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PRELIMINARY DESIGN OF THE REPOSITORY, STAGE 2 

ABSTRACT

Spent nuclear fuel from Finnish nuclear power plants will be disposed of in deep 

bedrock in Olkiluoto, Eurajoki. The repository is planned to be excavated at a depth of 

400 - 500 metres. Access routes to the repository include a 1:10 inclined access tunnel, 

and vertical shafts. The fuel is encapsulated in the encapsulation plant above ground and 

transferred to the repository in the canister lift. Deposition tunnels, central tunnels and 

technical rooms are excavated at the disposal level. The canisters are deposited in 

deposition holes that are covered with bentonite blocks. The deposition holes are bored 

in the floors of the deposition tunnels. The central tunnel system consists of two parallel 

central tunnels that are inter-connected at certain distances. Two parallel central tunnels 

improve the fire safety of the rooms and also allow flexible backfilling and closing of 

the deposition tunnels in stages at the operational phase of the repository. 

An underground rock characterization facility, ONKALO, is excavated at the disposal 

level to support and confirm investigations carried out from above ground. ONKALO is 

designed so that it can later serve as part of the repository. ONKALO excavations were 

started in 2004. The repository will be excavated in the 2010s and operation will start in 

2020. The fifth nuclear power unit makes the operational phase of the repository very 

long. Parts of the repository will be excavated and closed over the long operational 

period.

The repository can be constructed at one or several levels. The one-storey alternative is 

the so-called reference alternative in this preliminary design report. The two-storey 

alternative is also taken into account in the ONKALO designs. The preliminary designs 

of the repository are presented as located in Olkiluoto. The location of the repository 

will be revised when more information on the bedrock has been gained. More detailed 

data of the circumstances will be obtained from above ground investigations, 

investigations in ONKALO and investigations during the excavation and operation of 

the repository. The repository is planned so that technical development can be flexibly 

utilized. The total volume of the repository is approximately 1.3 million m
3
. The 

maximum open volume at any one time is around 0.6 million m
3
, because the repository 

is excavated and backfilled in stages. 

The repository 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 broken 

rock and backfilling materials are conducted in the access tunnel. Separate ventilation 

systems are provided for the controlled and the uncontrolled area. 

Keywords: Spent nuclear fuel, repository, disposal, preliminary design



LOPPUSIJOITUSTILOJEN ESISUUNNITELMA, VAIHE 2 

TIIVISTELMÄ

Suomen ydinvoimalaitosten käytetty ydinpolttoaine tullaan loppusijoittamaan syvälle 

kallioperään Eurajoen Olkiluotoon. Loppusijoitustilat on suunniteltu louhittavaksi 400 - 

500 metrin syvyyteen. Tilojen maanpintayhteyksinä toimivat ajotunneli, jonka kaltevuus 

on 1:10, sekä pystykuilut. Maanpinnalla olevassa kapselointilaitoksessa kapseloitu polt-

toaine kuljetetaan loppusijoitussyvyyteen kapselikuilussa olevalla kapselihissillä. Lop-

pusijoitussyvyydellä on tunneliverkosto, joka koostuu loppusijoitustunneleista, niitä yh-

distävistä keskustunneleista sekä teknisistä tiloista. Kapselit sijoitetaan loppusijoitustun-

nelin pohjaan porattaviin loppusijoitusreikiin, jotka on vuorattu bentoniittilohkoilla.

Keskustunnelit toteutetaan ns. rinnakkaistunneliperiaatteella, jossa kaksi rinnakkaista 

keskustunnelia on yhdistetty toisiinsa yhdystunneleilla määrävälein. Rinnakkaistunneli-

periaate parantaa tilojen paloturvallisuutta ja tarjoaa joustavan mahdollisuuden täyttää ja 

sulkea loppusijoitustunneleita vaiheittain tilojen käyttöjakson aikana. 

Loppusijoitusalueen maanpintatutkimuksia varmentamaan rakennetaan Olkiluotoon, 

suunniteltuun loppusijoitussyvyyteen, maanalainen tutkimustila, ONKALO. ONKALO 

on suunniteltu siten, että sitä voidaan myöhemmin käyttää osana loppusijoitustiloja. 

ONKALOn rakentaminen käynnistyi vuonna 2004. Loppusijoitustilat rakennetaan val-

miiksi 2010-luvulla ja loppusijoitustoiminta käynnistyy vuonna 2020. Loppusijoitustilo-

jen suunnittelussa on huomioitu myös rakennusvaiheessa olevan viidennen ydinvoima-

laitoksen polttoaine, joten tilojen käyttövaihe on hyvin pitkä, noin 100 vuotta. Loppusi-

joitustiloja louhitaan ja suljetaan vaiheittain tilojen pitkän käyttöjakson aikana. 

Loppusijoitustilat voidaan rakentaa yhteen tai useaan kerrokseen. Tässä esisuunnitel-

massa on esitetty ns. referenssiratkaisuna yhteen kerrokseen sijoitettu tila. ONKALOn 

suunnittelussa on kuitenkin varauduttu myös kaksikerrosratkaisuun. Loppusijoitustilo-

jen suunnitelmat on esitetty asemoituna Olkiluodon kallioperään. Tilojen sijainti tarken-

tuu kallioperätiedon karttuessa. Tarkempaa kallioperätietoa saadaan maanpintatutkimus-

ten lisäksi ONKALOsta, loppusijoitustilojen rakennusvaiheessa sekä loppusijoitustilo-

jen pitkän käyttöjakson aikana tehtävillä tutkimuksilla. Tilat on suunniteltu siten, että 

myös loppusijoitustekniikan kehityksen aiheuttamat muutokset voidaan huomioida 

mahdollisimman joustavasti. Loppusijoitustilojen kokonaislouhintatilavuus on noin 

1,3 milj. m
3
. Koska tiloja louhitaan ja täytetään vaiheittain tilojen käyttöjakson aikana, 

on kerrallaan avoinna oleva tilavuus noin 0,6 milj. m
3
.

Toiminnallisesti loppusijoitustila on jaettu valvonta-alueeseen ja valvomattomaan aluee-

seen. Kapselien käsittely ja lasku loppusijoitusreikään tapahtuu aina valvonta-alueella. 

Uusien tunneleiden louhinta ja rakentaminen sekä loppusijoitustunneleiden täyttö teh-

dään valvomattomalla alueella. Suuret materiaalivirrat, kuten louhe ja täyttömateriaali 

kuljetetaan ajotunnelia pitkin. Valvonta-alueella ja valvomattomalla alueella on erillinen 

ilmanvaihto. 

Avainsanat: Käytetty ydinpolttoaine, loppusijoitustilat, loppusijoitus, esisuunnitelma. 
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1 INTRODUCTION 

Spent nuclear fuel from Finnish nuclear power units will be disposed of in Olkiluoto, 

Eurajoki. A disposal facility will be constructed in Olkiluoto. The disposal facility 

includes an encapsulation station, other above ground buildings as well as a repository, 

which is excavated deep in the bedrock. This preliminary design describes the 

underground repository. 

The design project of the repository is divided into three-year periods and the goal is to 

be ready for submitting an application for a construction licence in 2012. This report for 

preliminary design, phase 2, describes the status of design in the spring of 2006. The 

design of the repository will be next reported in 2009. An outline planning stage of the 

repository will be published in 2009. The outline planning stage reports will form the 

basis when preparing documents for the application for a construction licence. The level 

of detail, for example, will be the level needed for the application. A long-term safety 

assessment for the construction license application will also be based on the repository 

design that is published in 2009. 

The goal of the preliminary design, stage 2, of the repository is to provide a description 

of the repository that can be used: 

to assist in the design of the ONKALO 

as a basis for the design of the above ground buildings of the facility 

in making investment decisions for research and development of disposal 

technology

to steer site investigations to be carried out in Olkiluoto 

for long-term safety assessments 

in the estimation of the costs of construction, operation and closure of the 

repository, and also for funding 

in reviewing the feasibility of the disposal project 

as a part of the facility description 

for purposes of public relations, presentations and communication. 

The excavation of the underground rock characterisation facility, ONKALO, was started 

in 2004. More detailed information on the existing bedrock will be gained from 

ONKALO. ONKALO is designed so that it can later be used as a part of the repository. 

It is therefore important to also take into account the needs of the repository as well as 

long-term safety when revising the drawings for ONKALO. Important matters include, 

for example, the materials that are used and the excavation methods. The design of the 

repository has been coordinated with the design of ONKALO to ensure compatibility of 

the rooms and the plans. 

The preliminary design of the repository is based on the KBS-3V concept. The canisters 

will be deposited in vertical holes that are bored in the bottom of the tunnels. The 

alternative concept, KBS-3H, is based on long horizontal holes, in which the canisters 

are deposited. The KBS-3H concept is developed and reported in a separate project. The 

concept to be used will be decided on later when the KBS-3H concept has been 

developed to a level at which a comparison between the concepts can be done. 
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Flexibility of the repository has been an important objective in the design because of the 

long operational phase, for example. Technology will develop over the operational 

phase technology and the methods to be used can be modified. The repository is 

designed so that disposal will start at a depth of 420 metres. Later, if needed, disposal 

can continue at another level, for example at a depth of 520 metres. An increase in the 

amount of spent fuel, or better bedrock circumstances at the other level could be some 

reasons for continuing disposal at the other level. 

The preliminary design phase has included studies and comparisons of whether the 

canisters should be transferred down to the repository by a lift or by a track wheeled 

transfer vehicle through the access tunnel. It has also been compared whether the 

encapsulation plant should be attached to the KPA-store (spent nuclear fuel store) or be 

an independent facility right above the repository. These questions need not be decided 

yet, so in order to ensure flexibility, the decisions will be made later. A so-called 

reference case has been chosen to improve reporting and to make estimation of costs 

possible. This reference case is reported in more detail than the alternatives. The 

following decisions have been made for the reference case: 

The canisters are emplaced in vertical deposition holes that are bored in the floors 

of the deposition tunnel, the KBS-3V concept  

The encapsulation plant is right above the repository 

The lids of the copper canisters are welded by electron beam welding (EBW) 

The canisters are transferred in a lift from the encapsulation plant to the repository 

The repository is at one level, the depth is 420 metres 

The deposition tunnels are backfilled with pre-compacted blocks. 

The preliminary design, phase 1, of the spent fuel repository was developed in 2003 

(Saanio et al. 2003). At phase 2 of the preliminary design, the following differences 

exist in the starting point of the design. 

More in-depth knowledge has been obtained of the bedrock. New investigations 

have been carried out both from above ground and from ONKALO. Information on 

the bedrock influences the adaptation of the repository in Olkiluoto. 

The construction of ONKALO has started. At the last design phase, ONKALO was 

at a design stage, but now more than one kilometre has been excavated. The method 

used to ensure compatibility between ONKALO and the repository has been 

improved. An exhaust air shaft has been added to ONKALO. The design of the 

uncontrolled area of the repository is therefore also now based on the concept of 

using two vertical shafts instead of one in this area. 

The designs for the canister type suitable for spent fuel from the OL3 reactor that is 

under construction are available. Because these canisters are longer, the deposition 

holes for them need to be notched more than the deposition holes for the OL1-2 

canisters. 

The schedule of disposal operation has been updated. The new schedule is based on 

the estimated amount, quality, burnup and decay heat of the spent fuel from the 

different reactors. The maximum discharge burnups for the OL1-2 units are 

50 MWd/kgU after the year 2011. For OL3, maximum burnup is assumed to be 

50 MWd/kgU throughout the 60-year life-time. Based on this more detailed 
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schedule, the total operational time of the repository will be more than 10 years 

shorter.

Chapter 2 of this report presents the design bases and the starting point for the design. 

The infrastructure and the bedrock in Olkiluoto are described. Exact information on the 

amount and quality of spent fuel is also reported. Chapter 2 also includes a summary of 

the entire spent fuel facility Chapter. 

The rooms, the systems and the construction of the repository are discussed in Chapter 

3. The compatibility of ONKALO and the repository as well as possibilities to later 

enlarge the rooms are also reported in Chapter 3. 

Chapter 4 deals with the operation of the repository. All actions during the operational 

phase are described. The backfilling of the deposition tunnels, performed during the 

operational phase, is also discussed in Chapter 4. 

After all fuel has been disposed of, the repository will be backfilled and closed. Topics 

that concern the closure phase are covered in Chapter 5. The possibilities of later 

retrieving the canisters from the repository are presented in Chapter 4, as well. 

The alternatives for the reference case are presented in Chapter 6. The reported 

alternatives pertain to the location of the encapsulation plant, to the transfer of the 

canisters, to the 2-storey alternative of the repository and to the backfilling method for 

the tunnels. The technical data on the repository are collected in Appendix 1. 
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2 DESING BASES AND INITIAL DATA 

2.1 Olkiluoto site 

2.1.1 Site area 

The repository spaces and the above ground buildings are located mainly in blocks 

number 5 and 3. Teollisuuden Voima Oy (TVO) owns the building plan area for 

Olkiluoto in the municipality of Eurajoki.  

There is no comprehensive master plan in Olkiluoto (legally relevant), only the master 

plan scheme approved by the Municipality Council in 1988 is available. 

The building plan area for the Olkiluoto Power Plant was confirmed in 1974 and 

changes to it were approved in 1980 and 1997. The block areas are reserved for 

industrial and storage buildings. The nuclear plants and the other facilities for power 

production, power distribution and power transmission can be built in the block areas 

provided this is not restricted for any other reasons. The interim storage for spent 

nuclear fuel (KPA-store) and the low and intermediate level operating waste repository 

(VLJ-cavern) have been built in block 1 pursuant to the above regulatory definitions.  

About 30 000 m
2
 (2%) of the area of block 5 is available for construction pursuant to 

the plan regulations in force. The allowed number of storeys is 3, which translates into a 

theoretical floor area of 90 000 m
2
. As usual, underground spaces are not included in the 

above ground floor areas.

TVO has reserved blocks 1 and 3 for new nuclear power plant units  

The new master plan for Olkiluoto is under preparation. 

2.1.2 Bedrock 

The most important structures concerning the construction of the subsurface part are 

evaluated to be HZ008, HZ20A, HZ20B_alt, HZ21 and HZ21B (Figure 2-1). 

Penetration of these structures in any of the tunnels should be avoided. The average 

transmissivity of structures HZ008, HZ20A and HZ20B_alt is greater than 1·10
-5

 m
2
/s.

It is possible that structures HZ21 and HZ 21B can conduct saline water from the depths 

to the final repository level. 

Host rock classification (HRC) is at present at an experimental stage. Because of this, a 

rougher classification of the locationing of the facilities is used at stage 2 of preliminary 

design. The deposition tunnels are located in rock with a transmissivity of below 

1·10
-5

 m
2
/s. Regions with a transmissivity of 1·10

-5
 - 1·10

-7
 m

2
/s can be penetrated by 

deposition tunnels, but no fuel canisters will be emplaced in that location. Structures 

with a transmissivity of below 1·10
-7

 m
2
/s will not influence the location of the final 

repository canister holes. 
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Figure 2-1 shows the structures, in which canisters should not be emplaced. The 

transsmissivity of structures BFZ099 and BFZ005 is below 1·10
-7

 m
2
/s, but they can 

form a hydraulic connection to the sea. 

It is presumable that the structures shown presented above continue longer than shown 

in the model. Figure 2-2 presents the possible extensions of structures HZ20A, 

HZ20B_alt, HZ21 and HZ21B. 

Figure 2-1. Structures that should not be used for disposal of used nuclear waste at 

level -410. 
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Figure 2-2. Structures that should not be used for disposal of used nuclear waste, and 

possible extensions of structures HZ21, HZ21B, HZ20B_alt and BFZ099 at level -410. 

2.2 Design bases 

2.2.1 Regulatory stipulations 

The Government Resolution on the safety of disposal of spent fuel, 25 March 1999/478 

(Valtioneuvosto 1999), is to be followed in the disposal of spent nuclear fuel. In 

addition, the Radiation and Nuclear Safety Authority (STUK) has published YVL Guide 

8.4, 23 May 2001, Long-term safety of disposal of spent nuclear fuel, for the application 

of the Government Decision in practise. The Guide concerns the disposal of spent 

nuclear fuel in a repository built in crystalline bedrock at a depth of several hundred 

metres, and it provides instructions for the long-term safety of disposal. STUK has also 

published YVL Guide 8.5, 23 December 2002, Operational safety of a disposal facility 

for spent nuclear fuel, which presents more detailed instructions for plant design, 

construction and operation. 

In addition, the following regulations shall be taken into account, when applicable: 

Government Resolution (395/1991) on the Safety of Nuclear Power Plants 

Government Resolution (396/1991) on the Physical Protection of Nuclear Power 

Plants

Government Resolution (397/1991) on the Emergency Preparedness of Nuclear 

Power Plants
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The National Building Code of Finland (Ympäristöministeriö 2006) and the safety 

regulations for Finnish mines (Kauppa- ja teollisuusministeriö 1975) shall be followed 

when applicable. The manner and the degree of application shall be defined as a part of 

detailed design of the underground rooms. 

Radiation Safety Design

In addition to the Nuclear Energy Act and the provisions and regulations based on it, the 

provisions of Section 2 (General principles) and Chapter 9 (Radiation work) of the 

Radiation Act shall apply to the planning and implementation of disposal.  

Pursuant to Government Resolution 1999/478, Section 4 the disposal facility and its 

operation shall be designed so that:

as a consequence of undisturbed operation of the facility, discharges of radioactive 

substances to the environment remain insignificantly low;  

the annual effective dose to the most exposed members of the public as a 

consequence of anticipated operational transients remains below 0.1 mSv; and  

the annual effective dose to the most exposed members of the public as a 

consequence of postulated accidents remains below 1 mSv.  

In the application of this Section, such radiation doses that arise from natural radioactive 

substances, released from the host rock or groundwater bodies of the disposal facility 

shall not be considered.  

In any assessment period, disposal shall not cause health or environmental effects that 

would exceed the maximum level considered acceptable during the implementation of 

disposal.

Disposal shall be so designed that as a consequence of expected evolutions, the 

radiation impacts remain below the constraints given above.

In an assessment period that is adequately predictable with respect to assessments of 

human exposure but that shall be extended to at least several thousands of years:

the annual effective dose to the most exposed members of the public shall remain 

below 0.1 mSv; and

the average annual effective doses to other members of the public shall remain 

insignificantly low.

Beyond the assessment period referred to above, the average quantities of radioactive 

substances over long time periods, released from the disposed waste and migrated to the 

environment, shall remain below the nuclide specific constraints defined by the 

Radiation and Nuclear Safety Authority (STUK).  

These constraints shall be defined so that:  

at their maximum, the radiation impacts arising from disposal can be comparable to 

those arising from natural radioactive substances; and  

on a large scale, the radiation impacts remain insignificantly low.  
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The importance to long-term safety of unlikely disruptive events impairing long-term 

safety shall be assessed and, whenever practicable, the acceptability of the 

consequences and expectancies of radiation impacts caused by such events shall be 

evaluated in relation to the dose and release rate constraints specified above.  

Normal Operation Condition 

According to Government Decision 1999/478 the disposal facility and its operation 

shall be designed so that as a consequence of undisturbed operation of the facility, 

discharges of radioactive substances to the environment remain insignificantly low. 

Environmental discharges of radioactive substances from the undisturbed operation of 

the disposal facility may be deemed insignificantly low if the average annual effective 

dose to the most exposed members of the public from the discharges is not more than 

0,01 mSv.  

The annual effective dose consists of the sum of external effective dose accrued during 

one year and the dose from intake of radio-nuclides during the same period, integrated 

over the period of fifty years. 

Anticipated operational transients and postulated accidents 

Anticipated operational transient is a safety-related incident with estimated average 

occurrence of less than once a year but having a significant probability to occur at least 

once during the operational period of the facility. As a consequence of an anticipated 

operational transient, spent nuclear fuel may be damaged, radiation dose rates or 

concentrations of radioactive substances may increase within the disposal facility, or 

radioactive substances may be released to the environment. 

Postulated accident is a safety-related incident, used as a design base for the safety 

functions of the facility, which has a low probability to occur during the operational 

period of the facility. As a result of a postulated accident, spent fuel may be severely 

damaged, large quantities of radioactive substances may be released within the facility 

or significant quantities of radioactive substances may be released to the environment. 

Radiation doses resulting from the undisturbed operation, anticipated operational 

transients and postulated accidents of the facility shall be assessed. These doses shall be 

assessed to an individual belonging to the maximally exposed group, the so-called 

critical group, exposed to external radiation, and to radioactive substances trough 

inhalation or ingestion. The radionuclide transport and dose analyses shall be based on 

YVL Guide 7.2 and YVL Guide 7.3 as applicable. 

Operating personnel exposure 

Occupational exposures at the disposal facility shall be limited in accordance with 

Section 2 of the Radiation Act (592/1991) and Chapter 2 of the Radiation Degree 

(1512/1991). The requirement to keep occupational exposure as low as reasonably 
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available shall be taken into account in the design of the layout, structures and systems 

of the disposal facility and in the planning of operations at the facility. 

Occupational exposure to natural radiation shall be taken into account especially in 

designing the underground rooms and planning the activities in them. ST Guide 12.1 

applies to limitation of exposure to natural radiation. 

Limitation of occupational exposure to radiation 

Working areas and passageways in regular use at the disposal facility shall be designed 

and located so that the external dose rate is low and the risk for internal exposure to 

radiation is small. Radiation dose rates and concentrations of radioactive substances 

within the disposal facility shall be estimated. Objects emitting intensive radiation shall 

be shielded effectively or placed in rooms, which can be provided with remote handling 

equipment. Adequate safety margins shall be incorporated in the design of radiation 

shielding. 

The areas in the disposal facility shall be classified based on estimated radiation 

conditions. Rooms requiring radiation control shall be placed within a specified area to 

allow appropriate control of access. In setting the protective measures and safety 

provisions for the underground controlled areas, the specific features concerning work 

in those areas may 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. In the 

design of structures and systems, the feasibility of their dismantling due to maintenance, 

plant modifications and decommissioning shall be taken into account. 

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 disposal facility shall be designed so that the radiation protection arrangements of 

the facility are in accordance with YVL Guide 7.9 and YVL Guide 7.18 as applicable. 

YVL Guide 7.11 applies to the radiation monitoring systems and equipment in the 

facility. 

Limitation of radioactive releases 

The operation of the disposal facility shall be planned and its structures and systems 

designed so that the release of radioactive substances within the facility and to the 

environment will be prevented or restricted with all practicable means. The facility shall 

be equipped with systems for the recovery of radioactive residues released into process 

rooms, for the decontamination of surfaces from radioactive substances and for the 

treatment and conditioning of radioactive waste accumulation. 

Such areas of the facility where significant amounts of airborne radioactive materials 

can exist shall be equipped with ventilation and filtering systems which: 

reduce the concentration of radioactive substances in these areas  
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prevent the spread of radioactive substances to other areas within the facility  

limit the release of radioactive materials to the environment.  

These ventilation and filtering systems shall be designed to be operated on their rated 

capacity also during an anticipated operational transient or a postulated accident. 

The applicable requirements of YVL Guide 5.6 shall be followed in the design of the 

ventilation systems of the disposal facility. 

Radiation monitoring 

Compliance with operational radiation protection constraints shall be ensured by means 

of continuous or regular monitoring focused on the potential discharge routes at the 

disposal facility and on the activity concentrations in the surroundings of the disposal 

facility. 

Systems that measure and record the amounts of released radioactive substances shall be 

designed to monitor the potential discharge routes from the disposal facility. Monitoring 

of discharges shall be designed to be feasible also during an anticipated operational 

transient or a postulated accident. For each discharge pathway, a constraint shall be 

defined, the exceeding of which will activate actions to limit the releases. 

YVL Guides 7.5, 7.6 and 7.7 include specific requirements concerning meteorological 

measurements, discharge measurement and environmental radiation monitoring which 

pertain to the disposal facility, as applicable. 

Safety-related design criteria 

Technical and administrative requirements and restrictions for ensuring the operational 

and long-term safety shall be set forth in the technical safety specifications of the 

disposal facility. Appropriate instructions shall exist for the operation, maintenance, 

regular in-service inspections and periodic tests as well as for transient and accident 

conditions. The reliable function of systems and components shall be ensured by 

adequate maintenance and by regular in-service inspections and periodic tests.

