as the
applicable requirements in the design of the systems and equipment level guidelines
(E-series).
The canister system and the canister interior are classified to Safety Class 2 on the basis
of the guidelines provided by Guide YVL 2.1 and its impact on critical safety as
indicated in the YVL Guides. As a part of the barrier against radioactive release, the
copper casing of the canister is also classified to Safety Class 2, when the requirement
for long-term endurance is taken into consideration as an elevating factor in the
classification system. The equipment for handling and hoisting the canisters are
classified in Safety Class 3. These include the canister lift and the structures of the
canister transfer and installation vehicle for hoisting and supporting the canister. The
instrumentation used for monitoring radiation levels in the repository during its use
belong to Safety Class 3.
In order to ensure the long-term safety of disposal, the canister deposition hole with its
buffer materials is included within the scope of safety classification. The integrity of
rock walls in the hole, the amount of seepage, cleanliness of the hole as well as the
tolerances for the position and shape of the hole are acceptance criteria for the
deposition hole.
Requirements related to the function of systems and reduplication of them
The functions of the disposal facility that could, upon failure, cause substantial release
of radioactive substances or accidents leading to personnel exposure to radiation, must
be verified. Segregation and diversity principles should be applied in such verification
where possible. In the case of individual failure the functions that will be verified are
determined according to the Safety Class and are typically:
 braking of canister lift or transferring vehicle
 radiation measurements in spaces where it is possible to be exposed to large doses of
radiation
 activating a fire alarm or putting out fire in spaces where a fire could cause a
substantial radiation danger or other danger
 power supplies that are used for operational safety of the facility.
The handling systems for spent fuel transport casks and spent fuel disposal canisters
shall be designed so that a single equipment failure cannot cause a drop accident or
another kind of accident where significant amounts of radioactive substances could be
released from a cask or canister. A radiation hazard shall not be caused as a
consequence of the loss of the driving power of these systems.
The disposal facility shall be designed so that its operational safety is, as far as possible,
based on passive systems.
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Normal operation of the disposal facility
According to Government Decree 736/2008, a nuclear waste facility and its operation
shall be designed so that as a consequence of undisturbed operation of the facility,
releases of radioactive materials into the environment remain insignificantly low.
The nuclear operational safety of the nuclear waste facility has been preliminarily
assessed in the dose and emission analyses produced in 2009 and 2012 (Rossi et al.
2009, Rossi & Suolanen 2012). They stated that the doses received by personnel and
nearby residents and environmental emissions in transient and accident conditions
occurring during normal operation and used as the design basis will be very small, well
below the limits set by the public authorities. Probability based risk assessment (PRA)
for the use of the disposal facility is ongoing in 2012.
Anticipated operational transients and accidents
An anticipated operational transient refers to a safety-related incident, which is
estimated to occur less frequently than once a year but has a significant probability of
occurring at least once during the operational period of the facility. As a result of an
operational transient, spent nuclear fuel may be damaged and a canister broken so that
dose rates and radioactive substance concentrations increase within the final disposal
facility, or that radioactive substances may be released into the environment of the
facility.
A postulated accident is an event that is used as a design basis for the safety functions of
the final disposal facility and that has a low probability of occurring during the
operational period of the facility. As a result of a postulated accident, spent nuclear fuel
may be severely damaged and a canister broken so that large amounts of radioactive
substances are released into the premises or significant amounts of radioactive
substances are released into the environment. Some of the postulated accidents are used
as the design basis for the safety functions of the disposal facility. On the basis of
emission analyses carried out, and on the basis of the maximum risk associated with
different situations, the following transient and accident conditions have been primarily
chosen as the design and dimensioning basis for the disposal facility: the accident used
as the dimensioning basis for shock absorbers in the canister shaft is one, where the
canister lift fails and the disposal canister drops in the canister shaft together with the
lift cab.
In other respects, the operational safety analysis of the disposal facility has not revealed
a possibility for a significant accident threatening nuclear safety provided that the
systems are designed and used in compliance with the requirements. However, the risk
of a major release is created if the fire safety design of the vehicle used for transporting
and installing the canister is not compliant with requirements (the fire load shall be
small enough so that it cannot damage the canister inside the radiation shield in any
hypothetical case of fire). In order to ensure that fire protection in the repository
remains as a sufficiently important aspect of design work, a fire in the installation
vehicle - that shall not result in a loss of canister tightness - is chosen as the
dimensioning design basis for nuclear safety in the repository.
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The radiation doses resulting from the undisturbed operation of the facility, from
anticipated operational incidents and from postulated accidents shall be estimated. The
dose shall be estimated for the person being most exposed in the vicinity of the disposal
facility, for a member of the so-called critical group, who may be exposed to external
radiation, or to internal radiation through radioactive substances in the breathing air or
food. The applicable parts of Guides YVL 7.2 and 7.3 (C series of draft guidelines) shall
be observed in assessing the doses and in calculating the spread of radioactive
substances.
Exposure of operating personnel
The exposure to radiation of personnel and other persons carrying out radiation work in
the disposal facility shall be limited in compliance with paragraph 2 of the Radiation
Act 598/1991 and Chapter 2 of the Radiation Decree 1512/1991. Limiting the radiation
exposure of personnel shall be taken into account in the design of facilities, structures
and systems of the disposal facility, as well as when planning the operations in the
facility.
The exposure of employees to natural radiation shall be taken into account in particular
when designing the underground facilities of the disposal facility and the operations to
be carried out in them. Guide ST 12.1 issued by STUK applies to limiting exposure to
natural radiation (STUK 2000).
Limiting the radiation exposure of personnel
Working areas and passageways in regular use in the disposal facility shall be designed
and located so that the external dose rate is low and the risk of internal exposure to
radiation is small in these premises. The radiation dose rates and concentrations of
radioactive substances prevailing in the different areas of the disposal facility shall be
assessed. Structures, systems and equipment containing significant amounts of
radioactive substances shall be placed in separate rooms or shielded effectively.
Adequate safety margins shall be incorporated in the design of radiation shielding.
The areas in the disposal facility shall be classified on the basis of estimated radiation
conditions. Facilities requiring radiation control shall be placed within a specified area
to allow appropriate limit and control of access. In setting the protective measures and
safety provisions for the underground controlled areas, the specific features concerning
work in those areas can be taken into account. Such conditions and premises shall be
ensured, by design and planning, for the operation, inspection and maintenance of
equipment that the need for and duration of work under radiation is limited.
Devices with an alarm function shall be employed for radiation monitoring so that
during the operation of the disposal facility, significant unintentional exposure to
radiation will not occur.
The applicable parts of Guides YVL 7.9 and 7.18 shall be complied with in planning the
radiation protection arrangements of the disposal facility. Guide YVL 7.11 (C series of
draft guidelines) applies to radiation monitoring systems and equipment.
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Limitation of the release of radioactive substances
The operating activities of the repository and its structures and systems shall be planned
so that the release of radioactive substances into the plant facilities and the environment
is prevented or limited by all practical means.
Plant facilities where significant amounts of radioactive substances may be released
shall be equipped with ventilation and filtering systems, which will:
 reduce the concentrations of radioactive substances in these facilities
 prevent the spread of radioactive substances to other plant facilities
 restrict the release of radioactive substances into the environment.
These ventilation and filtering systems shall also be able to operate as designed during
and after an anticipated operational transient or postulated accident.
The applicable requirements of Guide YVL 5.6 (B.1) shall be adhered to in designing
the disposal facility's ventilation systems.
Monitoring radiation safety
The fulfilment of requirements concerning radiation safety during the operation of the
disposal facility shall be ensured through continuous or regular measurements. The
potential release routes and the environment of the plant shall in particular be subjected
to monitoring.
In order to monitor the potential release routes of radioactive substances, systems shall
be designed for measuring and recording data on the quantities of radioactive substances
released into the environment. It shall be possible to also monitor the emissions during
an anticipated operational transient or a postulated accident.
Guides YVL 7.5, 7.6 and 7.7 (C series draft) set out detailed requirements regarding
meteorological measurements, emission measurements and radiation measurements in
the surrounding environment, and these also concern the disposal facility as applicable.
Safety-related design criteria
The technical and administrative requirements and limitations necessary for ensuring
the operational and long-term safety of the disposal facility shall be presented in the
technical specifications. Adequate instructions shall be in place for the operation,
maintenance, periodic inspections and tests of the plans, as well as for transient and
accident conditions. The reliable operation of systems and components shall be ensured
through maintenance and regular periodic inspections and tests. Safety related
operational requirements shall be set out at the time of applying for the operating
licence.
Consideration of external events in planning
Impacts caused by probable natural phenomena and other events external to the plant
shall be considered in the design of the repository.
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The natural phenomena to be considered include lightning, earthquakes and floods.
Other events external to the plant include electromagnetic interference, light airplane
crashes, wildfires or explosions.
The applicable requirements concerning the design of structures of a nuclear facility are
specified in YVL 4.1 and 4.2 (YVL E.6). The design of systems must comply with the
instructions YVL 2.0 (YVL B.1) in general and, as applicable, E-series device-level
requirements.
Security and emergency arrangements
The holder of a construction and operating licence for a nuclear facility shall ensure that
its safety arrangements are in place. This matter is covered by Government Decree
734/2008 on the Security in the Use of Nuclear Energy. The design of security shall be
based on risk analyses of the activity to be secured, and protection requirements
assessed on the basis thereof. The design of security shall prepare for, among other
risks, the risk of unlawful action being taken by an individual working at the nuclear
facility, or by someone participating in the treatment and transport of nuclear material or
nuclear waste, or by an outside group or person, who may be assisted by a person
working at the facility or in a transport-related task. The design shall also account for
the possibility that any person or group attempting unlawful action may have
conventional weapons and explosives or those based on an electromagnetic, chemical or
biological impact, as well as information and expertise unavailable to the public.
Security shall be consistent with the operation, fire safety and emergency response
arrangements for nuclear energy. Furthermore, security shall be consistent with the
rescue service, emergency and special situational plans drawn up by the authorities.
The holder of a construction and operating licence for a nuclear facility shall ensure that
its emergency arrangements are in place. This matter is covered by Government Decree
735/2008 on Emergency Response Arrangements at Nuclear Power Plants that can also
be used, in applicable parts, for planning the equivalent operations at a nuclear waste
facility. The planning of emergency response arrangements shall be based on analyses
of the progress over time of severe accident scenarios resulting in a potential release. In
such a case, variations in the state of the plant, the development of events as a function
of time, the radiation situation at the plant, radioactive releases, radioactive release
routes and weather conditions shall be taken into account. Planning shall take account of
events reducing safety, their controllability and the severity of the consequences.
Furthermore, planning shall take account of threats related to unlawful action, and the
potential consequences thereof. Actions taken in an emergency situation shall be
planned so that the safety of people within the power plant site is ensured. Emergency
response arrangements shall be consistent with the operation, fire prevention and
physical protection of the nuclear power plant. Furthermore, emergency response
arrangements shall be compatible with the rescue and emergency plans drawn up by the
authorities in preparation for a nuclear power plant accident.
Prevention of incidents and accidents and management of consequences
Compliance with the safety requirements concerning the undisturbed operation of the
repository shall be demonstrated by analyses and verified during the commissioning
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tests for the facility. The performance of safety systems designed for operational
incidents and accidents shall also be, whenever practicable, tested during the
commissioning of the facility. The applicable requirements of Guide YVL 2.5 (A.5)
shall be followed in the commissioning of the facility.
Compliance with the safety requirements concerning anticipated operational incidents
and postulated accidents shall be demonstrated with analyses that cover potential
incidents and accidents of different types at the disposal facility. With regard to the
representativeness of these analyses, it is essential to consider the cases which are the
most limiting on the performance and dimensioning of each safety system.
Compliance with nuclear safety requirements shall be primarily demonstrated by a
deterministic safety analysis. This analysis shall be attached to the Preliminary Safety
Analysis Report (PSAR) and the Final Safety Analysis Report (FSAR). Furthermore,
the technical solutions affecting the operational safety of the disposal facility shall be
justified using a probabilistic risk assessment. According to paragraph 35 of the Nuclear
Energy Decree, the probabilistic risk assessment of the design phase shall be included in
the documentation submitted to the Radiation and Nuclear Safety Authority when
applying for a construction licence. According to paragraph 36 of the Nuclear Energy
Decree, the probabilistic risk assessment shall be included in the documentation
submitted to the Radiation and Nuclear Safety Authority when applying for an operating
licence.
The potential causes for anticipated operational incidents to be considered include at
least:





equipment failure or a malfunction with safety significance
loss of power of a system for handling radioactive substances or of a safety system
fire in an area or of an object significant to safety
unexpected water leakage or flooding in the underground facility.

The potential causes for postulated accidents to be considered include at least:
 drop of a disposal canister containing spent fuel or other handling accident resulting
in severe damage to the fuel
 substantial degradation of the performance of an important safety system
 explosion or rock collapse in the underground facility
 external event causing significant damage, such as a major earthquake or an
aeroplane crash.
The following have been selected as the design basis accidents (DBA) for the disposal
facility:



falling of an exposed fuel bundle on top of another in the fuel handling cell, where
rods of both elements are assumed to be damaged
disposal canister falls in the canister shaft, when the fuel rods inside are assumed to
be damaged and the canister loses its tightness
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canister vehicle loaded with a canister to be deposited catches fire in the repository
and the entire fire load burns with efficiency limited by the oxygen fed by the
ventilation.

Prevention of criticality accidents
The formation of such spent fuel configurations that would cause an uncontrolled chain
reaction of fission shall be prevented by means of the structural design of systems and
components.
The waste canisters containing spent fuel shall be designed so that no critical fuel
configurations may be formed in any operational situations, including any anticipated
incident or postulated accident. The emplaced canisters shall retain their subcriticality
also over the long-term, when the canisters' internal structures may be corroded and
partly filled with groundwater. In the criticality analyses, the assumptions regarding fuel
enrichment and burn-up, the safety margin for the effective multiplication factor and
other factors shall be selected so that a high degree of confidence in criticality safety is
achieved.
Prevention of fire or explosion hazards
The disposal facility shall be designed so that the likelihood of a fire is low and its
consequences are of minor importance to safety.
The disposal facility shall be designed so that explosions that would jeopardise the
integrity of spent fuel bundles, waste canisters, or the components or chambers
containing radioactive substances, are reliably prevented.
The objective for the design of fire safety of the disposal facility shall include:
 prevention of the ignition of fires
 rapid detection and extinguishing of fires
 prevention of the propagation of fires into areas where a fire could compromise the
safety of handling, storage or final disposal of a canister containing spent fuel or
other waste canister
 minimisation of explosion hazards.
The prevention of fires and explosions in the disposal facility shall be primarily based
on its layout and on the design of fire cells, which shall fulfil fire class requirement
EI 60 at the minimum. The materials in the facility shall be predominantly
incombustible and heat resistant. No materials or equipment that could increase the fire
load or cause a hazard of fire ignition or explosion shall be placed within fire
compartments important to safety or in their immediate vicinity. Fire compartments
shall be formed for rooms or areas with significant fire load concentrations.
The disposal facility shall be equipped with an automatic fire detection system designed
so that a fire can be located with sufficient accuracy. Furthermore, rooms in the disposal
facility shall be equipped, as necessary, with suitable fire fighting and initial
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extinguishing equipment. The fire detection and fighting systems shall be effective also
during an anticipated operational transient or a postulated accident.
In the design and planning of fire safety arrangements, Guide YVL 4.3 (B.8) shall be
complied with, as applicable.
Prevention of waste canister damage
Disposal facility layout must be designed in such a way that the disposal operations, as
well as excavated rock, aggregates and large transfers of equipment, are adequately
separated from each other. Rock collapses and slides in rooms with waste canister
emplacements in progress or completed shall be prevented by keeping these rooms at a
sufficient distance from excavation activities (D.5).
Transportation of disposal canisters or other casks holding spent fuel are required to be
long-lasting, and installation of buffer of backfill material, must be done without
damaging the engineered barrier system components in a manner that the long-term
function would be endangered.
Low and intermediate level waste produced during the operation or decommissioning of
the encapsulation plant is transported via the sloping access tunnel or canister lift to a
dedicated repository located by the tunnel at a depth of about 180 m. These transports
will not cause any risk to canister transports, which in the basic solution take place via
the canister shaft.
2.3.2

Encapsulation and the technical implementation of disposal

The purpose of the facility is to carry out the following operations for the spent nuclear
fuel elements accumulated in the nuclear power plants of Posiva's owners:
 packaging (encapsulating) them in a form suitable for permanent disposal inside the
bedrock
 disposal of the packaged spent nuclear fuel assemblies in a permanent manner inside
the bedrock.
The plant complex consists of two nuclear facilities:
 an encapsulating plant above ground where the spent nuclear fuel from the Loviisa
and Olkiluoto nuclear power plants is received and packed into the final disposal
canisters
 a repository deep in the bedrock where the encapsulated spent fuel is disposed.
In addition to the encapsulation plant, the disposal facility has above ground facilities
for auxiliary and additional activities, such as the shaft buildings, laboratory facilities,
warehouses, repair shop facilities and facilities required by the HVAC and electricity
systems. Separate areas are reserved for the storage of rock waste and crushed stone. An
access tunnel and the necessary number of vertical shafts lead from the surface down
into the final repository. The vertical shafts include ventilation, personnel and canister
shafts.
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In particular, from the security and long term safety perspective, access routes should be
kept to a minimum, and for surveillance reasons the routes shall be kept clearly separate
from other buildings so that the surveillance arrangements required by nuclear material
safeguards do not become unnecessarily complicated. The total construction area
required by the plant site (i.e. the combined area required by buildings, roads, storages
and fields) is about 20 hectares. The area demanded by the actual repository is
approximately 400 ha, when prepared for a positive decision-in-principle for disposing
of a total quantity of 9,000 tU of spent fuel. The actual requirement depends on the local
suitability of the bedrock for disposal, and this is unknown prior to excavating the
openings.
The main section of the encapsulation plant consists of the reception and cleaning
facilities for transportation casks and empty disposal canisters, the canister transfer
passage, the fuel handling cell, the facilities required for the sealing and inspection of
canisters and the interim storage for canisters awaiting disposal. A vertical shaft leads
downwards from the encapsulation plant to the technical rooms of the disposal facility.
The underground disposal facility is divided into two parts:
 the actual disposal repository where the canisters containing spent nuclear fuel will
be disposed
 other underground facilities, such as the central tunnels connecting the deposition
tunnels, access tunnels, canister storage, technical facilities and vertical shafts.
In the basic solution (KBS-3V), the canisters will be placed in holes 7-8 meters deep
that will be bored in the floor of the deposition tunnels.
2.3.3

Quantity and quality of waste used as the design basis

Spent fuel
Posiva Oy's disposal facility shall be able to accommodate all the spent fuel produced in
the four NPP units belonging to Posiva's owners and in operation in Finland, as well as
the spent fuel from the future OL3 NPP unit now under construction and the planned
NPP OL4 unit.
The fuel from the Loviisa nuclear power plant units (LO1-2) is also being stored at the
plant site in elements immersed in a water pool (Figure 2-4), with the exception of spent
fuel produced during the early years of operation that was transported to Russia
(formerly to the Soviet Union) for disposal until the end of 1996. All of the spent fuel
produced by the Olkiluoto NPP (OL1-2) is stored in elements in water pools at the spent
fuel interim storage (Figure 2-5) and the reactor halls.
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Figure 2-4. Spent fuel storage in Loviisa. The storage has been extended once. The
pools of the extension section are seen on the right hand side of the picture.

Figure 2-5. Interim storage for spent fuel in Olkiluoto. An extension for three additional
pools is in progress.
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The repository design is developed on the basis of the decision in principle to
accommodate 9,000 tU of high level nuclear waste. The owners have provided forecasts
of the accumulation of spent fuel in their NPP units for planning purposes. Table 2-3
shows summaries of the confirmed forecasts for fuel quantities, maximum burn-up and
average burn-up at different plant units, provided during 2011, to be used as design
basis. Figure 2-6 shows the predicted average discharge burn-up values for each
reloading, using the assumptions that the bundle-specific maximum burn-up at the
Loviisa plant has from 2013 onwards been 57 MWd/kgU, but that the maximum burnup at the OL1-2 units will increase to 50 MWd/kgU from 2013 and increase to
55 MWd/kgU from 2018. For OL3, the maximum burn-up is taken as 50 MWd/kgU in
the early stages and to rise to 55 MWd/kgU from 2018. Operating cycles based on
refuelling cycles of both one and two years, respectively, have been preliminarily
planned for OL3. Detailed plans for the OL4 plant unit will be made later, when
the type of facility is chosen.
Table 2-3. Details of forecast fuel accumulations at the OL and LO plant units.
OL1-2

OL3

LO1-2

Total

Planned operating life (a)

60

60

50

-

Predicted accumulation of
elements (pcs)

14,034

3,816

7,752

25,602

Average discharge burn-up of all
elements (MWd/kgU)

39.5

45.0

40.6

41.7

Numbers of canisters (pcs)

1,170

954

646

2,770

Corresponding tonnage (tU)

2,460

2,030

950

5,440
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Figure 2-6. The development of average discharge lot-specific burn-up in different NPP
units. Projected figures shown for 2011 onwards.
Basis for canister dimensioning
The dimensions of each type of fuel, in particular the length of the fuel bundle, dictate
the dimensions of the canister used for that type (Raiko 2012). The outer diameter of the
canister is 1,050 mm for all fuel types, but the total length of the canister varies. The
total canister lengths are about 3.55 m, 4.75 m and 5.22 m for the VVER, BWR and
EPR/PWR types of canisters, respectively.
The selection of fuel elements placed in a canister shall be optimised on the basis of the
annual accumulation of fuel, discharge burn-up values and the operating hours of the
plant in compliance with the following rules:
 The cooling period for individual fuel elements shall be at least 20 years in order to
achieve a sufficient reduction in the radiation level.
 The thermal power values of all canisters shall be as equal as possible, and lower
than the limiting values set out below.
 The total cooling time for fuel elements is determined on the basis of the maximum
thermal power permissible for the canister.
 The canister shall comply with the requirements for criticality safety.
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 In a basic case, the thermal powers of canisters calculated for 12-bundle canisters
shall at the time of encapsulation not exceed 1,370 W for LO1-2 fuel and 1,700 W
for OL1-2 fuel. Only four elements of EPR fuel are placed in the OL3 canister, and
the thermal power of the canister shall not exceed 1,830 W. The maximum
permissible thermal power of the reference canister (BWR type) has in the safety
assessments been specified as 1,700 W. The permissible thermal power for other types
of canisters has been derived from the power of the reference canister proportional to
the cooling surface area of the canister (the surface area of the copper exterior).
2.3.4

Schedule for disposal activities

There are certain limiting factors that determine the period of operation and capacity of
the disposal facility. The year 2020 has been fixed as the approximate starting point for
disposal operations (Ministry of Trade and Industry 2003). The second relevant
parameter is that each spent fuel element removed from the reactor shall remain in
cooling for a minimum of 20 years before the radiation level of individual elements has
reduced to a reasonable level that allows processing. The third, and very important,
parameter for disposal is the fact that the maximum temperature of the bentonite buffer
shall be limited to the design value of +100 ºC (Ikonen & Raiko 2012). This results in
the restriction of canister-specific decay heat power to a certain level and the installation
of canisters at certain distances from each other in the repository (distance between
tunnels, distance between canisters). The thermal power of fuel depends on its degree of
enrichment, its burn-up history and on the cooling time applied. Cooling time is the
only parameter that can be varied after the fuel is removed from the reactor. The
disposal operations shall be timed so that these parameters and characteristics are
optimised. The optimal situation is one where the operating period of the disposal
facility is the shortest possible.
The planned schedules for the operation of NPPs and the disposal of spent fuel
produced by them (according to 2011 plans) are presented in Figure 2-7.
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Figure 2-7. The planned schedules for the operation of NPPs and the disposal of spent
fuel produced by them. The striped band represents the operational time of the power
plant unit, the solid bar below it the disposal time of its spent fuel.
2.3.5

Nuclear waste produced in the encapsulation plant

Radioactive waste materials are also produced in the spent fuel encapsulation plant.
Radioactive waste is produced when radioactive substances from the fuel elements
contaminate the structures and components of the plant. During normal operation,
radioactive waste is only produced in the processing chamber, the decontamination
centre of the processing chamber workshop, the chamber air conditioning filters and the
transport cask transfer corridor in cases where the surface of the transport cask is
contaminated.
Only minimum amounts of radioactive waste may accumulate as a result of washing the
outside of the fuel transport cask because in practice only the radiation shield of the
transport cask may become contaminated while in the processing chamber. Similarly,
small amounts of radioactive waste may be produced in the rare situation when cleaning
the canister in the canister transfer corridor. The filters in the air cooling system of the
processing chamber gradually turn into radioactive waste.
Radioactive waste is produced in the servicing and maintenance operations of the
encapsulation plant, primarily when dealing with the processing chamber, when
components and systems are repaired or replaced. The repairs and replacements require
decontamination and cleaning to be performed, and radioactive waste is produced as a
result of these operations. A large part of the decontamination and repair work is
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performed in the active workshop located near the encapsulation plant processing
chamber.
The last phase in the life cycle of the encapsulation plant that produces radioactive
waste is its decommissioning.
The principle is to dispose of radioactive waste as it is produced. The waste will not be
stored in the encapsulation plant, instead, it is taken to the repository facilities intended
for this kind of waste. All intermediate-level radioactive waste is disposed of in
solidified form. Radioactive waste in liquid form will be solidified into concrete before
disposal. Any high-level waste possibly falling off fuel elements is to be placed in the
fuel canisters and disposed of together with the fuel.
The repository for low- and intermediate-level waste will be constructed in the same
bedrock facilities as the actual repository. The current plans entail establishing the
facility for operating waste in a separate hall located along the access tunnel at a depth
of about 180 meters. These plans have been drawn up on the basis of a safety review
(Nummi et al. 2012). Alternatives for disposal of this waste will be considered in the
future. The waste materials are transported into the operating waste repository either via
the canister shaft or the access tunnel. The space requirements for the low- and
intermediate-level waste at the disposal facility are about 1,500 m3 (Paunonen et al.
2012).
2.3.6

Activities in the facilities and their extent

The design requirements emphasise the importance of flexibility in space allocation to
allow possible changes that may be caused by, for example, bedrock conditions, the
amount of fuel to be disposed of, or changes in time schedules. The design bases related
to the systems in repository facilities are discussed in the Working Reports regarding
systems (Nieminen & Peltokorpi 2011, Tuominen 2012).
The need to ensure the sufficient cooling of canisters has a major impact on the
geometry of the repository and hence also on the space requirements. The chemical
stability of bentonite shall be ensured for a very long period of time in order to
guarantee the long-term safety of the disposal solution. For this reason, the temperature
of canisters and the surrounding interface with bentonite shall be restricted so that it
does not exceed +100 ºC. In order to provide the basis for temperature calculations
during the research phase, the thermal properties (thermal conductivity, heat capacity,
possible anisotropy of properties) of the local bedrock in the actual disposal site are
studied.
Temperature dimensioning is applied to adjust the locations of deposition tunnels and
canister positions so that excessive warming up cannot occur. Also, gaps between
operational periods in disposal activity may affect the temperatures of the bedrock mass.
In addition, the warming of the rock produces increased stresses in the rock. Rock
mechanical engineering will ensure that the bedrock of the repository can endure
different combinations of loads.
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2.3.7

Requirements for the construction site

The technical release barriers shall be effective in preventing the release of disposed
radioactive materials into the bedrock for at least thousands of years. The characteristics
of the bedrock in the disposal site shall, as a whole, be favourable for isolating
radioactive substances from living nature. Olkiluoto was chosen as the disposal site on
the basis of site surveys and a safety analysis.
The methods used for the construction, operation and sealing off of repository facilities
and other underground facilities shall be so chosen that the bedrock will maintain its
natural containment characteristics in an optimal fashion. The migration of materials
detrimental to long-term safety, such as organic matter and oxidising agents, shall be
minimised. The above matters were taken into account when planning and designing the
disposal facility in Olkiluoto. These factors will also be taken into account when
constructing the underground research facility; ONKALO.
2.3.8