The personnel at the disposal facility shall be suitable for their duties, qualified and well 

trained. The competence of the personnel shall be maintained and enhanced through 

training programmes. 

Safety classification 

To ensure the operational safety of the disposal facility and the long-term safety,  

proven or otherwise carefully examined and high-quality technology shall be 

employed;  

advanced quality assurance programmes shall be obeyed; and  

advanced safety culture shall be maintained in the design, construction, operation 

and closure of the disposal facility.  
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Operating experience from the disposal facility shall be systematically followed and 

assessed. For further safety enhancement, such actions shall be taken that can be 

regarded as justified considering operating experiences and the results of safety research 

as well as the progress in science and technology.  

The systems, structures and components of the disposal facility shall be classified on the 

basis of their importance to the operational safety and to the long-term safety of the 

disposal facility. Their quality level and the inspections and tests required to ascertain 

and verify the quality level shall be adequate considering the importance to safety of the 

item concerned. 

Systems, structures and components important to safety and subject to safety 

classification include: 

handling systems for containers of spent nuclear fuel  

equipment and cells for handling of spent fuel assemblies with the related 

instrumentation and control systems  

handling systems for the canister of spent fuel with the related instrumentation and 

control systems  

other systems containing significant quantities of radioactive materials  

fire protection systems in safety relevant compartments  

controlled zone ventilation and filtering systems  

radiation monitoring systems.  

Systems, structures and components important to long-term safety and subject to safety 

classification are: 

the waste canister and its handling systems  

the buffer surrounding the waste canister.

YVL Guide 2.1 shall be followed, as applicable, in the safety classification of the 

systems, structures and components in the disposal facility. YVL Guide 5.8 applies to 

the design of hoisting equipment. In the design of instrumentation and control systems, 

YVL Guide 5.5 and in the design of electrical systems, YVL Guide 5.2 shall be 

followed as applicable. 

The equipments used for canister lifting and manipulation will be classified in safety 

class 3.  Such devices are, e.g. the canister lift, and the canister lifting and supporting 

structures of the canister transfer vehicle. 

The radiation monitoring instrumentation of the repository is assigned to safety class 3. 

For reasons of long-term safety, the deposition hole for the canister including the 

adjacent areas and the buffer material are safety classified items. The integrity of the 

rock on the surfaces of the deposition hole, the amount of leak-water, the cleanliness of 

the hole, and the location and the dimensional tolerances are approval criteria for the 

deposition hole. Accordingly, the properties of the buffer material in the deposition 

hole; density, dimensions, gaps and water content are approval criteria, which shall be 

verified before the use of the deposition hole. After the canister has been emplaced in 
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the hole, the bentonite buffer layer installed above the canister shall be controlled 

accordingly. 

Ensuring the safety functions of the systems 

The functions that are important to the maintenance of the integrity of fuel assemblies 

and waste canisters, to the prevention of radioactive releases and to the radiation 

protection of the personnel shall be ensured at the disposal facility. 

Safety systems that shall be ensured against single failure include: 

systems needed to prevent overheating of spent nuclear fuel assemblies  

radiation monitoring systems needed for accident follow-up and mitigation and 

radiation monitoring system in the hot cell for handling of spent fuel assemblies  

under-pressurising and filtration systems in rooms into which large quantities of 

airborne radioactive substances may be released  

monitoring systems for discharges of radioactive substances

fire alarm and extinguishing systems in areas where a fire could cause a significant 

release of radioactive substances within the facility or to the environment.  

The handling systems of spent fuel assemblies shall be designed so that a single 

equipment failure cannot cause a dropping accident or any other kind of accident where 

spent fuel assemblies could be severely damaged. The handling systems of spent fuel 

transport casks and waste canisters shall be designed so that a single equipment failure 

cannot cause a dropping accident or any other kind of accident where significant 

amounts of radioactive substances could be released from the cask or the canister. A 

radiation hazard shall not be caused as a consequence of the loss of driving power of 

these systems. 

Applicable requirements of YVL Guide 2.7 shall be followed in ensuring the safety 

functions of the disposal facility. 

The repository as a whole will be designed according to the principle that the 

operational safety is as far as applicable based on passive systems. Some active 

operations will be needed, however, e.g. in the handling of spent fuel assemblies, in 

under-pressurising of the fuel handling shell, and in ensuring the removal of decay heat. 

Servicing needs and successful management of faults also require that some activities 

are ensured with an independent reserve operation possibility. For example, devices 

used in high radiation zones have to be ensured with separate systems to make repair or 

replacement of a damaged or non-operational device possible without unnecessary 

personnel doses. 

Consideration of external events 

The disposal facility shall be designed so that the impacts caused by potential natural 

phenomena and other external events are taken into account. 

Natural phenomena to be considered include at least lightnings, earthquakes, storm 

winds, floods and exceptional outdoor temperatures. Other external events to be 
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considered include electromagnetic interference, airplane crashes, wildfires and 

explosions.

The applicable requirements specified in YVL Guides 4.1 and 4.2 for the concrete and 

steel structures of a nuclear facility and in YVL Guide 2.6 with respect to earthquakes 

shall be followed in the design of the above ground facilities. 

Physical protection and emergency preparedness 

Any holder of a construction and operating license for a nuclear plant shall arrange 

physical protection of the nuclear plant. The design basis for the planning of physical 

protection is that unlawful action can be taken by an individual working at a nuclear 

plant, or a group of people or a person not employed at the plant who can be assisted by 

a person working at the plant. An individual or a group of people attempting unlawful 

action can also have arms and explosives as well as such information and expertise as 

are not available to the public. Physical protection shall be based on the assessment of 

risks and the need for protective measures arising from unlawful action. Physical 

protection shall be consistent with the operation of and emergency response 

arrangements for a nuclear plant. Physical protection shall also be consistent with the 

rescue service and emergency plans made by the authorities in provision against nuclear 

plant accidents. 

Any holder of a construction and operating license for a nuclear plant shall take care of 

emergency response arrangements at the nuclear plant. Emergency planning shall be 

based on the analysis of nuclear plant behaviour in emergencies and on the analysis of 

the consequences of emergencies. Action in an emergency shall be planned taking into 

account controllability of events as well as severity of their consequences. Therefore, 

emergencies shall be grouped into classes. Emergency response arrangements shall be 

consistent with management of operation and physical protection of nuclear plants. 

Emergency response arrangements shall also be consistent with the rescue service and 

emergency plans made by the authorities in provision against nuclear plant accidents. 

Prevention of operational disturbances and accidents, and management of 

consequences

Compliance with the safety requirements concerning the undisturbed operation of the 

disposal shall be demonstrated by analyses and verified during the commissioning tests 

of the facility. Also, the performance of safety systems designed for operational 

transients and accidents shall be, whenever practicable, tested during the commissioning 

of the facility. The applicable requirements of YVL Guide 2.5 shall be followed in the 

commissioning of a disposal facility. 

Compliance with the safety requirements concerning anticipated operational transients 

and postulated accidents shall be demonstrated with analyses that cover potential 

transients and accidents of different nature and severity at the disposal facility. With 

regard to the representativeness of these analyses, it is essential to consider the cases 

which are the most limiting ones to the performance and dimensioning of each safety 

system. 
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Compliance with radiation protection requirements shall primarily be demonstrated by a 

deterministic safety analysis. Such an analysis shall be attached to the decision in 

principle, in the preliminary safety analysis report and in the final safety analysis report. 

The technical designs of the disposal facility affecting the operational safety shall be 

additionally justified with probabilistic safety analysis. In accordance with Section 36 of 

the Nuclear Energy Decree (161/1988), a probabilistic safety analysis (PSA) shall be 

included in the material that shall be furnished to STUK in connection with the 

operation license application. The preliminary safety analysis report, which is included 

in the material attached to the construction license application, shall contain a design 

phase probabilistic safety analysis, which includes the assessment of the probabilities of 

the most significant disturbances and of the magnitudes of the consequent releases of 

radio-nuclides as well as the assessment of occupational doses. 

The potential causes for anticipated operational incidents to be considered include at 

least: 

handling of a severely leaking or mechanically deteriorated fuel assembly  

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  

unforeseen water leakage or flooding in the underground facility.

The potential causes for postulated accidents to be considered include at least: 

dropping of a spent fuel assembly, dropping of a cask or canister containing spent 

fuel or other handling accident resulting in a severe damage to the fuel  

substantial degradation of the performance of an important safety system  

significant overheating of spent fuel  

explosion or rock collapse in the underground facility

external event causing a significant damage, such as a major earthquake or an 

airplane crash.  

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 structural design of systems and 

components. 

The transport casks, storage rooms and handling equipment for spent fuel as well as the 

waste canisters shall be designed so that no critical fuel configurations may be formed 

in any operational situations, including any anticipated transient or postulated accident. 

The emplaced canisters shall retain their sub-criticality also in the long term, when the 

canisters may have lost their integrity and been subject to mechanical or corrosion 

induced deformations. In the criticality analyses, fuel enrichment and burn-up, the 

safety margin for the effective multiplication factor and other assumptions shall be 

selected so that a high degree of confidence in criticality safety is achieved. 
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Prevention of fire and 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 assemblies, 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 spent fuel handling or storage

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 the 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 the hazard of fire ignition or explosion shall be placed within fire cells 

important to safety or in their immediate vicinity. Separate fire cells shall be formed of 

rooms or areas with significant fire load concentrations. 

The disposal facility shall be equipped with an automatic fire alarm 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 attack 

extinguishing equipment. The fire alarm 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, YVL Guide 4.3 shall be 

followed, as applicable. 

Prevention of damages of waste canisters 

Excavation works related to extension of the underground facility shall not be 

performed in the vicinity of disposed waste canisters and also in all other respects 

operations in the underground facility shall be designed with regard to efficiently 

preventing damages to waste canisters. As concerns underground excavation and 

construction works, transfers of rock masses or other comparable extensive transfers 

shall not be performed in areas which might simultaneously be used as transport routes 

for waste packages.

The waste canisters shall be transported from the encapsulation plant to their 

emplacement positions and backfilled in such a manner that no damages to the canister 

that might compromise their long-term integrity will occur. 
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2.2.2 Construction planning of the repository 

The purpose of the repository is 

to pack (encapsulate) the spent fuel assemblies in a form that is suitable for 

permanent deposition into the bedrock and 

to dispose of the packed spent fuel in Finnish bedrock in a manner designed to be 

permanent. 

The disposal facility consists of two parts, respectively: 

the above ground encapsulation plant, in which the spent fuel transferred from the 

nuclear sites of Loviisa and Olkiluoto is received and where the fuel is packed into 

the disposal canisters, and 

the deposition tunnels deep in the bedrock, in which the encapsulated fuel is 

disposed of. 

In addition to the encapsulation plant, above ground facilities contain rooms for 

auxiliary operations, such as ventilation shaft buildings, office and research buildings, a 

storage and a repair shop and a building for tunnel technology. Storage areas are 

reserved for broken and crushed rock. There is an access ramp and several vertical 

shafts running from ground level to the repository level: for example, ventilation shafts, 

a personnel shaft, and a canister shaft. For safeguard reasons, in particular (for details 

see Chapter 2.2.11), the number of surface access routes shall be minimised and the 

ground level access routes shall be kept separate from other buildings and constructions, 

so as the safeguarding instrumentation does not have to be unnecessarily complicated. 

The total site area, i.e. the sum area of all buildings, roads, storages and fields, is about 

15 hectares. 

The main parts of the actual encapsulation plant include the room for receiving and 

cleaning the transfer cask, the buffer store for the casks, the canister transfer corridor, 

the fuel handling cell, the rooms for canister sealing and for inspections, and separate 

buffer stores for empty and filled disposal canisters. There is a direct vertical shaft 

running from the encapsulation plant to the repository to a depth of 400 to 700 m in the 

bedrock.

The underground deposition tunnel network consists of two categories: 

the deposition tunnels, in which the canisters containing spent fuel are disposed of 

and

the central tunnels that connect the disposal tunnels and shafts. 

In the basic design (KBS 3-V), the canisters are emplaced in holes in the disposal 

tunnels, the depth of which is 7 to 8 metres, and the individual canisters are sealed into 

the holes with bentonite clay. In the alternative option, the canisters are emplaced 

successively in horizontal tunnels (KBS 3-H). With the total amount of spent fuel 

increasing, a two- storey repository alternative may become an actual option for both 

the basic design and the optional horizontal disposal alternative. In the two- storey 

repository alternative the deposition tunnels are on two storeys, some 100 m apart. 
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In the basic design, the encapsulation plant is located directly above the deposition 

tunnels and connected to the canister shaft. On the Olkiluoto site, it may be beneficial to 

construct the encapsulation plant in conjunction with the spent fuel interim storage 

(KPA-store), in which case a separate lift shaft building shall be constructed on top of 

the canister shaft. The canisters transferred by a vehicle from the encapsulation plant are 

received here. In this case, an alternative for the canister lift and the canister shaft is that 

the canisters are transferred with a vehicle all the way from the encapsulation plant to 

the repository through the access ramp. The decision on the location of the 

encapsulation plant location has still been left open, due to other construction works on 

the site area, which may interfere with general area planning. 

Posiva’s disposal solution is based on the KBS-3 solution that was developed in Sweden 

in the early 1980s, and in its current form is a result of research and development work 

carried out for more than 20 years. Because the operational phase of the repository is 

not planned to start until in 15 years' time, the technical plans need to be revised and 

optimised taking into account the modern improvements in technical and research 

achievements. 

2.2.3 Design basis characteristics of spent fuel 

The design basis of the repository is that all spent fuel from the 4 Finnish nuclear power 

plant units in operation and the fuel expected from the fifth unit under construction can 

be deposited in it. All the spent fuel from the Olkiluoto power plant (OL1-2) is currently 

stored in the water pools of the interim store (KPA-store) or in the reactor hall pools on 

the site. Accordingly, fuel from Loviisa units (Lo1-2) is stored in water pools on the 

site, with the exception of fuel generated by 1991 was transported to Russia latest in 

1996.

The Finnish nuclear power companies have estimated the amount of the spent nuclear 

fuel to be produced in each reactor unit. The predicted accumulation of fuel assemblies 

and the maximum and average burnup of the fuel batches unloaded from the reactor 

units is shown in Table 2-1. Figure 2-3 shows the annual accumulation of fuel 

assemblies, and Figure 2-4 the predictions of average burnup of fuel batches unloaded 

from the reactor units. The highest burnup licensed in Finland today (in 2006) is 

45 MWd/kgU. The predictions have been made assuming maximum discharge burnups 

of 45 MWd/kgU for the Loviisa units and 50 MWd/kgU for Olkiluoto units after the 

year 2011. The maximum burnup of OL3 is assumed to be 50 MWd/kgU throughout the 

60-year lifetime. Both 1-year and 2-year refuelling sequence plans exist for the OL3-

unit.
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Table 2-1. Operational lifetime, accumulation of spent fuel assemblies, average burnup, 
and uranium mass estimates for the Olkiluoto and Loviisa nuclear power plant units. 

OL1 OL2 OL3 Lo1 Lo2 

Anticipated operational lifetime (years) 60 60 60 50 50 

Number of accumulated spent fuel elements if the 

maximum burnup is 45 MWd/kgU for Lo and 50 

MWd/kgU for OL after 2011 

7224 7288 3728 3993 4380

Average burnup of spent fuel (MWd/kgU) 38.0 38.6 45.5 37.0 38.1 

Uranium mass (tU) 1270 1263 1980 492 526 

SPENT FUEL ELEMENTS FROM FINNISH NPPs

0

100

200

300

400

500

600

700

800

19
80

19
85

19
90

19
95

20
00

20
05

20
10

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

20
55

20
60

20
65

YEAR

N
U

M
B

E
R

 O
F

 S
P

E
N

T
 F

U
E

L
 E

L
E

M
E

N
T OL1

OL2

Lo1

Lo2

OL3

Figure 2-3. Annual discharge of spent fuel elements from the Olkiluoto 1-2-3 and 

Loviisa 1-2 reactor units. The estimates are based on maximum burnups of 

45 MWd/kgU for the Loviisa units and 50 MWd/kgU for the Olkiluoto units and on the 

anticipated operational life expectancies of 60 years for OL1-2-3 and 50 years for 

Lo1-2.



24

ESTIMATED BURNUP OF SPENT FUEL

0

5

10

15

20

25

30

35

40

45

50

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070

YEAR

M
W

d
/k

g
U

OL1

OL2

Lo1

Lo2

OL3

Figure 2-4. Average annual burnups (including future estimates) of spent fuel batches 

extracted from Finnish nuclear power plants. Maximum burnup is estimated to reach 

50 MWd/kgU in OL1-2-3 and 45 MWd/kgU in Lo1-2. 

Disposal Canisters 

The disposal canisters are massive metallic shells that consist of an internal canister 

made of nodular cast iron and an external canister made of copper. There are three 

different models of the canister for all three fuel assembly types used in Finland. A 

detailed presentation of the canisters is given in the canister design report (Raiko 2005). 

A general view of the canisters is shown in Figure 2-5 and the basic dimensional 

constraints are given in Table 2-2. 
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Figure 2-5. Copper-iron canisters for Loviisa 1-2 (VVER 440), Olkiluoto 1-2 (BWR) 

and Olkiluoto 3 (EPR) fuel assemblies. 

Table 2-2. Basic dimensional constraints for various canister types (Raiko 2005). 

Loviisa 1-2 Olkiluoto 1-2 Olkiluoto 3 

Outer diameter (m) 1.05 1.05 1.05 

Maximum length (m) 3.60 4.80 5.25 

Total volume (m
3
) 3.0 4.1 4.5 

Number of positions (ex.) 12 12 4 

Mass of uranium (tU) 1.4 2.2 2.1 

Total weight (t) 18.6 24.3 29.1 
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2.2.4 Disposal operational time schedule 

The individual fuel assemblies to be encapsulated into a single canister will be selected 

in relation to annual accumulation of fuel assemblies, burnup and power plant 

operational life time using the following restraints; 

Each assembly shall be cooled for at least 20 years 

The sum of decay heat in each canister shall be equal and as high as allowable 

Each canister will contain the maximum number of assemblies 

Disposal operation shall proceed as fast as possible, but within the planned capacity 

of the encapsulation plant. 

The fixed start point of the disposal operation is the year 2020. Another start point is 

that the fuel batches unloaded from the reactor shall be cooled down for 20 years, at 

least, to adequately decrease the radiation level. The third and a very definitive 

constraint is that the temperature in the canister-buffer interface shall with high 

reliability not exceed +100 C in the repository. This leads to a certain maximum limit of 

decay heat per canister, which, in turn, specifies the average cooling time for the fuel 

assemblies to be loaded in a single canister. These parameters govern the time 

scheduling of the disposal operation. As for effective use of investment, an optimum 

schedule is achieved when the operation is executed at constant speed and with 

maximum capacity. 

A time schedule for disposal operations is outlined in Table 2-3 and in Figure 2-6 

according to the results of thermal calculations. The results include the effect of the fifth 

Finnish reactor unit that is under construction. 

The maximum allowable decay power for each canister type at the time of disposal is as 

follows; 1700 W for OL1-2 fuel, 1370 W for Loviisa 1-2 fuel and 1830 W for OL3 fuel. 

Table 2-3. Time schedules for disposal operation that will lead to optimum speed of 

disposal operation with maximum decay heat at disposal time. 

Origin

of the 

fuel 

Maximum 

burnup

(MWd/ 

kgU)

Assemblies 

per canister 

(ex)

Start

year of 

disposal

Length of 

disposal

operation

(y)

Minimum

cooling

time (y) 

Amount 

of

uranium 

(tU)

Number 

of

canisters 

needed

(ex.)

Encaps-

ulation

speed

(ex/y)

OL1-2 50 12 2020 53 20 2533 1210 22.8 

Lo1-2 45 12 2020 37 25 1018 698 18.9 

OL3 50 4 ~2067 45 38 1980 932 20.7 
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SCHEDULE FOR THE NPP OPERATION AND REPOSITORY OPERATIONS 
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Figure 2-6. Overview of the time schedules of operation of the Finnish nuclear power 

plants and disposal operations. The top 3 bars represent the years during which spent 

fuel is discharged from power plant units. The lower 3 bars describe, accordingly, the 

disposal periods of the corresponding spent fuel batch.  

2.2.5 Waste management of operational waste from encapsulation plant 

Both solid and liquid active wastes are in the repository only produced in the 

encapsulation process. Radioactive waste is generated, when the activated particles are 

loosened from the spent fuel surfaces, which may contaminate the plant structures and 

components. In the encapsulation plant, active waste is only produced in operations that 

take place in the fuel handling cell, in decontamination of repaired components, in the 

filters of the fuel handling shell air conditioning system and in the decontamination of 

the surface of the spent fuel transfer cask. 

Liquid waste is mainly produced when the outer surface of the spent fuel transfer cask is 

washed. The washing water is cleaned and recycled in the active sewage system. The 

contaminated, spent water filters will be solidified in concrete and taken to the operation 

and decommissioning cavern hall in the repository. Components and equipment that are 

removed from the hot cell are decontaminated in the repair shop before they are handled 

in the workshop. Solids filtered from decontamination liquids are also solidified in 

concrete. Surfaces are decontaminated, for example, by wiping them with cloths 

dampened with decontamination liquids. The cloths are then packed into tin barrels and 

taken to the repository. Contaminated equipment that will not be repaired is shielded 

and taken to the repository. Spent air filters from the controlled area and from the hot 

cell, as well as filters from the extractor system, are packed and transferred to the 
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repository. Most of the active waste derives from decommissioning of the encapsulation 

plant.

The leading principle is that all radioactive waste is disposed of as soon as it is 

produced. There is no need to store operating waste in the encapsulation plant, because 

the repository for operating waste is constructed before the operation of encapsulation 

plant starts. 

All operating waste is disposed of in solidified form. Liquid waste is solidified before 

disposal by concrete solidification. Efforts are taken to ensure that all of the high active 

particles that are loosened from the spent fuel surfaces in fuel handling shell operations 

are collected, e.g. by vacuuming, and disposed of in the void of the canisters. 

The repository space for operating and decommissioning waste is constructed as a part 

of the repository for spent fuel. According to the current pre-design, the repository 

space for operating and decommissioning waste is constructed at the repository level 

(-420 m) near the bottom end of the canister shaft. Alternatively, decommissioning 

waste can be disposed of in the access ramp, when the repository is decommissioned 

and sealed. This type of a solution has so far not been planned in detail and no safety 

assessment has been performed. The operating and decommissioning waste is 

transferred into the repository space through the canister shaft or through the access 

ramp. The total volume needed for operating and decommissioning waste is 

approximately 5 000 m
3
.

2.2.6 Volume of repository space and operations 

The preliminary repository design bases are defined in the earlier Facility Description 

2003 (Tanskanen & Palmu 2004). In the design bases, the flexibility of the layout is 

emphasised due to changes that may be caused by bedrock circumstances, changes in 

the amount of spent fuel to be disposed of or the time schedule (Kirkkomäki 2003c), 

(Kukkola 2003b). 

The design bases for the systems in the repository are discussed in working report of 

each system (Kukkola 2003a). 

The geometry and the required volumes of rock are strongly influenced by the need for 

sufficient cooling of the canisters. The enrichment of salt contained in groundwater onto 

the surface of the canisters has to be avoided and the chemical stability of the bentonite 

buffer has to be secured for a very long period to ensure the long-term safety of the 

repository. For this reason, the temperature of the canister and of the bentonite buffer 

has to be limited so that it does not exceed +100 C for any prolonged periods. In order 

to obtain a profound base for thermal calculations, the local rock properties (thermal 

conductivity, thermal capacity, possible anisotropy of the properties) are investigated at 

the rock characterisation phase. 

The deposition tunnel spans and the spaces between the canister locations are defined 

on the basis of the thermal calculation so that the temperature will not exceed the set 
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limit. In addition, similar global thermal calculations have to be performed to 

investigate the disadvantageous thermal interaction between the two repository storeys 

in the optional two-storey repository design, as there may be an interval of several 

decades between deposition and operation on each tunnel storey. 