Flexibility and expandability of design

The planned disposal depth shall have sufficiently large and unfractured rock volumes
that are suitable for the construction of repository facilities. The properties of bedrock in
the planned disposal site shall be established through studies carried out at the planned
disposal depth in order to provide the necessary information for planning and designing
the repository facilities and for producing the safety assessment.
The layout, excavation, construction and closure of underground facilities shall be so
implemented that the bedrock will maintain the properties important to long-term safety.
A research, testing and monitoring program, which will ensure the suitability of the rock
for disposal, define important bedrock characteristics concerning the safety aspects and
ensure the long-term performance of the release barriers, will be implemented during
construction and operation of the disposal facility. This program must include at least
(STUK 2011):
 investigation into the properties of bedrock blocks to be excavated
 monitoring of stresses, movements and transformations of bedrock surrounding the
repository
 monitoring hydrogeology surrounding the repository
 monitoring groundwater chemistry at the repository site
 monitoring the behaviour of the technical release barriers.
A provision shall be made for a potential change in the underground facility plan in the
case that the quality of the rock surrounding the planned facilities proves to be
significantly less favourable than the design basis. In order to maintain the bedrock
properties that are favourable to long-term safety, the following shall be taken into
account:
 one selection criteria for the excavation methods to be used is that of limiting the
excavation disturbances to the bedrock surrounding the repository facilities
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 the reinforcement and sealing of bedrock shall be carried out in such a manner that
no significant quantities of materials harmful to the performance of release barriers
enter the repository facilities
 the migration of organic and oxidising matter to the repository shall be minimised
 the repository facilities shall be backfilled and sealed off immediately when the
disposal operations and associated monitoring operations allow.
2.3.9

Stagewise implementation of the project

The implementation of disposal, as a whole, shall be planned with due regard to safety.
The planning shall take account of the decrease of the activity of spent fuel by interim
storage and the utilisation of the best available technology and scientific knowledge.
However, the implementation of disposal shall not be unnecessarily delayed.
Subsequent to the selection of a disposal site, implementation of spent fuel disposal
includes the following phases:
 construction and operation of an underground research facility and other necessary
research, development and planning work
 encapsulation and construction of the disposal facility
 encapsulation of spent fuel elements and transfer of waste canisters into their
deposition positions
 closure of emplacement rooms and other underground rooms
 post-closure monitoring, if required.
These phases, which can be partly parallel, shall be scheduled and implemented with
due regard to long-term safety. In doing so, the following aspects, among others, are
considered:
 reduction of the activity and heat generation in waste prior to disposal
 introduction of the best available technique or a technique that is becoming available
 acquisition of adequate experimental knowledge of the disposal site and other factors
affecting long-term safety
 potential surveillance actions related to ensuring the long-term safety or to nonproliferation of nuclear materials
 need for preserving the retrievability of the disposed of waste canisters
 aim of preserving the natural features of the host rock and other favourable
conditions in the repository
 aim of limiting the hazards and other burdens to future generations due to long-term
storage of waste.
Different types of spent fuel are disposed of in campaigns of suitable duration. Due to
technical aspects concerning backfilling it appears preferable to implement the disposal
activity campaigns on the basis of a single tunnel at a time. In practice this means that
Olkiluoto and Loviisa fuel will be deposited in individual tunnels at different times. For
this reason at the disposal level near the canister shafts access, an underground canister
storage facility has been designed in which a maximum of 30 canisters may be stored.
In addition, there is available canister storage in the encapsulation plant at ground level
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that can hold another 12 canisters if necessary. Together, these canister storages make it
possible for disposal activity campaigns to occur continuously for an entire deposition
tunnel. The disposal operation can proceed swiftly in a schedule determined by the
disposal action speed. In practice the fuel from different power plant units will be
disposed in turns, one tunnel at a time, in campaigns that last for about a year. When the
fuel type to be disposed of changes, then in addition to changing the canister type and
the transport vehicle, the handling equipment and other used machinery and values in
the equipment used for closing the canisters will also need to be changed.
The flexibility and step-by-step approach in construction and operation has been
achieved using the so-called parallel tunnels principle. The deposition tunnels are
connected by two parallel central tunnels that are interconnected every 100 meters or so.
The two central tunnels will be about 20 meters apart.
The purpose of the parallel tunnels principle is to ensure the maximum flexibility and
safety of tunnel layout. The network of central tunnels will be designed and
implemented so that no dead ends are formed for safety reasons. The parallel tunnels
principle thus provides efficient emergency exit facilities.
The parallel central tunnels will be separated into different fire compartments. This
allows quick movement from one central tunnel to another through a connection tunnel
in the event of an accident. The principle is well-known in the design of traffic tunnels.
The parallel tunnels principle is illustrated in Figure 2-8. Figure 2-9 shows a crosssectional view of a connecting tunnel.
The controlled and uncontrolled areas are easier to organise in a system using parallel
tunnels. The boundary is moved as the disposal operations proceeds. The parallel tunnel
principle also serves a practical function, allowing the implementation of trunk
ventilation channels and main electrical bus bars. A repository implemented with
parallel tunnels allows operating in a flexible manner, either by starting at the end of the
central tunnel, as illustrated in Figure 2-8, or, alternatively, by first filling up the
deposition tunnels on one side of the central tunnel only.
The advantages of the parallel tunnel principle are:
 Safety. One parallel central tunnel is always a short distance away, and it constitutes
a different fire compartment.
 Flexibility during the operating phase. The facilities can be flexibly divided into
different areas and different operations segregated during the operating phase. This
factor is utilised, for example, in determining the boundary of the controlled area. In
a pair of parallel tunnels, one can belong to the controlled area and the other to the
uncontrolled area.
 Characterisation of the bedrock. The characterisation results of two parallel tunnels
can be combined to achieve a better understanding of the orientation of bedrock
characteristics.
 Optimised use of areas suitable for disposal. When excavating two parallel central
tunnels, the length and direction of the tunnels can be flexibly chosen on the basis of
bedrock data obtained during the excavation work. When compared with the
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alternative of one circular central tunnel, parallel tunnels allow more accurate
targeting of excavation operations to areas suitable for disposal.
Construction stage
An appropriate quality system is deployed in implementing the final disposal and its
associated research and development work and safety assessments, and it is extended to
all organisations having a material impact on the long-term safety of the disposal
project.
During the construction and closure of the repository, efforts are made to maintain the
bedrock's original properties and to keep changes in as limited an area as possible
around the tunnels and shafts. Accordingly, the rock is excavated carefully so as to keep
the impact on the surrounding bedrock at an insignificant level. Water leaks can be
limited by avoiding water-bearing structures and by sealing leaking points using, for
example, grouting. The total amount of seepage flows is also limited by closing tunnels
as soon as possible after the deposition canisters have been placed.

Figure 2-8. Parallel tunnels principle.
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Figure 2-9. Connection tunnels between central tunnels. The distance between central
tunnels is 20 m in the basic cross section (top) and 15.8 m for meeting place.
Dimensions are shown in millimeters.
Operating stage
Operation of the disposal facilities shall not cause any radiation exposure endangering
the health of plant personnel or other people, or cause any other damage to the
environment or property.
In order to ensure the safe operation and long-term safety of the disposal facility, for the
design, construction and operation of the facility as well as for the sealing off of the
repository:
 proven or otherwise carefully examined high quality technology shall be employed
 advanced quality assurance programmes shall be applied
 an advanced safety culture shall be maintained.
The experience obtained in operating the disposal facility shall be systematically
monitored and assessed. Actions for improving safety, justifiable on the basis of
operating experience and safety reviews as well as the advances in science and
technology, shall be taken.
The performance of release barriers shall be monitored during the operating phase in
order to ensure their compliance with the plan.
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Closing stage
The migration of materials detrimental to long-term safety, such as organic matter and
oxidising agents, shall be minimised.
An updated safety case shall be presented before the final closure of the facility.
Once all spent nuclear fuel has been disposed of and the deposition tunnels filled, the
operation of transferring the encapsulation plant decommissioning waste to the
repository will commence. The decommissioning waste will be taken to a separate
repository foreseen for them at a level of -180 m. The remaining buildings and the site
above ground can be put to some other use or dismantled.
All structures and systems utilised during operation will be dismantled from the
underground facilities. The backfilling of facilities and construction of sealing structures
will begin simultaneously with the dismantling work. The facilities located at the
disposal depth and the vertical shafts will be backfilled in the same manner as the
deposition tunnels. The upper parts of the shafts and the access tunnel will be closed
with concrete structures.
Post-closure period
Disposal shall be planned so that no monitoring of the disposal site is required for
ensuring long-term safety after closure.
On the basis of primary records and verification measurements, adequate inventory data
of the nuclear materials and nuclear wastes to be disposed of shall be obtained during
the operational period of the disposal facility for long-term deposition. The disposal
facility shall be designed so that, in the post-closure period, it is feasible to implement
arrangements for discovering and precluding actions on the repository which would
jeopardise long-term safety or involve breach of the treaties concerning the security of
nuclear materials. Regulations regarding the post-closure period are also included in the
sections entitled “Preparations for retrieval” and “Taking the requirements of control of
nuclear materials into account in planning”.
The disposal concept is designed so that there will be no need for monitoring or other
maintenance after the closure of connections to the deposition tunnels. If desired, signs
can be left on the site to indicate the presence of spent nuclear fuel underground.
2.3.10 Preparations for retrieval

The decision-in-principle regarding the final disposal of spent fuel makes reference to
the Government decision in force at the time. That decision stated that final disposal
shall be so designed that the repository can be opened if made appropriate by
developing technology.
In the post-closure phase, retrieval of the waste canisters from the repository shall be
feasible during the period in which the engineered barriers are required to provide
practically complete containment for the disposed of radioactive substances.
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The disposal facility shall be designed so that retrieval of waste canisters, if needed, is
feasible with the technology available at the time of disposal and with reasonable
resources. Facilitation of retrievability or potential post-closure surveillance actions
shall not impair long-term safety.
2.3.11 Taking the requirements of safeguards of nuclear materials into account
in planning

Safeguards of nuclear materials shall be taken into account in the design of the disposal
facility. The transport routes, canister stores, handling processes and the safeguard
measures for nuclear materials shall be designed and planned so that the continuation of
knowledge is assured at every step. Safeguards of material flows in and out of the
underground rooms shall be feasible. The fuel elements and waste canisters shall be
identifiable.
The aim of the nuclear material safeguards in the disposal facility is also to ensure that
the facility, especially in its underground part, has no rooms, materials or operations
outside the system of nuclear material accounting and that the waste canisters remain in
their declared positions during the operation and after the closure of the facility.
2.3.12 Integration of ONKALO and the repository facilities

The ONKALO facilities to be excavated for research purposes shall be designed and
implemented in such a manner that they change the conditions around the repository site
as little as possible and do not jeopardise the use of unfragmented bedrock volumes for
disposal purposes. The design, implementation and documentation of construction work
shall use methods that later allow changing the structures of ONKALO and its
utilisation as part of the disposal facility.
The upper ends of the connections to ground level from both ONKALO and the
repository should be at the same elevation, above sea level and not in a place where
groundwater is locally discharged from the rock. This has been taken into account in
planning, and this will allow minimising the possible impacts of repository construction
work on groundwater flows over the long-term.
The facilities shall not cause significant hydrogeological or geochemical disturbances:
 the seepage water volumes should be as small as possible because water leaks cause
groundwater movements (i.e. hydrogeological or geochemical disturbances) and
lower the groundwater level
 surface waters containing oxidising agents and organic matter shall not migrate
towards the disposal depth as they are detrimental to the operation of the repository
and consume the buffering capacity of the bedrock
 deep saline groundwaters should not rise to the disposal depth as they are detrimental
to the performance of, for example, backfill materials
 sea water (containing, among other things, sulphates and ammonia) shall not
penetrate the bedrock where it may sink towards the disposal depth
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 the groundwater level should not sink significantly below sea level because the
lowering of the groundwater level will cause a rise in the level of saline groundwater
and the lowering of the groundwater level below the sea level may cause the
penetration of sea water into the bedrock of the island.
ONKALO shall not cause any new and unnecessary hydraulic connections in the
bedrock, the number of penetrations through fracture zones, the number of boreholes
and the amount of excavated volumes “surplus” to the repository requirements should
be as small as possible. This has been taken into account in the layout design for
ONKALO.
The use of ordinary cement (having a high pH value) should be avoided - particularly
near the deposition tunnels - if the cement-containing structures cannot be removed
before final closure of the repository as ordinary cement has a detrimental effect on the
properties of bentonite. Because of this, low-pH cement will be utilized in ONKALO in
fracture zone R20 and below it.
Foreign materials that might have a harmful effect on the performance of the disposal
system should not be left in the vicinity of the repository. For this reason, a list of
permissible materials and a material manual are used for controlling these materials.
The underground facilities shall be backfilled and sealed off in such a manner that they
will not cause significant disturbance and conditions inside the bedrock can revert back
to their natural state. It shall be ensured in particular that the underground facilities, the
surrounding excavation damaged zone (EDZ) or boreholes do not form significant
groundwater flow routes between the ground level and the repository. Research and
development work related to the control, characterisation and quality assurance of
excavation damage is in progress in ONKALO.
2.3.13 Management of requirements

The requirements management system (VAHA) operated by Posiva was designed to
define, document and administer the setting of requirements originating from different
sources (such as public authorities, technology, owners) on long term safety of the
different components and structures of the release barriers in the repository. The
requirements regarding system components such as canisters, buffers and structures of
the repository (e.g. the deposition holes and deposition tunnels) are defined in the
VAHA database by appropriate references to and interdependencies with other
requirements. The VAHA system contains, for example, the design specifications and
variation ranges of conditions where the system shall function as planned. VAHA
requirements have been reported in Design Basis Report (Posiva 2012a).
The Rock Suitability Criteria (RSC) program was created for defining the desired
properties for bedrock material and for developing the acceptance criteria regarding the
suitability of any given bedrock volume for disposal purposes, including the acceptance
criteria for deposition holes (Hellä et al. 2009). As a result of this work the criteria for
rock suitability is set out in the report (Posiva 2012j).
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The applicable acceptance criteria cover the aspects of both long-term safety and
suitability for construction. By applying the criteria, the conditions to be expected near
the deposition holes become more predictable, as do the probabilities of deviations and
disturbances. The calculation examples shown include estimates of the flow conditions
in the vicinity of the deposition hole and initial values for estimating the probability of a
canister breaking as a result of a bedrock dislocation occurring in conjunction with a
moderately severe earthquake.
2.4

Plant complex

2.4.1

Facilities above ground

General
The disposal facility is planned for the Olkiluoto plant site that has ready infrastructure
built for the nuclear power plants. The plant site forms an independent complex situated
above the repository (Kukkola 2006).
Before the construction of the actual repository and the commencement of disposal
operations, the research facility ONKALO will be constructed at the plant site (Posiva
2008). It consists of a spiral-shaped access tunnel, personnel shaft, inlet and exhaust air
shafts as well as technical facilities at the bottom of the shafts and the access tunnel. A
ventilation building and lifting equipment building will be constructed at the top end of
the shafts. A vehicle washing facility, workshop, refuelling station and a building for the
technical systems of the access tunnel, (tunnel engineering building), have been
constructed at the top end of the access tunnel. A so-called research building has been
constructed for the research personnel, together with a store for research and storage
facilities for drilling samples. The area also has a project office with office facilities.
Plant site
The location of the repository and surface buildings and structures was already defined
in conjunction with constructing ONKALO. The buildings are situated entirely in the
local development town plans, block 5 of Olkiluoto in Eurajoki. The mouth of the
access tunnel is situated near the crossroads leading to the Olkiluoto NPP and the
Olkiluoto harbour. The shafts will be located about 300 m west of the access tunnel
mouth, near borehole OL-KR4. The site plan for the disposal facility is shown in Figure
2-10.
New roads built in the area during the construction of ONKALO will serve the disposal
facility during its operating phase. The excavated material from ONKALO construction
work is dumped in the excavated material storage area of OL3 for the time being.
During the operating phase of the disposal facility, the excavated material will be stored
and crushed north of the 400 kV power line, near the shipyard area.
Figure 2-10 illustrates the construction work for Posiva's nuclear waste facilities in
Olkiluoto. The Korvensuo basin is seen in the bottom right corner, left of it are the
buildings near the mouth of the access tunnel: they are the tunnel engineering building,
maintenance and storage hall and vehicle washing hall. The encapsulation plant,

51

ventilation building and lifting equipment building are located around the shaft area.
The research building, storage building and project office are located between the basin
and the buildings in the shaft area. The Visitors' Centre is at the end of the peninsula,
half way between the nuclear power plants and the repository area. The excavated
material storage field is located north of the 400 kV line. The excavated material storage
field will include the stack of excavated material, rock crushing station, stack of crushed
rock and possibly also the buffer and filler block compressing plant. The storage area
for bentonite containers is near the Olkiluoto harbour.
Principles of facility layout
The existing infrastructure for OL1-2 and OL3 plant units is to be utilised as far as
possible. Examples of this include the road network, water and sewage lines and power
supply. The intention is to utilise all installations designed and built for ONKALO as
part of the disposal facility.
For the actual facility design, the lengths of pipelines and cable routes as well as
material transport distances will be minimised. The producers and consumers will be
located close to each other. For example, the electrical substations will be located close
to the consumers of electricity and the mechanical workshops will be located close to
the areas with the highest demand for repairs, etc.

Figure 2-10. Olkiluoto repository surface facilities view to the west. OL4 not included
because the plant type has not yet been selected.
The functions will be integrated which will particularly simplify the auxiliary systems.
Integration will also avoid unnecessary transports when, for example, the interim
storage for bentonite blocks is located in conjunction with the encapsulation plant. A
mechanical workshop will be established at the top end of the access tunnel adjacent to
the vehicle washing station for maintenance and repairs on the vehicles and machines
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used in the repository facilities. The main benefit from this integration is that
surveillance and monitoring functions are combined and centralised in the lifting
equipment building.
Provisions are also made for visitors in the design of the disposal facility. The visits will
be organised so that no disturbance is caused to work at the disposal facility. The largest
individual group of visitors is 2 x 13 persons including the guides.
Supply of electricity to the respository
The power supply for the disposal facility is arranged via a 20 kV land cable connection
from the substation at the Olkiluoto power plant. Backup supply comes from the 20 kV
open power line network of Paneliankosken Voima Oy (Tuominen 2012).
The ventilation building and the tunnel engineering building surface facilities will have
20 kV transformers and substations. A substation will be located near the rock crushing
station for its power supply. The personnel lift in the personnel shaft, the canister lift
and the consumers in the repository will have their own dry-type transformers.
At the plant site, electricity will be supplied to the substations using underground
cables. The substation at the encapsulation plant will supply both the encapsulation
plant and the controlled area of the repository. The substation at the ventilation building
will supply, in addition to the ventilation building itself, the lifting equipment building
the uncontrolled area of the repository and the research building. The electrical supply
connection established during the ONKALO phase will be preserved as a back-up
supply connection for the disposal facility.
Repository heating, water supply and drainage/sewage system
The underground facilities are heated by heating the inlet air. Air is heated by the
nuclear power plant district heating.
The district heating pipes will be installed beside the road in a ditch connecting the
above ground buildings of the disposal facility. The maximum consumption of heating
power will be about 3 MW, including the repository facilities.
Potable water will come from the water plant of the Olkiluoto NPP. Other required
water will come from the Korvensuo basin after humus has been filtered.
During the ONKALO implementation, sedimentation pools were excavated to the top of
the access tunnel for seepage waters. Water is pumped from these pools to the vicinity
of the shoreline on the northern side of the island from where it is led to the sea in an
open ditch. Oil is separated from water before pumping to the sea.
Domestic waste waters are led to the sewage network of Olkiluoto NPP where organic
matter is removed in a biological treatment plant. The sanitary waste waters from the
repository are transported on a tank lorry for biological processing.
The seepage waters from the disposal facility are sedimented and any oil contained in
them is separated in the sedimentation pool located near the bottom of the shafts. After
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that, the seepage waters are pumped in one operation through the personnel shaft to
ground level and led to the sea in an open ditch. The waters from the basic drainage
system of buildings and rain water drainage system are also pumped to the sea via an
open ditch.
Traffic arrangements
Principles of traffic arrangements
Heavy goods traffic includes the transports of spent nuclear fuel, disposal canisters, raw
bentonite, bentonite blocks, diesel fuel, heavy machinery and building materials. Heavy
goods traffic at the plant site consists of transports of excavated materials from below
ground, transfers of excavated material for crushing and transfers of crushed material to
the filling material mixing plant or filling block compression plant, and the transports of
filling material blocks to the repository facilities.
Light goods traffic includes the transport of individual items and various accessories to
the plant and removal of waste from the plant.
The personnel traffic of the disposal traffic above ground is mainly based on the use of
passenger cars.
Heavy goods traffic, light goods traffic and personnel traffic will be segregated from
each other as much as possible. The transport of excavated and crushed material as well
as those of filling material/blocks will be segregated from other traffic in the plant area.
Heavy goods traffic
Heavy goods mainly arrive at the Olkiluoto plant site by road although part of the heavy
goods traffic comes by sea through the Olkiluoto harbour.
Nuclear fuel from the interim storage for spent fuel in Olkiluoto is brought to the
encapsulation plant along a route running on TVO's own land, separated from public
traffic. This is a case of transferring, not transporting spent fuel, which is why the same
equipment and vehicles currently used at the Olkiluoto NPP site can be deployed for
that purpose. If the encapsulation rate is 40 canisters per year, fuel will be brought from
the interim storage for spent fuel in Olkiluoto about once a month if the current type of
transport vessel is used. When fuel is brought from the Loviisa NPP using one Castor
VVER-440/84 transport cask, about six transports per year are required.
New disposal canisters are brought to the disposal facility every second week, assuming
each consignment has two canisters.
Imported bentonite and Friedland clay constitute the largest quantity of material to be
brought to the disposal facility. Materials are brought by sea in containers or bin bags
that are stored in the storage area near the harbour. The annual consumption of
bentonite and Friedland clay will be about 15,000 t. In addition to this, about 6,000 t of
buffer bentonite blocks will be required for the deposition holes. The buffer bentonite
blocks will be stored in the interim storage of the encapsulation plant to wait for
transport to the repository.
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Diesel fuel will be brought to the site twice a month using a road tanker truck. Building
materials will be brought in every day during the construction phase, once a week
during the operating phase.
In the disposal facility area the heavy cargo traffic is comprised of transportation of
blasted rock up from the excavation, moving it to the landfill and transportation of
backfill blocks to the repository. An average of 15,000 tonnes of excavated material will
be brought up every year. The excavated material is placed in the excavated material
stack.
Light goods traffic
Individual items, foodstuffs and postal items are brought in several times a day. The
repository uses Olkiluoto’s landfill for construction waste, sediments and rock materials
coming from dust extraction. Food waste from the canteen and other organic waste
materials are taken to the existing waste management system of Olkiluoto. Waste is
transported once a week.
Personnel traffic
The disposal facility personnel commute using their own vehicles or public
transportation. There are ample parking facilities near the encapsulation plant and the
lifting equipment building.
Personnel
Most of the personnel at the disposal facility work in single shifts. The security guards
work in three shifts. At night, surveillance of the lifting equipment building takes place
from the security guard centre.
The workplaces of personnel will be placed so that unnecessary movement from one
place to another and crossing the boundary between controlled and uncontrolled areas is
minimised.
The support point of personnel handling nuclear fuel is in the lifting equipment building
where the access control point for the controlled area is located. This control point also
covers the controlled area of the repository.
The repository facilities are built and deposition tunnels backfilled in the uncontrolled
area, which is accessed through the personnel shaft or access tunnel, the former being
the primary route.
If excavated material is to be crushed, the work will be done by an external contractor,
and a dedicated area has been reserved for the contractor’s huts. Crushing is a seasonal
operation, carried out in the summer.
Repository site buildings and structures
Figure 2-11 shows the encapsulation plant and buildings on the disposal site. Figure
2-12 shows the same area seen from another direction.
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Figure 2-11. Buildings on the disposal site, view to the south. The buildings are 1)
Encapsulation plant, 2) Ventilation building, 3) Lifting equipment building, 4) Research
building, 5) Project Offices, 6) Tunnel engineering building, 7) Maintenance and
storage hall and 8) Vehicle washing facility.

Figure 2-12. Disposal area buildings. Buildings are presented in figure 2-11. Shown in
the foreground are the settling ponds and pump station.
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Encapsulation plant
In the encapsulation plant, the spent nuclear fuel is packaged for final disposal. The fuel
bundles are offloaded from the fuel transport vessels and casks and placed in disposal
canisters. The atmosphere inside the disposal canister is changed, the canister inner
cover is closed and the outer cover made of copper is sealed by electron beam welding.
The weld is machined and inspected, the canister exterior is cleaned and the canister is
taken to the canister storage to wait for transfer to the repository (Kukkola 2012).
An interim store for bentonite blocks will be established in conjunction with the
encapsulation plant because the blocks are transported to the repository using the
canister lift.
Lifting equipment building
Monitoring operations of the disposal facility are concentrated in the lifting equipment
building, which also has social rooms for the staff of both the encapsulation plant and
the disposal facility.
The personnel shaft will be connected to the lifting equipment building and through it,
in addition to personnel traffic, electricity will also be fed and seepage water removed.
The disposal facility will rely on the services provided by the Olkiluoto plant fire
service and the fire and rescue operations of the local municipality. The facility will not
have its own fire station. The security guards at the disposal facility will be trained for
manual fire fighting duties.
Ventilation building
The controlled and uncontrolled areas of the repository are ventilated through a
common air intake shaft and separate exhaust shafts. The ventilation building will be
located next to the exhaust air shafts.
Research building and storage hall
The borehole and water samples are studied and stored in these buildings.
Tunnel engineering building
The tunnel engineering building was already built during the ONKALO phase. The
building has a transformer station and a 20 kV substation for the power supply cable to
be installed along the access tunnel.
The tunnel engineering building also has a variety of access control and communication
technologies-related facilities.
Vehicle washing hall
The vehicle washing hall was already built during the ONKALO phase, it will also be
used for the same purpose during the disposal phase.
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Maintenance and storage hall
The equipment used for constructing the repository will be taken underground via the
access tunnel. The excavated material is also transported from and the backfill material
to the repository via this tunnel. A maintenance and storage hall has been built for
maintaining and repairing earth moving and drilling machinery and vehicles. The hall
also has the necessary storage facilities.
Visitors' Centre
The Visitors' Centre operates as Olkiluoto's public information centre, as well as a
reception for visitors. The Visitors' Centre is shared with Teollisuuden Voima Oyj.
The Visitors' Centre has both a permanent and changing exhibition, sufficient number of
conference and seminar rooms, an auditorium for around 130 persons and a cafeteria.
Excavated material storage area
The excavated material storage area has a stack of excavated material, rock crushing
station and stack of crushed rock.
Buffer block and backfill compressing plant
For backfilling the deposition tunnels a separate plant for compressing the clay block
will be built. The backfill technique is considered in section 4.3. If the buffer and filler
blocks can be purchased ready-made from an external supplier, the pressing plant will
not be necessary (Posiva 2012i).
Refuelling station and oil tanks
There is a refuelling station near the workshop along the road coming from the access
tunnel.
Diesel fuel will be supplied to underground facilities by a service vehicle in lots of a
few cubic meters at a time.
Other structures and reservations in the plant area
The district heating network and water supply pipes will be installed in the area at
roadsides. The basic sewage pipe network and the rainwater drainage network will be
installed in the same excavation.
A dedicated pit will be excavated for cables, connecting all buildings in the disposal
site. The data network will be installed in the same pit.
A storage field for bentonite containers will be constructed along the road from the
Olkiluoto port. The field must accommodate at least 220 20-foot containers. The
bentonite containers will be stored in the open, in a tarmac-paved yard. A straddle
carrier is used for moving containers at the plant site.
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A dedicated area has been reserved for contractors near the crushing station. During the
operation of the disposal facility, the rock crushing contractor will provide its own site
huts. An area has also been reserved at the top of the access tunnel for tunnel
contractors, already established during the ONKALO phase.
A space for a cold storage hall has been reserved for building materials next to the
bentonite container storage field. There will not be much need for building materials
during the operating phase.
A suitable location will be found for a soil dumping site outside the plant area. Drilling
mud from the deposition holes will be taken to the dumping site. The structures
removed from the deposition tunnels will be taken to the dumping site. The intention is
to sort and recycle waste materials as far as practicable.
2.4.2

Underground disposal facility

The underground part of the disposal facility consists of connections from ground level,
to an approximate level of -400 to -450 meters; technical facilities, the central tunnel
network and actual repository facilities. The deposition tunnels and deposition holes
drilled in their floors are collectively called the repository. The spent nuclear fuel is
deposited in the repository. The radioactive operating waste and decommissioning
waste from the encapsulation plant will be deposited elsewhere in the disposal facility.
Connections to the ground level from the disposal facility are via the access tunnel
running at a slope of 1:10, and via five vertical shafts. Due to the long operating phase,
the repository is constructed and closed in stages. Figure 2-13 illustrates an example of
placement options for 5,440 tU nuclear waste within the repository. Chapter 3 contains
a detailed description of the disposal facility.