2.2.7 Site requirements  

The long-term safety of disposal shall be based on redundant barriers so that deficiency 

in one of the barriers or a predictable geological change does not jeopardise the long-

term safety. The barriers shall effectively hinder the release of disposed radioactive 

substances into the host rock for several thousands of years.  

The geological characteristics of the disposal site shall, as a whole, be favourable for the 

isolation of the disposed radioactive substances from the environment. An area having a 

feature that is substantially adverse to long-term safety shall not be selected as the 

disposal site.  

The repository shall be located at a sufficient depth in order to mitigate the impacts of 

above-ground events, actions and environmental changes on the long-term safety and to 

render inadvertent human intrusion to the repository very difficult.

The characteristics of the host rock shall be such that it adequately acts as a natural 

barrier. Besides that, the characteristics of the host rock shall be favourable with respect 

to the long-term performance of engineered barriers. Such conditions in the host rock as 

are of importance to long-term safety shall be stable or predictable up to at least several 

thousands of years. The range of geological changes which occur thereafter due to e.g. 

the large scale climate changes, shall be estimable and be considered in the 

determination of the performance targets for the barriers. 

Factors indicating unsuitability of a disposal site may include 

proximity of exploitable natural resources  

abnormally high rock stresses  

predictable anomalously high seismic or tectonic activity  

exceptionally adverse groundwater characteristics, such as lack of reducing 

buffering capacity and high concentrations of substances which might substantially 

impair the performance of barriers.  

The location of the repository shall be favourable with regard to the groundwater flow 

regime at the disposal site. 

The disposal depth shall be selected with due regard to long-term safety, taking into 

account at least 

the geological structures and lithological properties of the host rock

the trends in rock stress, temperature and groundwater flow rate with depth.
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To ensure that the effects of above ground natural phenomena, such as glaciation, and 

human activities will be adequately mitigated, the repository shall be located at the 

depth of several hundreds of metres. 

The structures of the host rock of importance to groundwater flow, rock movements or 

other factors relevant to long-term safety, shall be defined and classified. The waste 

canisters shall be emplaced in the repository so that adequate distance remains to such 

major structures of the host rock which might constitute fast transport pathways for the 

disposed radioactive substances or otherwise impair the performance of barriers. 

The methods adopted for the construction, operation and closure of the repository shall 

be selected with due regard to preserving the natural barrier characteristics of the host 

rock. The transport into the repository of substances which are adverse to long-term 

safety, such as organic or oxidising substances, shall be limited to the minimum. 

2.2.8 Design flexibility and potential extension requirements 

At the planned disposal depth, blocks of bedrock with adequate size and intactness shall 

exist for the construction of the emplacement rooms. For the design of the emplacement 

rooms and for the acquisition of data needed for the safety analysis, the host rock shall 

be adequately characterised by means of investigations performed at the planned 

disposal depth.

The design, excavation, other construction and closure of the underground facility shall 

be implemented in the best manner with regard to retaining the characteristics of the 

host rock that are important to long-term safety.  

During the construction of the waste emplacement rooms and other underground rooms, 

a geological investigation, testing and surveillance programme shall be executed to 

ensure the suitability of the rooms for disposal and to determine the characteristics of 

the rock important to safety. This programme shall include: 

characterisation of the rock volumes intended to be excavated  

monitoring of rock stresses, deformations and displacements  

characterisation of rock types and fracture zones  

hydro-geological monitoring of rock and monitoring of groundwater characteristics  

observation of effects on rock caused by the heat generation of the disposed waste.  

Changes in the layout of the underground facility shall be considered if the quality of 

the rock surrounding the planned excavations proves to be significantly inferior to the 

original design base. 

To maintain rock characteristics favourable to long-term safety: 

one criterion in choosing the excavation methods shall be to minimise the 

disturbance caused by excavation in the surrounding rock

reinforcement and injection of host rock shall be done so that no significant 

amounts of substances detrimental to the performance of barriers enter the waste 

emplacement rooms  
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introduction of organic and oxidising substances to the waste emplacement rooms 

shall be minimised  

repository shall be backfilled and closed as soon as disposal activities and related 

monitoring activities allow.  

2.2.9 Construction in phases 

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 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  

construction of the disposal facility (encapsulation facility, repository and auxiliary 

facilities)  

encapsulation of spent fuel assemblies 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, i.e. the following aspects 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 non-

proliferation of nuclear materials  

need for preserving the retrievability of the disposed 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 going to be disposed of in individual blocks of tunnels 

in campaigns of suitable length. In practice this means that only as many Olkiluoto 1-2 

type fuel assemblies or Loviisa 1-2 type fuel assemblies are only disposed of at a time 

that the 2 to 4 tunnels in operation at that time can contain. In other words, fuel 

assemblies of the same type are disposed of in turns, in campaigns that take about one 

year. When the fuel type changes, the canister type as well as some canister or fuel 

handling tools and dimensional settings in the handling equipment have to be changed, 

too.
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The flexibility of construction and operation in phases has been solved by introducing 

the so-called parallel tunnel principle. All the deposition tunnels are connected with 

each other by a pair of parallel central tunnels, which are connected with each other at 

every 100 m. The distance between the two parallel central tunnels is about 20 m. 

The parallel double tunnel principle is used to make the layout of the deposition tunnels 

as flexible and safe as possible. The double central tunnel network is designed and 

constructed in a way that no blind tunnel ends exist. The parallel double tunnel principle 

also provides for very effective rescue exits. The parallel central tunnels are separated 

from each other as separate fire zones. In a postulated accident case, it is easy to escape 

from one tunnel to the other through the connecting tunnels, which are 100 m apart. The 

escape exit principle is similar to the principle used in traffic tunnels. The principle is 

shown in Figure 2-7. Figure 2-8 shows a longitudinal section of a connecting tunnel 

between the double central tunnels. 

The organisation of the radiation controlled zone and the uncontrolled zone can be 

easily realised with the double parallel central tunnel system. The zone border changes 

stepwise, as disposal operation proceeds. The construction of main ventilation ducts and 

main power feeding cables can be practically realised in the double central tunnel 

system. In a repository with the double central tunnel system, operation can be flexibly 

executed starting either at the back end of the tunnel system, as in Figure 2-7, or 

alternatively in the nearest tunnel proceeding only on one side of the central tunnel 

system and backfilling and sealing the tunnels one after the other. 

The benefits of the double parallel central tunnel system are: 

Safety. A short escape route is provided from all locations in one central tunnel to 

the other central tunnel, which is part of another fire zone. 

Flexibility in operation. Different zones can be easily separated from each other to 

separate the various working activities during the operational phase. This 

possibility is used e.g. when changing the border stepwise between the controlled 

and the uncontrolled zone, as the construction work proceeds. One of the two 

parallel central tunnels can be declared a controlled zone and the other 

simultaneously an uncontrolled zone. 

Bedrock characterisation. The characterisation results from the two central tunnel 

surfaces can be combined to achieve a better understanding of the local rock 

properties and possible orientations. 

Saving of suitable rock volumes. When excavating two parallel central tunnels, the 

length and the orientation of the tunnels can be flexibly adjusted according to the 

characterisation information that is gained during excavation. If compared to a 

single circular central tunnel alternative, the excavation can be more precisely 

focused on acceptable rock volumes. 
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Figure 2-7. The double parallel central tunnel principle. 

Figure 2-8. The longitudinal section of a connecting tunnel between the two central 

tunnels, the distance between the central tunnels is ca. 20 m. 
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Construction period

The implementation of disposal and related research, development and safety 

assessment work shall be based on an appropriate quality management system that shall 

be extended to all organisations that significantly contribute to long-term safety. 

The methods adopted for the construction, operation and closure of the repository shall 

be selected with due regard to preserving the natural barrier characteristics of the host 

rock and to limiting the disturbance to an as small volume as possible in the vicinity of 

tunnels and shafts. For example, rock blasting is carried out carefully, to make the 

disturbed zone small. Groundwater leakage can be limited by avoiding water-

conducting structures in the bedrock and by sealing the leak points e.g. by cement 

injection. The total leak rate is limited also by the fact that the deposition tunnels are 

backfilled and sealed immediately after canisters have been emplaced in the tunnel. 

Operational period 

The operation of a disposal facility shall not cause radiation exposure that could 

endanger occupational or public safety or could otherwise harm the environment or 

property.

To ensure the operational and long-term safety of the disposal facility, in design, 

construction, operation and sealing; 

proven or otherwise carefully examined and high-quality technology shall be 

employed;  

advanced quality assurance programmes shall be obeyed; and  

advanced safety culture shall be maintained in the design, construction, operation 

and closure of the disposal facility.  

Operating experience from the disposal facility shall be systematically followed and 

assessed. For further safety enhancement, such actions shall be taken that can be 

regarded as justified considering operating experiences and the results of safety research 

as well as progress in science and technology.  

Closure period 

The transport into the repository of substances, which are adverse to long-term safety, 

such as organic or oxidising substances, shall be limited to the minimum. 

The safety case report has to be presented as part of the application for decision in 

principle, the preliminary safety analysis report (PSAR), the final safety analysis report 

(FSAR) and the plan for final closure. 

When all the spent fuel has been disposed of and the deposition tunnels backfilled and 

closed, the transfer of decommissioning waste from encapsulation plant to the 

respective storage room in the repository is started. The decommissioning waste is 

emplaced in a special tunnel at the repository level or possibly in a special part of the 
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access ramp. The remaining buildings and the yard above ground can be re-used for 

some other purpose if applicable. 

The decommissioning of the repository involves disassembly of the structures and 

systems used during the operational period. Simultaneously with disassembly, 

backfilling of the central tunnels and auxiliary rooms, as well as construction of 

plugging structures is started. All the rooms and tunnels at repository level are 

backfilled as are also the shafts and the access ramp. The top part of the access ramp 

and the shafts is plugged with concrete structures. 

Post-closure period 

Disposal shall be planned so that no monitoring of the disposal site is required to ensure 

long-term safety.

Adequate inventory data of the nuclear materials and nuclear wastes to be disposed of 

shall be obtained on the basis of primary records and verification measurements for 

long-term deposition during the operational period of the disposal facility. The disposal 

facility shall be designed so that arrangements can be implemented during the post-

closure period for discovering and precluding actions in the repository that would 

jeopardise long-term safety or involve a breach of treaties concerning security of 

nuclear materials. 

Additional requirements concerning the post-closure period are discussed in the 

following sections “Preparation for retrieval” and “Safeguards in design”. 

The disposal process is planned with the target that after all connections into the 

repository have been backfilled and sealed, there is no need for monitoring or other 

care. If considered beneficial, some signs can be left on the site to provide information 

about the spent nuclear fuel emplaced underground. 

2.2.10 Preparation for retrieval 

Disposal shall be planned so that the retrievability of the waste canisters is maintained 

to provide for such development of technology that makes it the preferred option.  

In the post-closure phase, retrieval of the waste canisters from the repository shall be 

feasible during the period during which the engineered barriers are required to provide 

practically complete containment of the disposed radioactive substances. The disposal 

facility shall be designed so that retrieval of waste canisters, if needed, can be 

implemented with the technology available at the time of disposal and with reasonable 

resources. The facilitation of retrievability or potential post-closure surveillance actions 

shall not impair long-term safety. 
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2.2.11 Safeguards in design 

The routes, the buffer store, the handling processes and control are to be planned in such 

a way that the continuity of data on the nuclear material can be verified at all stages. 

The control of material that enters and leaves the repository must also be verified. Fuel 

assemblies and disposal canisters are to be identified individually. 

Nuclear material data on all fuel assemblies are to be verified with non-destructive 

inspection techniques to ensure the authenticity and completeness of the reported 

information. A comprehensive verification of nuclear material data can be carried out, 

either at the encapsulation plant or in the spent fuel interim store before fuel transfer. In 

the latter case the fuel assemblies have to be identified reliably at the encapsulation 

plant and the continuity of knowledge shall be verified and it shall be ensured that the 

fuel casks are not opened during transfer. If the continuity of knowledge is lost, the 

verification of nuclear material has to be carried out again. 

Safeguards in the repository also aim at ensuring that there are no rooms, materials or 

operations in the repository, especially in the underground spaces, that are not included 

in the design information, and that fuel assemblies and disposal canisters stay in their 

reported places during facility operations and after the disposal facility’s closure. 

When planning the nuclear material accounting and reporting system, the requirements 

of YVL Guides 6.1, 6.2 and 6.10 shall be followed as applicable. The basic technical 

data required by virtue of the European Union Decree 3227/76/Euratom shall be 

submitted to the Radiation and Nuclear Safety Authority and to the European 

Commission no later than 200 days before the start of the construction of the disposal 

facility. 

2.2.12 Combination of ONKALO and the repository 

After Olkiluoto was selected as the repository site, the planning of an access ramp down 

to the repository level and a research space for rock characterisation was started. This 

research space is called ONKALO. The near field of the future deposition holes will not 

be characterised until during excavation of the deposition tunnels. 

The properties of the bedrock and the acceptable rock volumes for repository 

construction will be defined by stepwise bedrock characterisation. From the 

underground repository design point of view, the geologic and geo-chemical properties 

of the bedrock and the strength and integrity of the rock, the existing stress condition, 

groundwater flow and chemical quality, temperature, and thermal conductivity, thermal 

capacity and density of the rock, for example, constitute significant information. In 

particular, the investigations are used to ensure that the deposition tunnels and holes are 

at an adequate distance from the major cracked zones and water-conducting zones. 

The design and construction of the underground facility shall be implemented in the 

best manner with regard to retaining the characteristics of the host rock and so as not to 

threaten the existence of solid rock volumes on the repository site. In the design, 
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execution and documentation of the construction of ONKALO, such methods should be 

obeyed that later enable the use of ONKALO structures as part of the actual repository. 

The top ends of the ground surface accesses to ONKALO and the repository shall be on 

the same level, above the sea level and in a location that is not within a local upcoming 

area of groundwater. The possible changes of long-term groundwater flow conditions 

can thus be minimised. 

The repository rooms shall not cause any significant disturbances in geo-hydrology or 

geo-chemistry: 

the total leak-water volume of the repository shall be minimised, because the leak-

flow causes additional groundwater flow (in other words geo-hydrological and geo-

chemical disturbance) and lowering of groundwater table 

surface water containing oxidising or organic substances shall not flow towards the 

repository level; they are disadvantageous for the function of the repository and 

impair the buffer capacity of the rock 

the deep saline groundwater is not allowed to rise up to repository level; it is 

disadvantageous for the function of the bentonite buffer and backfill 

seawater (including among other things sulphate and ammonia) shall not intrude 

into the bedrock on the island of Olkiluoto, where it could sink towards the 

repository level 

the groundwater table shall not sink considerably below sea level; lowering of the 

groundwater table causes upcoming of deep saline waters, and lowering of the 

groundwater table below sea level may cause seawater intrusion into the bedrock of 

the repository island. 

ONKALO must not create new hydraulic connections inside the bedrock; penetration of 

cracked zones, and drilled holes, as well as the amount of excess blasting (in addition to 

the repository space) should be minimised. 

The use of ordinary (high pH) cement should be avoided, above all close to the 

deposition tunnels if the cement cannot be removed before the closing of repository. 

Ordinary cement has an injurious effect on bentonite properties (functioning of 

engineering barriers and behaviour of radio-nuclides is insufficiently known in high pH 

condition). Concrete structures and grouting will become weathered over a very long 

time period, and may become new flow channels. 

One should avoid transporting into the repository substances, which are adverse to the 

function of the repository system. Such substances include, e.g.; 

cement and its (organic) additives 

grouting materials (organic based) 

residuals from explosives and blasting substances 

asphalt

emissions from vehicles and other machinery 

human filth (e.g. ammonia) 

impurities in backfilling material 

microbes 
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atmospheric oxygen may consume the buffering capacity of the rock (this depends 

on the amount of the rock surface area in contact with air) 

other organic and unnatural substances to the bedrock. 

The underground repository rooms shall be backfilled and sealed in a way that does not 

cause remarkable THMCB (thermal-hydro-mechanical-chemical-biological) disturbance 

and that condition in the bedrock can recover towards the natural ambient condition.  

It shall particularly be secured that the underground rooms, the excavation damaged 

zone (EDZ) around them or the drilled holes do not form remarkable groundwater flow 

channels between ground surface and the repository. The backfill and the plugs have to 

prevent inadvertent human intrusion to the repository. Backfilling and sealing solutions 

shall function also in changing conditions (changing sea level, permafrost, glaciation). 

From the point of view of post-closure operation and safety assessment, the parts of 

ONKALO and the surface access routes, which are not parts of the actual repository, are 

excessive disturbing factors. Their number and volume should be minimised. The parts 

of ONKALO, which will later be parts of the actual repository, are governed by the 

same requirements and restrictions as the repository. 

2.3 Disposal facility complex 

2.3.1 Above ground facility 

General

The disposal facility is planned on the Olkiluoto site, where a complete infrastructure 

exists for the nuclear power plants. The disposal plant forms an independent facility 

above the repository tunnels (Kukkola 2006). 

The underground rock characterization facility ONKALO (Posiva 2003) is constructed 

before the construction of the repository and the deposition of fuel canisters starts. The 

research facility consists of a spiral access tunnel, ventilation and personnel shafts and 

underground technical rooms at the end of the access tunnel and the shafts. The 

ventilation shaft building above ground is constructed above the personnel shaft and the 

ventilation shaft. This building houses technical rooms, offices and laboratories. A 

building for tunnel technology, a washing plant for vehicles and a fueling station are 

constructed close to the entrance of the access tunnel. ONKALO will be a part of the 

disposal facility.  

The encapsulation plant produces on average forty fuel canisters annually. The material 

flow estimates are based on this production rate. Fuel from Olkiluoto and Loviisa plants 

is encapsulated in the same production line. The encapsulation plant is capable of 

encapsulating also fuel from the third Olkiluoto unit. 
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Site plan

The location of the disposal facility is mainly determined already during the design of 

ONKALO. The buildings are located in block number 5 in the building plan area for 

Olkiluoto in the municipality of Eurajoki. The area is owned by TVO. The entrance to 

the access tunnel is close to the intersection of the roads running to Olkiluoto Port and 

to Olkiluoto Nuclear Power Plant (Olkiluoto NPP). The ventilation shaft is about 300 

metres west of the access tunnel entrance, close to deep borehole number 4. The canister 

shaft and the personnel shaft are located about 400 metres north of the ventilation shaft, 

between deep boreholes number 10 and 14. The above ground site area of the Olkiluoto 

disposal facility is shown in Figure 2-9. 

During ONKALO's construction phase new roads have been constructed, which will 

also serve the disposal facility at the operating stage. Broken rock from the OL3 

construction site and from ONKALO is banked and crushed on the field close to OL2 

(land plot of Vuojoki 428, estate no. 2:217). A concrete mixing plant is also constructed 

on the same field. When the disposal facility is in operation, broken rock will be banked 

and crushed close to the Olkiluoto Port area north of the 400 kV power transmission 

line.

The proposed building arrangement for the Olkiluoto disposal facility is shown in 

Figure 2-9. The encapsulation plant and the operating building are shown in the middle 

of the Figure, southwest of the Korvensuo reservoir. The ventilation shaft building, the 

gate building, the storage, and the research building are shown south of the 

encapsulation plant. The building for tunnel technology and the repair shop are close to 

the tunnel entrance. The visitor centre is shared with the Olkiluoto NPP, and can be seen 

in the upper part of the Figure. The visitor centre is located on the cape, at mid-point 

between the NPP and the disposal plant area. 

The broken rock yard is north of the 400 kV power transmission line close to the shore-

line. The broken rock yard consists of a broken rock storage, a crusher station, a crushed 

rock storage and a backfill material mixing station. The bentonite container storage area 

is close to Olkiluoto Port. 



40

Figure 2-9. Above ground site area of Olkiluoto disposal (viewing angle west). 

Principles of site arrangement

The existing infrastructure for OL1 and OL2, such as roads, water and sewage 

networks, power supply lines etc. will be exploited to the maximum. All the objects for 

ONKALO are to be utilized also as part of the disposal facility. 

In the actual plant design, pipe and cable lengths as well as transporting distances are 

minimized. Producers and consumers are located close to each other. For example, 

power supply centres are close to power consumers, the crusher station is close to the 

broken rock storage, the repair shop is close to where the repair needs are, etc. 

Functions are integrated, which produces savings in auxiliary systems. Unnecessary 

transport can also be avoided by integrating, for example by locating the intermediate 

storage for compacted bentonite blocks in the encapsulation plant. The heavy repair 

shop is integrated with the washing plant for vehicles at the tunnel entrance. The repair 

shop is designed for maintenance and repair works of heavy machineries and vehicles 

used in the repository. The most important savings can be gained when security and 

control operations are integrated and centralized into the operating building. 

The continuous flow of visitors is taken into account in the design of the disposal 

facility. Visitors are partly specialists, partly ordinary tourists. Visitors are welcome and 

able to see almost everything. This opportunity is provided without disturbing the 

disposal work. The size of visitor groups is 50 persons.
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No new guest houses are needed in Olkiluoto, as the Olkiluoto NPP will have a 

sufficient capacity to provide accommodation services. 

Power supply for disposal facility

The power for the disposal facility is supplied from the Olkiluoto NPP switchgear plant 

by a 20 kV buried cable connection. Back-up power supply is arranged from the open-

wire line of Paneliankosken Voima Oy. 

The transformer stations are located in the encapsulation plant and in the ventilation 

shaft building as well as in the controlled and uncontrolled areas of the repository. One 

transformer substation is also needed close to the crusher station. Dry transformers are 

needed for the ventilation shaft lift, for the canister lift and for the personnel lift in the 

controlled area as well as for consumers in the repository spaces.  

The buried cable network is used for power supply in the disposal plant site area. The 

power supply centre of the encapsulation plant will supply power for the operating 

building and for the repository’s controlled area. The power supply centre in the 

ventilation shaft building supplies power also for the research building and for the 

uncontrolled repository area. 

A stand-by diesel generator unit will be located in the encapsulation plant, where need 

for back-up power may occur. The output of the stand-by diesel unit is about 310 kVA. 

Heating, water supply and sewage for disposal facility

The repository is heated by heating the inlet air. The buildings are connected to the 

district heating system. 

District heating pipes are installed in a trench that connects the ventilation shaft 

building, the encapsulation plant and the other above ground buildings. The maximum 

heating capacity is about 2.5 MW. 

Potable water is taken from the water plant of the Olkiluoto NPP. Service water is taken 

from Korvensuo reservoir after removing organic impurities. 

The sewage water treatment system ensures that sewage waters are cleaner than the 

waters in the environment. Sedimentation pools for leakage waters are constructed 

during the ONKALO phase at the entrance of the access tunnel. From the pools water is 

pumped to the open trench and discharged into the sea. Oils are separated before water 

sedimentation. 

Domestic sewage waters are led into the sewage water purification system of the 

Olkiluoto NPP, where organic materials are removed. Domestic waters from the 

repository spaces are removed with the help of a sewage suction truck. 

Leakage water in the access tunnel is pumped up stepwise through shaft connections 

and via the ventilation shaft. Leakage water in the repository is pumped up in one stage 
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via the ventilation shaft after settling, and discharged into the sea. Groundwater 

drainage waters and rainwater sewerage waters can be led directly to the sea. 

Traffic arrangements

Principles of traffic arrangements

Heavy material transports to the repository site consist of the spent nuclear fuel, the 

empty fuel canisters, the raw bentonite and the bentonite blocks, diesel oil, heavy-duty 

machinery and building materials. Heavy material transports on the site include 

transport of broken rock up to the ground, to the storage, from the storage to the crusher 

station, and from crushing to the backfill material mixing station, transport of bentonite 

to the backfill material mixing station and transport of backfill material into the 

repository.

Light material transports consist of different kinds of bulk materials and supplies as well 

as transport of waste material away from the disposal site.  

Personnel traffic to and from the disposal site is based mainly on the use of passenger 

cars.

Heavy material transport, light material transport and personnel traffic are separated 

from each other as far as possible. Transports of broken rock, crushed rock and backfill 

material are also separated from other modes of traffic on the disposal plant site. 

Heavy material transport

It is assumed that heavy materials are transported to the Olkiluoto site mainly by road; 

part of heavy transports takes place via the Olkiluoto Port. 

The spent fuel is transported from the Olkiluoto KPA-store to the encapsulation plant 

along a separate non-public road inside TVO’s private area. The existing transport 

equipment of the Olkiluoto NPP can be used, as fuel transfer is concerned and not fuel 

transport. If the encapsulation rate is 40 canisters per year then the transport frequency 

is once every month using the existing transport cask. For fuel transported from the 

Loviisa NPP using the Castor VVER 440/84 transport cask and for transport convoys 

consisting of two casks, transport takes place once in every fourth months. 

New fuel canisters are brought to the encapsulation plant every two weeks.

Bentonite is the major single material item transported to the disposal plant. Bentonite is 

shipped in containers by sea. The containers are stored in the bentonite container storage 

area. The annual need of bentonite is about 5 000 tons, assuming that the deposition 

tunnel backfill consists of pre-compacted blocks, which are made from bentonite and 

crushed rock with a composition of 30:70, respectively. If the compacted bentonite 

blocks for the deposition holes are made in Olkiluoto, the annual need of bentonite is 

6 000 tons. If the backfill is made from pure swelling clay, the need of bentonite is 
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threefold. The compacted bentonite blocks are stored at the encapsulation plant before 

transport into the repository. 

Diesel fuel is transported in tank trucks every two weeks. Heavy-duty vehicles are 

driven to the plant once a week. Building materials are brought in every day during the 

construction phase and once a week during the operating phase. 

Heavy traffic on the plant site consists of hoisting of rock along the access tunnel, 

transport of broken rock to the storage and transport of rock to the crusher station as 

well as transport of back-filling material to the repository. The maximum annual 

amount of hoisted rock is about 15 000 tons when 40 canisters are deposited. The 

maximum annual amount of crushed rock transported for back-filling is 9 000 tons. 

Crushed rock not needed in the plant is either stored or sold out.  

Light material transport 

Transports of piece goods, food and post take place daily, maybe several times a day.  

A private landfill is provided for the disposal plant for disposal of building scrap and 

mineral aggregate from water sedimentation as well as filtration dust. Organic wastes, 

such as food, are transported to the landfill of the municipality of Eurajoki. Transports 

take place once a week. 

Personnel traffic

Personnel traffic to the disposal plant takes mainly place by passenger cars, partly by 

public transport. A pedestrian and bicycle road is also available. The operating building 

and the ventilation shaft building are provided with parking places. 

Visitor groups travel by busses. Visitor groups are normally received in the visitor 

centre, which has a parking area right outside the building. 

Disposal plant personnel

The disposal plant personnel mainly work in one shift. The security personnel have a 

three-shift system. The encapsulation plant control activities during night-time are 

carried out in the operating building's security centre. 

The working places are located so that unnecessary movement from one place to 

another can be avoided as well as the crossing of the controlled area boundary. 

The team responsible for handling of the nuclear fuel has an operations base in the 

operating building where the access control point to the controlled area is also located. 

The personnel lift entrance to the controlled area of the repository is located in the 

operating building. 
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The ventilation shaft lift or the access tunnel is used by personnel entering the 

uncontrolled area of the repository for purposes of repository construction and back-

filling of the tunnels.

The crushing of broken rock is carried out by an outsourced contractor, for which a 

barracks and a camp are reserved. The rock is crushed in campaigns during summer.  

Above ground buildings and structures for disposal facility 

The buildings of the disposal site facility are shown in Figure 2-10. The encapsulation 

plant and the operating building are on the right. The research building, the storage and 

the ventilation shaft building are in the lower centre part of the Figure. The building for 

tunnel technology and the repair shop with the vehicle washing plant are at the bottom 

of the Figure. The visitor centre is at the tip of the cape. 

The buildings associated with the canister shaft are shown in Figure 2-11. The 

encapsulation plant is on the left and the operating building on the right. The bentonite 

block storage is integrated with the encapsulation plant. 

Figure 2-10. Buildings in the disposal facility area. (view angle west). 



45

Figure 2-11. Buildings associated with the canister shaft. The encapsulation plant is on 

the left and the operating building on the right. 

The buildings associated with the personnel shaft 1 and exhaust air shaft 1 are shown in 

Figure 2-12. The ventilation shaft building is on the topmost right, the gate building, the 

storage, the research building and the office building on the right below the ventilation 

shaft building.  

The building for tunnel technology is close to the tunnel opening and the repair shop is 

by the access tunnel road. The vehicle washing plant is integrated in the repair shop. 

The sedimentation pools are at the left of the Figure.

A view from north of the 400 kV power transmission line is shown in Figure 2-13. The 

broken rock storage dominates the view. The crusher station and the storage for crushed 

rock are close to the broken rock storage. The backfill material mixing station will be 

located close to the crushed rock storage. The bentonite container storage area is shown 

in blue almost in the centre of the Figure.  
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Figure 2-12. Buildings around the ventilation shaft building and the access tunnel. 

Figure 2-13. View from north of the 400 kV power transmission line.
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In addition, the following reservations are needed on the disposal facility site: 

Storage for building materials 

Dumping area for building waste material and 

Area for future extension. 

Encapsulation plant

The spent fuel is received and treated for disposal in the encapsulation plant. In the fuel 

handling cell, the spent fuel assemblies are unloaded from the spent fuel transport casks 

and loaded into the disposal canisters. The gas atmosphere of the disposal canister is 

changed, the bolted inner canister lid is closed, and the electron beam welding method is 

used to close the lid of the canister's outer envelope. The disposal canisters are cleaned 

and transferred into the buffer store after weld machining and after an inspection of the 

copper lid welds. From the buffer store, the disposal canisters are transferred into the 

repository by the canister lift. All the required operating stages are to be performed 

safely without any activity releases or significant personnel doses (Kukkola 2002). 

The encapsulation plant is the most important building of the disposal facility. The 

encapsulation plant is separated from the rest of the disposal site by a security fence 

because nuclear fuel is stored and handled in the encapsulation plant. The encapsulation 

plant is classified as a nuclear facility. 

The compacted bentonite block storage is associated with the encapsulation plant. The 

bentonite blocks are transported into the repository with the canister lift.  

Operating building 

The disposal facility administration is centralized in the operating building, where staff 

facilities for the encapsulation plant personnel are also provided.

The personnel canteen is located in the operating building, and shared by all disposal 

plant personnel working above ground. 

The disposal facility does not have its own fire station. The fire safety of the disposal 

facility is supported by the local community fire and rescue station. However, security 

personnel are qualified in first-attack extinguishing. 

Ventilation shaft building 

The ventilation shaft serves for ventilation of the uncontrolled repository area, for 

removal of leakage water and for supply of electric power. The personnel lift for 

uncontrolled area traffic in the repository is also arranged in the ventilation shaft. The 

ventilation shaft building is located above the ventilation shaft and the exhaust shaft. 

The staff facilities of the researchers in the repository's uncontrolled area are provided 

in this building. 

The rock mechanical laboratory and the chemistry laboratory are transferred from the 

research building to the ventilation shaft building at the operating phase of the disposal 
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facility. Office facilities are also arranged in the ventilation shaft building. The 

personnel shelter is located in the ventilation shaft building. 

Research building and storage

The research building is used by persons who work in the ventilation shaft building and 

in the uncontrolled area of the repository. Borehole and water samples for site 

investigation purposes are examined and stored in this building. 

Building for tunnel technology

The building for tunnel technology is constructed at the ONKALO phase. The 

transformer and the 20 kV power substations for the access tunnel power supply are 

located in this building.  

Facilities for different kinds of access control and telecommunication systems are 

accommodated in the building for tunnel technology. 

Repair shop

A washing plant for vehicles is constructed at the ONKALO phase. At the operating 

phase the plant will be extended to include the repair shop.  

The heavy repair shop and the necessary storages for repair and maintenance of vehicles 

and machinery are needed, because the repository spaces are constructed with the help 

of the access tunnel. The excavation machineries are transported into the repository via 

the access tunnel.  

Visitor centre

The visitor centre has been constructed for public relations and for use as a visitors' 

reception centre. It is shared with the Olkiluoto NPP. 

Permanent and variable exhibition rooms are provided in the visitor centre. The required 

meeting rooms, seminar rooms, an auditorium for 130 persons and a cafeteria are also 

located in this building.  

Broken rock yard

The rock storage, the crusher station, the crushed rock storage and the backfill material 

mixing station are located in the broken rock yard. The broken rock is crushed at the 

crushing station so that the grain size is suitable for use as backfill material.  

Backfill material mixing station / bentonite block and backfill material compaction plant

Depending on the backfill technology either the backfill material mixing station/ 

bentonite block and backfill material compaction plant (Keto & Rönnqvist 2006) and/or 



49

only the backfill material mixing station is located close to the crushing plant (Keto 

2006). The composition of the backfill material has not yet been defined. 

Fueling station and fuel storage tank

A fueling station is provided for the heavy-duty vehicles working on the disposal site. 

The largest fuel consumers are the loaders in the broken rock yard. A significant amount 

of fuel is also needed for broken rock and backfill material transports. 

The fueling station is by the road from the repository close to the repair shop. 

Diesel fuel to the repository is transported by a pipeline running in the personnel shaft 1. 

Other structures and reservations on the plant site

The district heating network and the potable water network follow the road lines as do 

also the ground water drainage network and the rainwater sewage network.

The main cable routes are run in trenches along the road line, which passes the 

production plants. The data communication network also uses the same route. 

The bentonite container storage area is located on the road from the Olkiluoto Port. 

There is an open storing place for 220 twenty-foot containers, based on the assumption 

that backfill consists of a mixture of bentonite and crushed rock (30:70) and that the 

buffer bentonite blocks for deposition holes are brought to Olkiluoto and not produced 

there. The storing place is asphalted. The containers are transferred by a straddle carrier. 

A plot of land is reserved close to the crushing station for contractors. The contractors 

will provide their own barracks during the excavation campaigns of the disposal facility. 

Another area for contractors is reserved close to the access tunnel entrance already at 

the ONKALO phase.  

Space is reserved for a storage hall for construction materials close to the bentonite 

container storage area. The need for construction materials is limited during the 

operating phase.

The landfill area could be outside the disposal site area. The deposition hole drilling 

muck is transported to the landfill area or mixed with backfill material. The concrete 

structures removed from the deposition tunnels are transported to the landfill. Waste 

materials are recycled if possible. 

2.3.2 Underground repository 

The underground part of the facility consists of surface connections and a network of 

tunnels that is constructed either on one level at the depth of 420 metres or on two levels 

at 420 and 520 metres. This underground part is called the repository. The spent nuclear 

fuel and the operating and decommissioning waste of the encapsulation plant will be 
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disposed of in the repository. The surface connections to the repository include an 

access tunnel that is 1:10 inclined , and 6 vertical shafts. Because of the long operational 

phase, the separate parts of the repository are excavated and also backfilled over a 

period of 100 years. A lay-out example of the repository based on the one-level 

principle is shown in Figure 2-14. The repository is described in detail in Chapter 3. 

Figure 2-14. Underground repository. 

2.3.3 ONKALO 

ONKALO is the name of the underground characterisation facility under construction in 

Olkiluoto. ONKALO will provide detailed information for the adaptation and design of 

the repository. The knowledge and experience gained are also used for the evaluation of 

feasibility and long-term safety. ONKALO is designed so that it can later be used as 

part of the repository. 

ONKALO consists of the following rooms: 

Access tunnel 

2 vertical shafts 

Characterisation tunnel at level -420 

Rooms for testing and demonstrations at level -420 

Technical rooms at level -420 

Technical rooms at level -520 

ONKALO is presented in Figure 2-15. 
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Figure 2-15. ONKALO. 

2.3.4 Fuel transports and transfers 

The spent fuel is stored in the interim stores in Loviisa and in Olkiluoto. From these 

interim stores the spent fuel will be transported to the encapsulation plant in special 

transport casks, which are filled with water, i.e. by wet transport. In wet transport fuel 

temperature remains low and no overpressure is built up, either, whereby no special 

provisions for overpressure relief are needed in the encapsulation plant before opening 

the cask lid.

Spent fuel is transported from Loviisa to Olkiluoto using vehicular transportation by 

road. In road transport the cask is carried on a special multi-axle trailer pulled by a 

lorry. The axle weight of the vehicle may not exceed the limits allowed by roads and 

bridges. The transport cask is loaded onto the lorry by a crane in the spent fuel interim 

store in the power plant area. The cask is turned into horizontal position for the 

transport, and collision shock absorbers are mounted at the cask ends. The cask and the 

trailer are covered with a weather guard for the duration of transport. The transports are 

controlled and escorted by the required escort staff, e.g. police and a controller from 

STUK (Suolanen et al. 2004).

The transport route is selected so that the route is as short as possible and built-up areas 

are avoided. Three transport campaigns are organized from Loviisa to Olkiluoto every 

year. The casks, cask handling, readiness for accidents and documentation are governed 

by strict criteria. The principle is that the transport cask must retain its protective 

features even in the worst conceivable accident. The spent fuel in the transport casks 

must remain sub-critical in all situations during transport. The transport casks must be 

able to withstand the following accident tests: 



52

a fall from a height of 9 metres onto a hard surface at the most adverse angle of 

impact 

a fall from a height of 1 metre onto a steel bar with a diameter of 0.15 m 

an ambient temperature of +800°C for 30 minutes 

immersion in water at a depth of 200 metres for one hour. 

Fuel from the Loviisa plant can be transported in a Castor WWER-440/84 transport 

cask, which holds 84 fuel assemblies.

Spent fuel transfers from the Olkiluoto plant are carried out in transfer casks using a 

special transport vehicle within the power plant area. The vehicles are of the same type 

as the vehicles already used (Figure 2-16) to transfer spent fuel from the reactors to the 

spent fuel interim store facilities. 

Figure 2-16. Transport Vehicle and Cask Used for Spent Fuel Transfers in Olkiluoto 

NPP Area.

2.3.5 Spent fuel encapsulation  

The spent fuel is received and handled for disposal in the encapsulation plant. The spent 

fuel is unloaded from the spent fuel cask in the fuel handling cell. The fuel assemblies 

are enclosed in the fuel canister. The gas-atmosphere of the inner canister is changed, 

and the inner canister lid is closed. The copper canister lid is fixed by electron beam 

welding, the weld surface is machined, and the integrity of the weld is inspected. The 

fuel canister is cleaned and transferred into the canister buffer store to wait for transfer 

into the repository in the canister shaft lift. All operations in the encapsulation plant are 
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to be carried out safely and without any significant activity releases and personal doses. 

(Kukkola 2002 and 2003c)

The interim storage for the bentonite blocks is arranged in the encapsulation plant. The 

bentonite blocks are used as buffer material between the fuel canisters and the rock wall 

in the deposition holes.

Most important functions of encapsulation plant

Receiving of spent fuel 

The spent fuel is transported by road to the canister loading area of the encapsulation 

plant. Spent fuel from the Loviisa NPP is transported in a cask that can accommodate 84 

PWR fuel assemblies. The Olkiluoto NPP fuel transport cask has a capacity of 48 BWR 

fuel assemblies. The spent fuel transport cask is filled with water throughout the 

transport process. 

The road transport trailer is driven to the front of the canister loading area of the 

encapsulation plant, where the weather guard is rinsed and removed. The trailer is 

driven into the canister loading area; the collision shock absorbers of the transport cask 

are removed. The transport cask is lifted in vertical position and either transferred into 

the storing area or lowered directly into the cask transfer corridor. 

The cask loading area can be driven through even if transport casks are stored in the 

storing positions.

Spent fuel encapsulation

Empty canisters are received, stored and prepared in the same area where the spent fuel 

casks are received. The empty canister is lowered through an opening in the floor onto 

the canister transfer trolley. The lid of the inner canister is in its place, the copper lid is 

on the shelf of the canister transfer trolley. 

The canister transfer trolley is driven below the canister docking position. The fuel 

canister is lifted up and docked tightly to the fuel handling cell. After tightness has been 

secured, the cover hatch is opened. 

The fuel assemblies are lifted out one by one from the spent fuel cask, which is docked 

to the handling cell in the same way as the fuel canister. The fuel assemblies are 

transferred into a drying station, and after that the fuel assemblies are installed in the 

fuel canister. Before this the inner canister lid is opened and the protective sleeve is 

installed to protect the canister sealing. The atmosphere in the inner canister is changed 

with the help of the gas atmosphere-changing cap, the inner canister lid is closed and the 

tightness of the inner canister is checked. 

After that, the cover hatch is sealed onto the docking penetration and the fuel canister 

sealing to the handling cell docking penetration is loosened, and the canister is lowered 

onto the canister transfer trolley. The copper lid is lifted on top of the fuel canister and 
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the fuel canister is transferred into the welding chamber. The canister is docked into the 

vacuum chamber where the copper lid is welded by electron beam welding apparatus. 

The fuel canister is loosened from the vacuum chamber.  

In the canister transfer corridor the welding surface is machined with a face-milling 

cutter. The water-filled sleeve structure is fixed onto the upper part of the canister and 

the weld is inspected with a multi-channel ultrasonic inspection device. The canister is 

transferred and lifted to the X-ray inspection station. After inspection the canister is 

washed and transferred into the buffer store or directly to the repository. 

The fuel canisters are transferred from the buffer store to the repository via the canister 

shaft. The canister is driven with an automatically guided vehicle into the canister lift 

cabin and further down to the repository level where the vehicle is driven out with the 

canister. 

Handling of bentonite blocks

The compacted bentonite blocks are used as buffer material between the fuel canister 

and the rock surface of the deposition hole. The bentonite blocks are purchased from 

external vendors on the basis of a competitive bidding process or produced in-house. 

The bentonite blocks are transported to the repository via the canister shaft.  

The blocks are compacted from pretreated bentonite powder with 100 MPa pressure. 

The bentonite blocks are transported to the interim storage in metal boxes. The boxes 

are opened in the store and the blocks are loaded on racks for transport to the repository. 

The racks with the bentonite blocks are transferred into the repository with the canister 

lift. An air lock separates the lift cabin and the interim store. 

Control operations

The encapsulation process is controlled from the process control corridors and 

monitored from the control room of the encapsulation plant.   

Nuclear material safeguarding is performed according to YVL Guide 6.1. Nuclear 

material bookkeeping, visual and technical control procedures are used in the control 

throughout the whole encapsulation process. 

Handling and disposal of active wastes

In principle, the only places where active waste can be produced are the fuel handling 

cell and the cask transfer corridor where spent fuel cask decontamination takes place. 

High level wastes are disposed of together with the fuel assemblies. In the handling cell, 

some crud, deposit, and possibly detached fuel fractions may be vacuumed and 

ultimately shed into free positions of the fuel canister before installation of the fuel 

assemblies.  
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Liquid waste is evidently generated when the outer surface of the spent fuel cask is 

washed. The washing water is purified of radioactivity and re-circulated. Filter resins 

are solidified by concreting and disposed of in the repository waste cavern. 

Components removed from the fuel handling cell are decontaminated in the 

decontamination centre before repair or maintenance. Filter resins from 

decontamination liquids are solidified in the same way as filters from washing waters. 

Components that are not repaired are emplaced in the repository. 

Spent filters from active air-conditioning and handling cell filtration are packed in 

metallic drums and deposited in the repository.  

The most waste is generated at the decommissioning stage of the plant. All fuel 

handling cell components are disposed of in the repository. The stainless steel lining of 

the handling cell will be decontaminated but not dismantled. All liquid wastes are 

solidified by concreting. The required total repository volume is about 5 000 m
3
,

including decommissioning waste. 
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3 IMPLEMENTATION 

3.1 Repository 

The repository facilities consist of the deposition tunnels, the central tunnels that inter-

connect the deposition tunnels, ground surface connections and technical rooms. There 

are seven ground surface connections in all. They include personnel shaft 1, exhaust air 

shaft 1 and access tunnel in the uncontrolled area, and personnel shaft 2, canister shaft, 

exhaust air shaft 2 and inlet air shaft 2 in the controlled area. The design of the facility 

and the design arguments are presented in the Description of the final repository at 

Olkiluoto report (Kirkkomäki 2003a). A detailed report about the structures used in 

facility (Kirkkomäki 2003b) is also available.  

Part of the technical rooms will be finished already at the ONKALO stage and the rest 

before the repository is commissioned in 2020. The final position and shape of the 

deposition and central tunnels will be determined gradually as depositioning proceeds 

and new information is obtained about the bedrock. Figure 3-1 is a principle Figure of 

the present impression of the repository facilities. The extent of the facilities at level 

-420 is 2.9 km
2
.

Figure 3-1. Repository in level -420. 
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3.1.1 Controlled area 

At the operational stage the repository will be divided into two separate areas, the 

controlled area and the uncontrolled area. All handling of canisters will always take 

place in the controlled area. The assembly of the bentonite blocks into the disposal hole 

before and after the assembly of the canisters will also take place in the controlled area. 

Excavation, construction and backfilling of the facility will occur in uncontrolled area. 

The controlled area consists of technical rooms, parts of the central tunnel network and 

those of the deposition tunnels, in which the canisters are disposed of. The controlled 

area has its own ground connection for personnel and a separate ventilation system. The 

technical rooms of the controlled area consist of the receiving site for the canister shaft, 

electrical equipment rooms, the area around the personnel elevator, the rescue chamber, 

the parking hall and the hall for low and intermediate level waste  at level -420 (Figure 

3-2).

In normal conditions the border between the controlled area and the uncontrolled area 

may not be crossed underground. In an emergency, for example in a fire, however, 

crossing from the controlled area to the uncontrolled area or vice versa is possible. 

Entrance to the controlled area takes place from the ground using the controlled area 

personnel shaft 2. Everyone entering the controlled area will be registered and their 

possible radiation doses are measured for purposes of radiation protection. The control 

station is located at the top of the personnel shaft 2 at ground level. 

Ground connections to the controlled area and technical rooms are always part of the 

controlled area. The amount and length of central tunnels that are part of the controlled 

area varies. Borders between the controlled area and the uncontrolled area in the central 

tunnels are not fixed. The objective of the moving borders is to always keep the 

controlled area as small as possible. This way any radiation leaks in an emergency will 

propagate to an area as small as possible, which will help trace the radiation source and 

clean the facility. 
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Figure 3-2. Controlled area at level -420. 

3.1.2 Uncontrolled area 

Excavation, building and backfilling of the tunnels is carried out in the uncontrolled 

area. Entrance to the uncontrolled area takes place either via the access tunnel or 

through personnel shaft 1 in the uncontrolled area. Visitors to uncontrolled area are 

controlled for reasons other than radiation control, and their radiation doses are not 

measured. 

The uncontrolled area consists of technical rooms, part of the central tunnel network, 

the deposition tunnels under excavation and the deposition tunnels prepared for 

deposition. Technical rooms in the uncontrolled area consist mainly of facilities already 

build at the ONKALO stage. At level -420, the technical rooms of the uncontrolled area 

include an electrical room, a rescue chamber, a parking hall, a vehicle washing and 

refuelling room, a repair shop and a demonstration rooms for testing and demonstration 

of the deposition technique (Figure 3-3). At level -520, the technical rooms of the 

uncontrolled area include substations for personnel shaft 1 and exhaust air shaft 1, a 

parking hall, a vehicle washing and refuelling site, an electrical room, sedimentation 

pools and a pumping station (Figure 3-4). 
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Figure 3-3. Uncontrolled area facilities at level -420. 

Figure 3-4. Uncontrolled area facilities at level –520. 
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3.1.3 Central tunnels 

Inside the repository, the network of central tunnels connects the deposition tunnels and 

the technical rooms. The first central tunnels are excavated during the construction stage 

of ONKALO. Later the central tunnel network will be expanded in stages. Part of the 

central tunnels are also backfilled and closed during the operation stage of the 

repository.

The so-called parallel tunnel principle is applied to the positioning of the central 

tunnels. Two parallel central tunnels are excavated in the deposition area. The space 

between the central tunnels is approximately 20 m. Unexpected rock structures can be 

dodged flexibly with two parallel central tunnels without wasting rock resources 

suitable for repositioning. The parallel tunnel principle also offers efficient 

arrangements for emergency exits. Connecting tunnels are excavated between the 

parallel tunnels approximately at every 100 metres. The parallel tunnels are separated as 

isolated fire departments so that in an emergency people can quickly move to another 

fire department by moving from one central tunnel to an another through the connecting 

tunnel.