Figure 2-13. Illustration of the disposal facility.
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2.4.3

ONKALO

An underground rock characterization facility called ONKALO is built in Olkiluoto
(Posiva 2008). ONKALO provides detailed information for the planning, design and
layout of the repository. The information is also used for assessing the feasibility of
implementation and long-term safety of the project.
ONKALO consists of the following facilities:





Access tunnel
Three vertical shafts
Testing and demonstration tunnels at an approximate level of -420 meters
Technical facilities at an approximate level of -437 meters.

ONKALO is shown in Figure 2-14.

Figure 2-14. ONKALO.
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3

IMPLEMENTATION

3.1

Underground disposal facility

The underground disposal facility will consist of the repository, central tunnels
connecting them, access tunnel, shafts and technical rooms, including personnel and
canister shafts, vehicle parking halls and sedimentation pool and pumping station for
water seeping into the tunnel. The underground disposal facility also includes a
repository for low and intermediate level waste. In addition to the access tunnel, the
connections to ground level include the personnel shaft, inlet air shaft and the exhaust
air shafts of the controlled and uncontrolled areas. The technical bases for dimensioning
and designing the facilities are given in the design report (Kirkkomäki 2009).
Before the disposal operations are started the technical rooms, ground connections, and
the first deposition and central tunnels will be built. As the disposal operations proceed
the facility is gradually extended as needed. The final siting of the repository will
eventually be specified when the information about the bedrock has been gained. Figure
3-1 presents the layout example for the facility for 9,000 tU of spent fuel that is
designed according to present knowledge about the bedrock.

Figure 3-1. The deposition tunnels.
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3.1.1

Facilities in the controlled area

During the operating phase, the underground repository facilities are divided into
controlled and uncontrolled areas. The purpose of this division is to control the
movements of personnel in an area where there is a possibility of direct radiation and to
measure the radiation doses they receive. The separation of the controlled area is also
important for safeguarding. The boundary between the two is also the boundary of a fire
compartment. Both areas have ventilation systems.
All handling of canisters takes place in the controlled area. The installation of bentonite
buffer blocks in the deposition holes before and after the canister is inserted also takes
place in the controlled area. The excavation and construction work as well as the filling
of the tunnel are done in the uncontrolled area.
Access to the controlled area is by the personnel lift. Access to different areas is
separated at the ground level, and the lift has dedicated compartments for the controlled
and uncontrolled areas. However, it is possible to establish technical facilities between
the controlled and uncontrolled area, crossing the boundary between the two areas. In
emergency situations, such as a fire, changing compartment by moving from the
controlled to uncontrolled area or vice versa is also possible.
The controlled area includes those deposition tunnels in which the fuel canisters are
being installed, the central tunnels that lead to them from the technical rooms and a part
of the technical rooms. Permanent parts of the controlled area are the receiving site for
the canisters and backfill blocks and the canister storage, electrical equipment rooms of
the controlled area, lower part of the personnel shaft connection, security center of the
controlled area and spaces for vehicles used in the controlled area, (Figure 3-2). The
boundary of the controlled area in the central and deposition tunnels will be moved with
the progress of the disposal process. The purpose of moving the boundary gradually is
to always keep the controlled area as small as possible. This is done, among other
reasons, to limit the possible area for diffusion activity in case there would be an
accident situation.
The dimensions of the canister storage facility in the controlled area provides for 30
canisters. Together with the encapsulation plant storage, the total capacity for canister
storage corresponds to the highest potential quantity of canisters that could be deposited
to one 350 m long deposition tunnel.
Control area includes the repository for low- and intermediate-level operating waste
which is designed along the access tunnel at a depth of 180 meters. This repository is
shown in Figure 3-3.
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Figure 3-2. Technical rooms include the storage and parking halls, security centers,
canister storage and receiving site, shaft connection with HVAC-equipment and the
sedimentation pool and the pumping station. (Kirkkomäki 2012).

Figure 3-3. Repository for low and intermediate level waste.
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3.1.2

Facilities in the uncontrolled area

The uncontrolled area consists of part of the technical facilities and part of the network
of central tunnels, the access tunnel and the deposition tunnels being excavated or
prepared for disposal. The technical facilities of the uncontrolled area consist of the
upper floor of the personnel shaft lobby, as well as of the safety centre, electrical
facility, vehicle washing, refuelling and parking facilities of the uncontrolled area, and
of the sedimentation pool and pumping station for seepage and drilling waters (Figure
3-2). Also, the maintenance tunnel reaching the shaft base is part of the uncontrolled
area.
The access to the uncontrolled area is either by the access tunnel or the personnel
elevator. Access to the uncontrolled area is controlled, but not because of reasons of
radiation protection. Radiation doses of people moving in the uncontrolled area are not
measured in there.
All excavation and construction work and backfilling work, among other things, is done
in the uncontrolled parts of the disposal facility.
3.1.3

Central tunnels

At the site of the deposition tunnel network, two parallel central tunnels will be
excavated to connect the deposition tunnels and the technical rooms. The deposition
tunnels will be excavated either to one or both sides of the central tunnel pair. The
principle of parallel central tunnels is presented in section 2.3.9.
More central tunnels will be excavated gradually as the need arises during the
operational period. Part of the central tunnels will already be backfilled and closed
during the operational period of the disposal facility.
Figure 3-4 shows two alternative cross-sectional views of the central tunnel. In straight
tunnel section the width of the central tunnels will be 6.4 m. At curves, the central
tunnel width will be 8.5 m. In both profiles the vehicle clearance is the same; 3.8 m.
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a)

b)

Figure 3-4. Central tunnel profile in a) straight tunnel sections and b) in curves
(Kirkkomäki 2012).
3.1.4

Deposition tunnels

The disposal canisters are deposited in holes drilled in the deposition tunnel floors. The
holes have a diameter of 1.75 m, and their depth is 7.83 m for OL1-2 canisters, 8.28 m
for OL3 canisters and 6.63 m for LO1-2 canisters (Figure 3-5).
This report assumes minimum distance between the canisters to be 9.0 m for OL1-2
canisters, 7.2 m for LO1-2 canisters and 10.6 m for OL3 canisters if equal distance is
used and distance between the deposition tunnels is 25 m. If the distance between the
canisters is somewhere longer, then shorter distance can be used in the side of that area.
Minimum distance between the canisters is always 6 m. According to recent thermal
analysis minimum distance between the canisters is 9.0 m for OL1-2 canisters, 7.5 m for
LO1-2 canisters and 10.5 m for OL3 canisters if equal distance is used (Ikonen & Raiko
2012).
The maximum length of deposition tunnels is limited to 350 meters for reasons related
to excavation technology and occupational safety. Longer deposition tunnels would also
require additional ventilation blowers.
The estimated total quantity of 5,440 tU of spent nuclear fuel will be disposed of in
2,770 disposal canisters. In an optimal situation where all deposition tunnels are 350
meters long, and the distance between deposition holes corresponds to the specified
minimum distance, a total of 81 tunnels will be required. The total length of all
deposition tunnels would then be about 28.4 km. In practice, the total number and total
length of deposition tunnels will be greater than that. Due to the strict criteria
requirements for the bedrock, all deposition tunnels cannot be of the maximum length,
nor can the distance between deposition holes always meet the minimum distances
between the canisters.
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Figure 3-5. Cross-sectional view of a deposition tunnel. The height of deposition
tunnels excavated for canisters containing fuel from Olkiluoto is bigger than that of
deposition tunnels for fuel from Loviisa because the canisters for Olkiluoto fuel are
longer. The canisters for Olkiluoto fuel come in two lengths. The canisters for OL3 are
longer than those for OL1 and OL2.
The excavation of deposition tunnels will be performed gradually over the operating
phase of the repository as needed. Only when the work is transferred to a new tunneling
section will deposition tunnels be excavated in advance.
3.2

Systems

The dimensioning of systems to be established and installed in the underground disposal
facility is described in working reports (Kukkola 2003a, Kukkola 2006, Tuominen 2012
and Nieminen & Peltokorpi 2011). The disposal facility will be constructed and closed
gradually as the disposal operations progress, as described in Section 3.6. The systems
will be modified as and when the facility develops.
3.2.1

Heating system

The purpose of the heating system is to maintain specified temperatures at the disposal
facility. The facilities are divided into three categories for heating purposes:
 Facilities where people work or which people occupy on a constant basis, such as
offices, work places and the deposition tunnels currently in operation. The normal
temperature in these facilities is 20 °C, and the permissible range is +18 to +24 °C.
The relative humidity must be below 60 %.
 Facilities in use where vehicle traffic takes place but people do not constantly work,
such as the central tunnels and access tunnel. The normal temperature is 15 °C and
relative humidity 80 %.
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 Facilities excavated for future use where no actual work takes place. The temperature
may be below 15 °C and the relative humidity can be 100%.
The disposal facility is heated by heating the inlet air.
The humidity of warm summer air may condensate in the underground facilities. Air
will be dried using local air dryers as necessary. Thermal energy is recovered from the
exhaust air. The heating energy comes from the Olkiluoto power plant via a district
heating system, or from the electrically heated backup boiler. An average temperature of
+15 °C is maintained. At places of work, the temperature will be increased to +20 °C
using local heaters.
The inlet air is heated at ground level in the ventilation building and distributed to the
controlled and uncontrolled areas through the air shaft. Inlet air is also supplied to the
access tunnel. The exhaust air from the controlled and uncontrolled areas is led in
separate exhaust air shafts back to the ventilation building for heat recovery.
The maximum total volume of facilities to be heated is estimated at some 600,000 m3.
Heating power will be required for heating the inlet air and for compensating for the
heat absorbed by the bedrock. The maximum requirement for heating power is some
1,500 kW for the uncontrolled area and some 300 kW for the controlled area.
The annual underground heating energy requirement is about 3,500 MWh.
3.2.2

Ventilation system

The purpose of the ventilation system is to maintain sufficiently good air quality in the
disposal facility. Radon and the exhaust gas emissions from diesel-powered vehicles are
the main factors deteriorating the air quality. Excavation causes dust emissions and the
blasting explosion gases must be removed by ventilation. The maximum volume of
bedrock facilities requiring ventilation is about 600,000 m3. The air in the facilities is
changed once in two hours on average (Nieminen & Peltokorpi 2011).
The common inlet air plant and the separate exhaust air plants of the controlled and
uncontrolled areas of the disposal facility are located in the ventilation building at
ground level. Pressure build-up centres are situated underground in the shaft
connections for inlet and exhaust air connected to the technical rooms. The principle of
ventilation is presented in Figure 3-6.
The central tunnels have trunk channels for inlet and exhaust air, and these are
connected to the inlet and exhaust air channels coming from the inlet air shaft and the
separate exhaust air shafts of the controlled and uncontrolled areas, Figure 3-7. The
access tunnel will be ventilated through the inlet air shaft and the exhaust air shaft of the
uncontrolled area according to fire compartmentalization.
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Figure 3-6. The principle of ventilation in the underground disposal facility.

Figure 3-7. Trunk channels for inlet and exhaust air in the roof of diverging tunnels.
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The boundary between the controlled and uncontrolled areas is moved in the ventilation
channel as the disposal operations progress. Pressure boosting fans will be installed in
both the inlet and exhaust air channels as required, depending on how far from the
shafts the disposal operations are taking place.
The activity of exhaust air from the controlled area is monitored, but no activated
carbon filters or particle filters will be installed in the system. If exceptionally high
levels of activity are detected in the exhaust air, an alarm is received at the control
room. The exhaust air flow can be stopped manually if deemed necessary. If the exhaust
air from the controlled area of the disposal facility is to be filtered, the exhaust air
system of the controlled area of the encapsulation plant can be used for this purpose.
The exhaust air channels of both the controlled and uncontrolled areas are used for
extraction of smoke in case of fire. The ventilation channels will be fitted with fire
insulation and safety locks will be installed in places where the channels cross from one
fire compartment to another. The fire resistance class is EI 60. Separate fans will be
required for smoke extraction. Their capacity will be chosen on the basis of the worst
case scenario regarding a fire in the disposal facility. The exhaust air channels are
pressurised because the exhaust air fans are at ground level. This means that the leaktightness of the exhaust air channels is not a particular concern. In the deposition
tunnels, the exhaust air channels are extended all the way to the ends of tunnels while
the inlet air channels end at the tunnel mouths.
The maximum air flow, about 80 m3/s, is usually required during the excavation phase.
The air flow to the uncontrolled area is 60 m3/s and 20 m3/s to the controlled area.
During the excavation phase, vehicles used in the process travel in parts of the
uncontrolled area, and more air may be required to ventilate the exhaust gases produced
by them. In that situation, the air change rate in other uncontrolled area facilities in use
will be at least 0.3 1/h and in controlled areas at least 0.5 1/h.
The maximum power requirement of the ventilation system fans is about 500 kW.
3.2.3

Water systems

Water is required for excavation, drilling deposition holes, washing facilities and
vehicles and for sanitary installations. Water is also used for fire fighting.
No recycling water pumping station will be built because the saline water seeping from
the bedrock cannot be used for washing, excavation or deposition hole drilling.
Consumption of water
The average daily consumption of water in the repository facilities will be about 25 m3,
which translates to about 9,300 m3 per year (Kukkola 2006).
The consumption foreseen for ONKALO is 8 liters/s (Posiva 2008). The flow rate will
also be sufficient during the operating phase as the consumption will be of the same
order. The water is taken from the Korvensuo basin. The water does not have to fulfill
the requirements for potable water.
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Water will also be required for cooling the concrete castings of deposition tunnel
closure structures. About 30 liters/min will be required for 10-15 days for each
structure.
Potable water
Potable water has to fulfill the requirements for drinking water. Potable water will come
from the water supply network of the Olkiluoto NPP.
The daily consumption of potable water in the disposal facility will be about 6 m3
(Kukkola 2003a). The system must have a capacity of 2.5 liters/s. The design flow rate
of potable water for ONKALO is 2.5 liters/s.
Potable water is supplied to the disposal facility via the personnel shaft. A pressure
reduction station will be required at the disposal depth for reducing the hydrostatic
pressure. The sufficient diameter of the trunk pipe for potable water supply is 20 mm.
The consumption of warm water in the repository is expected to be one-fifth of the total
consumption of potable water. Most of the warm water is required for washing vehicles.
Warm potable water will be produced in an electrically-heated boiler.
The boiler capacity should be 1,000 liters. The rated power of the boiler is 16 kW
(Kukkola 2003a).
Fire-fighting water
An 8 m3 tank for drilling water / emergency fire hydrant will be located at ground level,
together with a 20 m3 tank for sprinkler water. The facilities with significant fire loads
will be equipped with a sprinkler system. The volume of the sprinkler water tank,
located at level -290, is 200 m3.
The controlled area facilities with significant fire loads will be equipped with a sprinkler
system. The canister shaft will not have sprinklers, but the canister lift cage will.
To create a circular pipeline that will be fed from two different sources the fire-fighting
water pipe in the central tunnel that is accessed via the personnel shaft, will be
connected to the pipe in the personnel shaft in the controlled area. A pressure reduction
station at the disposal level reduces the pressure to a suitable value.
The pressure rating of the feed pipe before the reduction station is 6 MPa, and its
material is stainless steel, grade SMO. The pipe size may be NS 50. The fire
extinguishing system functions with hydrostatic pressure, no electricity is required for
pumping the water.
Sanitary installations
Toilet sewage waters are collected in a 5 m3 tank from where they are taken away by a
sewage suction truck. The sanitary system will be constructed during the ONKALO
phase.
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3.2.4

Seepage water system

The purpose of the seepage water system is to collect the waters seeping from the
bedrock and the washing waters to a sedimentation pool, allow them to settle and then
pump the water from the sedimentation pool to ground level for removal.
Method of implementation
Line booster pump stations were installed in the access tunnel niches approximately
every 500 meters, during the ONKALO construction phase. The seepage water
sedimentation pool is located at an approximate level of -430 meters. The pool has a
capacity of 1,800 m3.
During the operating phase of the disposal facility, seepage waters will be pumped up
from the sedimentation pool in one stage. Smaller pumps will be installed in the booster
pumping stations along the access tunnel, and they will be connected to the upward
pipelines in the personnel shaft.
At the repository facilities, the seepage waters will be collected to the seepage water
sedimentation pool along covered drains. A separate drainage water pumping station
will be installed at the bottom of the access tunnel for pumping water into the
sedimentation pool. The radioactivity of drainage waters in the sedimentation pool will
not be measured.
Sizing of the collection pool and pumps
The design flow rate used during the ONKALO phase was 10 liters/s. If three liters of
water per minute seep from the bedrock for each 100 m section of tunnel, the flow rate
of 10 liters/s corresponds to an open tunnel length of 20 kilometers. The total daily
volume of seepage would be 864 m3.
The volume chosen for the seepage water sedimentation pool is 1,800 m3, this allows
for the collection of about 1,000 m3 of water per day. A two-day downtime period can
be allowed for the seepage water pumps.
The seepage water pumping station will be equipped with three seepage water pumps.
Each pump has a capacity corresponding to 100 % of the total flow rate of seepage
waters, which means that in a normal operating situation one pump is running and two
are on standby.
A continuously operating pump is more reliable than one running intermittently. During
the commissioning phase, the seepage water pump flow rate will be adjusted to
correspond to the seepage rate of the bedrock. The pump operates for one maintenance
cycle at a time, after which another pump is started (to operate for another maintenance
cycle). If the seepage rate increases and an alarm received from the water level detector,
another pump is started to run in parallel.
All pumps will be connected in parallel to two trunk pipelines that are led to ground
level via the personnel shaft.
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Each pump producing a flow rate of 10 liters/s requires a motor power of about 82 kW.
The required pipe size is NS 100. The pipe will have a design pressure of 10 MPa. The
wall thickness of the tube is about 10 mm. The pipe material must be very corrosion
resistant. One possible material would be stainless steel grade SMO.
3.2.5

Other process systems

Supply of diesel fuel
Diesel fuel tanks (2 tanks) will be located at level -437 m, in their own fire-insulated
space. The volume of a fuel tank is designed to be 3 m³ (Kirkkomäki 2009). The fuel
tanks are separated into their own fire compartments with class EI 120. Diesel fuel will
be delivered to the fuel tanks in the technical rooms with a tanker truck.
Compressed air system
A local compressed air system will be built to the maintenance shop of the technical
facilities during the ONKALO phase for use by the machines and equipment of the
maintenance shop. The rated power of the compressor is about 15 kW. This
arrangement will also suffice during the operating phase of the repository facilities.
3.2.6

Electrical systems

Power supply
The rated power for ONKALO is 1,250 kW during normal operation, with an additional
500 kW required during shaft drilling (Posiva 2008). This power will also cover the
needs of the facilities at ground level. The substations will be located at levels -90, -180,
-290 and -420 meters. In addition, one mobile substation has been procured during the
ONKALO phase for excavation use.
Electrical power consumption will not increase during the operating phase of the
repository facilities - it will stay at about 1,100 kW. The largest individual consumers of
electricity are the deposition hole drilling unit and the excavation jumbo.
During the ONKALO phase, electricity is supplied to the repository facilities through
two 20 kV supply lines, one running through the personnel shaft and the other through
the access tunnel (Tuominen 2012).
During the operating phase, the repository facilities will have three power supply
connections, one through the controlled area and two through the uncontrolled area.
Lighting
The purpose of the lighting system is to provide suitable general lighting for the
repository facilities, plus sufficiently efficient local lighting for places of work. The
repository facilities will have a battery-backed emergency lighting system using
fluorescent tubes.
The rated power of the lighting system is 220 kW (Kukkola 2003a).
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Telecom systems
The purpose of telecom systems is to allow communications between members of
personnel working in the repository facilities and above ground. The bulk of telecom
systems will be already installed during the ONKALO phase (Posiva 2008). The
telecom systems for ONKALO will be expanded for the operating phase of the
repository facilities.
Internal telephone cable network
The general cable network will be used for conventional telephone connections.
Antenna systems
TV and radio broadcasts can be received in the repository facilities via the common
aerial network. The antennas for the official radio network (VIRVE) will be installed in
compliance with official regulations.
Audio system
The audio system will be primarily installed for the purpose of emergency
announcements.
Computer network
A general cabling system will be implemented for computer and telephone connections,
its cross-switching racks and equipment cabinets will be located in the telecom room of
the technical facilities at level -437.
Signalling system
The signalling system will utilise sirens and flashing lights.
The wireless telephone system “DECT” will complement the hardwired telephone
system.
Surveillance, security and safety systems
The following surveillance, security and safety systems were built during the ONKALO
phase (Posiva 2008). The systems will be expanded during the operating phase.
Fire alarm system. The facilities will be protected by an automatic fire alarm system.
Smoke and temperature detectors and optical fibre cabling will be used.
CCTV surveillance system. The access routes will be monitored by a CCTV
surveillance system.
Access control system. Access will already be controlled at ground level, which is why
no separate access control system will be required in the underground facilities.
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However, a person positioning system will be deployed underground to assist in rescue
situations.
Signal light and emergency lighting system. The UPS equipment for the signal light and
emergency lighting system of underground facilities will be installed in a dedicated UPS
centre room.
Smoke extraction system. The fans and dampers of the smoke extraction system are
controlled by smoke extraction stations installed by the fire squad entry route next to the
control panel for the fire alarm system and in the safety centre at level -437.
3.2.7

Disposal facility monitoring and control systems

Condition monitoring
The purpose of condition monitoring is to monitor the condition of the repository
facilities and systems during the operating phase.
The condition of the repository is controlled by measuring the amount of seepage water
as well as rock stress and dislocations.
I&C system
Instrumentation systems are used for gathering and processing information on the
condition of the repository and ensuring that working safety is good in the repository.
No separate control room facilities will be established in the repository, the monitoring
and control data are collected in the control room in the operational building.
At a minimum, the following measurements will be carried out in the repository
facilities:











hydrogeological control measurements
rock technical control measurements
air, bedrock and water temperature measurements
air humidity measurements
drainage water level measurements
air activity measurements
CO-, CO2-, NOx- and radon content measurements
air dust content measurements
smoke detection
measurements related to nuclear material safeguards.
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3.2.8

Transfer and transport systems

Lifts
Canister lift
The lift in the canister shaft adjoins the encapsulation plant. The canister lift is used for
transferring the fuel canisters from the encapsulation plant to underground disposal
facility. The canister lift is also used for transporting the compressed bentonite blocks to
the repository, where they are inserted in the deposition holes.
The canister lift has a friction hoist machinery. The rope drum is equipped with the secured hydraulic disk brakes. The canister lift has the rope guides and the counterweight,
the lift is dimensioned for 30 tons net payload. The maximum speed of the lift cage is
3 m/s and the inching speed is 0.4 m/s. The lift has an alternating-current motor with
power of 630 kW. The lift drum diameter is 2,800 mm and it has 6 steel ropes, each
with 35 mm diameter.
Personnel lift in the personnel shaft
The personnel lift is connected to the lifting equipment building. The lift is used for the
personnel traffic to the controlled and to non-controlled area of the repository spaces.
The personnel lift is a modified drum hoist used in the mining industry. The lift capacity
is for 26 persons. The lift cage is two-storey. The speed of the lift is 5 - 10 m/s and it is
dimensioned for 2,600 kg net payload.
Transfer vehicles
Short horizontal transfers of the disposal canisters will be done with a canister transfer
forklift (Suikki 2012).
The disposal canisters will be transferred to a canister shaft lift in the encapsulation
plant with a canister transfer forklift, which is then driven out of the lift. At the bottom
of the canister shaft a similar canister transfer forklift is used to remove the canister
from the lift and transfer it either to the canister storage or canister loading station, from
where the canister is loaded onto the canister vehicle. The canister transfer forklift will
be electrical and its load bearing capacity is 30,000 kg.
Transfer and installation vehicles
The transfer and installation vehicles are used for transferring and installing fuel
canisters and bentonite blocks in the repository facilities. Depending on the backfill
solution chosen, dedicated vehicles may be required for the transfer and installation of
backfill material and backfill material blocks.
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Figure 3-8. Canister transfer and installation vehicle (illustration based on prototype
design, Cadring Oy).
Canister transfer and installation vehicle
A disposal canister is moved with a vehicle from the loading station to the deposition
tunnel and installed in a deposition hole. During transfer the canister is covered with a
radiation shield. Its function is to protect the environment from the radiation of the spent
fuel and the canister from outside disturbances. In Figure 3-8 there is an illustration of
the principle of the vehicle based on prototype design. In the prototype design the
vehicle is divided into the installation gear and a pulling tractor. In the final solution the
pulling equipment can possibly be integrated with the installation equipment, to gain a
more compact vehicle and a smaller turning radius. How the vehicle turns directly
affects the layout design in the area where central and deposition tunnels intersect. In
general the transfer system is a vehicle (combination) with rubber tyres, the turning
radius of which will be minimized to enable as efficient a layout design as possible. The
vehicle will be operating in very tight tunnels. Even though the driving speed of the
vehicle will be low (less than 10 km/h) the masses and thus the kinetic energy is
correspondingly large. As a result, all corners of the vehicle are protected with massive
bumpers that prevent damaging the vehicle should possible collisions occur.
The radiation shield is divided into three main components: the tube, the end and the
rear radiation shield. The radiation shield is a 150 mm thick steel cylinder lined with a
50 mm thick layer of boron enriched polyethylene. The function of polyethylene is to
perform as a radiation shield against neutron radiation. At the same time it works as a
scrape-protecting layer for the copper canister. All joints have been located and
designed such that direct radiation cannot extrude. The joints are placed at both ends of
the radiation shield so that the canister is not lying on the joints. The joints are
implemented by using a mazelike structure that prevents radiation leakage.
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Figure 3-9. The principle of how the canister is turned.
Turning and moving the radiation shield on the vehicle platform will be done with
radiation shield handling equipment. This equipment consists of guide structure,
hydraulic winches and hydraulic support with functions that allow parallel performance.
The installation frame is levelled horizontally with supports after which the radiation
shield can be lowered into the deposition hole. Lowering and turning are forced with
frames guide mechanism, which means that the turning function will always follow the
constant pattern, Figure 3-9. The right position to the deposition hole will be verified
both with cameras and a positioning system. Nearly all the equipment used for handling
the canister is hydraulic based. To minimise fire load the hydraulic oils are
inflammable.
The backend of the radiation shield is designed so that the radiation shield can be turned
to the deposition hole with as little headroom as possible. This leads to a lower
deposition tunnel height and a smaller chamfer of the deposition hole. The inner radius
of the radiation shield is 1,070 mm. When the outer radius of the disposal canister is
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1,050 mm is only a 10 mm gap between the radiation shield and the disposal canister
when it is being lifted or lowered. Inside the backend there is also a chamfer added to
work as a guiding surface when the canister is lifted to the radiation shield.
The pulleys and the gripper are placed on the end of the radiation shield. The end is
connected to the radiation shield pipe by a latch with bolts at the pipe end. Bolting
enables removal of the radiation shield pipe in possible problem situations or for
maintenance. The winch equipment is placed below the radiation shield. This facilitates
a smaller turning radius for the radiation shield and thus a smaller tunnel height.
The inside of the radiation shield end is shaped to allow enough room for the pulley,
gripper and ropes to function. However, material thickness is still needed to ensure the
required strength. Because the disposal canister can never be in the radiation shield
without the gripper attached to its lid, the thickness of this gripper lid can also be taken
into consideration to make up the total required material wall thickness (about 100 mm).
The canister is lifted with two hydraulic winches that are connected to the radiation
shield. Hydraulic winches operate independently so that in the event that one would
breakdown, the canister can still be lowered to the deposition hole safely. The lifting
device has a pulley, which doubles the traction of the winches. The winches are placed
in a protective shell so if oil leakage would happen no oil can leak into the deposition
hole or onto the ground. Simultaneously it protects the winches from dirt and dents.
The disposal canister is lifted by lifting grooves on the copper lid and lifted into the
deposition hole with a gripper, Figure 3-10. There are two pulleys on the gripper which
allows it to hang from the end of the lifting equipment by means of lifting ropes from
the end of the radiation shield. The gripper is designed to be self-locking so in case of
possible malfunction the canister cannot detach from the gripper. The position of the
jaws can be verified visually by a camera installed inside the radiation shield.
Devices manoeuvering system consists of hydraulic manoeuvering and monitoring
equipment, a camera system, surveillance system and telemetrics. In all movements
there is control that normal loads or motion paths are not exceeded. Because installation
is always similar it is possible to do it also completely automatically. In both cases the
separate control system will monitor the procession of the installation and stop or warn
in case of any deviations. Simultaneously the system documents the installation steps
and records, for example, the last picture samples taken from the canister surfaces
quality. With telemetrics it is possible to follow and direct the device also from the
ground surface in real time.
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Figure 3-10. The gripper of the disposal canister.
Bentonite block transfer and installation vehicle
The bentonite blocks to be installed in the deposition holes are transferred from the
lower level of the reception station to the deposition holes in the deposition tunnels (or
the blocks can be temporarily stored in the technical facilities as the case may be) for
installation in the deposition holes using the bentonite block transfer and installation
vehicle. The bentonite block installation system is shown in Figure 3-11.
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Bentonite block installation device
Bentonite block
transfer device