The parallel tunnel principle makes it easy to organize arrangements between the 

controlled area and the uncontrolled area. The place of the borders can be easily 

changed as depositioning proceeds. Ventilation ducts and main power buses can also be 

implemented practically in the parallel tunnel principle. Operation of the deposition 

tunnels in the repository is also fluent when parallel tunnels are used. The deposition 

tunnels can be utilized either from the beginning of the central tunnel or from the end of 

the central tunnel. The deposition tunnels can also be utilized in turns from one side of 

the central tunnels to the other side, or by using first all the deposition tunnels from one 

side of the central tunnel and then the rest from the other side. 

Figures 3-5 and 3-6 present the cross sections of the central tunnels. The central tunnels, 

which are excavated during the ONKALO stage at level -420 are 15 cm higher than the 

central tunnels excavated later. The diameter (1.8 m) of the ventilation pipes is larger in 

these tunnels. In the other central tunnels, the diameter of the ventilation pipes is 1.6 m. 
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Figure 3-5. Cross-section of central tunnel in tunnels excavated at ONKALO stage. The 

diameter of the ventilation pipe is 1.8 m. The excavation height of the central tunnel is 

6.85 m and the clearance height is 3.8 m. 

Figure 3-6. Cross section of the central tunnel. The diameter of the ventilation pipe is 

1.6 m. The clearance height is 3.8 m. The excavation height of the central tunnel is 

6.65 m. 
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3.1.4 Deposition tunnels 

Spent nuclear fuel will be disposed of in canisters emplaced in deposition holes drilled 

in the floors of the deposition tunnels. The diameter of the holes is 1750 mm and the 

depth is for OL1-2 canisters 7.8 m, for OL3 canisters 8.2 m, and for Lo1-2 canisters 

6.6 m (Figure 3-7). In the one-layer design the minimum distance between the 

deposition holes at level -420 is 8.6 m for Fortum’s canisters, 11.0 m for TVO’s OL1 

and OL2 canisters, and 10.5 m for OL3 canisters (Ikonen 2003 and 2005). In the two-

layer design, 2 metres is added to the minimum distances between deposition holes at 

the lower level. 

The aim is to make the deposition tunnels as small as possible, in order to minimize the 

disturbance for the sake of long-term safety with respect to bedrock and groundwater 

conditions. The disposal technique of the canisters and other aspects of safe operation in 

the deposition tunnels require that the excavation height of the tunnels is for TVO´s 

canisters at least 4.4 m and the width 3.5 m. An excavation height of 4.0 m of the 

deposition tunnels is enough for Fortum’s canisters. The upper part of the deposition 

holes for OL1-3 canisters is notched to facilitate the installation of the canisters. The 

safe maximum length of the deposition tunnels is assumed to be 350 m. 

The total amount of used nuclear fuel disposed of in repository is approximately 

5531 tU, and 2840 final disposal canisters are needed to deposit this amount. In an 

optimum situation when all the deposition tunnels are 350 m long, the number of 

deposition tunnels would be 112 and the total length 39.6 km. In practice, the total 

amount and length of the deposition tunnels will be greater. All the deposition tunnels 

cannot be of the maximum length because of the quality of the rock in the repository 

area and the distance between the deposition holes cannot always correspond to the 

minimum distances. 

Ca. 10 – 20 deposition tunnels will be excavated simultaneously in campaigns during 

the operating stage of the repository. The distance between two deposition tunnels is 

always at least 25 m. After canisters have been depositied, the tunnels will be backfilled 

as soon as possible. 
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Figure 3-7. Cross-section of the deposition tunnels. Tunnels made for TVO´s canisters 

are higher than tunnels for Fortum´s canisters because TVO´s canisters are longer. 

TVO´s canisters come in two different lengths. OL3 canisters are longer than OL1 and 

OL2 canisters. 

3.2 Systems 

The dimensioning of the repository system designs is presented in documents (Kukkola 

2003a ja Nieminen 2006). The repository spaces are constructed gradually with the fuel 

canisters deposited concurrently as described in Chapter 3.5 (Kirkkomäki 2006). The 

systems are modified with the repository space modifications.  

3.2.1 Heating system 

The purpose of the heating system is to keep the air temperature of the repository spaces 

suitable for working. The spaces are divided into three categories according to the 

working needs:

In work places where people work or stay on a continuous basis, normal operating 

temperature is 20
o
C and the allowed temperature variation is 18…24

o
C. Relative 

humidity shall be kept below 60%. These rooms include, for example, the offices, 

the repair shop and the deposition tunnels during disposal operation.
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In rooms with vehicle traffic but not used for continuous work, normal operating 

temperature is 15
o
C and relative humidity 80%. These rooms include, for example, 

the central tunnels and the access tunnel. 

In the caverns excavated in advance, not used as work places, temperature may stay 

below 15
o
C and relative air humidity can be 100%.

The repository spaces are heated by heating the inlet air. The principle of the air 

conditioning unit is shown in Figure 3-8 (Nieminen 2006).  

In summertime air humidity may condensate in the repository unless the air is not 

cooled down. An air dryer is provided for the ventilation system. The exhaust air system 

is equipped with a heat recovery unit, which is a plate type heat exchanger, simple to 

implement. An electric boiler is used as the inlet air heater.  The average temperature is 

15
o
C. In work places the air temperature is increased with local heaters to 20

o
C.

The heated volume of the repository’s uncontrolled area is about 400 000 m
3
, and the 

controlled area volume is about 100 000 m
3
, totalling about 500 000 m

3
. The 

uncontrolled area is heated through the inlet air shaft 1 by the air conditioning units in 

the ventilation shaft building. The access tunnel is also included in the heated volume. 

The repository’s controlled area is heated with the help of the shafts of the controlled 

area. The air conditioning units are located in the encapsulation plant. 

Heating power is needed for heating of inlet air and for compesating heat losses to rock. 

The maximum heating power for the repository’s uncontrolled area is 2 170 kW and for 

the controlled area 460 kW (Nieminen 2006). 

Figure 3-8. The principle of the air conditioning unit. The blue inlet air unit consist of 

silencer (1), inlet air filtration unit (2), heat recovery radiator (3), inlet air heater (4), 

moisture separator (5) and inlet air fans (6). The red outlet air unit consist of heat 

recovery radiator (7), outlet air fans (8) and silencer (9). 
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The annual heating energy for the repository’s uncontrolled area is 7 360 MWh and for 

the controlled area 1 630 MWh (Nieminen 2006).  

3.2.2 Ventilation system 

The purpose of the ventilation system is to maintain sufficiently good air quality. The 

exhaust gases of the diesel engines as well as seepage radon are the major contributors 

to poor air quality. Excavation causes dust emissions and the explosion gases produced 

in excavation shall be ventilated. The maximum contents of different air impurities are 

presented in report (Nieminen 2006). The selected air exchange rate is 0.5 times per 

volume per hour. 

The ventilation system of the controlled area is separated from the ventilation system of 

the uncontrolled area. In the ventilation system the boundary between the controlled 

area and the uncontrolled area boundary moves according to the progress of fuel 

canister disposal. Booster fans are installed in the inlet and outlet ductwork as required.

The manifold lines for inlet and outlet air are installed in the central tunnel. They are 

connected to the inlet and exhaust ventilation shafts of the controlled area and the 

uncontrolled area air-conditioning units above ground. The access tunnel is ventilated 

through the ventilation shafts of the uncontrolled area in sections of one kilometre, on 

average.

The activity of exhaust air is controlled but no filters are installed in the exhaust air 

system, either active carbon filters or HEPA filters. If activity is detected in exhaust air, 

an alarm is issued in the control room. Exhaust ventilation is stopped manually if 

considered necessary. The exhaust air of the repository’s controlled area can be filtered 

using the encapsulation plant’s active ventilation system 

The exhaust air ducts are used for smoke ventilation; this covers the controlled area as 

well as the uncontrolled area. The ventilation ducts are fire isolated and fire dampers are 

provided at the boundary of fire zones. The fire resistance classification is EI 60. For 

smoke ventilation, separate smoke fans are required, with a capacity that equals that of 

the exhaust air fans. The exhaust air ducts operate below atmospheric pressure because 

the exhaust air fans are located above ground. This is favourable in terms of the 

ductwork tightness requirement. In the deposition tunnels, outlet air ducts are led to the 

tunnel dead end and incoming air to the tunnel entrance. This ensures that smoke will 

not block the escape route. 

The total ventilated rock volume is about 500 000 m
3
. Half of the volume, i.e. 

250 000 m
3
 is changed every hour, which translates into an air flow of 69 m

3
/s. The 

ventilation requirement is shown in Figure 3-9 (Nieminen 2006). Excavation periods 

increase the air flow. 
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Repository´s ventilation requirement 
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Figure 3-9. Ventilation requirement as function of time.  

The maximum required ventilation fan power is about 1 000 kW (Nieminen 2006). 

3.2.3 Water systems 

Water is needed for excavation, deposition hole drilling, washing of rooms and vehicles 

and for sanitary equipment. Water is also used for fire fighting. 

Seepage water cannot be used for washing, for excavation or for deposition hole drilling 

because of salinity. Seepage water is for this reason not circulated.  

Water consumption

The daily consumption of water in the repository is about 25 m
3
 and the annual 

consumption about 9 300 m
3
.

The consumption of water in ONKALO is estimated to be 8 l/s (Kalliomäki 2003), with 

the flow assumed to be adequate also for the operating phase. The water source is the 

Korvensuo reservoir. The water need not meet the quality requirements for potable 

water.

In addition, water is needed for cooling during concrete pouring when the deposition 

tunnel front plug structures are made. The consumption of cooling water is about 

30 l/min during the plug construction process that lasts 10 to 15 days. 
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Service water

The quality of the service water shall meet the quality requirements specified for 

potable water. Service water is taken from the domestic water network of the Olkiluoto 

NPP.

The daily consumption of service water is about 6 m
3
 in the repository. The capacity of 

the service water system shall be 2.5 l/s, which equals the capacity requirement for 

ONKALO.  

The service water is led to the repository through the personnel shaft 1 of the 

uncontrolled area. A pressure reduction valve is needed in the repository because of 

high hydrostatic pressure. The 20 mm pipeline size is adequate for the service water 

supply.

The share of hot water required in the repository is estimated to be one fifth of the total 

service water consumption. The largest consumer of hot water is the car washing plant. 

An electric boiler is used for hot water production. 

The size of the boiler could be 1 000 litres and a heating power of 16 kW is sufficient. 

Fire fighting water

Tanks for cold water are made already at the ONKALO phase. The size of the service 

water tank is 2 m
3
 and the size of the drilling water/hydrant tank 8 m

3
. These tanks are 

located at every shaft connection. In addition, an 8-m
3
 tank for drilling water/hydrants 

and a 20-m
3
 tank for sprinklers are located at ground level. The size of the sprinkler 

tank is 200 m
3

at level -290 m. All rooms with significant fire loads are provided with 

the sprinkler system.   

Also in the controlled area all rooms with significant fire loads are provided with the 

sprinkler system. The sprinkler system is not installed in the canister shaft but the lift 

car is equipped with a sprinkler.  

Near the personnel shaft 2 at ground level, a 200-m
3
 fire water tank is required. The fire 

water pipeline is led through the personnel shaft 2 to the repository. A reduction valve 

for the fire water pipeline is needed at the repository level.  

The fire water pipelines are led into the repository through both the personnel shafts and 

connected in the central tunnel to the manifold ring pipe. This makes two independent 

water sources available. 

Hydrostatic pressure before the reduction valve is 6 MPa. The pipeline material shall be 

acid-resistant stainless steel, for example type SMO is suitable. The size of the feeder 

pipe could be 50 mm. The fire fighting system functions with hydrostatic pressure, so 

no fire water pumps are needed. 
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Sanitary system

A sanitary system will be arranged in the repository. Domestic waters are collected in a 

5-m
3
 tank and waters are removed from the repository spaces with the help of a sewage 

suction truck.  The sanitary system will be implemented already at the ONKALO phase. 

Also the repository's controlled area is provided with toilets near the personnel shaft 2. 

A collector tank is also needed in the controlled area. 

3.2.4 Seepage water system 

The purpose on the seepage water system is to collect the rock leakage waters and the 

washing waters and to pump the waters from the collector pool to above ground.  

Method of implementation

Interim pump stations are constructed at the ONKALO phase at all shaft connections. 

The main collector pool will be made at level -520 m. The volumes of collector pools 

are 10, 15, 16.5, 18 and 1 800 m
3

(Kalliomäki 2003). In addition, at level -520 m, a 

collector pit of 27 m
3
 will be arranged. 

At the operating phase all seepage waters are pumped up in one stage for reliability and 

maintenance reasons. Single-stage pumping is more reliable and requires less 

maintenance than multiphase pumping. The pumps at the interim pump stations are 

replaced by smaller ones and the pipelines of the pumps are connected to the riser 

pipelines in the personnel shaft 1. 

Seepage waters are collected into the collector pool with help of subsurface drains. 

There are floor drains in the central tunnel that are part of the subsurface drain system. 

Water samples can be taken from the floor drains. However, the activity of water is not 

measured in the collector pool. 

Submersible draining pumps are installed at the bottom of all shafts.  

Dimensioning of collector pool and pumps 

The design discharge of seepage waters at the ONKALO phase is 10 l/s. Normal 

seepage discharge according to reference (Maanalaisten tilojen rakentamisyhdistys 

1986) is 3 l/min per 100 metres' tunnel length. A discharge of 10 l/s corresponds to 

20 km of open tunnel length. A total of 865 m
3
 seepage water is discharged in one day. 

The size of the seepage water collector pool is 1 800 m
3
, and the discharged water 

volume could be 1 000 m
3
 in a day. The allowed interruption in the use of draining 

pumps is two days. 
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Three draining pumps are installed in the collector pool. Each pump has a 100% 

capacity, which means that in normal operation one pump is running and two are in 

standby state. 

In principle, a continuously running pump is more reliable than a frequently started 

pump. In this case one pump is running continuously, i.e. 24 hours a day. At the 

commissioning phase the draining pump will be adjusted so that its discharge is equal to 

the seepage. The pump operates continuously during the whole maintenance interval, 

after which the second pump is started (which again runs during the whole maintenance 

interval). If seepage increases temporarily, the second pump is started (upon receiving a 

high level signal from the collector pool) to run in parallel with the operating pump. 

All three pumps are connected to two parallel main riser lines, which are led through the 

personnel shaft 1 to ground level. 

The discharge of each pump is 10 l/s and the power of the pump motor is about 82 kW. 

The size of the riser pipe should be 100 mm. The dimensioning pressure of the pipe is 

10 MPa. The required pipe wall thickness is about 10 mm. The pipe material shall 

withstand corrosion well; a suitable material could be acid-resistant stainless steel of 

type mark SMO. 

3.2.5 Other process systems 

Supply of diesel oil

The supply system for diesel oil is made already at the ONKALO phase (Kalliomäki 

2003). Diesel oil is fed via the personnel shaft 1 into the repository. The diesel oil tank 

is at level -420 m in its own fire compartment, which has a fire barrier class of EI 120. 

The tank volume is 10 m
3
. In addition, an oil tank of 3 m

3
 is located at level -520. 

The diesel oil tanks are sufficient also for the operating phase.  

Compressed air system

The local compressed air system is procured already at the ONKALO phase for the 

repair shop machinery. The compressor requires a supply of about 15 kW. The 

arrangement is sufficient also for the needs of the operating phase.  

3.2.6 Electric power system 

Electric power supply

The electric power supply systems are described in reference (Kalliomäki 2003). The 

rated value of power supply for ONKALO is 1 250 kW. The raise boring of shafts will 

consume an additional 500 kW. This capacity covers also the above ground demands of 

the disposal facility. Transformer substations are also arranged for each shaft connection 
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and at levels -420 m (two transformers) and -520 m. In addition, at the ONKALO phase 

one portable transformer substation is also bought. 

The power demand will not increase at the operating phase. The power demand is about 

1 100 kW. The largest single power consumers are the deposition hole drilling unit and 

the mining jumbo. 

At the ONKALO phase power is supplied to the repository by two 20 kV lines, one led 

through the access tunnel and the second through the personnel shaft 1. Power is 

supplied from the Olkiluoto NPP. Back-up power supply is arranged from the open-wire 

line of Paneliankosken Voima Oy. 

At the operating phase an additional 20 kV line is led to the repository's controlled area 

through the personnel shaft 2. Near the lower end of the controlled area personnel shaft 

2 at level -420 m, one transformer substation is located. 

At the operating phase two main power supply lines are led through personnel shafts 

and one standby line along the access tunnel. 

Lighting system

The purpose of the lighting system is to provide proper general lighting for the 

repository spaces as well as sufficiently effective spot lights for work places. 

High-pressure sodium lamps are provided for general lighting. Fluorescent lights with 

batterit backup are arranged for emergency lighting. 

The required lighting power is about 220 kW (Kukkola 2003a). 

Telecommunication systems 

The purpose of the telecommunication systems is to enable mutual communication 

between working groups in the repository spaces and also to enable communication 

with the working groups from above ground. The telecommunication systems will be 

implemented mainly during the ONKALO phase (Kalliomäki 2003). ONKALO’s 

telecommunication systems will be extended at the operating phase. 

Wired interphone system

The general cable network is used for traditional telephone connections.

Antenna system

TV and radio broadcasts can be connected also to the repository spaces with the help of 

a general antenna system.  

The public safety communication network (VIRVE) will be constructed according to 

valid safety requirements.  
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Public address (PA) system

A public address system is installed mainly for emergency alarm purposes. 

ADP-network

A general cable network is implemented for ADP and telephone connections. The cross-

connection frames and the electronic cubicles are located in telecommunication rooms 

at levels -420 m and -520 m.  

Signalling system

The signalling system exploits trembler springs and flashing lights. 

A wireless telephone system Digital Enhanced Cordless Telecommunications (DECT) 

supplements traditional wired telephones.  

A radiotelephone system is implemented with the help of so-called Leaky Coaxial for 

Radio Frequency. 

A separate intercommunication system will be implemented at the ONKALO phase 

from the building for tunnel technology to the rescue chambers at levels -420 m and 

-520 m. At the operating phase the intercommunication system will be extended to 

cover the repository’s controlled area, i.e. the operating building and the rescue chamber 

at the end of the personnel shaft. 

Control and security systems

At the ONKALO phase the following control and security systems are purchased 

(Kalliomäki 2003). The systems will be extended at the operating phase. 

Fire detection system. The repository rooms are equipped with an automatic fire 

detection and fire alarm system. Smoke and heat detectors as well as fibre optic 

detectors are used as transducers. 

Intrusion system. Repository spaces are not equipped with an intrusion system. 

Camera surveillance system. Access routes are controlled with the help of a camera 

surveillance system. 

Access control system. Access is controlled already above ground, whereby no separate 

access control system is required in the repository. However, a personnel positioning 

system is required in the repository for rescue operations.

Signal and safety lighting system. Uninterrupted Power Supply (UPS) systems with 

related switchboards are installed in a separate UPS main board centre for the 

repository’s signal and safety lighting system.  



73

Heat and smoke venting system. The smoke ventilation fans and dampers are controlled 

by the smoke control centre in the fire detection operating centre and at -420 m level in 

the rescue chamber. The smoke control centre is located along the attack route of the 

fire brigade.  

3.2.7 Repository monitoring systems 

Condition monitoring system

At the operation phase the purpose of the condition monitoring system is to control that 

the repository spaces are in good condition.  

The condition of the repository spaces is controlled by measuring the seepage water 

flow into the repository and by measuring rock stresses. 

Instrumentation system 

The instrumentation system helps to control the condition of the repository and the 

industrial safety of deposition work.

Measured data are collected into the control centre of the operating building.

At least the following measurements are carried out in the repository: 

hydro geological control measurements 

rock mechanical control measurements 

air, rock and water temperature measurements  

air humidity measurements 

seepage water level measurements  

airborne activity measurements  

CO-, CO2-, NOx- and radon content measurements 

dust concentration measurements in air 

smoke detection  

radiation monitoring measurement related to safeguards control. 

3.2.8 Transfer and transportation systems 

Lifts

Three lifts are constructed in the repository; the canister lift in the canister shaft, the 

personnel lift to the repository controlled area and the personnel lift to the repository 

uncontrolled area implemented at the ONKALO phase.   

Canister lift

The canister lift is connected to the encapsulation plant. The fuel canisters are 

transferred into the repository with the help of the canister lift. The compacted bentonite 
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blocks to be installed in the deposition holes are also transported into the repository with 

the help of the canister lift. 

The canister lift machinery is of friction hoist with counterweight type. The canister lift 

is dimensioned for a payload of 30 000 kg. The velocity of the lift car is 3 m/s. The lift 

is equipped with rope guides and a counterweight. In order to eliminate spurious brake 

functions, no guide brakes will be installed. The lift is equipped with a 500 kW DC 

motor with multiple secured disk brakes. The lift is capable for slow motion drive. The 

lift motor is capable of supplying braking power back to the network. The lift has six 

ropes, rope diameter 38 mm. The diameter of the rope pulley is 2.8 m. 

Personnel lift to the repository controlled area

The personnel lift is connected to the operating building. 

The lift machinery is of modified mine drum hoist type. The lift is for 16 persons and 

the velocity of the lift is about 10 m/s and payload 1 280 kg 

Personnel lift to the repository uncontrolled area

The personnel lift to the repository uncontrolled area is connected to the ventilation 

shaft building.  

The lift machinery is of modified mine drum hoist type. The lift is for 26 persons and 

the lift car is two-storey. The velocity of the lift is 5-10 m/s and payload 2 000 kg. 

Cranes

A bridge crane with a capacity of 20 tons is reserved for the repair shop in the 

repository’s uncontrolled area for service and maintenance of the repository’s 

machineries. 

Transfer trolleys

Short horizontal transfers of fuel canisters are carried out with the help of an automated 

guided vehicle (Pietikäinen 2003a). 

The automated guided vehicle carries the fuel canister into the canister lift and also out 

of the lift at the repository level. The vehicle transfers the fuel canister to the canister 

loading station, where it is lifted into the canister transfer and installation vehicle. The 

automated guided vehicle is electric driven and has a load bearing capacity of 25 tons. 

The automated guided vehicle secures the lifting of the canister inside the radiation 

shield of the canister transfer and installation vehicle. 
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Transfer and installation vehicles

The transfer and installation vehicles are used to transfer and install the fuel canisters 

and the bentonite blocks in the repository. Depending on the deposition tunnel backfill 

concept, more transfer and installation vehicles may be needed.  

Canister transfer and installation vehicle 

The fuel canister transfer and installation vehicle is track wheeled, Figure 3-10 

(Pietikäinen 2003b and Poli 2006). The vehicle transfers the fuel canister from the 

canister loading station at repository level to the deposition tunnel and installs the 

canister into the deposition hole. 

Bentonite block transfer and installation vehicle

The bentonite block transfer and installation vehicle transfers the bentonite blocks from 

the canister lift station at repository level to the deposition tunnel close to the deposition 

hole (the low and intermediate level waste cavern can also be used as interim storage for 

bentonite blocks if necessary). The transfer and installation vehicle is track wheeled and 

it can transport and install all bentonite blocks for one deposition hole, Figure 3-11. 

Figure 3-10. Canister transfer and installation vehicle. 



76

Figure 3-11. Bentonite block transfer and installation vehicle. 

Rock hoisting system

Rock is hoisted above ground along the access tunnel. Diesel engine driven vehicles are 

used to load and transport rock.  

Canister shaft shock absorber

If the canister lift is broken for example as a result of sabotage, the fuel canister falls 

into the canister shaft. The falling height may be up to 500 m. Even the tens of metres 

thick layer of groundwater at the bottom of the shaft will not slow down the canister, 

but it will hit the pit bottom with high velocity. The impact of the canister hitting the 

bottom of the pit shall be dampened mechanically. 