Transfer vehicle
Figure 3-11. Bentonite block installation system.
Removal of excavated rock
The excavated rock is transported to ground level via the access tunnel. Diesel-powered
vehicles are used for loading and transporting the excavated materials.
Canister drop shock absorber
Failure of the ropes at once in the canister lift could result in the disposal canister falling
into the canister shaft. The maximum fall is about 450 meters. A mechanical shock
absorber will be installed at the bottom of the shaft. A 20-meter layer of LECA (Light
Expanded Clay Aggregate) serves as the shock absorber at the shaft bottom. It will keep
the canister intact in all situations. The canister end need not be of special shape, nor is
any end cone required.
The seepage water level in the canister shaft should be kept low enough to stop the
LECA layer from floating. If the LECA layer is floating on water, the canister will fall
through the layer and hit the bottom irrespective of the speed of impact. Analysis of the
damper operation in small scale tests has been made (Kuutti et al. 2012).
3.2.9

Cooling system for the underground canister storage

In the disposal facility at -455 level, there is a canister storage capacity to hold 30
canisters. The canister storage is connected to the canister shaft. The concept for the
canister storage cooling system is presented in Figure 3-12.
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Figure 3-12. Idea of the cooling system for the underground canister storage.
The fuel canisters in the underground canister storage are cooled by ventilating the
storage with inlet air from the ventilation system inlet air and by removing the warmed
air to the exhaust ventilation system of the encapsulation plant in the controlled area.
The exhaust ventilation system of the encapsulation plant in the controlled area is also
used to keep the canister shaft, underground canister storage and the repository for low
and intermediate level waste pressurised relative to the volumes of uncontrolled area
around them.
3.3

Safety classification

According to STUK Guidelines YVL B.2 (draft 4) concerning the safety classification,
the systems, structures and components important to safety shall be designed,
manufactured, installed and operated so that their quality level and the inspections and
tests required to verify their quality level are adequate considering any item's safety
significance. To comply with this principle, the systems, structures and components of
the nuclear power plant are grouped into Safety Classes 1, 2 and 3 and Class EYT
(classified non-nuclear). The items with the highest safety significance belong to Safety
Class 1. YVL D.5 also has guidelines for disposal of parts of the system safety
classification. The safety class provides the basis for defining the quality assurance
requirements for the systems, structures and components of a nuclear facility. Safety
classification forms the basis for determining the scope of regulatory controls by the
Radiation and Nuclear Safety Authority.
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A suggestion for safety classes is provided to STUK as part of the construction license
application. The final safety classes of the systems, structures and equipment are
determined when STUK approves the suggestion for safety classes.
According to Posiva’s suggestion as part of the EBS components in the disposal facility
the canister are in Safety Class 2; bentonite buffer, deposition hole and plug structures
are in Safety Class 3; and the tunnel backfill material is in Safety Class EYT. The
technical systems and the handling systems of the fuel and the disposal canisters have a
Safety Class 3. In addition, the radiation measuring systems, as well as cooling,
ventilation, sewage treatment and electrical systems that have nuclear safety
significance are in Safety Class 3.
3.4

Fire safety

3.4.1

Official regulations

The official regulations to be complied with are set out in Section 2.3.1, which also
discusses various issues including safety classification, the functional and verification
requirements of systems as well as the prevention of transients and accidents and the
management of their consequences.
3.4.2

Actions regarding fire safety

The plans for the disposal facility have been made in compliance with current
regulations. Possible fires have been analysed to support fire safety in design
(Peltokorpi et al. 2012).
Minimisation of fire loads
The electrical substations are located in individual fire compartments. The transformers
are of the dry type, which means that they do not contain any oil that would increase the
fire load.
The electrical motors powering the lifts are located at ground level so that they will not
increase the fire load in the repository facilities.
Cable fires can occur even if so-called incombustible cables are used. Decommissioned
cables, such as those only used during the construction phase, will not be left in the
cable trays but removed to minimise the fire load.
Particular care is taken to ensure the fire safety of the fuel canister transfer and
installation vehicle.
Facility layout design and fire compartmentation
Facilities with significant fire loads as well as exit routes will be separated into
individual fire compartments, see Figure 3-13. These facilities include electrical
substations, fuel tanks and stairways and other personnel access routes. The fire
resistance class is EI 60. The diesel fuel tank is at level -437 in its own fire insulated
space with a fire resistance class EI 120.
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The size of fire compartments is kept small to avoid too long escape routes. Smoke will
spread out even in a large space within a few minutes, which means that people will
have to escape quickly from the fire compartment in case of fire. The small size of fire
compartments will also limit the financial losses in case of fire.
The boundary between controlled and uncontrolled areas is also a boundary between
fire compartments. The strength of the separating structure depends on the fire
protection requirements. The compartment boundary has a locked fire door that may
only be used in an emergency. Channel penetrations will be fitted with automatically
closing fire dampers. The channel section between the fire compartment and the fire
damper can also be isolated in case of fire. However, for reasons pertaining to fire
compartmentation, the central tunnel drainage cannot be arranged using open channels.
Instead, the seepage waters will be collected into pipes, and the floor drains have drain
traps.

Figure 3-13. Fire compartment walls (shown in red) in the parking, storage and
washing spaces of the technical facilities.

Smoke extraction
The parallel central tunnels will be separated into different fire compartments. One
parallel central tunnel is always a short distance away, and it constitutes a different fire
compartment.
The exhaust air channels of both the controlled and uncontrolled areas are used for
extraction of smoke in case of fire. The exhaust air channels are pressurised so they do
not have to be completely airtight. The exhaust air channels in the deposition tunnels are
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led to the mouths of the tunnels so that in the case of a fire, air can be removed and the
fire compartment kept pressurised relative to the central tunnel.
The fans and dampers of the smoke extraction system are controlled by smoke
extraction stations installed by the fire squad entry route next to the control panel for the
fire alarm system and in the safety centre at level -437.
Safety centres
The safety centres of both the uncontrolled and controlled areas are located at the
bottom of the personnel shaft. The power supply of safety centres is battery-backed for
12 hours.
In the security centers no breathing apparatuses or carbon dioxide removal is needed
because ventilation of these spaces is maintained even if accidents occur.
The security centers and personnel shaft are constantly pressurised to prevent smoke
from entering the escape routes. Pressurised air is used in the ventilation of the security
centers. The blowers of the pressurised air are duplicated. The blowers are situated
above ground in the elevator unit building.
The safety centre of the uncontrolled area is built for 100 persons (Figure 3-14) and that
of the controlled area for 50 persons.

Figure 3-14. Safety centre in the uncontrolled area.
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Fire alarm system
The facilities will be protected by an automatic fire alarm system. Smoke and
temperature detectors and optical fibre cabling (and sensors) will be used.
Fire extinguishing systems
The disposal facility will be equipped with an express fire hydrant.
The facilities with significant fire loads will be equipped with an automatic sprinkler
system.
3.5

Adaptation of facilities

The basis in producing the draft plan for the disposal facility has been to locate the
repository facilities at a depth of 400 - 700 meters inside the Olkiluoto bedrock. The
placing of the spaces, i.e. the layout, is done according to bedrock structures and other
design criteria determinable by the bedrock. In this report the layout of the repository is
demonstrative and based on the current knowledge about the characteristics of the
bedrock and fulfillment of the suitability criteria. The basis for the work has been the
latest results from Olkiluoto bedrock investigations and modelling based on that data
(Posiva 2012g and 2012h). The final layout will be specified as building proceeds and
knowledge increases. The spent fuel estimation used for now as the basis for the design
may also change and thus affect the required volume and layout of the repository
openings.
Figure 3-15 presents the layout design for a quantity of 9,000 tU of spent fuel located in
the confirmed detailed local plan. The referenced 9,000 tU is the total amount according
to the decision-in-principle received by Posiva. More detailed designs of the disposal
facility have been made for repository volumes in which the fuel from currently
operating nuclear plants and of those now under construction can be disposed of as
described in Section 2.3.3. These comprise a total waste quantity of 5,440 tU.
The extent of the repository has been designed for a canister quantity of 20 % in excess
of the amount of canisters used for the design basis. This margin is based on the results
of usability degree estimations of Olkiluoto bedrock (Posiva 2012j) made with Rock
Suitability Criteria, i.e. RSC studies. The extent of the repository layout is thus
determined according to the need for 3,324 canister sites.
The bedrock stresses have a significant role in the design of the repository layout.
According to latest investigation results, the direction of the main stress of the bedrock
in the disposal depth is 112 degrees, which is approximately east-west (Stress Model I)
or 144 degrees, which is approximately southwest-northeast (Stress Model II) (Posiva
2012g). These are necessarily the optimal directions for the repository openings as the
direction of bedrock fracturing may also affect to the stability of excavated openings.
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Figure 3-15. A layout example for the repository (9,000 tU) (Kirkkomäki 2012).
The design alternatives for repository layout in Figures 3-16…3-21 represent the
uncertainties of the bedrock data. The presented six alternatives are based on different
estimations and layout directions derived from the investigation data. The selected
layout directions have an interval of 18 degrees between 90º/270º - 180º/360º. The
layout direction of 144º/324º is in accordance with the present perception of the main
stress direction of the bedrock. The distance between deposition tunnels from each other
is at least 25 m in all alternatives.
In Figure 3-16 the layout option 1 is presented, in which the layout direction is east-west
(90º/270º). The deposition tunnels are separated into four panels, each leading out from
a central tunnel pair. There are a total of 110 deposition tunnels with a total length of
34.0 km. The total length of the central tunnels is approximately 8.4 km.
An alternative layout is presented in Figure 3-17. The repository has been arranged in
the direction of 108º/288º, which is 18 degrees towards the direction of North-South.
Here the deposition tunnels are separated into three different panels. There are
altogether 111 deposition tunnels. The total length of the central tunnels is 7.1 km.
A third example is presented in Figure 3-18, in which the direction of the layout is
126º/306º. The deposition tunnels are still separated into three panels. There are 119
deposition tunnels. The total length of the central tunnels is 6.6 km.
The fourth layout alternative in Figure 3-19 represents the current consensus of the main
bedrock stress direction at the disposal level; in the direction 144º/324º. There are 127
deposition tunnels in the fourth alternative.
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Figure 3-16. Layout alternative 1, in which the layout direction is 90º/270º (5,440 tU)
(Kirkkomäki 2012).
Figure 3-20 presents the fifth layout alternative in which the layout direction is
162º/342º. In this alternative there are 132 deposition tunnels. The total central tunnel
length is 6.4 km.

Figure 3-17. Layout alternative 2, in which the layout direction is 108º/288º (5,440 tU)
(Kirkkomäki 2012).
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Figure 3-18. Layout alternative 3, in which the layout direction is 126º/306º (5,440 tU)
(Kirkkomäki 2012).

Figure 3-19. Layout alternative 4, in which the layout direction is 144º/324º (5,440 tU)
(Kirkkomäki 2012).
The sixth layout alternative is presented in Figure 3-21, with the layout direction in the
direction North-South, which is 180º/360º. In this alternative there are 124 deposition
tunnels and the total length of the central tunnels is approximately 6.1 km.
The presented alternatives for all layout designs have been based on the same bedrock
model and ONKALO layout. The layout alternatives are also designed for same canister
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quantities and in all alternatives the angle between a deposition tunnel and a central
tunnel is always at least 60 degrees. The affects of the layout direction on the quantities
and lengths of the deposition tunnels and the lengths of the central tunnels are compared
in Table 3-1.

Figure 3-20. Layout alternative 5, in which the layout direction is 162º/342º (5,440 tU)
(Kirkkomäki 2012).

Figure 3-21. Layout alternative 6, in which the layout direction is 180º/360º (5,440 tU)
(Kirkkomäki 2012).
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Table 3-1. The deposition and central tunnel lengths and the quantity of deposition
tunnels of different layout alternatives (Kirkkomäki 2012).
Deposition
tunnels (pcs)

Deposition
tunnels (m)

Central tunnels
(m)

Layout alternative 1

110

34,000

8,400

Layout alternative 2

111

34,700

7,100

Layout alternative 3

119

34,800

6,600

Layout alternative 4

127

34,900

6,500

Layout alternative 5

132

35,000

6,400

Layout alternative 6

124

34,800

6,100

Mean value

121

34,700

6,850

The layout alternative 3, with layout direction 126º/306º, has been selected at this point
for a more detailed consideration.
In Figure 3-22 the spatial design of the layout is presented in more detail. The total
volume of the underground disposal facility in this design is approximately
1,317,000 m3 (Table 3-2). The total length of the deposition tunnels would be altogether
about 35 km and correspondingly the length of central tunnels, about 7 km.
Table 3-2. Extent of underground disposal facility (Kirkkomäki 2012).
Volume without the deposition holes (m3)
- total
- open at the same time, maximum
- open at the same time, minimum
- open at the same time, mean
- controlled area, maximum
- uncontrolled area, maximum
tunnel length (m)
- deposition tunnels
- central tunnels

1,317,000
787,000
575,000
739,000
286,000
625,000
35,000
7,000

91

Figure 3-22. The disposal facility at the disposal level when the disposal operation is at
an end (5,440 tU) (Kirkkomäki 2012).
3.6

Gradual construction of facilities

Most of the total volume of the disposal facility is made up of deposition tunnels. The
annual requirement for deposition tunnels is small which means that there is no
justification for excavating all the deposition tunnels at the same time. By constructing
the facilities gradually, the construction costs can be spread over a longer period of time
while also reducing the number of facilities remaining open at any one time. This will
affect the volumes of seepage waters and ventilation air. The volumes of seepage water
have an effect on the bedrock circumstances and how they remain favourable for the
disposal.
Building of the disposal facility begins by extension of ONKALO spaces. Prior to
starting the disposal operations, the canister shaft and exhaust ventilation shaft 2, their
shaft yards to the access tunnel, the canister receiving station and the canister storage
and technical rooms will be excavated as well as the first deposition tunnels and the
central tunnels leading to them.
During the operational period the spaces will be further extended. A stepwise
construction plan has been designed for implementing the extension of the openings
(Kirkkomäki 2012). The design basis selected for this plan was that the deposition
tunnels are continuously being excavated. According to this plan the deposition tunnels
are only excavated according to need. The central tunnels, on the other hand, will be
excavated as campaigns with more at a time. An exception is moving to a new disposal
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panel. Its first deposition tunnels will be excavated simultaneously with the central
tunnels as a campaign.
The expansion of the disposal facility according to the stepwise construction plan in
10 year intervals is presented in Figure 3-23. The openings are extended to the north and
northeast sides of the technical rooms at first. After that the extension continues to the
west side of the technical rooms. Finally the openings are extended to the northwest of
the technical rooms.
According to the stepwise construction plan (Kirkkomäki 2012) the open volumes at
any given time is at most 787,000 m3, of which the majority is in the uncontrolled area.
The maximum volumes of controlled and uncontrolled areas during the operational
period are 286,000 m3 and 625,000 m3, respectively.
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Figure 3-23. The underground openings at disposal depth a) at the beginning of the
disposal, b) – i) in 10 year intervals during the disposal and j) at the end of the disposal
(Kirkkomäki 2012).
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3.7

Integration of ONKALO as part of the disposal facility

ONKALO is designed in such a way that it will serve as part of the disposal facility
when disposal operations commence. ONKALO and the underground repository
facilities are illustrated in Figure 3-24. The work methods and materials employed in the
construction of ONKALO have been selected so as to ensure compliance with the
requirements placed on disposal operations.
An important aspect in the integration of ONKALO and the disposal facility is ensuring
that ONKALO can be integrated as part of the disposal facility in compliance with the
international treaties on nuclear non-proliferation control.
The nuclear non-proliferation control of ONKALO is based on advance information as
well as on actual and monitoring data. Advance information includes plans and
drawings which are sent to the Radiation and Nuclear Safety Authority at regular
intervals. Actual data includes inspection results and as built drawings that show and
document the final shape of the facilities as they are built. The actual excavation results
are measured using laser scanning techniques. Monitoring data includes the results of
micro-seismic monitoring carried out using a network of seismic measurement stations.
The implementation of nuclear non-proliferation control is monitored through follow-up
meetings held with the Radiation and Nuclear Safety Authority and through separate
inspections. International Atomic Energy Agency IAEA has also started the regulatory
control of nuclear safeguards in ONKALO.
a)

b)

Figure 3-24. ONKALO a) now and b) as a part of the underground disposal facility.
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3.8

Expandability

It is possible to enlarge the facility if the amount of the waste will increase. Example of
possible lay-out for 9,000 tU facility is shown in Figure 3-15, Chapter 3.5 according to
current local plan. Another example of possible lay-out for 9,000 tU facility is shown in
Figure 3-25 below. This example takes into consideration only bedrock conditions.
There are a total of 191 deposition tunnels with a total length of 56.8 km. The total
length of the central tunnels is approximately 10.5 km.
In principle, it is also possible to expand the repository facilities downwards. However,
this solution would require analysing the impacts of increasing bedrock stress and
groundwater salinity on the long term safety of the repository facilities. Expansion of
the facilities to another depth is discussed in more detail in Section 6.1.

Figure 3-25. An example of the disposal facility layout dimensioned for 9,000 tU and
designed according to Olkiluoto bedrock circumstances (Kirkkomäki 2012).
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3.9

Production of the underground disposal facility

The underground operation of the disposal facility begins by production of the
openings, which is described in the report: Underground Openings Production Line
2012- Design, production and initial state of the underground openings (Posiva 2012d).
Part of the openings, like three shafts, assess tunnel and the technical rooms, have
already been implemented in the ONKALO-stage, which is described in section 2.4.2.
The underground openings production methods for shafts and deposition holes is raise
boring, and for tunnels drilling and blasting. During the operation period the central
tunnels are excavated for a length of a few years length of deposition tunnels at a time
in a method described earlier in this report. The production of the deposition tunnels
with deposition holes in them is a more continuous process and in operation all stages of
the deposition tunnels are present all the time. Part of the deposition tunnels and holes
will be in the investigation stage, part will be in the operational stage and part will be
backfilled already. Investigation and production stages are overlapping each other in the
production, which ensures that when the process proceeds from one stage to another the
rock is fit for purpose and that the use of space can be optimized. Bedrock classification
will be done by the RSC process (Posiva 2012j), which has been referred to earlier in
section 2.1 and the production design will make the production plan according to the
bedrock classification and technical requirements.
The requirements of the disposal facility also affect the materials that are to be used.
Only licensed materials are allowed to be taken into the underground disposal facility,
and for this reason the designer must be aware, for example, of which part of the
disposal facility a planned grouting operation is needed, because the material
requirements are different for different spaces. As a rule of thumb the requirements are
less strict near surface in comparison to close proximity to the deposition holes.
The life span of the disposal facility is more than a hundred years, during which time
excavation techniques are likely to develop remarkably. It is clear that the development
of excavation methods is monitored and the function of the methods is tested in
Olkiluoto bedrock conditions. The underground openings that conform to the
requirements can be produced with the tested and known techniques mentioned above.
Future development of production methods can alter, for example the evolution of
mechanical procedures, and can be introduced methodically in ONKALO.
3.9.1

Openings produced by drilling and blasting

The first stage in excavating any tunnel is drilling of pilot holes. The bedrock is
examined from these holes, so the grouting, excavation and supporting plans can be
adapted to match the bedrock conditions. For the deposition tunnels the pilot hole
investigations have a more significant role than with the central tunnels because
according to these investigations, the decision, if needed, will be made to shorten the
tunnel from the original design length in the layout if the bedrock characteristics are not
favorable for disposal. The reason can be, for example; a hydraulically conductive
structure that intersects the deposition tunnel, which then cannot be used for disposal.
Nor can disposal be made at the proximity of the structure and if the structure continues
along the tunnel for a long section it may be sensible to stop the excavation.
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The excavation of tunnels is done with a similar cycle everywhere in the repository. A
tunnel section is drilled, drillholes charged and blasted, the blasting fumes are ventilated
out, rock transported away and the produced section is measured. In comparison to
excavation work outside Olkiluoto the functions have certain differences. The
differences arise from the requirements of the disposal facility, due to which the quality
demands for the implementation of the tunnels are stricter than in a normal construction
site. There are checkpoints in the work rhythm, through which the work is not allowed
to be continued before the permission from the supervisor. Such a checkpoint is, for
example, examination of the drilling plan, when the supervisor checks and approves the
drilling plan for a section before it is drilled. This is done to ensure that for each
working step there is a plan made exactly for that specific meaning and site.
After the tunnels are excavated their surfaces are mapped and in addition in the
deposition tunnels different measurements are conducted to discover the possible tunnel
sections suitable for deposition hole sites.
3.9.2

Openings produced by raise boring

The shafts and deposition holes are implemented by raise boring method. The
implementation of shafts and deposition holes differ by shafts being widened
traditionally from the bottom up whereas the deposition holes on the other hand are
widened from top to bottom.
The shafts are implemented first by drilling a pilot hole through the entire shaft section
that is to be opened. After that pilot hole has been evaluated to be suitable, the drill bit
for widening is installed on the device at the bottom and then the shaft is widened to a
desired diameter. Widening can first be made with a smaller diameter bit and again with
a larger one.
In the deposition holes investigation pilot holes are first drilled to ensure the suitability
of the site for disposal. Holes are sited using the bedrock classification data and
technical requirements, like the minimum distances between the holes. The
implementation of the exact hole begins similarly to shafts by drilling a larger pilot
hole. After it has been investigated to be suitable, the widening is started from the
tunnel floor downwards. There is a guide in the widening drill bit that advances in the
larger pilot hole and keeps the now widened hole straight. The widened spaces, both
shafts and deposition holes, are mapped and investigated as required. The deposition
holes are examined more closely than the shafts and at the end an assessment of their
usability for spent fuel disposal as deposition holes is provided.
3.9.3

Implementation equipment of the disposal facility

Posiva has built its own prototype device for drilling the deposition holes (Figure 3-26).
In the operational period a similar device will produce the required holes. Other
equipment for excavation (drill machines, charging equipment, loading equipment etc.)
does not need to be specially designed for excavation of the disposal facility since
normal machinery will suffice. It should be noted though that the tunnel system in the
disposal facility is quite narrow, which limits the suitability of available equipment in
the marketplace. As well as production, precision of the equipment (like the exactness
of the drilling) should also be sufficient to reach the set requirements.
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Figure 3-26. Prototype device for boring the deposition holes.
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4

OPERATION

During the operating phase of the disposal facility, central and deposition tunnels will
be excavated, disposal canisters will be deposited and deposition tunnels will be
backfilled, in part as parallel operations. This chapter discusses the phases of work
associated with depositing the canisters and backfilling the deposition tunnels. The
operating phase of the repository facilities is discussed in greater detail in the respective
working report (Kukkola 2003b). The deposition tunnel backfilling process is described
in Sections 4.3, as well as in closer detail in reports Hansen et al. (2010) and in
production reports (Posiva 2012c and 2012i).
4.1

Operating activities and disposal schedule

In planning the operating activities the starting point in the design has been based on the
availability of sufficiently cooled fuel so that the given heat limitation can be
accommodated by canister hole and tunnel distances. The disposal is considered to be
done at a pace that is set by cooling and is implemented with as steady annual canister
quantities as possible. During the early part of the operating phase, 2020 - 2065, an
average of 36 OL1-2 and LO1-2 canisters per year will be emplaced. After that,
approximately 21 OL1-2 canisters per year will be disposed of until 2074, at which
point disposal of OL3 canisters begins, and continues at a rate of 29 canisters per year
until 2107.
Table 4-1 shows the distance between adjacent deposition holes for different types of
fuel canisters and the number of deposition holes per deposition tunnel, assuming that
the tunnels are about 300 m long and the edge of the first deposition hole is located at a
distance of 32.5 m from the central tunnel and the centre of the last deposition hole is
about 4 m from the end of the deposition tunnel.
The average rate of disposal allows operating in one tunnel at a time.
The backfilling efficiency is approximately 5 m / 24 h including the installation and the
quality control of the work phases in installing the foundation layer, blocks and pellets.
The total endurance of the backfill operation depends on how long other work phases
last. With a presumption that the dismantling and preparative work takes about 2 days
for 40 meters of tunnel and that placement of canister/buffer takes 1 day per canister, it
takes approximately 100 days to backfill one 300 m long tunnel (300 m and 26
deposition holes). The installation of four fuel canisters and filling up the deposition
tunnel takes about 2 weeks, see Figure 4-1.
Table 4-1. Efficiency of canister placement.
Plant

Start

OL1-2 2020
LO1-2 2020
OL3
2075

Duration Ends Canisters Can/yr Hole distance Holes/tunnel
55
46
33

2074
2065
2107

1,170
646
954

21.3
14.4
28.9

9.0
7.5
10.5

30
37
25

100

Figure 4-1. An estimated time schedule for placement of four canisters.
The processes associated with backfilling and closure of the deposition tunnels are
described in Section 4.3.
If required, the rate of disposal can be multiplied by working simultaneously in two or
even four tunnels. This would be appropriate for breaks in operations or at the time
when spent fuel is no longer produced. In that situation, spent fuel will be disposed of as
quickly as possible.
4.2

Transfer and installation of bentonite blocks

4.2.1

Bentonite blocks

The bentonite buffer consists of blocks with different heights and shapes (Figure 4-2).
Table 4-2 presents the block dimensions for disposal of spent fuel from different power
plant units.
Table 4-2. Dimensions of blocks required for different deposition holes.
Above the canister, mm
Around the canister, mm
Bottom block, mm
Buffer total height, mm
Blocks outer radius, mm
Thickness of the block
surrounding the canister, mm
Radius of the blocks canister
hole, m

LO1-2
OL1-2
OL3
400+2*800+500= 400+2*800+500= 400+2*800+500=
2500
2500
2500
4*900=3600
5*960=4800
6*875=5250
500
500
500
6600
7800
8250
1650
1650
1650
290
290
290
1070

1070

1070
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Figure 4-2. Buffer block diagram.
Buffer block characteristics defined according to OL1-2 canisters are presented in Table
4-3.
Specialised blocks are also needed in addition to these. The lifting groove in the lid of
the canister is filled with a bentonite block manufactured specially for that purpose
(Figure 4-3).
When disposing of Olkiluoto power plant spent fuel, an additional space is required at
the top of the deposition hole, which needs to be backfilled with a bentonite block
manufactured specially for this purpose (Figure 4-4).
The gap between the bentonite blocks and the rock is filled with bentonite pellets.
Characteristics of the pellets are presented in Table 4-4. When a temporary moisture
protection system is used prior to the placement of the blocks, the pellet filling can only
be done after the removal of the moisture protection system.
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Table 4-3. Characteristics of the buffer blocks.
Above the canister, mm
Around the canister, mm
Bottom block, mm

Density kg/m3
1,990
2,050
1,990

Moisture
17%
17%
17%

Bentonite block in the lifting groove
D = 818 mm, h = 85 mm

85 mm

821 mm

50 mm

850 mm
1050 mm
Figure 4-3. Buffer block of the canisters groove for lifting.