Tests demonstrated that a 20 m high filling of Light Expanded Clay Aggregate (LECA) 

at the bottom pit of the lift well provides fairly good impact absorption to protect the 

fuel canister (Kukkola & Törmälä 2003). The presence of ground water is not harmful 

for the impact absorption system, provided the ceramic gravel is not floating too high 

above the pit bottom. Almost ideal impact absorption conditions are created if the high 

water level does not exceed two thirds of the height of the gravel.

The shaping of the bottom head of the cylindrical canister does not influence the impact 

absorption system in any significant manner. A flat nose bottom head of the fuel 

canister gives adequate deceleration properties. 
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3.3 Safety classification  

The systems, structures and components important to nuclear safety are designed, 

manufactured, installed and operated so that their quality and the quality assurance and 

quality control procedures employed are adequate, taking the safety importance of the 

system in question into account. In compliance with this principle the systems, 

structures and components are classified to different safety classes: 1, 2, 3, 4 and EYT 

(not important to nuclear safety) (STUK 2000). Safety class 1 items are of the highest 

importance to safety. The safety classification is the basis of the quality assurance 

requirements specified for systems, structures and components. The safety classification 

also determines the scope of control implemented by the Finnish Radiation and Nuclear 

Safety Authority. 

3.3.1 Principles 

Re-criticality of the fuel shall be prevented. This means that the fuel assemblies and the 

fuel rods shall be kept at a sufficient distance from each other, especially if a neutron 

moderator, such as water is present. The fuel racks (in this case the internal canister and 

the fuel racks in the fuel drying tank) are important to nuclear safety and classified to 

safety class 2. 

The canister insert is assigned to safety class 2 and the copper overpack is assigned to 

safety class 3. Later, when the fuel canister is handled as a single component, it is 

assigned to safety class 2. 

The capability of removing decay heat power from the fuel shall be maintained. This is 

not a big problem as the fuel is cooled down for more than 20 years, and the decay heat 

power is relative low. However, overheating is not excluded, if the fuel is in a well heat-

insulated space, such as the fuel handling cell. The capability of cooling down the decay 

heat shall be maintained.  For this reason the fuel cooling systems are assigned to safety 

class 3. 

The fuel handling systems are assigned to safety class 3 in order to prevent incidents in 

fuel handling as well as fuel damages.  

Radiation monitoring, dose monitoring and safeguards control shall be uninterrupted. 

The existence of nuclear material, potential radiation exposures and absorbed doses for 

humans shall always be known. For this reason the radiation monitoring system and the 

dose control system will be assigned to safety class 3. The safeguards system 

instrumentation will be assigned to safety class 4. 

The fire fighting systems are assigned to safety class 4. The fire fighting system 

includes the fire alarm systems, the fire extinguishing systems and the smoke ventilation 

system, for example. 
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The safety class changes stepwise. If, for example, fuel racks are assigned to safety 

class 2, then the fuel handling machine will be assigned to safety class 3 and the 

supporting structure of the fuel handling machine to safety class 4. 

3.3.2 Surface connections 

The canister lift is assigned to safety class 3. The fuel canister is transported in the 

canister lift without any radiation shield. 

The components of the canister lift will be assigned to different safety classes; some to 

safety class 3, some to safety class 4 and some components are classified as not 

important with respect to nuclear safety. The lift cabin, the ropes, the hoist drum with 

the shaft, the bearings and the disk brakes will be assigned to safety class 3. The shaft 

coupling, the gearbox (if applicable), the bearing blocks and the supporting structures 

for the lift including the rope guides and the guide supports are assigned to safety class 

4. The electric motor and the power supply system are assigned to safety class EYT; the 

lift is safe even if the motor is inoperable. 

The canister lift machinery is a friction hoist with a counterweight, and rope guides can 

be used. Guides fixed on the canister shaft wall are therefore not needed. The canister 

shaft wall with shotcreting, the rock bolting and the potential lift guide supports are 

assigned to safety class 4. 

The smoke ventilation system will be assigned to safety class 4. The exhaust ventilation 

ducts and the ventilation raises are used for smoke extraction. 

The smoke ventilation fans, the dampers and the steel ductwork with its heat insulation 

will be assigned to safety class 4. The ventilation raise in rock is assigned to safety class 

EYT, because the hole in the rock is a passive component, which retains its functional 

properties in all situations. The raise-bored rock hole is not going to leak or be blocked 

in case of a fire. All raise-bored rock holes will therefore be assigned to safety class 

EYT.

All surface connections including the access tunnel will be assigned to safety class 

EYT. The canister shaft is an exception.

3.3.3 Repository spaces 

The fuel canister (safety class 2) is transferred inside the very strong radiation shield 

(safety class 3) of the canister transfer and installation vehicle so that the fuel canister is 

not damaged even if a piece of rock should fall from the roof of the access tunnel or 

from the roof of the central tunnel onto the radiation shield. The canister transfer and 

installation vehicle is assigned to safety class 4. The canister gripper and the other 

canister handling devices are assigned to safety class 3. 

The bentonite block lining in the deposition hole is assigned to safety class 3. 
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The deposition hole and the host rock around the deposition hole are assigned to safety 

class 4. 

3.4 Fire safety 

3.4.1 Regulatory stipulations  

Chapter 2.2.1 presents the valid regulatory stipulations, which cover safety 

classification, functional and reliability requirements for the systems, prevention and 

control of consequences of disturbances and accidents.

3.4.2 Actions to improve fire safety 

The repository designs are based on valid regulations.  

Minimizing fire loads  

Fires may take place, for example, in the following areas: 

Fire in the power distribution cabinet or transformer fire in the switchgear plant. 

Fire in the bridge crane motor fire and in the lift motor. Gearbox oil may contribute 

to fire.

Cable fire caused by a short circuit.

Fire in the canister transfer and installation vehicle in the repository.  

The power distribution cabinets are located in their own fire zones. The transformers are 

of so called dry-type without any oil that could contribute to fire.  

The bridge cranes are located in the repair shops that constitute a fire zone of their own. 

The lift motors are located at ground level, so they do not add to the repository's fire 

load.

Cable fires are always possible, even if so called fireproof cables are used. Temporary, 

disabled cables should be removed from cable trays in order to minimize the fire load.  

Special attention has been paid to the fire safety of the canister transfer and installation 

vehicle. The vehicle is equipped with an automatic and secured fire extinguishing 

system. The vehicle is track-wheeled, so the fire load is minimal compared with a 

rubber wheeled vehicle (Pietikäinen 2003b, Poli 2006).

Layout design and fire compartmenting 

Rooms with significant fire loads are separated into fire zones of their own. Power 

supply cabinets, repair shops, fuel tanks, staircases and other passage routes are rooms 

of this type. The fire resistance class is EI 60. The diesel fuel tank compartment at -420 

metre-level is of fire resistance class EI 120. 
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The physical size of fire zones is limited so as to keep the length of the access route 

feasible. Smoke fills even a large room in a few minutes, giving a rescue time of only a 

few minutes in a fire accident. The limited fire zone size also reduces economic losses 

of a fire. 

The boundary between the controlled area and the uncontrolled area is also a fire zone 

boundary. Fire protection requirements determine the strength of the boundary. The fire 

door at the compartment zone is locked and may only be used only in an emergency. 

Duct penetrations are equipped with automatic fire dampers. The duct part between the 

fire barrier and the fire damper shall be fire isolated. Because of fire zoning, the central 

tunnels cannot be drained by means of open ditches. Seepage water shall be conducted 

in pipes and floor drains shall be equipped with water seals. 

Heat and smoke venting

The parallel central tunnels are separated into independent fire zones. The escape route 

is always short from one central tunnel to another central tunnel in a different fire zone.  

The exhaust air ducts are also used for smoke ventilation in case of fires. The smoke 

extraction fans are located at ground level. The exhaust air ducts are under-pressurized, 

whereby the tightness of the ducts is not essential in terms of smoke ventilation. The 

exhaust air ducts in the deposition tunnels are led to the dead ends of the tunnels and the 

inlet air ducts to the tunnel entrance, so smoke is ventilated in opposite direction to the 

escape route. 

The smoke ventilation fans and the fire dampers are controlled by the smoke ventilation 

control centres, which are located in the fire alarm centre and in the rescue chamber at -

420 m level, i.e. along the attack route of the fire brigade.  

Rescue chambers 

Rescue chambers are located at the lower end of the personnel shafts in the controlled 

area and in the uncontrolled area. The rescue chambers are equipped for a 12-hour stay.

The rescue chamber equipment consists of a significant number of oxygen bottles; 

cooling apparatus and a device for removing excess carbon dioxide from the breathing 

air.

The rescue chambers and the personnel shafts are over-pressurized in order to keep the 

escape route free from smoke.  

The rescue chamber in the uncontrolled area is dimensioned for 100 persons and the 

rescue chamber in the controlled area for 50 persons.  

Fire detection and alarm system 

The repository rooms are protected with an automatic fire detection and alarm system. 

Heat and smoke detectors, fire detectors as well as optical fibre detector cables are used.
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Fire fighting systems 

The repository is equipped with hose reels. 

Rooms with significant fire loads are equipped with an automatic sprinkler system.  

Fire water supply is secured by a ring pipe arrangement with two independent water 

sources at ground level.  

3.5 Positioning of facilities 

The starting point for preliminary design has been to position the repository facility at a 

depth of 400 - 700 metres in Olkiluoto bedrock. However, the positioning of the 

facilities is only exemplary. Final positioning will be adjusted when more information 

about the bedrock has been gained. The final amount of waste will also contribute to the 

positioning of the facilities. The positioning work will thereby not be completed until at 

the end of the operational stage of the repository, when the last deposition hole is drilled 

and approved for deposition use. 

The most recent information about the bedrock is used in the positioning of the 

repository (Ahokas & Vaittinen 2007). The rock classification developed for the 

Olkiluoto repository, in other words the HRC-classification, was not used when the 

repository facility was positioned. The testing and introduction of HRC-classification in 

Olkiluoto is in practise at an initial stage. 

In the positioning of the repository, the same positioning principles and safety distances 

have been used as for ONKALO (the update for the positioning of ONKALO will be 

completed in 2007). Fragmented rock structures are divided into two different classes. If 

the average transmissivity of the structure is more than 1·10
-5

 m
2
/s at deposition level, 

penetration of the structure will be avoided and a 30-metre safety zone is left between 

the structure and the repository. When the transmissivity of the fragmented rock 

structure is 1·10
5
 - 1·10

-7
 m

2
/s, it can be penetrated with tunnels, but no fuel canisters 

will be emplaced in the structure and a 5-metre safety zone is left from the deposition 

holes to a structure of this type. In addition, it has been presumed that there are 

structures at deposition level that are not suitable for deposition and are unknown for the 

timebeing, and for this reason the theoretical amount of deposition holes is increased by 

20 percent. 

The distance between the deposition tunnels is at least 25 metres and the deposition 

tunnels are located near the southeast-northwest direction in direction 120 .

According to the present design arguments, the depositioning stage will end around year 

2112. After that the repository facilities at level -420 are as shown in Figure 3-12. The 

total volume of the facilities is about 1 311 000 m
3
. The total length of the deposition 

tunnels is 41.4 km and the length of the central tunnels is correspondingly 6.8 km 

(Table 3-1). A maximum of 755 000 m
3

of the facilities remains open at any one time, 

most of this in the uncontrolled area. The maximum volume of the uncontrolled area is 

614 000 m
3
 and the maximum volume of the controlled area 193 000 m

3
.
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Table 3-1. Extend of repository. 

 One-layer design 

Volume without deposition holes (m3)

- total 1 311 000 
- open at any one time, maximum 755 000 
- open at any one time, average 634 000 
- uncontrolled area, maximum 614 000 
- controlled area, maximum 193 000 

Length of tunnels (m) 

- deposition tunnels 41 400 
- central tunnels 6 800 

Figure 3-12. Repository at level -420 at the end of deposition stage. 

3.6 Stepwise implementation of facilities 

Most of the total volume of the repository consists of deposition tunnels. It is not 

profitable to build all the deposition tunnels at once, because the annual need for 

deposition tunnels is small compared with the total amount. Building the repository 

stepwise will, among other things, ensure that investments are divided over a longer 

period of time. The volume of facilities open at any one time will also diminish, which 

directly influences the amount of seepage water and the need for ventilation. 
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The building of the ONKALO facilities started in the year 2004. ONKALO is designed 

so that it can later be attached as part of the final repository (see Chapter 3.8). The 

building of the repository starts with ONKALO facilities being expanded. The rest of 

the ground connections, the technical rooms of the controlled area and all the necessary 

deposition and central tunnels for the first deposition stage will be finished then. The 

excavation volume of the preparatory stage for depositioning is 209 000 m
3

and will be 

completed at the beginning of 2019. 

During the operational stage the repository facilities will be expanded six times (Figure 

3-13). The first excavation stage will commence in 11/2024, i.e. about 5 years after the 

beginning of depositioning. By then, 11 deposition tunnels (3.7 km) and 1.2 km of 

central tunnel have been excavated on the southwest side of ONKALO. The next 

excavation stage starts in 2033 and the third in 2043. The last excavation stage starts in 

2082.

The duration of the excavation stages is 2 - 3 years. During each excavation stage, 6.3 

km of deposition tunnels and 0.9 km of central tunnels are excavated, on average. The 

total volume of the excavation stages is 740 000 m
3
 and the average volume of one 

excavation stage is 123 000 m
3
 (Table 3-2). 

Table 3-2. Excavation stages of the repository during the operational stage. 

Excavation
stage

Begins
(m/a)

Ends
(m/a)

Duration
(Months) 

Deposition 
tunnel, (m)

Central
tunnel, (m) 

Excavation 
volume (m3)

ONKALO     1 270 362 000 

0  01/2019  3 724 1 212 208 700 

1 11/2024 08/2026 21 5 110 1 174 116 400 

2 06/2033 03/2035 21 5 482 899 109 600 

3 09/2043 04/2046 31 7 797 1 480 163 500 

4 11/2056 07/2058 20 5 591 783 108 400 

5 11/2071 07/2073 20 5 824 681 107 500 

6 11/2082 01/2085 26 7 877 603 134 900 

Total    41 404 8 103 1 311 000 
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Figure 3-13. Stepwise implementation of repository. ONKALO a), preparatory stage 

excavated before beginning of depositioning b) and six excavation stages excavated 

during operational stage c-h). 

3.7 Construction techniques 

3.7.1 Excavation, ground support and sealing 

The excavation of the repository, excluding the deposition holes, is carried out using the 

traditional drilling and blasting method. In designing the excavations, special attention 

is paid to the excavation result and to the damage caused by excavation in the rock 
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surrounding the tunnels. The allowable over-break tolerance will be kept small, in order 

not to unnecessarily grow the volume that will be filled later. The base part of the tunnel 

can be excavated separately, to keep the damaged zone of the floors and the lower part 

of the walls smaller. 

The drilling-blasting technique used for excavation consists of several different stages. 

First, excavation holes for one so-called excavation round are drilled at the end of the 

tunnel. At the next phase the holes are charged and the round is blasted. The blasted 

rock is loaded in vehicles and transported via the access tunnel to the ground. After the 

excavated end of the tunnel has been cleared, new holes are drilled for the next 

excavation round. Grouting and reinforcement are carried out as required between the 

different stages. Different mapping and research efforts can also interrupt excavation. 

The effective length of one round when excavating the central tunnels is conservatively

presumed to be 4 m. This will produce small excavation tolerances. The damaged rock 

zone around the tunnel will also stay small. In two-shift work, no more than two rounds 

can be excavated in one working day, which corresponds to 8 m of central tunnel in one 

day. In deposition tunnels, progress is slower. The deposition tunnels are excavated 

using precision blasting and the length of one excavation round is only 3 metres. In two-

shift work, no more than two rounds, i.e. 6 tunnel metres, can be excavated in one 

working day.

In addition to excavation, probe drillings are carried out at intervals of approximately 

5 - 7 excavation rounds. Probe drillings stops excavation and with possible filming and 

water consumption tests will last roughly one work shift. If grouting is needed, 

excavation will stop for the duration of the grouting work. The average amount of 

grouted central tunnels is estimated to be 20 percent of the total tunnel length. 

Correspondingly, the amount of grouted deposition tunnels is approximately 5%. The 

effective length of one grouting fan is approximately 20 m and it causes an excavation 

delay of approximately 2.5 working days, i.e. is 5 work shifts. 

The ventilation capacity sets limits for the traffic flow in the repository and in the access 

tunnel, and during one shift only an amount of blasted rock corresponding to one central 

tunnel excavation round can be transferred to the ground. In other words, only one 

round of central tunnel can be excavated during one shift. The cross-section and the 

round length of the deposition tunnels are smaller. It is possible to excavate a maximum 

of three rounds of deposition tunnel during one shift. 

When excavating only one central tunnel end, the average excavation speed including 

probe drillings and grouting is 126 metres of tunnel in one month. If excavation can be 

performed simultaneously in two or more ends, it is possible to continue excavation in 

another end during probe drilling or grouting. This way the average excavation speed is 

172 m of tunnel in one month. 

During one shift, three rounds of deposition tunnel can be excavated, but for technical 

reasons it is possible to blast only one round in one tunnel during one shift. The blasted 

rounds have to be located in different deposition tunnels to make it possible to blast 

more than one round during one shift. At each excavation stage, several deposition 
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tunnels will be excavated and excavating can be continued in some other deposition 

tunnels when drilling of research holes or grouting interrupt excavation in one 

deposition tunnel. Assuming that three excavation rounds will be excavated during one 

shift, the average excavation speed of deposition tunnels would be 387 m in one month. 

In preliminary design it has been conservatively assumed that three rounds are 

excavated in only 75 percent of shifts and in the remaining 25 percent, only 2 rounds are 

excavated. This way the average excavation speed of deposition tunnels would be 

355 m in one month.  

The optimum quantity of deposition tunnels to be excavated at each excavation stage 

has been estimated to be 8 - 20 deposition tunnels, when the tunnels are of maximum 

length. The total length of the deposition tunnels that are excavated at each excavation 

stage is then 2.8 - 7.0 km and the excavation volume is 39 000 – 98 000 m
3
. The 

duration of each excavation stage is roughly 8 to 20 months. 

When deposition tunnels and central tunnels are excavated at the operational stage, a 

sufficient safety distance must be left between the tunnels already used for 

depositioning and the tunnels being excavated. A safety distance of 50 metres must be 

left between excavation and installed deposition canisters, because of excavation-

induced vibrations. When a deposition tunnel that is to be excavated is located in the 

same central tunnel as a deposition tunnel already in use, the distance between the 

tunnel entrances must be at least 100 metres for technical and general safety reasons. 

Otherwise the blast wave caused by excavation in the deposition tunnel can damage the 

wall between the controlled area and the uncontrolled area in the central tunnel, for 

example. When excavating a central tunnel, the minimum distance from the excavated 

end to the safety wall between the controlled area and the uncontrolled area located in 

the same tunnel must be at least 200 m. 

Canister and personnel shafts can be excavated by first drilling the shaft cuthole with 

the raise boring method, and then expanding it to the final dimensions using the drilling 

and blasting method. It is also possible to drill the shafts directly to the final dimensions 

using only the raise boring method. Raise boring will be used in any case in several 

parts utilizing shaft connections made from the access tunnel. 

The deposition holes are made in the floor of the deposition tunnels using a drilling 

method developed for this purpose. The boring technique is based on rotary crushing of 

rock and dry removal of crushed rock by vacuum cleaning. With this technique it is 

possible to drill large diameter holes from above in the bottom of a shallow deposition 

tunnel. The technique has been tested in Olkiluoto (Autio & Kirkkomäki 1996b). 

Rock bolts, shotcrete and steel mesh are used for reinforcing in the facilities. The 

required reinforcing in each room is defined according to prevailing conditions. Tunnel 

stabilization and binding of possible loose rock is implemented by means of bolting. 

Shotcrete is used to bind smaller loose rocks and direct water leakages through 

drainpipes to the sewer network. Falling of small rocks can be prevented by using a 

steel mesh. If mesh is used with a reinforcement fabric, it is possible to prevent also 

falling of very small rocks as well as direct water leakages to walls. 
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The sealing of the repository is realized mainly by pre-grouting. If necessary, pre-

grouting can be completed with back grouting. Long-term safety is taken into account 

when choosing grouting materials, equipment and techniques. In extremely water-

conducting zones it is possible to use concrete structures that can withstand the ground 

water pressure. 

3.7.2 Construction engineering 

Most of the construction engineering work is already carried out at the construction 

stage of ONKALO. The access tunnel, personnel shaft 1, exhaust air shaft 1 and the 

technical rooms of the uncontrolled area are realized at that stage, for example. At the 

construction stage that starts the depositioning stage, the controlled area canister shaft, 

personnel shaft 2, exhaust air shaft 2, inlet air shaft 2 and the first deposition and central 

tunnels are constructed, among others. At the operational stage construction work 

continues in the central tunnels and the deposition tunnels at intervals of 5-10 years. 

A big part of construction work is concrete work, consisting mainly of concrete floors 

and some compartmenting concrete walls. Concrete floors are designed to be as easy as 

possible to disassemble. Part of the walls are made using plate products. The structures 

used in the repository are described in work report Building structures of the final 

repository at Olkiluoto (Kirkkomäki 2003b). 

All construction work is carried out in the uncontrolled area. The depositioning of 

canisters continues normally in the controlled area during construction work in the 

uncontrolled area. Canisters are not transported or installed during blasting operations. 

The transportation of canisters takes place inside the controlled area and this assures 

that canister transports never come into contact with the transports of construction 

materials, for example transports of blasted rock. 

3.7.3 Assembly of system 

The assembly of systems in the repository includes installation of ventilation, water 

supply, sewer, electrical, communication, monitoring and transfer systems. The systems 

are described in Chapter 3.2. In the technical rooms of the controlled area and the 

uncontrolled area as well as in the central tunnels systems are mainly installed on 

common rails attached to the ceilings of the tunnels. 

3.8 Integration of repository and ONKALO 

The repository and ONKALO are designed so that ONKALO can later serve as part of 

the repository, when disposal of the canisters is started in 2020. The surface connections 

of ONKALO are dimensioned so that they serve also the repository. The dimensions of 

the access tunnel allow flexibly several kinds of transfers also at the operational phase 

of the repository. Personnel shaft 1 and exhaust air shaft 1 that are constructed as a part 

of ONKALO will later serve as shafts for the uncontrolled area of the repository. The 
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technical rooms at levels -420 and -520 are dimensioned and designed so that they can 

later be used for the uncontrolled area of the repository. The characterisation tunnel loop 

excavated for ONKALO at level -420 can later serve as a central tunnel. The first 

deposition tunnels could be excavated along this central tunnel. ONKALO and the 

repository are shown in Figure 3-14. 

The construction methods and materials used in ONKALO are chosen so that they are 

acceptable also for the repository. The excavation methods, grouting systems and 

materials that are used have been developed during the first sections of the access tunnel 

excavations. 

An important part of the integration of the repository and ONKALO is to implement 

nuclear safeguards during the construction of ONKALO. This procedure ensures that 

ONKALO can later be licensed as a part of the repository according to international 

conventions. An important part of the procedure is to confirm that no rooms, materials 

or functions exist that are not included in the design data. Nuclear safeguards of 

ONKALO are based on preliminary data, as built data and monitoring information. 

Preliminary data includes designs and drawings that are submitted to STUK on a regular 

basis. As built data includes inspections and as built drawings. This data verifies and 

produces documentation of the final form of the rooms. The final excavated form of the 

rooms is measured by laser scanning and imported to the drawings. Monitoring data 

includes also microseismic surveillance data measured at several measurement stations. 

The progress of nuclear safeguards is supervised in follow-up meetings organized with 

STUK and by separate inspections. 

ONKALO ONKALO and the repository 

Figure 3-14. ONKALO and the repository.
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3.9 Enlargements 

The repository can be enlarged to the east and to the west and also to the other levels 

from the location that is shown in this report. Technically it is possible to extend the 

repository also to the north or to the south under the sea, if it is otherwise acceptable to 

dispose of the fuel under the sea. Even though it is more complicated to investigate 

areas under the sea by above ground drillings. 