Figure 4-4. Cylindrical space reservations for a) OL1-2 and b) OL3 spent fuel
deposition holes.
Table 4-4. Pellet characteristics.
Pellet dimensions
Pellet bulk density
Pellet density
Moisture content

11 mm x 11 mm x 5 mm
1,075 kg/m3
1,850 kg/m3
17%
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4.2.2

Transporting the bentonite blocks and pellets in the repository

The bentonite blocks are transferred to the repository in transfer and installation
containers designed specifically for them. An illustration of the container to be used in
the prototype tests, which consists of a top part with vacuum gripping surface and a
transfer cover below, is shown in Figure 4-5. When placing a block into the container,
dimensions and density and also a visual inspection of the block are made. During
emplacement, the container top is aligned with the block and the attachment is secured
with gripping to the block by vacuum pressure. In addition, the stability of the block is
secured with adjustable transport supports. The container top is aligned with the block
before transportation rather than during operations to save time during the placement
phase in the deposition tunnel.
The transfer and installation container also has a space reserved for pellets to surround
one bentonite block. The pellet filling system of the buffer block installation device is
used when so called dry holes are encountered, in which a copper plate at the base of the
hole or moisture protection system is not needed. In the buffer reference solution the
pellets are transported separately to the repository and the outer gap is filled after all the
buffer blocks have been installed in a hole.
The containers are transported to the disposal level with the canister lift and moved with
a forklift to storage in the technical rooms. Enough blocks for two deposition holes are
kept in the storage hall at the same time.

Figure 4-5. A prototype of transfer and installation container for bentonite blocks.
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4.2.3

Preparation of the deposition hole for buffer and canister

A protective structure for the buffer is constructed at the mouth of the completed
deposition hole. It comprises a concrete frame and adjoined watertight steel lid.
The frame is manufactured by casting a concrete plinth at the site of the deposition hole.
This acts as a platform for the boring machine and the deposition hole is bored through
it. A flexible material is left between the tunnel floor and the concrete. It seals the plinth
to the rock surface and facilitates the removal of the frame at a later stage. Allowances
for attaching the buffer moisture protection system and the steel lid are considered in the
concrete frame design.
A structure to facilitate attachment of the moisture protection system and the watertight
steel lid prevents the boring machine from falling into the hole and inhibits the access of
water and other impurities entering the hole, is fixed to the concrete frame.
In the beginning of the buffer block installation work, all deposition holes are cleaned,
inspected and dried. After dying, a copper bottom plate, to which a rubber moisture
protection shield is attached, is placed at the base of the hole. The top end of the
moisture protection shield is attached to the structure on the concrete frame of the hole.
A water removal system is installed during placement of the moisture protection system.
4.2.4

Installation of bentonite blocks in the deposition hole

The installation device is driven into the deposition tunnel and stationed above a hole.
The buffer block transport shuffle transports the blocks in the transport container one
block at a time to the installation device. The gripper in the crane of the installation
device grasps the top part of the transport container and lifts it from the transport
container. The block is lifted above the deposition hole and lowered down. The block is
slowly lowered into the right position guided by the automatic measurement. During the
installation of the block, the block transport device removes the empty bottom part of
the transport container from the deposition tunnel and replaces it with a new enclosed
transport container. When starting the installation of a new block, the crane of the
installation device places the container top of the previous transport container on the
moving shelf of the transport device and gripper of the crane connects to the top of the
new transport container and lifts the block out of the new transport container, (Figure
4-6, prototype device).
The bottom block in the deposition hole is emplaced along with circular blocks up the
level of the canister’s top edge, after which the buffer block installation device and the
transport shuffle are removed from the deposition tunnel. The installation device is
brought back into the deposition tunnel after the installation of the canister, and
stationed above the deposition hole to emplace the top blocks over the canister.
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Figure 4-6. Bentonite block transfer and installation device.
4.2.5

Installation of the disposal canister in the deposition hole

The disposal canisters are moved from the encapsulation plant into the disposal facility
by a canister lift. The canister is moved into the lift by the canister transfer mover. The
canister is in a vertical position on a transport platform. The transport platform travels in
the lift down to the canister loading station. At the loading station the canister is moved
by another canister transfer mover either to the canister storage or to the canister loading
station, from where it can be lifted to the canister transfer and installation vehicle on the
upper level. The canister is lifted onto the canister transfer and installation vehicle by
the vehicle's canister hoist, see Figure 4-7. The lifting operation is secured by a hoist
beneath the canister. This ensures that the canister is lifted using two separate hoists.
Once the canister has been lifted into the radiation shield of the transfer and installation
vehicle, the radiation shield can be turned into a horizontal position, which also
automatically seals the canister's rear radiation shield. After this, the canister can be
moved by the transfer and installation vehicle to the desired deposition hole.
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Figure 4-7 Lifting of the disposal canister to the canister transfer and installation
vehicle in the canister loading station. The radiation shield on the vehicle is turned to
the vertical position for penetration through the floor and the gripper is lowered down.
The disposal canister and the transport platform have been brought to the canister lifter
with a canister transfer mover and positioned in place. The canister lifter secures the
lift until the top part of the canister is in the radiation shield. (A prototype design of the
vehicle is illustrated in the Figure).

Figure 4-8. Installation of a canister in a deposition hole (illustration based on
prototype design, Cadring Oy).
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The canister is placed into the deposition hole using the canister transfer and installation
vehicle. The vehicle is parked in the correct place above the deposition hole. After this,
the vehicle is lifted to rest on its support feet and leveled. When the vehicle is in place,
the radiation shield can be rotated to a vertical position. At the same time, the rear end
of the radiation shield opens. The installation steps are shown in Figure 4-8.
When the radiation shield is exactly in a vertical position, the lowering of the canister
can begin. The positional lining can be adjusted during lowering if needed. The
lowering can be monitored using several cameras in order to ensure that the lowering is
successful and that the canister does not collide with the bentonite buffer rings placed in
the hole. Once the canister has been lowered to the bottom of the hole, the gripper can
be opened and lifted back inside the radiation shield. After this, the radiation shield can
be turned back to a horizontal position and the vehicle can be driven out of the
deposition tunnel (Wendelin & Suikki 2008).
4.2.6

Installation of bentonite blocks on top of the canisters

After installing a canister the buffer block installation device is driven back into the
deposition tunnel and stationed again over the deposition hole.
The four cylindrical blocks on top of the canister are placed in a similar fashion to the
previous buffer blocks. After the installation the function of the water pump that keeps
the deposition hole dry is checked and the watertight steel lid that covers the deposition
hole is closed.
When the backfilling process of the deposition tunnel is initiated, the rubber moisture
protection sheet possibly installed in the deposition hole is removed. After this the gap
between buffer blocks and rock is filled with bentonite pellets all the way up to the
underside of the reserved extra space at the top of the deposition hole. The reserved
extra space is filled with specially dimensioned blocks manufactured for that location
and the remaining gap between rock and buffer block is filled.
After the installation of the buffer components, the concrete frame at the top of the
deposition hole is removed as a single piece. The buffer is temporarily protected during
the removal operation, because concrete or rock fragments may detach from the
structure and moisture might seep into the top part of the buffer. After this, the sealing
material that had been put between the rock and the concrete is removed and other
possible impurities as well as the temporary buffer protection are removed.
In the last stage the niches at the buffer site are filled to the rock surface level with a
material that has similar characteristics to the bentonite buffer.
4.3

Backfilling the deposition tunnels

This section briefly describes the backfilling of the deposition tunnels based on the so
called block concept, in which the majority of the tunnel is filled with precompacted
blocks. The main components of the backfill are presented in Figure 4-9. Backfill
design is described in more detail in the Backfill Design report (Autio et al. 2012). The
manufacturing and installing processes, quality control and initial state of the backfill
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blocks and other backfill components have been described in the Backfill Production
Line report (Posiva 2012c). Backfill design basis and design requirements have been
presented and justified in the Design basis report (Posiva 2012a) and Backfill
Production Line report (Posiva 2012c). Meeting the backfill design requirements in the
initial state is discussed in the Backfill Production Line report (Posiva 2012c).
Performance in long-term has been assessed in the Performance assessment report
(Posiva 2012b).

Figure 4-9. The main components of the backfill are backfill blocks, foundation layer
and pellets (Posiva 2012c). The theoretical excavation profile of the tunnel is marked in
the figure with the inner dotted line and excavation tolerances with the outer dotted
line. Original figure by Piirtopalvelu Rautio.
4.3.1

Main steps

The main steps in backfilling the deposition tunnel are as follows: preparatory work,
levelling of the tunnel floor, installation of blocks and introduction of bentonite pellets
to fill the space between the blocks and the tunnel walls/ceiling. The logistics of
materials and machines as well as quality control of the backfilling operation will also
fit in with the above operations.
4.3.2

Actions before backfilling

After the canister and buffer materials have been installed, the boundary of the
controlled area is moved so that the deposition tunnel becomes part of the uncontrolled
area (regarding radiation protection) for the duration of the backfill operation. However,
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the measurements for the purpose of nuclear material safeguards will continue to
function in spite of moving the boundary (see Section 4.7).
The concrete flooring of the tunnel is removed from the section to be backfilled by
chiselling the concrete casting at the section joints without steel reinforcements, after
which the loose concrete blocks are loaded on trucks and taken away from the tunnel
(Kirkkomäki 2003). The crushed rock material on the floor, ventilation channels, lamps,
electricity supply bus bars as well as water and pressurised air pipes are dismantled and
taken away from the tunnel section to be backfilled. Part of the dismantling work will
have been feasible even before the deposition tunnel has been turned over for
deposition. In addition, the steel plate lid for the buffer, the moisture protection system,
the concrete plate and the possible temporary protection membranes and other
impurities will be removed before backfilling (see Section 4.2.6 Installation of top
buffer blocks). In some cases an empty space will remain between the buffer and the
rock surface and this will be filled with a material that has similar characteristics to the
buffer blocks (Buffer Production Line report). Actual backfill will only begin from the
level of the rock surface. Operational safety reasons may limit the removal of different
rock reinforcements from the deposition tunnels. The heads of rock bolts and in some
cases the steel mesh will remain in place. The tunnel ceiling and walls are scaled off and
cleaned - for example, using a vacuum cleaner similar to the one planned for use in
deposition hole drilling (Autio & Kirkkomäki 1996a & 1996b, and Saanio et al. 2003).
4.3.3

Levelling the floor

The deposition tunnel foundation layer material must fulfil all of the requirements set
for backfill, for example the hydraulic conductivity, which should be < 1 x 10-10 m/s. In
addition, the foundation layer of the deposition tunnel must be straight and even enough
and have the required load-bearing capacity to allow for the stacking of backfill material
blocks in the tunnel with the desired accuracy. The foundation layer material is coarse
grained bentonite, i.e., bentonite granules (Posiva 2012c, Autio et al. 2012), which has
low hydraulic conductivity and good self-sealing attributes. Levelling the floor with
bentonite granules has previously been tested in Äspö (Wimelius & Pusch 2008) and in
2011 in Riihimäki (Autio et al. 2012). According to the tests the bentonite granules can
be compacted to a target dry density of 1,250 kg/m3 (+/-100 kg/m3) (Autio et al. 2012).
In the basic case, the tunnel will be backfilled and the foundation layer installed in 5 m
sections (Posiva 2012c). In dry circumstances the foundation layer can also be installed
for a longer section of a tunnel. If necessary, the surface of the foundation layer can be
finished by grinding it level. A mixture of bentonite and crushed rock (50:50) (Autio et
al. 2012) and bentonite pellets (Wimelius & Pusch 2008) have been tested as alternative
materials.
Foundation layer material will be mixed with water to the optimum water content using
a mixer and transported to the deposition tunnel with a tank truck. The material is
compacted in the tunnel using a vibratory roller equipped with an automatic monitoring
system for the degree of compaction. Near the tunnel wall and the block front, a
vibratory plate will be used for compaction. The minimum thickness of a compacted
layer is 150 mm, i.e. the level of a layer is always at least 150 mm above the theoretical
excavation surface. The maximum thickness of a layer depends on the realized
excavation at the location. Assuming the excavation tolerance on the floor is +400 mm,
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the average layer thickness is 350 mm and the maximum thickness is 550 mm. The
material is compacted in 1-4 layers. The installation of foundation layer is expected to
take approximately one working shift for 5 meters of a tunnel, including the work and
the quality control (Posiva 2012c).
4.3.4

Installation of backfill blocks and pellets

Backfill blocks have been designed to be installed using an automated method (Figure
4-10), which has been described in the Backfill Production Line report (Posiva 2012c).
The same device will be used also for installing the pellets (Posiva 2012c). An
alternative installation method for blocks is a so-called module method, which is
described in a report by Hansen et al. (2010). The dimensions of the backfill blocks are
presented in Figure 4-11 and Table 4-5. Backfill blocks will be manufactured from
Friedland clay using a uniaxial compaction method (Posiva 2012c, Koskinen 2011). In
the block pressing facility the compacted blocks will be placed in water-tight packages
for transport and storage. The packages will be stored in an above-ground storage
building until they will be transported to the disposal depth with a truck and unloaded to
a central tunnel or an adjacent deposition tunnel for a short-term storage period.

Figure 4-10. An illustration of backfill block installation device. The same device can
be used for installing the pellets (Posiva 2012c).

Figure 4-11. Dimensions of the backfill blocks (Posiva 2012c).

111

Table 4-5. Backfill block dimensions and range of dimensions (Posiva 2012c). The
ranges are from the backfill block manufacturing tolerance that is -1/+2 mm, range of
dry density that is +/-40 kg/m3 and the range of water content that is +/-0.5%.
Minimum Average
Volume
Dry density
Dry mass
Water content
Mass including the water

3

m

3

kg/m
kg
%
kg

Maximum

0.0847

0.0853

0.0865

1,990
169
8.5
183

2,030
173
9
189

2,070
179
9.5
196

The package in which the blocks have been packed for storage and transport will be
transported from the intermediate storage to the deposition tunnel with a specially
designed combination vehicle. At this stage the blocks will be unloaded from the
packages with an automated device and moved behind the robot to a pedestal from
which the robot arm can grip the block with a suction cup. The robot is programmed to
move the block to its correct place. The installation of each row is done in horizontal
layers. The blocks will be overlapped to prevent the formation of straight gaps from
foundation layer to the ceiling between them (see block pattern from Figure 4-12).
Installation of one block takes approximately 40-50 seconds. A five meter tunnel
section has approximately 720 blocks and their installation takes approximately
8-10 hours (Posiva 2012c).
In the case of OL1-3 there will be 73 backfill blocks installed in a tunnel cross section
and 66 in the case of LO1-2 (Autio et al. 2012, Posiva 2012c). The block filling degree
is 86 % when considering the theoretical tunnel volume. Assuming that the excavation
tolerance in the floor is +400 mm at a maximum and elsewhere +300 mm, the average
filling degree in the realized tunnel volume is on average 72-73 % (when the theoretical
tunnel volume is exceeded by 18 - 19 %) and at minimum 62 - 63 % (when the
theoretical tunnel volume is exceeded by 36 - 38 %). The share of pellets in the tunnel
volume is on average about 17 - 18 % and that of the foundation layer, 8 - 9 %.
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Figure 4-12. Block installation pattern for OL1-3 and LO 1-2 tunnels. Overlapping will
be made by orienting the blocks in different directions in different layers (Posiva
2012c).
The space between the blocks and the tunnel walls and ceiling is filled up with bentonite
pellets. After installation, the dry density of pellet filling is about 0.9 - 1.1 t/m3 (Posiva
2012c). The installation of the pellets is made with a spraying technique using the same
device that installed the blocks. (Posiva 2012c). Water is sprayed at the same time from
an adjacent nozzle and this increases the water content of the pellet fill about 10 %. This
reduces dust formation and enables the pellets to be installed at a steeper angle than
what would be possible with dry material. Pellet installation has been tested in Äspö
(Wimelius & Pusch 2008) and in Riihimäki (Keski-Kuha et al. 2012). According to the
previous tests the installation rate is approximately 5 m3/h (Posiva 2012c).
In considering the masses of both the backfill blocks, pellets and the foundation floor,
the average dry density of the deposition tunnel backfill after installation is about
1,760 kg/m3 (Posiva 2012c) (when the theoretical tunnel volume is exceeded by
18 - 19 % in comparison with the theoretical cross section). The density varies between
1,660 – 1,880 kg/m3 using the average density of the backfill components. The varying
volume of the tunnel is the main reason for the differences in the density. After the
initial state the densities will be even closer to the average case due to saturation and
homogenisation (Posiva 2012c). Evening of the extremities of the densities will happen
both in the axial and radial direction of the tunnel because the widest and narrowest
parts of the tunnel are next to each other and because the blocks will swell and compress
the pellet filling.
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After backfilling the tunnel, the continued stability of the block front and collection of
water leaking from the front by pumping must be ensured. If necessary, the backfill
material front can be protected for the duration of the installation of the next four
canisters by covering it, for example, with a tarpaulin. If the tunnel wall is very
fragmented at the location of the backfill material front and water leaks at a high rate,
backfilling will require special arrangements (post-grouting carried out in advance,
channelling and collection of water leaks during the operating phase, reinstallation of
backfill material, construction of a lightweight plugging structure or equivalent), this
may have a serious impact on the backfilling schedule. Remediation work like this may
take one whole working week depending on the actions required.
Quality control of the installation of the deposition tunnel backfill includes, among
other things, measuring the actual dimensions of the tunnel before backfilling,
measuring the density and water content of the foundation layer compacted to the floor
and of the pellets, weighing and documenting the masses brought to the tunnel and
calculating the average density with the collected data mentioned here. Also the
intactness, location and the quantity of blocks in the block front is inspected in different
handling stages and during the installation. Quality control is described in the Backfill
Production Line report (Posiva 2012c).
4.3.5

Scheduling

Scheduling the tunnel backfilling depends on whether the entire tunnel is backfilled at
once or if the work is implemented in turns with the installation of the buffer and the
canisters (Keto & Rönnqvist 2006, Hansen et al. 2010). In this plan it is assumed that
the backfilling will be implemented by taking turns with the buffer installation so that
first 4 canisters are deposited and after this the tunnel is backfilled for a length of about
40 m. The work is implemented as a non-stop campaign in three working shifts to avoid
any installation problems caused by water leakages.
Backfilling rate is approximately 5 m / 24 h including the installation of the foundation
layer, the blocks, the pellets and the quality control of these work stages (Posiva 2012c).
In addition the dismantling of infrastructure and preparation of the tunnel has been
estimated to take about 2 days for each 40 m tunnel section (Posiva 2012c). The total
duration of the backfilling of the tunnel will depend on the duration of other work
stages. An estimation of the total duration of canister, buffer and backfill installation
operation per tunnel is presented in Section 4.1.
4.3.6

Plugging the deposition tunnel

When the entire deposition tunnel has been backfilled a plug structure consisting of
reinforced concrete, bentonite sealing layer and a filter layer (of sand or gravel) will be
built at the mouth of the tunnel.
The function of the plug structure is presented in the Backfill Production Line report
(Posiva 2012c) and in an SKB report (SKB 2010). During the operational phase, the
plug shall constitute a water and pressure resistant structure that prevents the deposition
tunnel backfill material from entering the central tunnel while at the same time
maintaining the water pressure inside the deposition tunnel. After the cement has
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degraded, a frame of granular material will remain. The compatibility with the other
engineered barrier system components performance has been taken into consideration in
material selections. The structure of the deposition tunnel plug is shown in figure 4-13.
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Central tunnel

Deposition tunnel

Swelling pressure

Concrete beams
Filter layer
Watertight seal

Central tunnel

Deposition tunnel

4400

Swelling pressure

Concrete beams
Filter layer
Watertight seal

Figure 4-13. The structure of the plug that is to be built at the mouth of the deposition
tunnel. Above; horizontal top view, middle; side view and below; cross section view.
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4.4

Controlled area and uncontrolled area

4.4.1

General principles

The boundary between the controlled and uncontrolled area of the repository is really an
issue of controlling the movement of personnel and being able to measure the radiation
doses to which they are exposed.
In the repository, the disposal canisters are, in practice, the only sources of radiation.
The disposal canisters emit direct radiation, mainly  radiation, and also some neutron
radiation but no  or ß particles. Therefore, having separate ventilation systems for the
uncontrolled and controlled areas serves no practical purpose regarding radiation
protection under normal operating conditions.
Exposure to radon is controlled by monitoring radon contents and adjusting ventilation
in all the repository facilities.
The inlet air shaft is shared by both the controlled and uncontrolled area but the exhaust
air shafts are separate. The basis for this design solution arises from factors related to
possible fire situations and disturbances accordingly:
 After the fire situation operations can continue faster in the area where there hasn’t
been a fire. If the exhaust air shaft would be shared the operation of the entire
disposal facility would be on hold during the post fire cleaning.
 The standstill caused by a fire would be shorter for the disposal facility with two
exhaust air shafts than it would be with just one.
 The cleaning after a fire and the costs will be smaller in the case of two exhaust air
shafts.
In addition, with two exhaust air shafts the activity releases can be limited to the
controlled area, although the risk of activity releases in unlikely.
4.4.2

Segregation of systems

Separate power supply lines are not foreseen for the controlled and uncontrolled areas.
Nevertheless there are several main power supply connections that travel through
different routes.
The sewage/drainage system will not be partitioned. The controlled and uncontrolled
areas share the same floor drainage system. However, for reasons pertaining to fire
compartmentalisation, the central tunnel drainage cannot be arranged using open
channels. Instead, the seepage water has to be collected into pipes, and the floor drains
must have drain traps.
Ventilation of the controlled area is separated from the ventilation of the uncontrolled
area in order to ensure that the handling and installation conditions of fuel canisters
remain uncontaminated. The radioactivity of exhaust air in the controlled area is
measured, even if the air is not filtered.
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The ventilation system of the controlled area covers four deposition tunnels and the
central tunnels in the section being changed. The boundary of the controlled area in the
central tunnel will be moved between disposal canister installations and the backfilling
of tunnel ends. The controlled area is separated by walls at its boundary. The boundary
is moved by changing the locking status of doors.
4.4.3

Fire compartmentalization

The boundary between controlled and uncontrolled areas is also a boundary between
fire compartments. In practice, this means that the compartment boundary must have a
locked fire door that may only be used in an emergency. Ventilation channel
penetrations shall also be fitted with automatically closing fire dampers. The ventilation
channel coming from a fire compartment must be fitted with fire insulation up to the
next safety lock.
4.4.4

Access control

The purpose of access control is to keep track of who is present in the repository
facilities at any given moment and to control access to the controlled area as well as to
the uncontrolled area. Modern computer-based access control systems are utilised for
access control.
Security patrols and surveillance of the disposal facility are centralised in the elevator
unit building. This control post is manned at all times, so it is the logical point for
controlling access to the controlled area of the disposal facility. There is no need for an
access control point at the repository facilities because access to the controlled area is
through the personnel shaft with its end in the elevator unit building. The doors of the
personnel shaft lift open either from the controlled area at ground level to the controlled
area in the repository, or from the uncontrolled area to the uncontrolled area. There is no
need for a so-called shoe boundary at the repository.
Access to the uncontrolled area is through the access tunnel and the personnel shaft.
There are no radiation protection-related reasons for controlling access to the
uncontrolled area. There is no normally available access route from the uncontrolled
area to the controlled area in the repository, such a route is only available in emergency
situations. Exceptions to this principle are with the fuelling of the vehicles and the
emptying of the sewage water tank with a tanker truck and controlled areas maintenance
traffic to ground level.
In order to facilitate the measurement of radiation doses received by personnel:
 The personnel must enter and leave the controlled area through the same point.
 The persons entering the controlled area must be accounted for and their names
recorded.
 The persons entering the controlled area must carry radiation dosimeters - in the case
of a group of visitors, at least one person must carry one.
 If the group enters the controlled area, it must have a leader who ensures that the
group stays together.
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 It must be ensured that every person entering the controlled area also returns from
there.
 The radiation dose received by persons in the controlled area must be registered and
recorded upon their return.
4.4.5

Safeguards

Nuclear material safeguards require that nuclear material is constantly under control.
Separation of the safeguards area will also make nuclear material safeguards easier and
simpler. The nuclear material safeguards in the disposal facility are described in more
detail in Section 4.7.
4.5

Radiation protection

The purpose of radiation monitoring is to measure and monitor the activity of disposal
facility air and the radiation doses received by personnel. The major source of airborne
radioactivity is assumed to be radon, which is filtered to the underground rock facilities.
Besides radon gas, the employees are exposed to radiation doses emanating from
disposal canisters.
The radioactivity of exhaust air is continuously measured. If any radioactivity from
spent fuel is detected in the air, the exhaust air system of the repository is switched off
and the source of the radiation leak established. When necessary, exhaust air from the
repository is recycled through the exhaust air duct of the controlled area and the
ventilation of the encapsulation plant's controlled area.
If the radon content of the air exceeds the permitted limit, ventilation is increased.
In practice, people can only be exposed to radiation emanating directly from the fuel
canister, not as a result of releases. This means that the fuel canister's transfer route
must form an area where people and movements are registered and radiation doses are
reliably measured. In practice, this kind of area is separated as a closed, controlled area,
accessed via one checkpoint, the shoe boundary. The shoe boundary is in the elevator
unit building. Radiation doses to staff and visitors are registered at the checkpoint.
In principle, there is no need to segregate the controlled area ventilation during normal
operation, but this is nevertheless done in order to ensure clean working conditions.
Clean working conditions are beneficial in work under radiation. The controlled area is
necessary for the eventuality of accident conditions because it can be isolated, if
required, to prevent the potential spread of radioactivity.
It is not necessary to separate the leak waters of the repository in the controlled area
from the uncontrolled area's leak waters as it is very unlikely that the leak waters should
be contaminated.
The boundary of the controlled area is moved in the central tunnel as the disposal
operations progress. The boundary between controlled and uncontrolled areas is also a
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boundary between fire compartments. The strength of the structure depends on the fire
protection requirements.
4.6

Incidents and accidents

4.6.1

General

In addition to normal operating activities, provisions are also made for operational
incidents and accident conditions in the design of the spent nuclear fuel disposal facility.
The purpose of this section is to describe the work phases during normal operation of
the disposal facility and to identify and describe the risky work phases at the disposal
facility during which operational incidents may occur or which may lead to accidents.
The analysis is based on a report (Kukkola 2008).
The same annual doses are allowed for the operating personnel of the disposal facility as
for the operating personnel of a nuclear power plant (STUK 2002).
Boundaries of the analysis
This analysis covers the normal operation of the disposal facility, as well as operational
incidents and accident conditions to the extent that they are related to nuclear safety.
This limits the consideration to the encapsulation plant and the underground disposal
facility.
This analysis does not cover any operational incidents or accident conditions that do not
involve releases of radioactivity or radiation doses received by personnel.
At the encapsulation plant end, the analysis is limited to the canister lift. The fuel
canisters are taken to the disposal facility via the canister shaft in a lift that adjoins the
encapsulation plant.
Definition of operational incidents and accidents
The operational incidents of the disposal facility do not involve fuel damage or releases
of radioactivity.
An operational incident can be restored back to normal operation in a short period of
time. When normal operation is restored, the plant personnel may receive radiation
doses but no radioactivity escapes from the facility.
The operational incidents are divided into two categories depending on how quickly
their consequences take effect.
Operational incidents may be caused by incorrect actions contrary to instructions or by
different device failures. This analysis also treats fires as operational incidents.
Exceptional falling down of the canister as a result of actions contrary to instructions or
equipment failure is considered an operational incident.

120

Accidents are caused by serious equipment failures, erroneous actions by people or by
exceptional external events. In some situations, a flawed plan may cause an accident.
Accident conditions may result in major fuel damage and releases of radioactivity.
Significant amounts of radioactivity may also escape outside the facility. People outside
the facility may receive radiation doses. After an accident, the operation of the facility
will be suspended until the situation has been cleared, corrective actions have been
taken and normal operation is again possible.
The objective is to design the disposal facility so that incorrect operation will not result
in an accident.
Method of analysis
The types of work carried out under radiation in the disposal facility are briefly
described below. The operational incidents and accident conditions where a canister
may be damaged, the operating personnel may receive additional radiation doses or
releases outside the facility may occur are also assessed and described.
The objective is to specify normal operation, operational incidents and accident
conditions following the flow of fuel processing.
4.6.2

Normal operation

Transfer of the canister in the repository and disposal of the canister
The disposal canister is moved from the encapsulation plants canister storage to the
canister lift with the same forklift used in moving the canisters in the canister storage.
The disposal canister is lowered with the canister lift to the disposal level, where it is
driven out of the lift with a canister transfer forklift. The disposal canister is lifted inside
the radiation shield of the canister transfer and installation vehicle at the canister
loading station. The lifting operation is secured by another hoisting device.
The disposal canister is transferred to the deposition tunnel using the canister transfer
and installation vehicle, the vehicle is positioned over the deposition hole and the
disposal canister is lowered into the deposition hole.
Bentonite blocks - which also serve as radiation shields - are placed on top of the
canister in the deposition hole.
Periodic servicing, normal maintenance and cleaning
The periodic services, maintenance and cleaning that take place in the disposal facility
normally cause no radiation doses to personnel.
4.6.3

Operational incidents

Operational incidents can be divided into two categories depending on how immediate
the consequences are, i.e. incidents that cause immediate radiation doses and which
require immediate measures, and other incidents which will not cause immediate
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radiation doses and allow additional time to consider alternative courses of action.
Rectification of the incident situations may later cause radiation doses. The first
category includes various leaks, while fires, for example, are in the latter category.
Incidents resulting in immediate radiation doses
Equipment failures
Insertion of the disposal canister in the deposition hole may fail. The canister fails to
land in the correct position or at the correct depth in the deposition hole. Misaligned
insertion may occur if, for example, the positioning devices give incorrect indications.
The positioning equipment of the canister transfer and installation vehicle can be backed
up by redundant devices applying the diversity principle in order to improve the
reliability of this operation.
Lifting the canister to the installation vehicle in the loading site of the canister storage
may fail. The lifting winches of the installation vehicle may malfunction or the lifting
collar may fail. There is a separate auxiliary lift in the loading site to secure the lifting
procedure.
Incorrect operation
The radiation shield of the canister transfer and installation vehicle used in the
repository is of such a construction that the end shield cannot be opened while the
radiation shield is in a horizontal position. The risk inherent with the previous
construction has thus been eliminated as the radiation shield cannot be opened at the
wrong time so that personnel would be exposed to direct radiation from the disposal
canister.
Misaligned insertion of the disposal canister may, for example, be caused by incorrect
positioning of the canister transfer and installation vehicle. The correct positioning can
be ensured using the automation electronics of the canister transfer and installation
vehicle and camera monitoring.
A person in the repository can make the mistake of going to the deposition hole when
the canister has been inserted but bentonite blocks have not yet been placed on it. This
can be prevented by alarms and warning signs and by installing the bentonite blocks on
top of the canister immediately after its insertion in the deposition hole.
Other operational incidents
Incidents in the disposal process
The mechanisms of the canister transfer and installation vehicle may develop faults in
the repository. When the disposal canister is inside the radiation shield and the
protective cover closed, the vehicle can be conveniently repaired. If the canister stays
inside the radiation shield of the canister transfer and installation vehicle for several
days, its cooling must be ensured.
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Insertion of the disposal canister in the deposition hole may fail. The canister may fail to
hit the centre of the deposition hole. The canister damages the bentonite lining and jams
in an intermediate position. Misaligned insertion of the canister may also be caused by
the bottom block in the deposition hole failing so that the canister tilts in the hole. In
such a case, the disposal canister must be hoisted back up and the lining of the
deposition hole replaced. Returning the canister from the deposition hole and repeating
the disposal operation causes additional work and additional radiation doses for the
personnel. If the copper cover of the canister is damaged in the operation, the canister
must be returned to the encapsulation plant where the canister is opened and the fuel
bundles placed in a new canister.
Jamming of the gripping device of the canister transfer and installation vehicle is
prevented by a double back-up of the engagement/release mechanism (Suikki 2011).
The installation of bentonite blocks on top of the disposal canister may fail so that
radiation protection is incomplete. The quality of installation work must be inspected
by, for example, measuring the radiation level before admitting personnel near the
deposition hole. The probability of such an occurrence can be kept small through
administrative measures.
Loss of power for a limited time
Loss of power at the encapsulation plant or repository will cause a halt in the process
but no additional releases or radiation doses. If the power supply to the canister lift is
lost, the brakes of the lift will be engaged.
Fires
Fires may occur in the following locations, for example:





Fire in electrical switchgear or substation transformer.
Fires in the electrical motors of bridge cranes and lifts, including their gearbox oils.
Cable fire as a result of a short circuit.
Fire in the canister transfer and installation vehicle in the repository.

A fire in the canister transfer and installation vehicle in the repository may have serious
consequences. There is a high probability that in case of vehicle fire, the disposal
canister and its contents remain undamaged (Lautkaski et al. 2003). Particular care is
taken to ensure the fire safety of the transfer and installation vehicle.
Floods and water leaks
Floods may be caused in the repository by seepage water pump outages lasting a long
time. However, this will not cause a risk of releases or additional radiation doses.
Unexpected swelling of bentonite inside the deposition hole before backfilling the
deposition tunnel is one possible incident situation. Such a situation may be caused by
excessive water entering the deposition hole so that the bentonite swells prematurely.
Possible reasons for this might be insufficient bedrock grouting or a flood. If swelling
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lifts the bentonite up from the deposition hole, the disposal canister may have to be
removed from the deposition hole and its lining replaced.
4.6.4

Accident conditions

Fuel handling accidents
Failure of the canister lift
When the canister lift fails, the disposal canister may fall in the canister shaft with the
lift cage. The maximum fall is about 450 meters.
The impact of the canister on the bottom of the lift shaft is dampened by a mechanical
shock absorber consisting of a layer of LECA at the bottom of the shaft. The shock
absorber functions well when dry or when the level of water collecting at the bottom of
the canister shaft is regulated so that it does not exceed two-thirds of the thickness of the
LECA layer. This prevents the LECA layer (which is lighter than water) from floating,
and the shock absorber maintains its functional capability. Model tests have been
conducted regarding the shock absorber arrangement (Kuutti et al. 2012). These
arrangements will probably help maintain the air-tightness of the canister, but fuel
bundles inside it may become damaged.
The consequences will not be serious even if the disposal canister breaks up as a result
of the fall. The exhaust air from the canister shaft is led to the controlled area ventilation
system equipped with filtration.
Temporary cranes and gripping devices will have to be provided for lifting the canister.
A plan has been produced for the gripping device (Suikki 2011). The disposal canister is
lifted up to the encapsulation plant and returned to the encapsulation line where its
copper exterior can be replaced. However, unnecessary opening of the canister and
removal of the fuel from it is to be avoided as it carries a significant risk of
contaminating the encapsulation plant.
Canister falling off the transfer and installation vehicle
At the lower platform of the canister lift the disposal canister is driven out of the lift on
the canister transfer forklift to the docking station from where the canister transfer and
installation vehicle positioned on the floor above lifts the disposal canister inside its
radiation shield. The lifting operation is secured by a secondary hoisting device in order
to ensure that the canister cannot fall off during the operation.
The disposal canister accidentally falls into the deposition hole from inside the radiation
shield of the canister transfer and installation vehicle. The maximum fall is about
7 meters. The disposal canister falls on top of compressed bentonite blocks. The
bentonite blocks are broken and the copper exterior of the disposal canister is deformed,
but the canister probably does not develop leaks. The fuel bundles inside the canister
may be damaged. The falling scenario has been analyzed (Kuutti et al. 2012).
The canister is lifted up and brought back to the encapsulation plant for inspection. If
the canister is found to be intact or repairable, it can be placed back in the deposition
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hole after the hole lining has been replaced. Otherwise the canister is returned to the
encapsulation line and emptied.
The disposal canister may fall from inside the radiation shield of the canister transfer
and installation vehicle while the shield is being tilted during the installation process.
The edge of the canister bottom will hit the part of the deposition hole that is not lined
with bentonite, i.e. bare rock. This is prevented by a back-up arrangement for the
gripping device and hydraulic hoisting winches.
External events, earthquake
An earthquake will have a lesser impact on the bedrock facilities of the disposal facility
than on the encapsulation plant. Normal dimensioning of the bedrock facilities covers
any loads exerted by earthquakes.
Explosions inside the repository
The repository is to be excavated while canisters are being disposed of. The tunnel
excavation work involves handling explosives, possibly in parallel with the fuel canister
disposal operations. The pressure shocks and excavation-induced vibration may
constitute risks for the disposal operations.
However, the tunnel excavation work takes place at a sufficient distance, and disposal
operations will be protected against explosion shock waves. Explosives are transported
along a different route from the disposal canisters, and the two routes will not intersect.
The accidental risk is mitigated by emulsion charging as was already deployed for
ONKALO excavation work such as in central tunnel excavation. In this case, the
explosive is only produced in the charging hole. Insertion of disposal canisters in the
deposition holes is suspended for the time of explosion.
The disposal canister will most probably survive intact in an explosion accident where
the total quantity of explosives required for one excavation round accidentally explodes
in a central tunnel. The disposal canister will be inside the radiation shield of the
canister transfer and installation vehicle at that time.
Collapse of a deposition tunnel
The deposition tunnel may collapse when fuel is being deposited. The canister transfer
and installation vehicle is caught under the rubble.
The disposal canister will be inside the radiation shield of the canister transfer and
installation vehicle at the time of collapse. The radiation shield is made of steel (with a
wall thickness of about 200 mm) and it is so strong that it will not be deformed by the
tunnel collapse, keeping the canister intact inside the radiation shield. This will be
verified through strength calculations in conjunction with further design work for the
radiation shield.
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4.6.5

Estimated emissions and radiation doses caused by normal operation,
transients and accident conditions

An assessment of emissions and individual radiation doses caused by different
situations (Rossi & Suolanen 2012) was produced on the basis of assumptions regarding
normal operation, incidents and accident conditions used in the Working Report by
Kukkola in 2008. The study assessed the possible radiation doses received by personnel,
inhabitants of the surrounding areas and the terrestrial ecosystem during the operation of
the nuclear waste facility to be built on the spent fuel disposal site in Olkiluoto. The
study covers both the normal operation of the facility and certain postulated incidents
and accident conditions. Any emissions through the vent stack are assumed to be
filtered both during normal operation and during postulated transients and accident
conditions.
In normal operation the doses to the environment are based on a conservative
assumption that there is one leaking fuel rod per year in the fuel brought to the disposal
facility. This is based on experience gained from operations performed in the nuclear
power plants, according to which about 1-2 parts per thousand of the fuel rods are
damaged when scaled to the amount of spent fuel elements that are to be transported for
final disposal (Kukkola & Eurajoki 2009). The magnitude of emissions during an
incident or accident condition is based on sequences of events resulting in a loss of leak
tightness of a fuel rod and further in a release of radionuclides to the processing facility,
and to some extent further into the atmosphere through the filtered ventilation channel.
The critical group of people has been conservatively assumed to live within 200 meters
from the nuclear waste facility, and they are expected to receive the largest radiation
doses in most spreading scenarios. The dose received by the members of the critical
group was calculated on the basis of distribution of weather conditions so that the
probability of receiving a dose larger than calculated was only 0.5 %.
The results show that during normal operation, the facility personnel only receive minor
doses and those received by the critical group were below 0.001 mSv per annum. The
doses in the surrounding areas during postulated transients and accident conditions are
also below the limits set by safety authorities.
The highest dose rates caused by maximum emissions for the chosen reference
organisms in the terrestrial ecosystem were estimated using conservative assumptions
and found to be of the order of 100 µGy/h at a distance of 200 meters. As a chronic
exposure, this dose rate is estimated to have detrimental effects on many of the chosen
reference organisms in the terrestrial ecosystem, but the duration of exposure in this
case is only half an hour.
4.7

Safeguards

4.7.1

General

According to Guide YVL 6.1 (STUK 1991), control of nuclear fuel and other nuclear
materials required in the operation of a nuclear power plant aims to ensure that:
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 nuclear materials are used, handled, stored and transported safely (safety control)
 nuclear fuel or other nuclear material under Finland's control and of Finnish origin or
which has been produced in Finland, is not used for nuclear weapons or explosives or
for any unknown purposes (safeguards), and that
 sufficient physical protection exists to safeguard the use of fuel and other nuclear
materials, their storage and transport against illegal activities (control of physical
protection).
The control and safeguards are based on legislation governing nuclear energy, the
regulations issued pursuant to this legislation, Government decisions taken pursuant to
nuclear energy legislation as well as on international treaties signed by Finland or intergovernmental agreement arrangements. Radiation and Nuclear Safety Authority
(STUK) acts as a national supervising authority. International supervision is conducted
by International Atomic Energy Agency (IAEA) and European Commission (Euratom).
4.7.2

Nuclear materials accounting

Bookkeeping during the disposal operation must at all times hold the information of the
nuclear materials site at the facilities. The European Commission will define
bookkeeping details concerning the special regulations based on technical details.
Nuclear material bookkeeping and reporting will be governed with a fuel data system
developed for this reason. The design basis for the system is not only nuclear material
monitoring needs but also aspects concerned with making nuclear waste bookkeeping
and safety analyses. Bookkeeping and reporting of which Posiva is responsible for is
guided in the handbook of nuclear safeguards, which will be implemented at the latest
during the operating license phase.
The initial data for nuclear material bookkeeping is acquired from the corresponding
nuclear power plant operator. Identification and location data of each fuel element to be
disposed is validated and documented in all handling stages of the fuel from the interim
storages of spent fuel at the power plant sites to the deposition hole. The disposal
facility will probably constitute its own material balance area in holding storage sites
such as the canister storage and the repository. Real-time storage maps are maintained
of the storage sites, which provide the location of each element or canister in the
material balance area. The identifications needed for the storage maps are the element
number and the canister identification mark. Identifications are also needed for the
storing sites of the storages and the repository (site, deposition tunnel and deposition
hole). The inventory of the real storage is made annually by counting and identifying all
batches in the material balance area. In the disposal facility the counting and
identification is done in the canister storage. The canisters moved to the repository
cannot be counted or identified.
4.7.3

Verification and safeguards of spent fuel at the repository

The identification of the spent fuel elements and canisters must be possible at all stages
of the process. The identification is based on an element number read with a camera and
the canister identification marking. Identification of the canister is based on an
identification marking, which can be read with a camera, possibly carved into the lifting
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shoulder of the copper lid. A so-called fingerprint identification, which is alternatively
based on visual, eddy current and ultrasound inspection or x-ray, is possible to be used
as another identification method.
Before the elements are placed in the canister a verification measurement is performed
by authorities to ensure that the nuclear material is as reported and that the element is
intact in accordance with nuclear material supervision. The measuring procedure and
the sampling extent are still open. National and international authorities shall have a
common measuring device with as automated action as possible. Posiva’s task is to
facilitate the equipment developed by the authorities.
Posiva’s repository is divided into controlled and uncontrolled areas. The purpose of
this arrangement is to guarantee the safety of the personnel and to reliably measure the
radiation doses received by the personnel. In this context the controlled area refers to
radiation safety. In addition radiation security and safeguards are applied to the facility
complex (safeguards). Separation of the safeguards area will also make nuclear material
safeguards easier. The nuclear material surveillance utilizes data collected at the gates
of the controlled area. (Figure 4-14).

Figure 4-14. The boundaries of the radiation control area and nuclear material
safeguards area in the repository during different phases of operation. The preparatory
construction work for the next deposition tunnel and the backfilling of deposition
tunnels takes place via the uncontrolled area, see Figure b). The canister is transported
to the deposition hole and deposited in it via the radiation control area, see Figure a).
This means that the boundary between the controlled and uncontrolled areas varies as
it is moved one step backwards (to gate 1) and forwards (gate 2) as the disposal
operations progress in the repository.
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At the lower station of the canister shaft the canister is transported by a forklift out of
the lift and temporarily stored in the disposal facility’s canister storage in close
proximity to the canister lift. The storage can hold 30 canisters. The storage areas of the
encapsulation plant and the disposal facility enable the encapsulation of all canisters that
are to be placed to one deposition tunnel in advance, so that the actual disposal
operation can proceed as a campaign for a deposition tunnel promptly and independent
of the encapsulation process. When the canisters are to be installed in deposition holes
they are retrieved from the storage area with a forklift and moved to the loading station
in the vicinity of the storage, from where the canister is loaded onto the canister
transport and installation vehicle. The vehicle is equipped with a recording video
camera. The vehicle driver utilises the camera for positioning the vehicle over the
deposition hole. The video recording is stored as evidence of canister disposal together
with the identification and contents data of the canister. After the disposal operation,
when the vehicle is back at its station, the video recording is downloaded and stored in a
database.
The disposal facility has video surveillance covering the facilities surrounding the
bottom station of the canister lift and the central tunnel all the way to the boundary of
the controlled area. The permanent video surveillance does not extend to the deposition
tunnels.
The tunnel pair with disposal operations in progress is separated, from both the
controlled area and uncontrolled area ends, with a partition wall in the central tunnel.
The wall has a double door. Access through these doors is controlled by means of a
recording video camera and possibly a radiation monitoring gate.
The outer door of the controlled area is kept locked when the canisters are being
disposed of and the deposition holes are being covered with bentonite blocks. One of
the safeguards verifying the disposal of the canister is the radiation monitoring gate at
the inner door, it will detect whether the canister vehicle is carrying a canister or not.
After canisters have been placed in the deposition holes and the holes have been
covered with bentonite blocks, the door on the controlled area side is closed and the
door on the uncontrolled area side is opened for backfilling the tunnel. The radiation
monitoring gate and the surveillance camera at the boundary of the uncontrolled area
remain active in order to ensure that disposal canisters are not taken outside the
controlled area in conjunction with the tunnel end backfill operation.
When the tunnel pair is completely backfilled and plugged, the walls in the central
tunnel are moved and a new pair of tunnels is deployed for disposal use.
When a canister is disposed of and covered with bentonite blocks, the entire operation
takes place in the radiation control area. The boundary of the controlled area has to be
moved back and forth between the two walls with doors (gates 1 and 2) during the
process. Both doors can be fitted with continuously operating radiation monitoring
devices in order to ensure that the canister stays within the planned disposal area.
When the canister has been deposited in a vacant deposition hole and the hole has been
covered with bentonite blocks, the boundary of the radiation control area has to be
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moved to the other wall with a door (gate 1) for the tunnel backfill operation. When the
tunnel section containing the previous deposition hole has been backfilled, the
controlled area door is switched back to gate 2 so that the insertion of the next canister
can take place in the controlled area.
When an individual deposition tunnel has been completely backfilled and plugged, the
partition walls in the central tunnel (gates 1 and 2) are moved one step forward and a
new tunnel is available for disposal use.
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5

CLOSURE

When all canisters to be disposed of have been installed in the deposition holes and the
operating and decommissioning waste from the encapsulation plant has been disposed
of, the closing phase of the disposal facility begins. The requirements regarding closure
differ from those set for backfilling and closure of the deposition tunnels. The main
purpose of technical release barriers, such as the backfilling and closure structures, is to
limit the migration of radioactive materials via excavated facilities, Guide YVL 8.4
(STUK 2001). For the access routes to ground level and other underground facilities
(such as central tunnels and technical facilities), this means, in practice, that the backfill
materials and closure structures must prevent the formation of significant flow routes
between ground level and the deposition tunnels. The backfill materials and closure
structures must also support the surrounding bedrock and prevent the inadvertent entry
of people into the facilities. In addition to this, the materials used for closure must not
have a significant harmful impact on the performance of the multi-barrier system.
Closure begins with the dismantling of structures and systems so that harmful quantities
of materials are not left in the facility. After that, the facility is backfilled and plugged
using appropriate closure structures.
5.1

Dismantling work

All structures and systems utilised during the operation of the disposal facility will be
dismantled. These include floor slabs as well as HVAC and electrical systems. It is also
technically possible to dismantle concrete structures intended as permanent, such as
sprayed concrete layers, if this is deemed appropriate.
Several different techniques are available for removing sprayed concrete. These include
mechanical chiselling using an impact hammer, water chiselling, a combination of the
two, mechanical machining using a dedicated tool, and machining using an excavator
equipped with a special tool.
5.2

Backfilling and closure of tunnels, shafts and boreholes

The closure of the underground disposal facility will complete the isolation of the spent
nuclear fuel from the biosphere and restore the favorable natural conditions in the
bedrock. The closure of the tunnels and other underground openings will prevent the
formation of preferential flow paths between the ground surface and deposition tunnel
and hole. In the long-term the function of the closure is to maintain the favorable
conditions in the bedrock surrounding the spent nuclear fuel (Posiva 2012e).
The reference design for closure of the underground disposal facility is based on the
geological and hydrogeological environment (main fracture zones and hydraulic
conductivities of the bedrock) and on the estimations of the permafrost depth in the
future (Figure 5-1), (Posiva 2012e).
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Figure 5-1. The main conductive HZ19 and HZ20 zones and estimations concerning the
depth of the permafrost, which have been utilized in making the reference design for
closure (Posiva 2012e).
The closure includes all backfill and closure structures, i.e., plugs, outside the
deposition tunnels and the deposition tunnel plugs. Alternative closure solutions and
materials, along with the background for the reference design have been discussed in
Dixon et al. (2012). The detailed closure design, so called reference design for the
closure (Figure 5-2), closure backfill materials and production methods, and the
principle ideas about the hydraulic, mechanical and intrusion obstructing plugs have
been presented in the Closure Production Line report (Posiva 2012e). In brief, the
reference design for the closure is as follows:
 The central tunnels, central tunnel connections and the vehicle connections between
the central tunnels and the technical rooms (between depths -420...-455 m) will be
backfilled with Friedland clay blocks and bentonite pellets. Mechanical plugs will be
used to support the backfill when needed. The hydraulic plugs will be used in places
where the backfill material or its installation method changes. Low-pH concrete will
be used in the plugs.
 Technical rooms and the lowest parts of the shafts will be backfilled with crushed
rock or other rock material. In shafts below HZ20 and on top of the underlying
aggregate material, Friedland clay blocks and bentonite pellets will be installed. In
shafts, the underlying aggregate material will be isolated from the HZ20 structure
using hydraulic plugs. Low-pH concrete will be used in the plugs.
 The access tunnel below the HZ20 structure will be backfilled with in situ installed
mixture of swelling clay and aggregate material. Hydraulic plugs will be used to
isolate the access tunnel from the HZ20 structure. Mechanical plugs will be used to
support the backfill when needed. Low-pH concrete will be used in the plugs.
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 HZ20 structure will be isolated from the access tunnel and the shafts using hydraulic
plugs, which will be placed on both sides of the structure, both in the access tunnel
and in the shafts. Where the structure cuts the access tunnel and shaft, between the
hydraulic plugs, in situ installed rock material will be used as the backfill. Plugs
below the HZ20 structure will be made of low-pH concrete.
 Above the HZ20 structure up to the depth of -200 m the access tunnel and shafts will
be backfilled with an in situ installed mixture of swelling clay and rock material.
Mechanical plugs will be constructed to support the backfill when needed.
 Above the depth of -200 m to the proximity of the ground surface, to the intrusion
obstructing plugs, the backfilling will be implemented with in situ installed rock
material.
 HZ19 structure will be isolated from the access tunnel and shafts below it using
hydraulic plugs.
The closure will be finalised by installing the intrusion obstructing plugs at the mouth of
the access tunnel and the top parts of the shafts. In all, these plugs will reach a depth of
25-30 m.
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Figure 5-2. Reference design for the closure of the underground disposal facility.
(Posiva 2012e).
A variety of plugs will be used in different parts of the disposal facility as part of the
closure (Posiva 2012e). The plugs utilized in the closure are:
1. mechanical plugs
2. hydraulic plugs
3. intrusion obstructing plugs.
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Mechanical plugs will be used to support and protect the installed backfill during the
operational period. Mechanical plugs will separate the volumes that are still used from
the volumes that have been closed. These plugs are required to function until the
backfill installed on both sides is saturated. In practice this time varies from 50 to 100
years. Mechanical plugs are concrete structures. An example of a mechanical plug is
illustrated in Figure 5-3.
Hydraulic plugs will be used to isolate different sections of the disposal facility volumes
and to prevent the flow of groundwater parallel to the tunnels and the shafts for a long
period of time (~ 100,000 years). With these plugs the regionally important
hydraulically conductive zones are isolated from the surroundings and this way the
natural bedrock conditions will be restored after operations in the facility have ended. In
addition, they will be used to isolate volumes where different backfill materials will be
used. An illustration of hydraulic plugs on both sides of a fracture zone is in Figure 5-3.
Hydraulic plugs consist of several parts that all have functional purposes. Concrete
structures support the backfill and clay core until they are saturated and can function on
their own. The clay core in the hydraulic plug will limit the water flow parallel to tunnel
or shaft. Other plug parts have functions that concern the construction of the plug.
After the operational period the underground disposal facility is planned to be
permanently closed in a manner that ensures inadvertent human intrusion will be
obstructed. The principle of the human intrusion obstructing plug is illustrated in Figure
5-3. This kind of plug consists of large boulders in the bottom over which concrete will
be cast. The concrete will act as a base for natural rocks, which will be placed at the
surface area for landscaping purposes.
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a)

b)

c)