The repository is adapted at level -420. Extension of the repository could be excavated 

to the lower level at the depth of 520 metres or the tunnel could be broadened to the east 

or to the west at level -420. Figure 3-15 presents the repository in Olkiluoto. Possible 

extension areas exists especially in the east. More investigations and classification of 

the host rock is needed for enlargements. Also more shafts to the extension areas are 

probably needed if the repository is going to be enlarged several kilometres. 

In principle it is possible to enlarge the repository also to other depths, for example at 

600 metres depth. In this case the influence of higher rock stresses and higher salinity of 

the groundwater on the repository, for example, need be examined. 

Figure 3-15. The repository in Olkiluoto. Possible extension areas exists in the east to 

marked line. 
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4 OPERATING 

At the operating phase the deposition tunnels are excavated, the fuel canisters are 

disposed of and the deposition tunnels are backfilled more or less concurrently. The 

stepwise construction of the repository is described in Chapter 3.6. This Chapter 

describes the work phases of canister disposal and deposition tunnel backfilling. The 

operating phase of the repository is described in work report (Kukkola 2003b). 

Deposition tunnel backfilling (block filling and in-situ filling alternatives) is described 

in reports (Keto & Rönnqvist 2006) and (Keto 2006). 

4.1 Operating and disposal time schedule 

The canister disposal rate varies during the operating phase. During the first part of the 

disposal period, in years 2020 – 2057, the disposal rate is at its maximum; on average 

42 OL1-2 and Lo1-2 fuel canisters are disposed of annually. After that, up to year 2067, 

only 23 OL1-2 fuel canisters are disposed of annually. After the year 2067, the disposal 

of OL3 fuel canisters starts. In years 2067 - 2073 about 44 OL1-2 and OL3 fuel 

canisters are disposed of annually. After the year 2073 up to year 2112, about 21 OL3 

fuel canisters are disposed of annually. 

The average length of the deposition tunnels is about 300 m. The fist deposition hole is 

at a distance of 27 m from the central tunnel and the last at a distance of 4 m from the 

tunnel end wall. The distance between the deposition holes is 11 m for OL1-2 fuel 

canisters, 8.6 m for Lo1-2 fuel canisters and 10.5 m for OL3 fuel canisters. One 

deposition tunnel can accommodate 25 OL1-2 fuel canisters, 26 OL3 fuel canisters and 

32 Lo1-2 fuel canisters, on average.  

The normal disposal rate, about 40 canisters a year, is based on employing one 

deposition tunnel at a time. In one year less than two deposition tunnels are filled. 

The disposal of four fuel canisters and the corresponding backfilling takes about one 

moth, Figure 4-1. Forty fuel canisters are disposed of in ten months. 
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Figure 4-1. Work phases of disposal of four canisters. 

The deposition tunnel backfilling and closure processes are described in Chapter 4.3. 

If needed, the disposal rate can easily be multiplied by employing two or even four 

deposition tunnels parallelly. This would be appropriate if the generation of spent fuel 

ceased. In that case the existing fuel should be disposed of as fast as possible. 

4.2 Transfer and installation of bentonite blocks and canisters 

4.2.1 Bentonite blocks 

The disk type bentonite blocks are installed at the bottom of the deposition hole and on 

top of the fuel canister. The pineapple type bentonite blocks enclose the fuel canister. 

The clearance between the deposition hole surface and the bentonite blocks is 25 mm 

and the clearance between the bentonite blocks and the fuel canister is 10 mm.

The weight of the disk type bottom block is 1 816 kg and the weight of the pineapple 

type block is 1 096 kg, when the outer diameter of the block is 1.70 m, the height of the 

block is 0.4 m and the bulk density is 2 000 kg/m
3
. The estimated weight of the 

transport and storing package for a bentonite block is 600 kg and the estimated height 

0.55 m.   

Two disk type blocks are first installed at the bottom of the deposition hole, followed by 

the pineapple type blocks installed up to the top level of the canister. In each deposition 

hole, 9 pineapple type blocks are needed for a Lo1-2 fuel canister, 12 for a OL1-2 fuel 

canister and 13 for a OL3 fuel canister, when the block height is 0.40 m. In all cases 5 

top blocks are installed on top of the fuel canister. 

A total 16 blocks are needed for a Lo1-2 deposition hole, 19 blocks for a OL1-2 and 20 

blocks for a OL3 deposition hole, Table 4-1. 
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Table 4-1. Number of bentonite blocks required for one deposition hole. 

Bentonite block itemizing OL3 OL1-2 Lo1-2  

Canister height 5.25 4.8 3.6 m 

Deposition hole depth 8.25 7.8 6.6 m 

Bentonite block height 0.4 0.4 0.4 m 

Bottom blocks 2 2 2 pcs 

Side blocks 13 12 9 pcs 

Top blocks 5 5 5 pcs 

Blocks total 20 19 16 pcs 

Block pile height 8.0 7.6 6.4 m 

Depth of floor pit 0.25 0.2 0.2 m 

4.2.2 Bentonite block transfer into repository 

The canister lift transports the bentonite blocks from the interim store of the 

encapsulation plant to the repository. The bentonite blocks are enclosed in metal boxes 

during storage and transport. The box protects the bentonite block mechanically during 

handling and transport. The boxes can be transferred without risk of block damages, for 

example with the help of a forklift loader. The hermetic boxes keep relative humidity at 

a constant 75%; the bentonite block will not start to dry and crack or swell. The 

ventilation system in the interim store for bentonite blocks also maintains relative air 

humidity constant. The bentonite blocks are stored in the repository for only relatively 

short periods of time. 

The bentonite blocks are loaded with a forklift loader into the canister lift. A maximum 

of 9 metal boxes can be piled in the lift cabin.  The height of the pile is 4.95 m, and the 

weight of the pile is 21.7 tons for disk type blocks and 15.3 tons for pineapple type 

blocks.

The bentonite blocks are unloaded from the canister lift with the help of a forklift loader 

and transported to the operating and decommissioning waste cavern (Kukkola 2003b). 

The boxes are opened in the cavern and the bentonite blocks are loaded in the bentonite 

block transfer and installation vehicle. The empty boxes are returned and recycled.  

Two lift cycles from the storage to the repository are needed for the transport of blocks 

for one deposition hole.   

The transfer and installation vehicle for bentonite blocks is track-wheeled, Figure 3-10. 

A shielded vehicle cabin is needed for protection against fuel canister radiation. All 

bentonite blocks for one deposition hole can be loaded in the vehicle. The blocks can be 

handled with the help of a suction cup crane. 
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4.2.3 Preparation of deposition hole for canister disposal 

Roof bolting and also nettings may be used to reinforce the walls and the roof of the 

deposition tunnel. The deposition tunnel may also have shotcreted portions. 

The deposition tunnel is provided with a concrete floor (Kirkkomäki 2003b). The 

deposition holes are drilled in the floor of the deposition tunnel. The blind boring 

technique is used for deposition hole drilling (Autio & Kirkkomäki 1996a and 1996b). 

Empty deposition holes are closed with lids. Lighting, power supply, exhaust air duct 

and water and compressed air pipelines are installed in the deposition tunnel. 

The disposal of canisters starts at the end of the deposition tunnel. The protective lid is 

removed from the deposition hole and the safety rail is installed around the hole. The 

deposition hole is washed with a pressure hose. A submersible pump drains the 

deposition hole, which is dried with a warm-air heater. 

The deposition hole is washed and inspected manually with the help of a movable 

working platform. The deposition hole is inspected visually. 

A thin base slab is poured at the bottom of the deposition hole. Plastic mortar with low 

PH cement shall be used in pouring, because stringent evenness and horizontality 

requirements are set for the base slab.  The weight of the fuel canister and the weight of 

the bentonite blocks act on the base slab and the risk of the bottom block cracking is 

high if the slab is irregular.

The preparation of the deposition hole for canister disposal takes one working day. 

4.2.4 Installation of bentonite blocks in deposition hole  

The safety rail is removed before the bentonite blocks are installed. The bentonite block 

transfer and installation vehicle is used in the installation of the blocks. The bottom 

blocks are installed first, followed by pineapple type blocks, which are installed up to 

the level of the fuel canister's top. 

The straightness of the bentonite block lining is checked after the side blocks have been 

installed. The allowed vertical tolerance of the side block should be ± 5 mm. The 

straightness of the deposition hole shall allow this.  

The straightness and the diameter of the deposition hole are checked by lowering a 

dummy canister in the lined deposition hole. If necessary, the bentonite lining is 

machined to achieve adequate installation tolerances for the fuel canister.  

The installation of the bentonite blocks and the inspection of the deposition hole lining 

take one working day.
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In normal cases a plastic membrane is not used as protection for the bentonite blocks, 

because the fuel canister and the top blocks are installed next day. However, plastic 

membranes can be used as lining protection, if necessary. 

4.2.5 Installation of fuel canister in deposition hole 

The canister lift transports the fuel canister to the repository. The fuel canister is driven 

out from the canister lift cabin by the automated guided vehicle (Pietikäinen 2003a) 

under remote control.  

At the canister loading station the canister transfer and installation vehicle lifts the fuel 

canister inside the vehicle's radiation shield. The radiation shield is turned in horizontal 

position and the vehicle is driven in the deposition tunnel via the central tunnel. The 

plastic membrane is removed (if installed) before the canister is disposed of.  

The canister transfer and installation vehicle is positioned above the deposition hole, the 

radiation shield is turned in vertical position and the fuel canister is lowered into the 

deposition hole. 

The canister transfer and installation vehicle is track-wheeled as shown in Figure 3-10 

(Pietikäinen 2003b and Poli 2006). 

4.2.6 Installation of top bentonite blocks 

The bentonite block transfer and installation vehicle brings five disk type top blocks and 

installs them into the deposition hole on top of the fuel canister, immediately after the 

fuel canister is deposited.  

The bentonite block transfer and installation vehicle is driven to the end of the 

deposition tunnel before the fuel canister is deposited, so that the top blocks can be 

installed immediately after the canister has been installed. The estimated interval 

between disposal of the canister and installation of the top block is a quarter of an hour. 

The deposition hole in the deposition tunnel end is an exception. The top blocks are not 

brought in the tunnel until after the fuel canister has been deposited. The last deposition 

hole can be close to the tunnel end wall and the deposition tunnel space is effectively 

utilized. The time that the fuel canister stays in the deposition hole without the top 

blocks should be minimized in order to prevent re-radiation (scattering) from tunnel 

roof.

The disposal cycle continues. The next deposition hole lid is opened, the safety rail is 

installed and so on. 
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4.3 Backfilling of deposition tunnels 

This Chapter presents a brief description of the backfilling of the deposition tunnels 

with pre-compacted blocks. An alternative for the block backfill is to compact loose 

backfill material in situ in the tunnel (see Chapter 6.4). The processes concerning 

manufacturing and installation of backfilling blocks are described in detail in report 

Keto & Rönnqvist (2006). The requirements and criteria set for backfilling of deposition 

tunnels are presented in report Gunnarsson et al. (2006).  

4.3.1 Main stages and time-schedule 

The main stages for the backfilling of deposition tunnels include: removal of concrete 

floor, cables and other equipment mounted in the tunnel, levelling of the tunnel floor, 

installation of blocks and installation of bentonite pellets in the space between the 

blocks and the rock surface. In addition, the logistics of materials and equipments as 

well as quality control need to be integrated in these work stages. The time-schedule for 

backfilling (see Figure 4-1) has been compiled based on the assumption that the 

monthly amount of installed canisters is four and the corresponding tunnel section 

(40 m) is backfilled during the same month. In order to keep up with the time-schedule, 

the required effective backfilling rate should be at least 5 m/day assuming that the 

amount of weekly working days is 5. The advantages and disadvantages of an 

alternative backfilling time-schedule (backfilling one tunnel at a time) have been 

discussed in report Keto & Rönnqvist (2006).  

4.3.2 Preparations prior to backfilling  

After installation of the canisters, the boundary of the controlled area in the central 

tunnel is temporarily moved so that the deposition tunnel becomes an uncontrolled area 

for the duration of the backfilling operations. Despite the move, nuclear safeguard 

measurements are kept active (Saanio et al. 2003).  

The concrete floor is removed in segments by chiseling along the removal joints where 

there are no iron fittings. After that the segments are loaded on a truck and transported 

out of the tunnel (Kirkkomäki 2003b). Ventilation, lightning and electrical cables as 

well as pipes for water and compressed air are dismantled from the section to be 

backfilled (Saanio et al. 2003). Loose rocks are removed from the tunnel walls, and the 

roof and the rock surfaces are cleaned with the same type of vacuuming equipment that 

is used for cleaning of deposition holes (Autio & Kirkkomäki 1996a and 1996b, Saanio 

et al. 2003). In order to ensure long-term safety it is not considered necessary to remove 

all of the materials used for rock reinforcing, e.g. mesh reinforcement or caps of rock 

bolts. However, it may be possible that shotcrete needs to be removed for this reason. It 

should be taken into account that also operational safety may restrict the removal of 

different reinforcements from the deposition tunnels. 
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4.3.3 Leveling of the floor 

The floor of the deposition tunnel needs to be even and smooth and it should have a 

sufficient load-bearing capacity so that the blocks can be placed in the tunnel with the 

desired tolerance. No permanent water-conducting zones should remain in the floor 

section after the closure of the tunnel and saturation of the backfill. The sensitivity of 

the material to erosion sets limitations to the length of the sections that can be installed 

at one time. In this report it is assumed that the leveling of the floor is performed with a 

mixture of bentonite and crushed rock. Also other alternatives have been suggested, 

such as mechanical leveling of the rock floor or use of metal structures (e.g. Gunnarsson 

et al. 2006). Investigations concerning the feasibility of these alternatives are under 

way.

The proportions of bentonite and crushed rock in the floor leveling mixture will be 

optimized based on the materials' load-bearing capacity and hydraulic conductivity. The 

proportion cannot be as high as 30:70, since in that case the amount of bentonite is 

excessive in comparison with the pore-volume of crushed rock (Keto et al. 2006), 

leading to poor load-bearing capacity. However, proportion 15:85 can be estimated to 

be suitable for this purpose. Mixing will be performed in a mixer in the block 

production line or in a modified concrete mixing plant. The mixed material is 

transported to the deposition tunnel with a truck. The material will be compacted in the 

tunnel with a dynamic roller compactor, including automatic control of the compaction 

result. The required layer thickness for floor leveling is in the average case ~250 mm 

(theoretical excavation + 150 mm) and the material can be compacted onto the floor in 

1-2 layers. If the proportion of the mixture is 15:85, the desired compaction result is 

approximately 95% from its maximum dry density, determined for the material with the 

Proctor compaction test (dry density ~2 t/m
3
) (see Keto et al. 2006). Due to a risk of re-

loosening of the material, it has to be compacted in relatively short sections, especially 

if there are water leakages in the tunnel.  

4.3.4 Installation of blocks 

The dimensions of backfilling blocks are presented in Table 4-2 and in Figure 4-2. The 

density of the block was determined based on an industrial-scale compaction test for 

blocks consisting of a mixture of bentonite and crushed rock (30:70) (Gunnarsson et al. 

2006). Alternatively the blocks can be produced from 100% clay (bentonite or mixed-

layer clay). The blocks produced in the block pressing plant are placed on a pallet (16 

blocks per pallet) and transported to the repository level with a 20 t truck. At the 

repository level the blocks are unloaded in the central tunnel or in a tunnel adjacent to 

the one under backfill operation. If there is no actual intermediate storage in the 

repository level, one shift per day is required for transport of the blocks (117 pallets/ 

day) to the repository level (Keto & Rönnqvist 2006).
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Table 4-2. Dimensions of backfilling blocks (Keto & Rönnqvist 2006, Gunnarsson et al. 
2006). 

Area 400*300 mm  

Height 300 mm 
Volume 0.036 m3

Water content 7.5-8%
Density (partially saturated) 2.4 t/m3 (water content 7.5-8%) 
Dry density 2.2 t/m3

Weight 87 kg 
Blocks per pallet 16 (1 400 kg) 

Figure 4-2. Dimensions of a backfilling block and a pallet. Figure Paul-Erik Rönnqvist, 

Fortum.

A pallet of blocks is transferred from the central tunnel to the end of the deposition 

tunnel with a forklift truck. The pallet is unloaded on a roller conveyor installed under 

the block placing equipment. This enables transportation of blocks to the front of the 

equipment where they are lifted on a fork/plate (see Figure 4-3). The blocks are placed 

in the desired position by lifting and pushing them away from the fork/plate (see Figure 

4-4). Installation equipment similar to the one presented in Figures 4-3 and 4-4 can be 

developed based on existing equipment such as a reach truck (e.g. Merlon Roto 33.13) 

or an excavator with a telescopic arm (e.g. Gradall).  
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Figure 4-3. An example of block placing equipment. Figure by Paul-Erik 

Rönnqvist/Fortum.

Figure 4-4. Installation of backfilling blocks in the deposition tunnel. Figure by Paul-

Erik Rönnqvist/Fortum. 

The installation of one pallet load of blocks is estimated to take 10 minutes in the 

average case (Keto & Rönnqvist 2006). The blocks are installed in such a manner that 

the amount of vertical joints running through the whole backfill block body is limited to 

a minimum. A total of 34 pallets are placed per tunnel cross-section (see Figure 4-5), 

which gives a filling capacity of ~90%. The volume of the space between the blocks and 

the rock surface is approximately 1 m
3
 / tunnel meter. This space is filled with bentonite 

pellets with an estimated bulk density of approximately 1.3 t/m
3
 after installation 
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(Kennedy et al. 2002). The installation of pellets can be performed with centrifugal 

pellet throwing equipment, for example (Gunnarsson et al. 2006).

Taking into account the weight of the blocks, the pellets and the floor filling, the 

average dry density of the backfill after installation is approximately 2 050-2 100 kg/m
3

(Keto & Rönnqvist 2006). However, it is probable that some of this material is lost as a 

result of erosion during the installation phase. Based on a preliminary estimation, the 

erosion loss should be approximately 3% before the average dry density falls below 

2 000 kg/m
3
 (Keto & Rönnqvist 2006). For the function of the backfill, the essential 

issue is whether the block backfill will eventually reach homogenisation with respect to 

density after the deposition tunnel has been closed and the backfill has reached full 

saturation. The backfill material in the zone between the blocks and the tunnel 

roof/walls should not be significantly looser than the rest of the backfill and its 

hydraulic conductivity should fulfil the criteria set for backfill. This phenomenon, for 

example, is studied at the third phase of the Posiva-SKB backfill programme 

“Backfilling and Closure of the Deep Repository, Baclo” (Gunnarsson et al. 2006). In 

addition to studying processes that affect the function and the design of the backfill, the 

project includes development of the installation technique.  

The quality control procedures for backfilling of deposition tunnels include 

measurements of density and water ratio from the floor layer, measurements of the exact 

tunnel dimensions, weighting and documenting of the masses brought to the tunnel and 

calculation of the average density based on the above mentioned information. 

On days when backfilling is possible (8 working days / month, see Figure 4-1), the 

installation rate should be at least 160 pallets a day (Keto & Rönnqvist 2006). Taking 

into account the time required also for installation of the pellets, it is probable that work 

needs to be carried out in three shifts assuming that work is interrupted for weekends. 

Transports and other underground operations require approximately 4 to 5 persons/ 

shift.  
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Figure 4-5. Cross-section of a deposition tunnel filled with blocks. The blocks fill an 

area corresponding to the theoretical cross-section of the tunnel. The top of the floor 

layer reaches 150 mm above the theoretical excavation. The assumed excavation over 

break is approximately 10%, which means that the average thickness of the space 

between the backfilling blocks and the tunnel walls/roof is 100 mm. This space is filled 

with bentonite pellets (Keto & Rönnqvist 2006).

4.3.5 Plugging of deposition tunnels 

After the deposition tunnel has been backfilled, a concrete plug will be constructed at 

the tunnel entrance. The plug will prevent the backfilling in the deposition tunnel from 

swelling into to the central tunnel, which will be open at that time. The plug also 

prevents fine material components of the backfilling from flowing out of the deposition 

tunnel. The thickness of the plug will be 6 metres according to preliminary 

dimensioning (Haaramo 1999). 
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4.4 Controlled and uncontrolled areas  

4.4.1 General principles  

The conceptual system of the controlled area and the uncontrolled area will somewhat 

differ from the conceptual principle that is used at nuclear power plants. In the 

repository controlled area mainly indicates that personnel access is controlled and 

personnel doses can be monitored.  

The fuel canisters are the only sources of radiation in the repository. They emit -

radiation and also neutron radiation to some degree, but not either - or ß-particles. 

Consequently, separation of the ventilation has no impact on radiation protection in 

normal operating cases. 

Radon exposure is controlled by means of radon survey and by controlling exchange of 

air in all repository spaces. 

4.4.2 Separation of systems  

Separate power supplies are not organized for the controlled area and the uncontrolled 

area of the repository. 

The floor drainage system is not separated. The controlled area and the uncontrolled 

area share the same floor drainage system. Because of fire zoning, an open drainage 

system cannot be used. Seepage water has to be drained with the help of a subsurface 

drain system and floor drains have to be equipped with water seals. 

The ventilation system of the controlled area is separated from the ventilation system of 

the uncontrolled area in order to maintain clean conditions for handling and installation 

of fuel canisters. The activity of exhaust air in the controlled area is measured but in 

normal cases air is not filtered.  

The controlled air volume covers four deposition tunnels and a variable length of the 

central tunnel. The boundary between the controlled area and the uncontrolled area is 

moved after canister displacement and before backfilling of the tunnel end. Walls are 

arranged at the boundary between the controlled area and the uncontrolled area. The 

boundary is moved by changing the locking. 

4.4.3 Fire zoning  

The boundary between the controlled area and the uncontrolled area is also a fire zone 

boundary. This means that a locked fire door shall be provided at the boundary that can 

only be opened only in an emergency. The ventilation penetrations shall also be 

equipped with automated fire dampers. The outcoming ventilation duct shall be fire 

isolated up to the safety lock. 



103

4.4.4 Access control 

The purpose of access control is to be aware of who is in the repository and where they 

are staying. Access is controlled to both the controlled area and to the uncontrolled area 

of the repository. Modern computer based surveillance mechanisms are applied. 

Access control and security control of the disposal facility are centralized in the 

operating building. This control station is continuously manned, so access to the 

repository’s controlled area can also be controlled. For this reason, no control point (so 

called protective equipment entry point) is required inside the repository.  

Access to the repository’s uncontrolled area takes place either by the personnel lift or 

through the access tunnel. There is no need to monitor the doses of personnel entering 

the repository’s uncontrolled area. There is no access from the uncontrolled area to the 

controlled area inside the repository in normal cases, only in an emergency. There are 

two exceptions to this principle; refuelling of vehicles and emptying of the sewage tank 

by a sewage suction truck. 

The implementation of personnel dose monitoring requires that:  

Personnel enter and leave the controlled area through the same control point.  

Personnel are controlled and records are kept of everybody entering the controlled 

area.

Personnel wears dosimeters when entering the controlled area. This applies also to 

visitor groups – at least one visitor shall wear a dosimeter. 

Each group shall have a person in charge, who controls that the group stays 

together.

It shall be ensured that everybody entering the controlled area has also exited.

Doses shall be monitored and recorded in a reliable manner upon exiting the 

controlled area.

4.4.5 Nuclear non-proliferation control (Safeguards) 

Nuclear safeguards rules require that nuclear material be controlled continuously. 

Safeguards are facilitated, if the repository is zoned into controlled and uncontrolled 

areas.

Safeguards during operations will in the repository be based on confirmed registration 

of all nuclear material entering the repository and on making sure that no nuclear 

material be taken away from the repository. In principle, the safeguards control area in 

the repository is the same as the controlled area when the area is at its maximum, Figure 

4-6.

The safeguards control area starts at the control area boundary of the operating building 

and covers the controlled area of the encapsulation plant, the canister shaft, the rooms 

next to the lift stations at repository level, the central tunnel up to the tunnels, in which 

canister disposal takes place at that moment. 
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The fuel canister is driven out of the canister lift at the repository level and loaded 

inside the radiation shield of the canister transfer and installation vehicle. The vehicle is 

equipped with a recording video camera. The video camera is used by the vehicle driver 

as a tool when the vehicle is positioned over the deposition hole. The camera records the 

installation of the canister in the deposition hole. The recording is used as proof of the 

canister’s disposal. After disposal the vehicle returns back to the vehicle post near the 

canister lift station. The video recording is decompressed and saved in database.