Figure 5-3. Illustrations of closure related plugs a) mechanical plug, b) hydraulic plug,
and c) intrusion obstructing plug (Posiva 2012e).
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Closure of the investigation boreholes
Several deep boreholes for bedrock investigation purposes have been made to the
disposal facility site or its vicinity and many of them reach the disposal depth, its nearfield or go considerably deeper (even down to 1 km). There were 57 of these deep
investigation holes by November 2012 and in addition there are also shallower holes for
groundwater and other investigations. More may be made in the future, if they are
necessary, to investigate bedrock location suitability for deposition purposes. Even
though the boreholes are not a part of the underground disposal facility, they are
considered in its closure due to their proximity to it.
The investigation holes do not penetrate the repository openings or ONKALO, but they
are at the same depth and connected to the disposal facility openings via natural
fractures in the bedrock. The closure of the investigation boreholes should be done so
that the flow routes between the disposal depth and the ground surface can be sealed. By
doing this, the dilution of the groundwater at disposal depths caused by entering surface
waters can be prevented and also the transportation of radionuclides to the biosphere by
this route can be prevented in case a canister failure would occur.
The requirements for the closure of the investigation boreholes are the same as for the
closure of the underground disposal facility (Posiva 2012a, Posiva 2012e). The basis for
the design of the closure of the investigation boreholes has been that the natural flow
routes of the bedrock shall be restored. According to this basis a design for the closure
of the investigation boreholes that meets the requirements has been made (Karvonen
2012). In it, a closure design has been defined for deep (deeper than 100 m)
investigation holes that have been made from the ground surface (Figure 5-4).
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Figure 5-4. Investigation holes for which closure designs have been made.
According to the current plan, the borehole sections with hydraulic conductivities
≤ 1E-8 m/s will be backfilled with bentonite clay installed with a Basic Method to the
depth of 500 m. Below this depth, the sparsely fractured borehole sections will be
backfilled with bentonite installed with a Container Method. In the Basic Method the
bentonite will be installed in a perforated copper tube and in the Container Method it
will be installed by transporting it down the hole to the desired depth in a container and
then pushed out. The Basic Method has been field tested by closing drill hole OL-KR24
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(Rautio 2006), but its use is restricted by possible backfill erosion during installation.
The Container Method can be assumed to be a better choice for bentonite installed in
deep sections, as the water in the hole should not affect the bentonite in the container as
it is transported down to its place, but this method has not yet been field tested with
bentonite. Both methods need more development and testing, and the plan for
installation method may be changed before the closure will begin. The borehole sections
with high hydraulic conductivities, ≤ 1E-8 m/s, will, according to present plans, be
closed with concrete. At the upper section a rock or copper plug will be installed and
above it; there will be concrete or rock material. The material in upper sections of the
boreholes will be selected closer to the beginning of the closure.
In addition to the deep investigation holes made from the ground surface there are also
holes made from ONKALO (e.g., for investigations) that will be closed. In the
repository, drill holes may also need to be closed in future, for example pilot holes, from
which the bedrock data has been such that the exact site has been decided not to be
excavated. Closure of such holes will need to be made with care and in a manner that
meets the requirements. Methods for closing such holes will be defined closer to the
beginning of the closure implementation.
5.3

Foreign materials estimated to remain in the disposal facility

Estimations about the quantities of foreign materials that remain in the disposal facility
after it has been closed have been made (Hjerpe 2003, Hagros 2007 and Karvonen
2011). The original estimations (Hjerpe 2003) were based on the preliminary plans for
constructing the facility and deposition of spent nuclear fuel and Hagros (2007) updated
the quantity estimations partly according to proceeded excavation and construction
work, but in many parts by scaling the previous estimations according to changes in
disposal facility design volumes. Karvonen (2011) updated the foreign material
quantities according to data acquired from ONKALO construction that had proceeded
almost to the disposal depth and according to updated plans about excavation,
constructing, deposition and closure.
The quantities of foreign materials that have been used in the construction of ONKALO
have been carefully documented from the beginning. Monitoring reports state the
quantities and targets of the used materials (Juhola 2005, 2007, 2008, 2009, Vuorio
2006, Kasa 2011). These reports act as the base for the estimation of what will remain in
the disposal facility after closure.
The biggest foreign material quantities are those of carbonate, iron oxides, pyrite,
gypsum, and titanium oxides that will remain as part of the buffer, backfill, closure
materials and plugs (Table 5-1). The quantity of the organic material is also substantial
(Karvonen 2011). The foreign material quantities of clay materials are notably affected
by the selection of clay material, the excavation accuracy (level of over excavation) and
the solutions for the closure of the disposal facility. Because the closure will begin after
several decades, the foreign material quantity estimations may change according to
developing closure design (Posiva 2012e).
According to Karvonen (2011) the cement quantity that will remain in the underground
disposal facility and in the grouted bedrock surrounding the disposal facility, will be
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approximately 4,540 t. Most of the cement will be in the shotcrete, grout, rock bolt
mortar and plugs, as the other concrete structures will be removed before the closure of
the disposal facility. In the report by Karvonen (2011) it was also estimated that 95 % of
the shotcrete can be removed prior the closure of the disposal facility, so, if the removal
percentage will turn out to be smaller, the quantity of the remaining cement will rise
notably. According to preliminary plans used in estimations, the deposition tunnels will
not be shotcreted but a removable steel mesh will be used for supporting the tunnel roof.
The quantity of steel that remains in the disposal facility is estimated to be 4,480 t at
most (Karvonen 2011), whilst in a previous estimation, this quantity would have been
only 1,500 t (Hagros 2007). The rise in quantity estimated can be explained by the risen
need for tunnel support by bolts as the excavation has proceeded to disposal depth and
also by more detailed design of plugs.
Other foreign materials that are estimated to remain in great quantities in the disposal
facility are silica and copper, and the additives of grouts and shotcrete. The quantity of
copper can be assumed to be significantly smaller than what was estimated by Karvonen
(2011) because the design of the plugs that will be used in the closure of the
underground disposal facility have changed after the report was made (Posiva 2012e).
In the deposition tunnels the foreign materials that will remain after the closure, in
addition to clays foreign materials, steel, silica and cement are given in Table 5-1. These
include for example: small residues of explosives, particles from exhaust fumes of
vehicles, possibly parts of the steel mesh used for tunnel support, paint residues from
markings made during the geological mapping and organic material particles that have
entered via ventilation systems, will remain in the deposition tunnels. Accessory
minerals of the buffer bentonite were calculated as foreign materials. The copper
canister and insert, and the spent fuel, were not considered as foreign materials and thus
they have not been considered in foreign material quantity estimation reports.
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Table 5-1. Estimated foreign material quantities in the entire disposal facility, in
ONKALO and in a 100 m length of a deposition tunnel. In the case of ONKALO the
organic carbon of clay materials has been added to the total mass of organic material,
in other cases the organic carbon from the clay is divided into a separate value. With
deposition tunnels the smaller quantities represent the minimum quantities of LO1-2
tunnels and the higher quantities represent the maximum quantities OL1-3 tunnels. The
table has been produced according to calculated material quantity estimations by
Karvonen (2011).
Underground disposal
facility
Min. (kg)
Max. (kg)

Min. (kg)

100 m of a deposition
tunnel
Max. (kg) Min. (kg) Max. (kg)

ONKALO

Foreign materials in
swelling clay
pyrite
gypsum
potassium feldspar
titanite/rutile
iron oxides
carbonates
organic carbon
biotite
Cement
Steel

6,376,400
4,988,400
0
3,659,000
5,585,700
28,493,100
2,056,300
4,532,300
4,484,160

21,132,500
26,538,000
1,029,000
8,581,300
41,662,500
64,760,400
4,916,800
4,539,500
4,484,360

1,655,900
1,382,900
273,000
1,530,100
7,653,400
*
1,542,300
442,900

2,206,300
1,956,100
559,600
4,023,000
9,442,900
*
1,549,500
442,960

83
630
0
8,900
4,771
26,100
6,110
0
2,100
6,703

49,000
68,700
2,700
22,370
96,400
122,710
16,010
650
2,140
6,697

SiO2

2,434,900

2,437,900

221,600

224,300

3,240

3,290

Copper

1,798,000

1,798,000

838,000

838,000

-

-

75,496

137,495

42,686*

64,206*

30

115

Other organic material
(incl. carbohydrates)

*Organic carbon from the clay materials is included in other organic materials.
5.4

Retrieval

The disposal facility has been designed so that disposal will not cause any
encumbrances to future generations. The requirement of retrieval has been considered in
the Governments Decision-in-Principle (2000).
On the basis of the plans produced, retrieval of the canisters from the repository to
ground level is possible at every stage of the project. The plan for the repository
facilities contains features that make it easier to subsequently retrieve the canisters. The
spent fuel is encapsulated in massive copper-iron canisters that are mechanically strong
and very long-lasting. The repository facilities will be constructed by excavation into
rock, which, according to experience, makes them very long-lasting, and the subsequent
opening of the facilities is technically possible (Saanio & Raiko 1999).
The retrieval of canisters has been tested with success at the Äspö rock laboratories in
Sweden (Nirvin 2007).
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This report describes the retrieval techniques used in three different situations. All other
situations during the life cycle of canisters and repository facilities can be derived from
these situations, and the retrieval technique will correspond to one of the techniques
described.
5.4.1

Retrieval before closure of the deposition hole

In the situation discussed in this section, a canister is in the process of being transported
to a deposition hole, and it is in the canister lift or at the lower level in the canister
transfer and installation vehicle. The canister may also have already been lowered into
the deposition hole and the gripping mechanism has let go of the canister when it is
discovered, for example, that the hole is unfit for purpose or the bentonite in the hole
has not been correctly inserted. The assumption in this situation is that the bentonite in
the hole has not swollen yet or attached to the canister.
If the decision is taken to return the canister to ground level before closing the
deposition hole, the canister is transported on the canister transfer and installation
vehicle to the lift in the canister shaft and lifted back to the encapsulation plant. The
steps in the retrieval are the same as those for installing it, but they are done in reverse
order. The fuel bundles can be installed in another canister or fuel transfer container in
the processing chamber of the encapsulation plant.
5.4.2

Retrieval after closure of the deposition tunnel

During the operating phase of the facilities, the deposition tunnels are filled and disposal
canisters are deposited in the deposition holes starting from the end of the tunnel. When
all canisters destined for a certain deposition tunnel have been installed and the tunnel
has been backfilled, a closure structure of reinforced concrete is built at its mouth. The
operating phase of the facilities will continue for a long time after the first tunnel has
been closed - for some central tunnels, for tens of years. This means that the facilities
are in operation and the central tunnel remains open.
If the decision to retrieve the canisters is taken during the operating phase of the
facilities after some deposition tunnels have already been closed, the retrieval operation
will involve opening the deposition tunnels, opening the deposition holes and removing
the canisters. The concrete closure structure at the mouth of the deposition tunnel is
demolished, after which the operation of emptying the tunnel progresses in steps by
only removing the backfill material one deposition hole distance at a time. After that,
the hole is opened and the disposal canister removed. Then the operation continues with
the removal of backfill material up to the next deposition hole, and so on.
Methods commonly used for demolishing concrete structures, such as hydraulic
chiselling, can be used for dismantling the closure structure. The tunnel backfill material
will be removed using conventional excavators. The activity of air and backfill material
is constantly monitored while the deposition tunnel is being opened up. A technique
based on disintegration by salt water, for example, can be used for removing bentonite
buffers from deposition holes. The canister is lifted up from the hole using the same
canister transfer and installation vehicle as it was installed with, and lifted to the
encapsulation plant in the lift.
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5.4.3

Retrieval after closure of all facilities

When all canisters have been disposed of, the tunnels and shafts are backfilled and
closed. Closure structures of steel-reinforced concrete are built at the bottom and top
ends of the routes to ground level.
If required, the canisters can be retrieved to ground level even after the repository
facilities have been closed. A plant will be constructed above ground for processing the
canisters. The repository facilities are opened up using largely the same methods that
were used when constructing them. Instead of excavating the facilities, the shafts and
tunnels are now opened by digging away the backfill material and by dismantling the
constructed closure structures. The access tunnel, shafts, technical facilities and central
tunnels are dug open, after which the necessary structures are constructed and necessary
systems are installed. The structures and systems correspond to those used when the
disposal operations were in progress. When the facilities have been completed, the
deposition tunnels are opened and disposal canisters removed using the same techniques
that would be used if the canisters were retrieved during the operating phase of the
facilities. When the canisters have been brought back to ground level, they can be
inserted in radiation shields suitable for road transport and taken to the desired location
for further processing. Alternatively, the canisters can be opened and the fuel transfers
moved one by one to transport casks. The transport casks can be similar to those used
for transporting fuel from power plants to the disposal site. The transport casks are
suitable for transport by road, rail or sea.
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6

ALTERNATIVE DISPOSAL SOLUTIONS

6.1

Two-level solution of the disposal facility

The disposal facility can in principle be designed so that canisters can be deposited at
two different depths. Disposal will begin at a depth of 420 meters, but a lower level can
later be deployed if required - for example, at a depth of 520 meters. In that case, the
access tunnel and shafts will be extended to the lower level. The technical facilities will
also be expanded to the lower level. Designing this kind of solution has now been
discarded due to the substantial amount of extra data that would have been required. A
particular question is posed by extremely high salinities of Olkiluoto groundwater at the
greater depths and how it may behave if the underground openings would be designed
deeper than the current disposal level.
The order and schedule of filling the different levels of the two-level solution being
considered as an alternative must be analysed during the planning process because
scheduling will affect the thermal interaction between the levels. The two levels will
heat each other, increasing the canister temperature and the temperature at the buffer
interface, which is in any event a critical parameter for dimensioning. If tens of years
have elapsed since disposal operations began at the first level before they begin at the
lower level, the bedrock at the latter level has already had time to heat up so that the
maximum temperature of canisters would, if the same distances between deposition
holes were used, rise several degrees higher. This increase, together with the natural
increase of 1.5 degrees due to the additional depth of 100 meters, must be compensated
for at the later deployed level by increasing the distances between canisters.
The increase in the maximum temperatures of the canisters deposited at the later
deployed level will depend on the scheduling of operations as shown in Table 6-1. In
other words, it will depend on how much later the second level is deployed at the same
horizontal location. The table also indicates the required increases in distances between
canisters in order to compensate for the increased heating effect. In practice, the twolevel solution would have to be implemented so that the two layers in the same
horizontal location are deployed as simultaneously as practicable because compensating
for the additional heating effect by increasing the distances between canisters would
substantially increase the cost of excavation and backfilling the tunnels.
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Table 6-1. The degree of temperature increase in the second layer at the time the
canister temperature peaks out (20 years from its disposal) in the two-level solution as
a function of the time elapsed between disposals at the two levels. The total increase in
temperature will be another 1.5 ºC greater as a result of the higher natural temperature
at the deeper level. The increase in canister distances at the lower level, required for
compensating for the increased heating effect, was estimated on the basis of Figure 43
in the reference document (Ikonen 2003).
Time differential
(y)

Increase in temperature
(oC)

Increase in canister distances
(m)

0

0.1+1.5=1.6

0.7

10

0.9+1.5=2.4

1.1

20

2.0+1.5=3.5

1.8

30

3.2+1.5=4.7

2.6

40

4.7+1.5=6.2

4

50

6.1+1.5=7.6

5

6.2

KBS-3H alternative

In parallel with the KBS-3V concept presented in this report, the KBS-3H concept,
where the canisters are emplaced in up to 300 m long horizontal deposition drifts (SKB
2012), has also been developed. The drift spacing is 25 m. The deposition drift is
divided into two compartments both being 150 m long (max.) and the compartments are
separated by a titanium compartment plug, see Figure 6-1. The titanium drift plug that is
mounted at the drift entrance resembles the compartment plug, but is much sturdier.
DAWE (Drainage, Artificial Watering and air Evacuation), selected as the reference
design, is based on drainage during installation phase, filling the void spaces with water
and air evacuation from the drift. The horizontal deposition drift is slightly inclined
upwards and therefore the leakage water flows under the drift components standing on
parking feet along the drift bottom down towards the drift entrance until the plug has
been mounted. The gap between the drift components and the drift wall is about
42.5 mm and it will be filled by pumping tap water in the bottom part of the drift via
short pipes in the plug lead-throughs. An air evacuation pipe will be placed on supports
in the drift wall during the preparation phase of the drift. In the rear section of each
compartment a vertical pipe, which leads to the uppermost point of the compartment
where an air pocket will formed during artificial watering, is attached to the air
evacuation pipe. The vertical pipe will be left in the drift when the horizontal air
evacuation pipe is removed together with the short wetting pipes from the drift
compartment. The lead-throughs will be sealed and installation operations in the second
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compartment will be initiated without delay. In the final step, the second compartment
and at the same time the whole drift will be sealed with the drift plug. The artificial
water filling as well as the pipe removal procedures are carried out as described above.
The objective of filling the void space in the drift is to accelerate the swelling of
bentonite in order to attain counter pressure against the drift wall. The counter pressure
can prevent or at least mitigate rock spalling induced by rock and thermal stresses.
In contrast to the KBS-3V variant, KBS-3H utilises a prefabricated installation packing
called a “supercontainer”. The supercontainer consists of a perforated protective
cylinder made of titanium with a bentonite buffer and copper canister installed inside it.
The supercontainer is assembled before disposal, and installed in each deposition drift.
Distance blocks made of compressed bentonite thermally and hydraulically isolate the
supercontainers from each other in the long deposition drift. The bentonite inside the
supercontainer and in the distance blocks collectively forms the buffer structure (The
bentonite inside the supercontainers and the bentonite distance blocks are jointly
referred to as the buffer). Filling components are used in those drift sections that do not
fulfil the positioning criteria for safe disposal (e.g. excessive inflow rate of groundwater
into the deposition drift). These drift sections, where the inflow rate is too high, will be
post-grouted using colloidal silica aiming at improving the installation conditions and in
these drift sections filling blocks are emplaced. The filling blocks are made of highly
compacted bentonite and their axial dimensions are dependent on the inflow rate in the
section.

Figure 6-1. Basic principles of the KBS-3V (top left) and KBS-3H (in the middle at the
top) repository designs and a more detailed illustration of a KBS-3H deposition drift (at
the bottom) and supercontainer (top right).
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In the KBS-3H alternative the disposal canister, filled and sealed at the encapsulation
plant, is brought to the reloading station along the shaft or access tunnel for the final
assembly of the supercontainer, see Figure 6-2. After that, the supercontainer is taken to
the deposition niche, where the deposition equipment is located, see figures 6-3 and 6-4.
The KBS-3H variant involves increasing the height of central tunnels for the 3H
transport vehicle.

Figure 6-2. Conceptual presentation of the reloading station (Kirkkomäki & Rönnqvist
2010).

Figure 6-3. Deposition niche (Kirkkomäki & Rönnqvist 2010).
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Figure 6-4. The transport shielding tube moved between the drift entrance structure
and the deposition machine. After opening of the gamma gate the emplacement of the
Supercontainer into the drift can be started (Kirkkomäki & Rönnqvist 2010).
Generally, there are more similarities than differences between the KBS-3V and
KBS-3H variants. The same regulatory requirements concern both KBS-3V and
KBS-3H repositories and the decision-in-principle allows for both variants. Both
KBS-3V and KBS-3H are multi-barrier systems relying on mechanically and chemically
stable bedrock, containment of the fuel in a long-lived canister, and a buffer
surrounding the canister that provides hydraulic, mechanical and chemical conditions
favouring canister longevity. The conditions in the bedrock and buffer are such that the
migration of any nuclides released from the canister, if it becomes damaged, is expected
to be slow. The rate of release of radionuclides will also be limited by the stability of the
spent fuel matrix and the low solubility of many radio-elements under the chemical
conditions expected in the interior of a damaged canister.
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APPENDIX 1: TECHNICAL SPECIFICATIONS OF THE DISPOSAL FACILITY
POWER PLANT UNITS
Planned operating life (a)
Predicted accumulation of elements
(pcs)
Average discharge burn-up of all
elements (MWd/kgU)
Numbers of canisters (pcs)
Corresponding tonnage (tU)

OL1-2
60
14,034

OL3
60
3,816

LO1-2
50
7,752

Total
25,602

39.5

45.0

40.6

41.7

1,170
2,460

954
2,030

646
950

2,770
5,440

CANISTERS

OL1-2

OL3

LO1-2

Outside diameter (m)

1.05

1.05

1.05

Total length (m)

4.75

5.22

3.55

Total volume (m3)

4.1

4.5

3.0

No. of positions

12

4

12

Amount of fuel (tU)

2.2

2.1

1.4

Total mass (t)

24.5

29.0

18.8

Maximum predicted burn-up (MWd/kgU)

55

55

57

Numbers of assemblies per canister (pcs)

12

4

12

Average cooling time (a)

33

42

30

Planned commencement of disposal operations

2020

2075

2020

Duration of the disposal phase (a)

55

33

46

Uranium quantity (tU)

2,460

2,030

950

Number of canisters required (pcs)

1,170

954

646

Encapsulation capacity (pcs/a)

21

29

14

FUEL

158

REPOSITORY FACILITIES
Volume excluding deposition holes (m3)
- total
- open at any one time, maximum
- open at any one time, minimum
- open at any one time on average
- controlled area, maximum
- uncontrolled area, maximum
Tunnel length (m)
- deposition tunnels
- central tunnels

Above the canister, mm
Around the canister, mm
Bottom block, mm
Total height of the buffer, mm
Buffer outer radius, mm
Block thickness surrounding
the canister, mm
Canister hole radius in the
block, mm

1,317,000
787,000
575,000
739,000
286,000
625,000
35,000
7,000

LO1-2
OL1-2
OL3
400+2*800+500= 400+2*800+500= 400+2*800+500=
2500
2500
2500
4*900=3600
5*960=4800
6*875=5250
500
500
500
6600
7800
8250
1650
1650
1650
290
290
290
1070

1070

1070
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APPENDIX 2: DISPOSAL FACILITY GLOSSARY

Loppusijoituslaitos

Disposal facility

Loppusijoitustilat:
Loppusijoitustunneli
Loppusijoitusreikä

Repository:
Deposition tunnel
Deposition hole

Ajotunneli
Poistoilmakuilu 1
Tuloilmakuilu 1
Henkilökuilu 1
Kohtaamispaikka
Poistoilmakuilu 2
Kapselikuilu
Keskustunneli
Tuloilmakuilu 2 (ei käytössä)
Henkilökuilu 2 (ei käytössä)
Matala- ja keskiaktiivisen jätteen
laitosjätetila

Access tunnel
Exhaust air shaft 1
Inlet air shaft 1
Personnel shaft 1
Passing place
Exhaust air shaft 2
Canister shaft
Central tunnel
Inlet air shaft 2 (not in use)
Personnel shaft 2 (not in use)
Repository for low and intermediate
level waste

Avoleikkaus
Tutkimusrakennus
Karakterisointiperät (ei käytössä)
Demonstraatiotunnelit
Kuiluliittymä
Lastauskuprikka
Risteysalue

Open cut
Research building
Characterisation drifts (not in use)
Demonstration tunnels
Shaft connection
Loading niche
Crossing area

Tekniset tilat:
Turvakeskus
Ajoneuvojen pesutila
Korjaamo (ei käytössä)
Tankkaustila
Pysäköintihalli
Kuilupiha
Ajoneuvoyhteys
Henkilökäynti
Sähkötila
Pumppaamo
Telehuone
Sprinkler keskus
Polttoainesäiliötila
Huoltotunneli (ei käytössä)

Technical rooms:
Rescue chamber
Vehicle washing room
Repair shop (not in use)
Refuelling room
Parking hall
Shaft yard
Vehicle access
Personnel tunnel
Electrical room
Pumping station
Telecommunication room
Sprinkler room
Fuel tank room
Service tunnel (not in use)

Paineentasaushuone
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Savusulku
Tutkimustila
Selkeytysallas
Vuotovesi
Nostinlaiterakennus
Käyttörakennus
Tunnelitekniikkarakennus
Vesisäiliötila

Double smoke barrier
Characterisation niche
Sedimentation pool
Seepage water
Lifting equipment building
Operation building
Building for tunnel technology
Pools
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LOPPUSIJOITUSTILOJEN LAYOUT 2011
1 Johdanto
Tässä muistiossa kuvataan vuonna 2011 turvallisuusarvion yhteydessä tehtävään
virtausmallinnuksia varten tehdyt muutokset loppusijoitustilojen asemointiin ja layoutiin. Muistio
on laadittu Petteri Vuorion / Posiva Oy toimeksiannosta.
Loppusijoitustilojen edellinen asemointi Olkiluodon kallioperään valmistui vuoden 2009 lopussa
(Kirkkomäki 2009) (kuva 1-1). Tämän jälkeen loppusijoitettavan käytetyn polttoaineen määrä on
kasvanut OL4:n polttoaineella, loppusijoitustunneleiden optimaalista asemointisuuntaa on muutettu
ja kalliomallista on tehty uusi päivitys.
Tässä muistiossa esitetty asemointi on laadittu pääasiassa palvelemaan Posivan SAFCA-projektin
tarpeita (Hellä 2011). Asemointi on tehty 2D-suunnitteluna tasolle -420.

Kuva 1-1. Vuoden 2009 suunnitelma
loppusijoitussyvyydellä (Kirkkomäki 2009).
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2 Uudet lähtötiedot
2.1 Polttoainemäärä
Vuoden 2009 loppusijoitustilojen asemoinnissa loppusijoitettavan polttoaineen määrän oletettiin
olevan 5 550 tU. Loppusijoituskapseleihin se jakaantui siten, että OL1-2:n kapseleita oli 1 219
kappaletta, LO1-2:n kapseleita 641 kappaletta ja OL3:n kapseleita 960 kappaletta.
Loppusijoituskapseleiden kokonaismäärä oli yhteensä 2820 kappaletta.
Keväällä 2010 OL4:n myönteisen periaatepäätöksen jälkeen Posivassa tehtiin päätös, että
rakentamislupahakemus laaditaan 9000tU:n kokonaispolttoainemäärälle (OPER 18/2010), mikä
vastaa periaatepäätöksissä esitettyä polttoainemäärää. Loppusijoituskapseleiden määrä kasvoi
yhteensä 4500 kapseliin, joista OL1-2:n kapseleita on 1 400 kappaletta, LO1-2:n kapseleita 750
kappaletta ja OL3-4:n kapseleita 2350 kappaletta (Taulukko 2-1).
Uuden OL4:n käytetyn polttoaineen loppusijoituksen oletetaan alkavan 2080 ja kestävän 40 vuotta
(kuva 2-1). Loppusijoitus päättyy näin ollen vuonna 2120.

Alku
Loppu

LO1-2
1977
2030

LS-LO1-2
2020
2068

OL1-2
1978
2040

LS-OL1-2
2020
2072

OL3
2012
2072

LS-OL3
2073
2114

OL4
2020
2080

LS-OL4
2080
2120

Kuva 2-1. Loppusijoitusaikataulu.
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Taulukko 2-1. Loppusijoitettavien kapseleiden sekä tarvittavien kapselipaikkojen määrät.
KAPSELEITA (kpl)
OL1-2
LO 1-2
OL3-4
Yhteensä

1 400
750
2350
4 500

KAPSELIPAIKKOJA (kpl)
1 680
900
2 820
5 400

Keskimääräinen loppusijoitusnopeus on vuoteen 2068 asti 41 kapselia vuodessa. Tämän jälkeen
LO1-2:n kapseleiden loppusijoituksen päätyttyä keskimääräinen loppusijoitusnopeus laskee 26
kapseliin vuodessa. Vuonna 2072 OL1-2:n kapseleiden loppusijoitus päättyy ja vuonna 2073 alkaa
OL3:n kapseleiden loppusijoitus 28 kapselin keskimääräisellä nopeudella vuodessa. Vuonna 2080
OL4:n kapseleiden loppusijoituksen alkaessa loppusijoitusnopeus kaksinkertaistuu. OL3:n
kapseleiden loppusijoituksen päätyttyä 2114 loppusijoitusnopeus laskee jälleen 28 kapseliin
vuodessa kunnes se päättyy vuonna 2121 kokonaan.
Vuoden 2009 asemoinnin laadinnassa oletettiin, että loppusijoitusalueella toistaiseksi
tuntemattomien rakenteiden ja mahdollisesti porauksessa epäonnistuvien sijoitusreikien takia
minimietäisyyksin määriteltyjä kapselipaikkoja tulee olla 10 % enemmin kuin on
loppusijoituskapseleita. Myöhemmin on todettu, että ylimääräisiä kapselipaikkoja tarvitaan
enemmän (Aaltonen 2011). Loppusijoituslaitoksen asemointi laaditaan siten, että ylimääräisiä
kapselipaikkoja on 20 % kapseleiden kokonaismäärää enemmän. Kapselipaikkojen kokonaismäärä
on 5400 kappaletta.
2.2 Asemointisuunta
Vuoden 2009 asemoinnissa sijoitustunneleiden asemointisuunta oli itä-länsi-suunta (90º/270º)
(Posiva 2009). Tämän jälkeen tehtyjen uusien mittausten ja tulkintojen perusteella sijoitustunnelit
tulisi asemoida lähemmäs luode-kaakko-suuntaa (Hakala 2010). Sijoitustunneleiden uudeksi
asemointisuunnaksi on määritelty 144º/324º (Hellä 2011).
2.3 Loppusijoitusalue
Vuoden 2009 loppusijoitustilojen asemoinnissa käytettiin silloin viimeisintä kallioperätietoa,
Olkiluoto Site model 2008 (Posiva 2009). Tämän jälkeen Olkiluotoon on kairattu uusia kairanreikiä
ja kalliomallia on päivitetty. Uudesta kalliomallista on laadittu asemointityötä varten
loppusijoituksessa vältettävien rakenteiden malli, joka sisältää myös rakenteiden suojavyöhykkeet
(Pere 2010).
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Kuvassa 2-2 on esitetty uusi loppusijoituksessa vältettävien rakenteiden malli tasolta -420.
Rikkonaisuusrakenteet on merkitty vihreällä, hydraulisesti merkittävät rakenteet sinisellä ja
lineamentit ruskealla. Rakenteiden OL-BFZ021, OL-BFZ099 ja HZ21 sekä rakenteiden OLBFZ20A, OL-BFZ20B, HZ20A ja HZ20B väliin jäävät vyöhykkeet on merkitty harmaalla. Nämä
alueet ovat periaatteessa kalliomallin kannalta loppusijoitukseen sopivia alueita, mutta tilojen
sijoittamista niihin ei suositella. Edellä mainitut rakenteet sekä niiden väliin jäävät kapeat
vyöhykkeet on yhdistetty niin sanotuiksi yhdistelmärakenteiksi, joista tässä muistiossa käytetään
nimiä R20 ja R21.
Kuvassa 2-3 on esitetty valkoisella loppusijoitukseen soveltuvat alueet. ONKALOn tilat on
rakennettu varsinaiselle loppusijoitusalueelle. Sitä rajoittavat pohjoisessa sekä luoteessa
yhdistelmärakenne R21. Lounaassa alue rajautuu mereen. Idässä ja kaakossa loppusijoitusaluetta
rajoittavat yhdistelmärakenne R20. Koillisessa aluetta rajoittaa kaavaraja.
Varsinaisen loppusijoitusalueen itäpuolella sijaitsee toinen niin sanottu itäinen loppusijoitusalue.
Sitä rajaavat lännessä yhdistelmärakenne R20, pohjoisessa sekä etelässä kaavaraja ja kaakossa
rakenne HZ146.
Loppusijoitusalueiden sisällä on rakenteita sekä kairanreikiä, joita loppusijoituslaitoksen
asemoinnissa tulee välttää. Kairanreikien paikannukseen liittyvä epätarkkuus sekä suojaetäisyys
tasolla -420 ovat yhteensä noin 15,3 m.

Kuva 2-2. Kalliomalli tasolla -420. Asemointityössä vältettäviä alueita ovat rikkonaisuusrakenteet
(vihreä), hydraulisesti johtavat rakenteet (sininen) sekä lineamentit (ruskea).
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Kuva 2-3. Loppusijoitukseen soveltuvat alueet tasolla -420 (valkoinen). Rakenteilla olevat
ONKALOn tilat sijaitsevat varsinaisella loppusijoitusalueella. Tämän itäpuolella on niin sanottu
itäinen loppusijoitusalue.
3 Asemointiehdotus
Kuvassa 3-1 on esitetty maanalaisen loppusijoituslaitoksen asemointiehdotus. Tilojen laajuus itälänsi-suunnassa on noin 2,3 km ja pohjois-etelä-suunnassa noin 1,7 km. Suurin osa tiloista on
asemoitu varsinaiselle loppusijoitusalueelle, mutta osa tiloista sijaitsee itäisellä loppusijoitusalueella
(kuva 3-2). Itäisen alueen käyttö edellyttää yhdistelmärakenteen R20 läpäisyä.
Maanalainen loppusijoituslaitos on pyritty asemoimaan loppusijoitusalueelle hyödyntäen ensin
mahdollisimman tehokkaasti varsinainen loppusijoitusalue. Itäisen alueen asemoinnissa on
huomioitu mahdollisimman lyhyet yhteydet loppusijoituslaitoksen teknisiin tiloihin sekä
mahdollisuus jatkaa tilojen laajentamista myöhemmin.
Asemointiehdotus on laadittu 5400 kapselipaikalle. Sijoitustunneleita on yhteensä 189 kappaletta.
Niiden pituus on yhteensä 56,3 km. Keskimääräinen sijoitustunnelipituus on 298 m.
Maksimipituisia (350 m) sijoitustunneleita on yhteensä 38 kappaletta ja alle 200 m pitkiä 14
kappaletta.
Keskustunneleiden kokonaispituus on esitetyssä asemoinnissa yhteensä 10,5 km. Teknisten tilojen
ja kauimmaisimman keskustunnelin perän välinen etäisyys keskustunneleita pitkin on noin 1,9 km.

Sähköisestä alkuperäiskappaleesta tulosti: 21.1.2013 / Vuorio Petteri
Tarkista asiakirjan ajantasaisuus
Hyväksytty: Vuorio Petteri / 14.06.2011

© Posiva Oy

Muistio

Sisäinen

Laatija:

168

Timo Kirkkomäki

Tunnus:

POS-010807

Organisaatio:

Ulkoinen toimija

Versio:

1

Laadittu:

8.6.2011

Sivu(t)

6 (12)

Julkaistu:

14.06.2011

Kuva 3-1. Maanalaisen loppusijoituslaitoksen asemointiehdotus 2011.

Kuva 3-2. Maanalainen loppusijoituslaitos asemoituna Olkiluodon kallioperään.
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Sijoitustunneleiden loppusijoitus on suunniteltu alkavan 1/2020 teknisten tilojen pohjoispuolelta
(kuva 3-3). Siitä loppusijoitus etenee kohti koillista vuorotellen keskustunneliparin molemmin
puolin sijaitsevissa sijoitustunneleissa. Teknisten tilojen pohjois- ja koillispuolella sijaitsevan
loppusijoituspaneelin loppusijoitus päättyy tässä suunnitelmassa vuoden 2071 lopussa.
Loppusijoitus jatkuu tämän jälkeen teknisten tilojen luoteispuolella sijaitsevassa
sijoitustunnelipaneelissa. Sen loppusijoitus päättyy vuoden 2094 lopussa, jolloin siirrytään
jatkamaan loppusijoitusta teknisten tilojen länsipuolella sijaitsevassa pienessä vain 18
sijoitustunnelin loppusijoituspaneelissa.
Esitetyssä suunnitelmassa sijoitustunneleiden loppusijoitus siirtyy varsinaiselta
loppusijoitusalueelta niin sanotulle itäiselle alueelle R20 rakenteen läpi vuoden 2102 puolivälissä.
Loppusijoitus päättyy vuoden 2119 lopussa.

Kuva 3-3. Maanalaisen loppusijoituslaitoksen sijoitustunneleiden loppusijoitusjärjestys ja
aikataulu.
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4 Vaiheittainen rakentaminen
Loppusijoitusnopeus vaihtelee käyttövaiheen aikana 26 – 56 kapselin välillä vuodessa. Kapseleiden
kokonaismäärään nähden sijoitusreikien ja -tunneleiden vuosittainen tarve on vähäinen. Niinpä
maanalaista loppusijoituslaitosta ei kannata rakentaa kerralla kokonaan. Tilat kannattaa rakentaa
tarpeen mukaan vaiheittain. Tällöin muun muassa tilojen rakentamiskustannukset jaksottuvat
pidemmälle ajanjaksolle.
Kuvassa 4-1 on esitetty maanalaisen loppusijoituslaitoksen rakentaminen jaettuna 10 eri vaiheeseen.
Ensimmäinen vaihe on ONKALOn rakennusvaihe. Sitä seuraa loppusijoitusta valmisteleva
louhintavaihe sekä kahdeksan käyttövaiheen aikaista louhintavaihetta.
Maanalaisen loppusijoituslaitoksen vaiheittaisen louhinnan lisäksi keskustunneleita myös täytetään
vaiheittain. Täyttövaiheita on yhteensä neljä (kuva 4-2 ja 4-3). Täyttövaiheista kolme suoritetaan
käyttövaiheen aikana ja viimeinen neljäs loppusijoituksen päätyttyä. Täyttövaiheet ovat
laajuudeltaan 1 – 3 keskustunnelikilometriä.
Ensimmäinen täyttövaihe alkaa esitetyssä suunnitelmassa vuoden 2071 lopussa, jolloin
loppusijoitus on siirtynyt teknisten tilojen pohjois- ja koillispuolella sijaitsevasta
loppusijoituspaneelista teknisten tilojen luoteispuolella sijaitsevaan sijoitustunnelipaneeliin.
Täyttötyön on arvioitu noin 5,5 vuotta, jolloin se olisi valmis vuoden 2077 puolivälissä.
Teknisten tilojen luoteispuolella sijaitsevan sijoitustunnelipaneelin loppusijoitus päättyy vuoden
2094 lopussa, jolloin sinne johtavien keskustunneleiden täyttötyö voi alkaa. Tämän on arvioitu
kestävän noin 4,5 vuotta ja valmistuvan vuoden 2099 aikana.
Teknisten tilojen länsipuolella sijaitsevan sijoitustunnelipaneelin loppusijoitus päättyy vuoden 2102
puolivälissä. Sinne johtavien keskustunneleiden täyttötyön on arvioitu kestävän noin 2,5 vuotta.
Keskustunneleiden täyttö päättyy noin vuoden 2104 lopussa.
Loppusijoitus päättyy vuoden 2119 lopussa. Itäisen alueen sekä sinne rakenteen R20 läpi johtavien
keskustunneleiden täytön on arvioitu kestävän noin 6 vuotta.
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a)

b)

c)

d)

e)

f)

g)

h)

i)

j)

Kuva 4-1. Maanalaisen loppusijoituslaitoksen rakennusvaiheet, a) ONKALO, b) loppusijoitusta
valmisteleva louhintavaihe sekä c) – j) louhintavaiheet 1 - 8.
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a)

b)

c)

Kuva 4-2. Maanalaisen loppusijoituslaitoksen käyttövaiheen aikaiset kolme täyttövaihetta. Aiemmin
täytetyt sijoitus- ja keskustunnelit on esitetty mustalla ja täytettävät keskustunnelit oranssilla.
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Kuva 4-3. Maanalaisen loppusijoituslaitoksen keskustunneleiden viimeinen täyttövaihe käsittää
itäiselle alueelle johtavat sekä siellä sijaitsevat keskustunnelit. Aiemmin täytetyt sijoitus- ja
keskustunnelit on esitetty mustalla ja täytettävät keskustunnelit on esitetty oranssilla.

Kuva 4-3. Maanalaisen loppusijoituslaitoksen keskustunneleiden viimeinen täyttövaihe käsittää
itäiselle alueelle johtavat sekä siellä sijaitsevat keskustunnelit.
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LDF UPDATE FOR LAYOUT-DESIGN 2011

1 Preface
In January 2011, the layout design for the deposition tunnels was revised
to correspond with the present understanding of geology in Olkiluoto.
This memorandum describes the properties of features affecting the
layout design. These layout determining features (LDF) comprise brittle
fault zones, hydrological zones and interpreted lineaments. The widths
and definition basis of these modelled features are written in Chapters
2−3 and Appendices 1−2.
2 Brittle fault zones
This LDF-update includes 11 brittle fault zones. These zones are OLBFZ019C, OL-BFZ020A, OL-BFZ020B, OL-BFZ21, OL-BFZ099, OLBFZ146, OL-BFZ147, OL-BFZ148, OL-BFZ159, OL-BFZ214 and OLBFZ262.
The brittle fault zones used for updating the layout were taken from the
Geological model of the Olkiluoto site, versions 1.0 and 2.1 (Mattila et
al. 2008, Posiva Oy 2011a.). Their influence zones were defined based
on drillhole data using Astrock Hyperdata and ALT WellCad in data
interpretation. The influence zone solids were updated based on
parameters written in Appendix 1.
Influence zones for the zones OL-BFZ019C, OL-BFZ020A, OLBFZ020B, OL-BFZ021 and OL-BFZ099 were defined in 2008 by Liisa
Wikström based on the Geological Model of the Olkiluoto Site, version
1.0 (Mattila et al. 2008). Zones OL-BFZ146, OL-BFZ147, OL-BFZ148,
OL-BFZ159, OL-BFZ214 and OL-BFZ262 were updated in 2010 by
Tuomas Pere and Jussi Mattila based on the Geological Model of the
Olkiluoto Site, Version 2.1 (Posiva Oy 2011a). The data was further
compiled by Tuomas Pere.
Influence zones for the faults OL-BFZ019C, OL-BFZ020A, OLBFZ020B, OL-BFZ021 and OL-BFZ099 were defined and updated
based on WellCad-logs. The true influence zone widths for these zones
were calculated by Tanja Savolainen based on deviation survey data
(Appendix 1, Tables 2−6).
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The influence zone for OL-BFZ146 was updated based on several
drillhole intersections. For modelling-technical reasons the actual solid
was created using the average width of the influence zone and widening
the original solid included in the geological model, version 2.1.
The zones OL-BFZ147 and OL-BFZ148 have not been penetrated by
drillholes and are based on lineaments and geophysical interpretation.
The zones, however, have been interpreted to belong in the same cluster
of faults with OL-BFZ159, which has been penetrated by the drillhole
OL-KR40. Based on this interpretation, a similar zone of influence
defined for OL-BFZ159 from OL-KR40 is applied for the zones OLBFZ147 and OL-BFZ148 as well. The actual influence zone width of
OL-BFZ159 was very similar with the width of the previously modeled
fault (Posiva Oy 2011a). For this reason the solid was not updated and
the original solid included in the geological model, version 2.1 was used
instead.
The zone OL-BFZ214 has been penetrated by drillhole OL-KR47, which
is the only direct observation of the zone. In OL-KR47 the drillcore is
densely fractured from ~830 m to the end at ~1000 m dhd. This cluster
of fracturing has been interpreted to represent OL-BFZ214. It is
possible, however, that the fractured section consists of several smaller
fault zones, which would decrease the true width of the modelled
influence zone. This causes uncertainties related to the definition of the
influence zone of OL-BFZ214.
The zone OL-BFZ262, previously known as lineament LINKED0257
has been observed in one drillhole (OL-KR53). The intersection is
located fairly close to the ground surface (41.6 - 87.5 m dhd.) and it is
possible that the fracturing surrounding the fault is partially related to
surface weathering and fracturing. Down-hole data from OL-KR53 starts
from 41.6 m so it is possible that the fracturing extends further towards
the surface. The drillcore OL-KR53B, which extends from the ground
surface to the depth of ~ 40 m is also heavily fractured. This also
indicates that the actual fault influence zone may be narrower than
mapped. This causes uncertainties related to the definition of the
influence zone of OL-BFZ262.
3 Hydrogeological zones
Seven hydrogeological zones reaching the depth of the planned
repository are included in the LDF-update: HZ20A, HZ20B, HZ21,
HZ21B, HZ039, HZ099, and HZ146. Their influence zones were
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modeled in Pöyry Finland Oy by Tiina Vaittinen and Henry Ahokas.
The influence zone solids were created by Jorma Nummela.
In the hydrogeological structure model version 2010 hydrogeological
zones were determined by zone intersections and by transmissivity depth
range intersections according to drillhole observations. Zone
intersections are used for visualisation and to assess the geological and
hydrogeological properties of the core of the zones. Determined
transmissivity depth range intersections divide hydrogeological
observations to belong to a hydrogeological zone or to sparsely fractured
rock and these intersections are applied for stochastic Discrete Fracture
Network modelling, LDF definitions, and to assess the geological and
hydrogeological properties of the influence zone of the structure.
Three different defining methods were used to determine the
transmissivity depth range intersection for each zone intersection in
prioritised order:
1. drillhole-specific geological influence zone determined
for selected site-scale BFZs (OL-BFZ020A, -BFZ020B, BFZ021, and -BFZ099) (Mattila et al. 2008, Aaltonen et
al. 2010, Hellä et al. 2009),
2. zone-specific hydrogeological influence zone determined
for selected HZs (HZ20A, HZ20B, HZ21, HZ21B, and
HZ099) (Hellä et al. 2009), and
3. drillhole-specific hydrogeological influence zone
determined for highly transmissive fractures (HZ039 and
HZ146) (Vaittinen et al. 2011).
The determined hydrogeological influence zones and applied defining
methods for each drillhole are tabulated in Tables 1−7.
The applied defining method is given in Tables: number 1 refers to
geological influence zone, number 2 to zone-specific hydrogeological
influence zone, and number 3 to drillhole-specific hydrogeological
influence zone.
The determined geological influence zones were primarily applied to
provide consistent description for the influence zone when possible
(Mattila et al. 2008, Aaltonen et al. 2010, Hellä et al. 2009). Because the
interpretation of the zones is not fully coinciding, those drillhole
intersections where geological influence zone is not available, zonespecific hydrogeological influence zones have been used. E.g. for zone
HZ20A (Table 1.) 12 out of 20 drillhole intersections are based on
geological influence zone, seven are based on hydrogeological influence
zone, and one is based on both definitions. The reason for the last case is
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that HZ20A is modelled to cover both HZ20A and HZ20B intersections
in drillhole OL-KR39, see also Table 2.
Determined zone-specific hydrogeological influence zones are 10–20 m
wide (Hellä et al. 2009). For the HZ20 zones a determined maximum
value of 15 m has been applied above HZ20A and below HZ20B and
correspondingly, for zones HZ21 and HZ21B a maximum value of 20 m
has been used (Tables 3−4.). The hydrogeological influence zone width
for the zone HZ099 is 10 m (Table 6.).
For the zones which do not have either geological or zone-specific
hydrogeological influence zone determinations, the drillhole-specific
influence zone introduced in Vaittinen et al. (2011) was applied. This
method is based on occurrence of anomalous fracture transmissivities
and maximum depth range is ±10 m from the zone intersection.
Influence zones for two of the hydrogeological zones included in LDFupdate, zones HZ039 and HZ146, are determined based on this method
(Table 5. and Table 7.).
Table 1. Drillhole depth intervals for the zone and for the transmissivity
depth ranges (influence zone), and the applied method for the
transmissivity depth ranges of zone HZ20A.
HZ20A
Zone intersection, m Influence zone, m Method Note
OL-KR01
105.9
114.3
99.0
169.5
1 1)
OL-KR04
306.2
314.9
298.0
325.0
1
OL-KR05
42.0
44.0
27.0
59.0
2
OL-KR07
224.2
249.9
191.0
257.5
1
OL-KR08
451.7
454.5
448.0
458.0
1
OL-KR09
443.2
446.0
437.0
450.0
1
OL-KR10
260.0
262.0
238.0
275.5
1
OL-KR16
151.6
153.6
136.6
168.6
2
OL-KR20
109.4
111.4
94.4
157.0
2 1)
OL-KR22
390.4
392.4
382.5
397.5
1
OL-KR23
425.9
430.0
420.0
460.3
1
OL-KR24
303.6
306.0
294.0
347.8
1
OL-KR25
342.6
352.5
340.0
355.0
1
OL-KR27
503.8
505.8
488.8
520.8
2
OL-KR28
388.3
390.8
379.0
395.0
1
OL-KR29
167.0
175.2
152.0
254.0
2
OL-KR38
306.6
309.2
305.0
357.3
1
OL-KR39
108.0
111.2
53.9
166.7
1,2 1)
OL-KR48
297.4
299.4
282.4
330.0
2
ONK-PH08
50.9
52.9
35.9
67.9
2
1) Influence zone contains both HZ20A and HZ20B
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Table 2. Drillhole depth intervals for the zone and for the transmissivity
depth ranges (influence zone), and the applied method for the
transmissivity depth ranges of zone HZ20B.
HZ20B
Zone intersection, m Influence zone, m Method Note
151.8
153.8
OL-KR01
1 1)
OL-KR04
365.3
367.3
353.0
376.0
1
OL-KR07
279.6
287.1
260.0
310.0
1
OL-KR08
547.6
561.0
533.0
570.0
1
OL-KR09
468.6
480.0
468.0
503.5
1
OL-KR10
326.6
328.6
318.0
333.0
1
138.0
142.0
OL-KR20
2 1)
OL-KR22
423.0
426.4
401.5
452.5
1
OL-KR24
396.0
398.3
377.0
405.5
1
OL-KR25
405.5
408.8
363.0
423.8
1,2
OL-KR28
442.9
447.2
440.0
539.6
1
OL-KR29
320.6
340.9
302.0
357.0
1
OL-KR38
378.7
391.6
372.0
393.0
1
147.2
151.7
OL-KR39
2 1)
OL-KR40
605.2
612.9
598.0
616.5
2
OL-KR44
652.1
654.1
637.1
693.4
2
OL-KR48
377.7
383.9
330.0
398.9
2
ONK-PH09
38.4
40.4
23.4
55.4
2
Not used for zone modelling
1) Zone included in HZ20A

Table 3. Drillhole depth intervals for the zone and for the transmissivity
depth ranges (influence zone), and the applied method for the
transmissivity depth ranges of zone HZ21.
HZ21
Zone intersection, m Influence zone, m Method Note
OL-KR01
610.3
619.2
593
649
1
OL-KR02
595.8
613.0
568
643
1
OL-KR04
756.8
764.2
750
820
1
OL-KR05
465.5
485.5
460
510
1
OL-KR06
473.6
477.9
435
479.5
1
OL-KR07
689.5
711.6
685
724
1
OL-KR11
623.6
627.1
615
650
1
OL-KR12
651.3
672.4
630.5
695.5
1
OL-KR19
456.7
466.0
440
494
1
OL-KR29
776.9
781.7
775
786
1
OL-KR40
966.8
968.8
946.8
988.8
2
OL-KR43
339.6
343.3
319.6
363.3
2
OL-KR47
524.6
555.4
504.6
575.4
2
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Table 4. Drillhole depth intervals for the zone and for the transmissivity
depth ranges (influence zone), and the applied method for the
transmissivity depth ranges of zone HZ21B.
HZ21B Zone intersection, m Influence zone, m Method Note
OL-KR01
610.3
619.2
593
649
1
OL-KR02
595.8
613.0
568
643
1
OL-KR04
862.9
864.9
842.9
884.9
2
OL-KR05
404.3
410.3
384.3
430.3
2
OL-KR06
393.3
400.3
373.3
420.3
2
OL-KR12
737.3
751.4
717.3
771.4
2
OL-KR19
456.7
466.0
440
494
1
OL-KR43
154.5
156.5
134.5
176.5
2

Table 5. Drillhole depth intervals for the zone and for the transmissivity
depth ranges (influence zone), and the applied method for the
transmissivity depth ranges of zone HZ039.
HZ039 Zone intersection, m Influence zone, m Method Note
OL-KR29
565.5
570.0
565.5
570.0
3

Table 6. Drillhole depth intervals for the zone and for the transmissivity
depth ranges (influence zone), and the applied method for the
transmissivity depth ranges of zone HZ099.
HZ099
Zone intersection, m
Influence zone, m Method Note
OL-KR01
525.9
527.9
490.0
545.0
1
OL-KR02
504.0
508.0
494.0
518.0
2
OL-KR05
278.0
284.0
249.0
304.0
1
OL-KR06
126.0
132.2
116.0
134.7
2
OL-KR12
579.7
585.6
567.5
602.5
1
OL-KR13
450.3
459.9
434.0
498.0
1
490.1
492.1
OL-KR13
1)
OL-KR19
253.0
261.0
230.0
265.0
1
OL-KR20
416.0
429.0
402.5
438.0
1
468.0
470.0
OL-KR20
458.0
480.0
2
Not used for zone modelling
1) Included in the influence zone
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Table 7. Drillhole depth intervals for the zone and for the transmissivity
depth ranges (influence zone), and the applied method for the
transmissivity depth ranges of zone HZ146.
HZ146
Zone intersection, m Influence zone, m Method Note
OL-KR27B
9.3
11.3
9.3
18.1
3
OL-KR40B
4.9
6.9
4.9
6.9
3
OL-KR45
119.6
121.6
119.6
121.6
3
OL-KR49
349.1
376.6
349.1
376.6
3
OL-KR50
438.8
448.0
438.8
448.0
3
OL-KR51
434.4
450.7
434.4
455.5
3
467.4
469.4
OL-KR51
465.0
469.4
3
OL-KR52
405.2
427.4
405.2
427.4
3
Not used for zone modelling

4 Lineaments
The lineaments LINKED0112, LINKED0320_0166 and LINKED0477
were also included in the update. The widths of their influence zones
were calculated using scaling laws. The dimensions and properties of the
modeled lineaments and their influence zones are reported in Hellä et al.
2009 and listed in Appendix 2.

5 Respect volume
The zones OL-BFZ021 and 099 as well as HZ21 and HZ099 were
combined into one single respect volume. The same was done with
zones OL-BFZ020A and 020B as well as HZ20A and HZ20B. These
two sets of zones (021 & 099 and 020A & 020B) were combined into
two respect volumes because the zones included in the volumes are
considered highly fractured, water conductive and they are located close
to each other. The definition of respect distance is:
The respect distance is the perpendicular distance from a
deformation zone that defines the volume which should be
avoided by deposition tunnels and deposition holes due to
potential seismic effects on canister integrity and further to
create a high transport resistance for radionuclides
(Posiva Oy 2011b).
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APPENDICES
Appendix 1. Influence zone properties, brittle fault zones.
Appendix 2. Influence zone properties, lineaments.
Appendix 3. Coordinate conversion.
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APPENDIX 1 Influence zone properties, brittle fault zones.
Table 1. Descriptions and definition basis for the influence zones of OL-BFZ146, 147, 148, 159,
214 and 262.
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Table 2.Intersections of OL-BFZ019C

Table 3. Intersections of OL-BFZ020A
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Table 4. Intersections of OL-BFZ020B

Table 5. Intersections of OL-BFZ021

Table 6. Intersections of OL-BFZ099
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Table 7. Intersections of OL-BFZ146

Table 8. Intersections of OL-BFZ159

Table 9. Intersections of OL-BFZ214

Table 10. Intersections of OL-BFZ262

APPENDIX 2 Influence zone properties, lineaments.
Table 1. Influence zone properties, lineaments.
Lineament ID
LINKED0320_0166

Width
65.2

Remarks
Width taken from Hellä et al. 2009.

LINKED0477

100.0

Width taken from Hellä et al. 2009.

LINKED0112

82.3

Width taken from Hellä et al. 2009.
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APPENDIX 3 Coordinate conversion.

GUIDE: CONVERSION OF SURPAC SOLIDS TO MICROSTATION
1 Open the dtm-file with Surpac.
2 Do the coordinate conversion:
-

Edit – Layer – Maths
Field = x , Expression = x-1 520 000
and on the second line Field = y , Expression = y-6 790 000
The next step is to scale the coordinates ”from meters to millimeters ” as follows:
Edit – Layer – Maths
Field = x , Expression = x*1000 , Field = y , Expression = y*1000 , Field = z ,
Expression = z*1000

3 Save the file with a new name in dwg-form.
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