In the repository, video surveillance covers the canister lift station and rooms adjacent 

to it, as well as the central tunnel up to the controlled area boundary. Fixed video 

surveillance does not cover the deposition tunnels. 

The tunnel pair, in which disposal of fuel canisters takes place, is isolated in the central 

tunnel from the controlled area and from the uncontrolled area by a separating 

partitioning. The separating partitions are provided with a pair of doors. Passage 

through these doors is controlled by a recording video camera and by a radiation 

measuring gate. 

The outer door of the controlled area is locked when fuel canisters are being disposed of 

and when the top blocks are being installed in the deposition holes. The radiation 

measuring gate in the inner door provides one means of verifying the disposal of the 

canister. The gate indicates whether the canister transfer and installation vehicle is 

empty or not.  

After the fuel canister has been disposed of in the deposition hole and the top bentonite 

blocks have also been installed, the door on the side of the controlled area is locked and 

the door on the side of the uncontrolled area is opened for backfilling of the tunnel end. 

From radiation protection point of view, the deposition tunnels are part of the 

uncontrolled area. However, the radiation measuring gate and the recording video are 

maintained in an active state at the boundary of the uncontrolled area. This ensures that 

indications are received, if an attempt is made to transport fuel canisters out of the 

uncontrolled area during backfilling of the deposition tunnel ends.

After the tunnel pair has been completely backfilled and the tunnel entrance plugged, 

the separating partitions are moved and a new tunnel pair is taken into disposal 

operation.
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Figure 4-6. Boundaries of the controlled area. 

4.5 Radiation safety 

The purpose of the radiation survey is to measure and control radioactivity in the 

repository air. The main source of airborne radioactivity is radon, which in mainly 

released from seepage water. The repository personnel doses are caused by radon, but 

also direct radiation from fuel canisters causes radiation doses. 

The activity of exhaust air is continuously measured in the controlled area. If airborne 

activity is identified, exhaust ventilation is stopped and the source of the radiation leak 

is clarified. Exhaust air in the controlled area of the repository can be filtered by the 

active ventilation system of the encapsulation plant, if necessary. 

If radon content in the repository air exceeds the allowed limit, the ventilation flow is 

increased. 

In practice, radiation doses are caused only by direct radiation from fuel canisters, not 

by release of radioactivity. This means that the fuel canister transport route forms an 

area, into which personnel access shall be controlled and doses monitored. In practice, 

this area is separated into an area of its own, the so-called controlled area, which is 

entered and exited through one control point, the so-called protective equipment entry 

point. The protective equipment entry point for the repository is in the operating 

building above ground. Visitors’ doses are also monitored at the control point. 

The controlled area has its own ventilation system, despite the fact that in normal 

operation it is not obligatory in principle. However, it provides a practical means to 

guarantee clean working conditions, which is advantageous in a radiating environment. 

In accident situations the controlled area is obligatory, because the controlled area can 

be isolated and the spreading of potential activity can be prevented. 

Seepage water from the repository’s controlled area is not separated from seepage 

waters from the uncontrolled area, because seepage water will with high reliably not 
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contain any contamination. The volume of seepage water from the controlled area is 

about 100 m
3
 a day. 

The controlled area boundary is moved in the central tunnel as the disposal of canisters 

proceeds. The controlled area boundary is also the fire zone boundary. The strength of 

the boundary structure is determined according to fire barrier requirements. 

4.6 Incident and accident cases 

4.6.1 General 

Incident and accident cases are taken into account in the design of the disposal facility, 

in addition to the normal operation. The intention of this Chapter is to describe the 

disposal process phases in normal operation and to identify and to describe the potential 

risks, which may cause operation incidents or may propagate into accidents. This 

consideration is based on report (Kukkola 2003d). 

The allowed annual doses of the disposal facility operating personnel are equal to the 

allowed dosed of the nuclear power plant personnel (STUK 2002).  

Analysis limits 

In this Chapter normal operation, incidents and accidents are considered in terms of 

radiation safety. This limits the considerations to the encapsulation plant and to the 

repository spaces.  

In this context no incidents or accidents are considered, which do not cause any activity 

releases or personnel doses. 

The consideration limit with respect to the encapsulation plant is the canister lift. The 

fuel canisters are transferred into the repository with the help of the canister lift, which 

is connected to the encapsulation plant. 

The physical protection of the disposal facility and the safeguards are not dealt with in 

this context. 

Determination incident and accident cases

Large-scale fuel damages and activity releases are not assumed in operation incidents. 

An operation incident can be restored in a short time back to normal operation. At the 

restoring phase the plant personnel may receive doses, but no considerable amount of 

radioactivity is released outside the facility.  

Operation incidents can be divided into two categories on the basis of how acute 

consequences the incident may cause. 
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Operation incidents may be caused by faulty, adverse operations or by component 

failures. Also fires are considered in this case as incidents. 

The accident may be caused by serious component failures or by exceptional external 

events. In some cases incorrect design may lead to an accident. Large-scale fuel failures 

and radioactivity releases may result from the accident. Radioactivity may also be 

released outside the disposal facility. People outside the facility may receive doses. The 

operation of the facility is stopped for an indefinite duration of time. 

Operation errors are not allowed to cause an accident. This is one of the objectives of 

the disposal facility design. 

Analysis method 

Normal operation in the radiating environment of the disposal facility is described in the 

next Chapter. Incidents and accidents, which may cause excessive personnel doses or 

radioactivity being released outside the facility are described. 

Normal operation, incidents and accidents are described in the order of the disposal 

sequence.

4.6.2 Normal operation  

Canister transfer into repository and canister installation 

The fuel canister is transferred from the canister buffer store to the canister lift with the 

help of the same automated guided vehicle that transfers the canister in the buffer store. 

The canister lift lowers the fuel canister to the repository level and the fuel canister is 

driven out of the lift cabin to the canister loading station. The fuel canister is lifted 

inside the radiation shield of the canister transfer and installation vehicle. The 

automated guided vehicle is driven back to the canister lift and lifted up to ground level. 

The canister transfer and installation vehicle transfers the fuel canister along the central 

tunnel in the deposition tunnel; the vehicle is positioned above the deposition hole and 

the canister is lowered into the deposition hole. 

The top bentonite blocks are lowered into the deposition hole on top of the fuel canister. 

The bentonite blocks function in the deposition hole also as radiation shield. 

In-service inspections, regular maintenance and cleaning 

In-service inspections, regular maintenance and cleaning do not cause any personnel 

doses in the repository's controlled area in normal cases.  
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4.6.3 Incidents  

Operation incidents can be divided into two categories on the basis of how acute 

consequences the incident may cause; to incidents that cause immediate doses and 

require immediate action, and to incidents that do not cause immediate doses - there is 

enough time to consider what to do. Restoring of incident consequences may later lead 

to personnel doses. For example, leakages of different kinds are in the former category, 

and defective welding and also fire in the latter category. 

Incidents that cause immediate doses

Component failures 

Emplacement of the fuel canister in the deposition hole may fail. The fuel canister is not 

correctly positioned in the deposition hole; it may be tilted (inclined feed) or not deep 

enough. Malfunction may be caused by an error of the positioning system. The 

positioning system of the vehicle may be duplex and the positioning systems may 

employ different operating principles in order to improve reliability. 

Faulty operation

Inclined feed of the fuel canister may be caused, for example, by wrong positioning of 

the deposition vehicle. The automated positioning system may eliminate human errors. 

Unauthorized access to the deposition tunnel before the top blocks are installed in the 

deposition hole may cause excess doses. This error can be prevented by warning signs 

and by minimizing the interval between fuel canister disposal and installation of the top 

block.

Other incidents

Disposal process incidents

Component failures of the canister transfer and installation vehicle may occur in the 

repository. When the fuel canister is inside the horizontal radiation shield, the vehicle is 

accessible and components can be repaired. However, if repair takes a long time, 

cooling of the canister has to be secured, for example with the help of a compressed air 

system. Cooling air is supplied into the radiation shield for canister cooling.  

The installation of the fuel canister in the deposition hole may fail. The fuel canister is 

not targeted correctly in the centre of the deposition hole. The fuel canister breaks the 

bentonite lining of the deposition hole and gets jammed. The bottom bentonite block 

may also break so that the fuel canister is tilted (inclined feed). In these cases the fuel 

canister has to be lifted up (by force, if necessary) and the bentonite lining has to be 

renovated. Retrieval of the fuel canister and renewal of the bentonite lining in the 

deposition hole will cause excessive doses to the personnel. 
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Jamming of the canister gripping device is prevented by ensuring that the gripping 

device functions, gripping and disengaging meet single failure criteria (Seppälä 2003). 

The installation of the top blocks in the deposition hole may fail so that radiation 

protection requirements are not met. The quality of installation is verified by measuring 

radiation level above the deposition hole before personnel is allowed to access the 

deposition tunnel. The probability of this kind of an event can be kept very low with the 

help of administrative procedures.  

Loss of power for a definite time

Loss of power in the encapsulation plant or in the repository will stop the disposal 

process but will not cause any excessive radioactivity releases or doses. If power supply 

to the canister lift is lost, the canister lift brakes are locked. The rope forces of the 

canister lift are balanced; the mass of the counterweight and the mass of the fuel 

canister are equal. 

Fires

Fires may occur for example in the following points: 

Fire in power supply cabinet or transformer fire in switchgear plant. 

Electric motor fires; motors of bridge cranes and lifts including gearbox oil may 

burn

Cable fire caused by short-circuits. 

Fire in the canister transfer and installation vehicle in the repository. 

The consequences of a vehicle fire in the repository may be serious. There is enough 

flammable material in the vehicle to increase the temperature dangerously high. 

However, the fuel canister probably remains tight in a vehicle fire (Lautkaski et al. 

2003).

Special attention has been paid to the fire safety of the canister transfer and installation 

vehicle. The vehicle will be equipped with an automated and secured fire extinguishing 

system. The fire load of a track-wheeled vehicle is also much lower than the fire load of 

a rubber wheeled vehicle (Pietikäinen 2003b, Poli 2006). 

Floods and water leakages

Floods may be caused in the repository by a prolonged failure of the seepage water 

pumps. This will not cause any risk of activity releases and no excessive doses to the 

personnel, either. 

Unexpected bentonite swelling in the deposition hole may be one incident. This is 

caused by intrusion of water into the deposition hole whereby bentonite starts to swell 

before the deposition tunnel is backfilled. The bulk density of bentonite decreases 

because part of the bentonite escapes into the deposition tunnel. The buffer material will 

no longer fulfill the requirements. Intrusion of water may be caused by failures in 

grouting. The bentonite blocks can be protected by a plastic membrane, which is 



110

removed before the tunnel is backfilled. It could be possible that the fuel canister has to 

be removed from the deposition hole and the disposal preparations renewed.

4.6.4 Accident cases 

Fuel handling accidents

Canister lift failure

The fuel canister together with the canister lift cabin falls down as a result of the 

canister lift breaking. The maximum falling height is 500 m.   

At the bottom of the canister shaft a 20 m thick layer of Light Expanded Clay 

Aggregate, (LECA) functions as shock absorber. The fuel canister remains intact in all 

tested cases (Kukkola & Törmälä 2003). Seepage water level in the canister shaft should 

be restricted to such a level that the LECA layer does not start to float. The fuel canister 

will penetrate a floating LECA layer but not a standing layer. The shock absorber 

functions perfectly as long as the water level remains below two thirds of the thickness 

of the LECA layer (this is the floating limit).  

The consequences are not serious even if the fuel canister should break due to the 

impact. Seepage water at the bottom of the canister shaft functions as a particle filter. 

The canister shaft is part of the controlled area and the exhaust air can be filtered by the 

active ventilation system of the encapsulation plant. 

Temporary cranes and gripping devices need to be organized for lifting the fallen 

canister up (Seppälä 2003). The LECA layer is vacuumed off the shaft bottom; the 

canister is visually inspected with the help of TV cameras. The canister is lifted up to 

the encapsulation plant and transferred to the X-ray inspection chamber. If the canister’s 

copper envelope and the internal structures are intact, the fuel canister can be normally 

re-deposited. If the structures are not intact, the canister is returned back to the 

encapsulation line. 

Canister falling off transfer and installation vehicle

The automated guided vehicle drives the fuel canister out of the canister lift cabin and 

transfers it to the canister loading station. The canister transfer and installation vehicle 

on the floor above lifts the fuel canister inside the vehicle’s radiation shield. The 

maximum potential falling height is about 6 m. The canister falls on the automated 

guided vehicle, which absorbs the canister’s kinetic energy and maintains the canister 

intact. 

The fuel canister may fall from inside the radiation shield of the vehicle into the 

deposition hole. The maximum falling height is about 7 m. The fuel canister falls on the 

bottom bentonite blocks, which function as shock absorber. The bentonite blocks would 

be broken, and the canister’s copper envelope would be deformed, but the inner 
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structure would probably remain tight. The fuel assemblies inside the canister may be 

damaged. 

The fallen fuel canister will be lifted up and returned back to the encapsulation plant for 

inspections. If the canister is intact or if it can be repaired, it will be re-deposited in the 

deposition hole with a new bentonite block lining. If the canister is damaged and cannot 

be repaired, it is returned back to the encapsulation line. 

The fuel canister may be loosened, when the radiation shield of the vehicle is turned in 

an upright position during the installation phase. The canister corner could hit against 

the rock wall of the deposition hole. This is prevented by locking the canister inside the 

radiation shield during the tilting phase with the help of mechanical limiters. The 

canister can only be disengaged when the radiation shield is in an upright position.  

External events, earthquake

The impact of earthquakes is smaller in rock caverns than above ground, because 

buildings amplify acceleration. In rock caverns (in Olkiluoto) the normal dimensioning 

of the structures is sufficient also for seismic loads. 

Explosion accidents in repository 

The deposition tunnels are excavated as the disposal of fuel canisters proceeds. 

Explosives are used in excavation. Explosives are possibly handled simultaneously as 

fuel canisters are disposed of. Pressure shocks and quarrying vibrations may endanger 

the disposal work. 

Deposition tunnels are excavated far enough from the areas in which disposal operation 

is under way, and the blasting pressure shocks are diverted to the opposite direction. 

The installation of canisters in the deposition holes is interrupted during blasting 

operations.

The fuel canister probably remains intact also in an explosive accident where explosives 

for one advance per round explode in the central tunnel.

Deposition tunnel cave-in

The deposition tunnel may collapse when the fuel canister is being disposed.  The 

canister transfer and installation vehicle is buried under the cave-in.

The fuel canister is inside the radiation shield of the vehicle during the cave-in. The fuel 

canister remains intact inside the radiation shield, the tubular structure of which is made 

of 15 cm thick ductile steel.  



112

4.7 Safeguards 

4.7.1 General 

Pursuant to YVL Guide 6.1, the purpose of safeguards applied to spent nuclear fuel and 

other nuclear materials required in the operation of a nuclear power plant is to ensure 

that

fuel is designed and fabricated so that it can be used safely and that fuel and other 

nuclear materials are used, handled, stored and transported safely (safety control)  

nuclear fuel or other nuclear material under Finland's control (including fuel 

covered by Finland's international treaties in the nuclear energy sector) and of 

Finnish origin or which has been produced in Finland, is not used for nuclear 

weapons or explosives or for any unknown purposes and Finnish juridical or 

physical persons do not take part in the implementation abroad of such projects in 

the nuclear energy sector as further nuclear proliferation (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).

This control is based on nuclear energy and radiation protection legislation, on 

regulations issued by virtue of them, on the decisions of the Council of State taken by 

virtue of nuclear energy legislation as well as on Finland's international treaties in the 

nuclear energy sector or on contractual arrangements between governments. The 

Finnish Radiation and Nuclear Safety Authority (STUK) acts as the regulatory 

authority. 

4.7.2 Accounting for and control of nuclear materials 

As a basis for nuclear material accountancy, confirmed data is used, which is received 

from the nuclear power plant operator, who sends the spent fuel. Accountancy is 

verified by checking the serial number of each fuel assembly sent to the disposal 

facility, and after encapsulation the identification of the canister with information about 

the contents of the canister is secured and followed until the canister is disposed of in 

the deposition tunnel. The information about the location of the disposed canister is 

registered as part of safeguards accounting. 

In safeguards accounting, the repository and the encapsulation plant constitute a single 

material balance area (MBA), inside which there are separate key measuring points 

(KMP); the receiving area of transferred spent fuel, the spent fuel handling shell, the 

buffer store of loaded canisters at the encapsulation plant, and the underground

repository. The repository is like a conventional nuclear facility, in which the nuclear 

material balance can be accounted as the difference between the in-coming and the out-

going nuclear material amount, and the balance can be verified using identification 

registration and information about the accounting. The nuclear material is finally 

transferred into the deposition holes of the repository and left there for good. After 

disposal nuclear material cannot be verified unless the canisters are retrieved. 
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4.7.3 Spent fuel verification and control in the repository 

Safeguards during operations in the repository will be based on the confirmed 

registration of all nuclear material entering the repository and on making sure that no 

nuclear material will be taken away from the repository. In this Chapter the control zone 

means an area of the repository, inside which the nuclear material is handled and on 

which the safeguards operations are focused. 

In the underground repository, there is a boundary between the radiation controlled zone 

and the uncontrolled zone, see Figure 4-7. There is a boundary also at the border of the 

safeguards controlled zone that is different from the radiation controlled zone border. 

The radiation controlled area starts at the protective equipment entry point of the 

operation building, and contains the controlled area of the encapsulation plant, the 

canister shaft and lift, the controlled area personnel shaft and lift, the auxiliary rooms 

near the bottom end of the personnel shaft 2, the central tunnels and the deposition 

tunnels in which disposal operations are under way. The boundary of the radiation 

controlled zone moves forward and backward in stepwise cycles so that canister transfer 

and disposal operations always take place inside the radiation controlled area, and the 

excavation and backfilling of the deposition tunnels in the uncontrolled (with respect to 

radiation) zone. The zone for safeguards control is wider, whereby the boundary of the 

safeguards controlled zone (Gate 2) is always outside the entire area that contains or 

may contain nuclear material (canisters in case of repository). 

When a canister is disposed of and covered with bentonite buffer blocks, all the 

operations take place within a radiation controlled zone. The boundary of the radiation 

controlled zone has to be moved backward and forward between the two gates at 

different operating phases. Due to nuclear material safeguards, both of the gates have to 

be instrumented with radiation indicating control equipment, to make it possible to 

ensure that a canister cannot get outside the planned deposition area. 

After a canister has been deposited and the deposition hole filled with bentonite buffer, 

the boundary of the radiation controlled zone is moved backwards to Gate 1 so that 

tunnel backfilling can be carried out in the uncontrolled zone without soiling the 

controlled zone. When the respective section of the deposition tunnel has been 

backfilled, the boundary of the radiation controlled zone is moved back to Gate 2 and 

the next canister can be transferred and disposed of in the deposition tunnel. 

After a deposition tunnel has been filled with canisters in all acceptable positions and 

the tunnel has been backfilled and sealed with a concrete plug, the border gate system 

(Gates 1 and 2) is moved one step forwards in the central tunnel system. 
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Figure 4-7. Radiation control zone and nuclear material safeguards control zone 

boundaries at different phases of the deposition process. The preparatory tunnel works 

and the backfilling of the deposition tunnel are carried out in the radiation uncontrolled 

zone, see the right part of the Figure above. The canister transfer and the deposition 

operations, on the other hand, are carried out inside the radiation controlled zone, see 

the left part of the Figure above. In other words, the boundary between the radiation 

controlled zone and the uncontrolled zone moves stepwise backwards (Gate 1) and 

forwards (Gate 2), as the deposition operation proceeds in the repository. The zone for 

safeguards control, on the other hand, widens continuously (Gate 2) and always extends 

up to the outer control gate of the boundary system, with nuclear materials (canisters) 

always inside the safeguards controlled zone. 
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5 CLOSURE 

When all the canisters have been disposed of in the deposition holes and operating and 

decommissioning waste from the encapsulation plant has been disposed of, the closure 

phase of the repository will begin. 

The structures and the systems of the repository are first removed so that no harmful 

amount of materials is left in the repository. After that the rooms are backfilled and 

sealed with closure structures. 

5.1 Removal 

Structures that are constructed for the operational phase, such as concrete floors and 

systems, are removed from the repository. It is technically also possible to remove 

permanent concrete structures such as shotcrete, if this is considered appropriate. 

The shotcrete can be removed with several techniques, including mechanical 

hammering, water jet sawing, a combination of a mechanical hammer and a water jet 

saw, a mechanical cutter and a mechanical cutter installed to an excavator. A 

mechanical cutter installed to an excavator seems to be the most cost effective 

alternative. The efficiency of shotcrete removal and the suitability of different methods 

will be studied in more detail later. 

5.2 Backfilling and closure of tunnels and shafts 

The main function of engineered barriers, such as backfill and sealing structures is to 

restrict the migration of radioactive substances through the excavated rooms (STUK 

2001). For access routes and other underground facilities (e.g. central tunnels and 

technical rooms) this means in practice that the backfill and the sealing structures need 

to obstruct formation of significant flow paths inside the repository. In addition, the 

access routes need to be sealed so that inadvertent human intrusion is prevented. 

The techniques used for backfilling the deposition tunnels (see Chapters 4.3 and 6.4) 

can be applied to backfilling and closure of other rooms in the repository to the extent 

that is meaningful, taking into account the fulfilment of requirements and the location 

within the repository. So far specific requirements and criteria set for backfilling 

concern deposition tunnels, and design bases for backfilling of other rooms need to be 

determined separately.  

5.3 Closure structures 

Sealing plugs are installed at suitable positions in the repository. The plugs prevent 

water from flowing in the tunnel and support backfilling, as well. The design of the 

plugs is based on hard concrete for mechanical strength and a clay-based material for 

tightness. The closure of deposition tunnels is reported in more detail in report (Saanio 
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& Kokko 2000) and in Chapter 4.3. The same technique will also be applied to the 

closure of other parts of the repository. 

It is important to close direct surface connections from the repository with closure plugs 

that are located in the right places. Plugs can be located, for example, on both sides of 

fracture zones. To prevent flow in the tunnel or in the shaft, the plugs should be located 

in places where bedrock is tight. The plugs are shaped so that they and the existing rock 

round the tunnel comprise a tight stopper to water flow along the tunnel. 

The upper part of each surface connection will be sealed with a mechanically strong 

plug to prevent unintentional digging of the repository. These plugs can be based on the 

use of reinforced concrete. More detailed designs of these structures will be produced at 

later design phases. 

5.4 Foreign materials in repository after closure 

The quantities of foreign materials (i.e. engineering and stray materials) that will remain 

in the repository to be constructed at Olkiluoto, Finland, were initially estimated by 

Hjerpe (2003). The estimate is based on the preliminary design, phase 1, of the 

repository. No significant changes have been made in the designs that would affect the 

amount of the material amounts, expect for those that depend on the backfilling 

technique to be chosen later. The results show that the total remaining material quantity 

will be in the range of 13 000 to 28 000 t. Cement is the most dominating component. 

Steel, organic materials, aluminium, and zinc are other important materials. 

The amount of cement in shotcrete is about 11 000 - 12 000 t. The shotcrete can be 

removed before backfilling of the tunnels, which might be the case in the repository. In 

this study, however, it is conservatively assumed that the shotcrete is not removed 

before backfilling. The efficiency of shotcrete removal and the suitability of different 

methods will be studied in more detail later. 

Based on the estimates (Hjerpe 2003), the effect of the material amount on long-term 

safety can be evaluated. It can later become appropriate to decrease the amount of 

certain materials. If this is the case, alternative techniques and methods can be studied to 

replace some materials. For example, a steel wire mesh could be used instead of 

shotcrete. The amount of the remaining materials will be one of the factors to be 

considered when evaluating different techniques. 

5.5 Retrieval 

The repository is designed so that no burden to the future generations will be left. 

According to the Resolution of the Government on the safety of disposal of spent fuel, 

25 March 1999/478 (Valtioneuvosto 1999): "Disposal shall be planned so that no 

monitoring of the disposal site is required for ensuring long-term safety and so that 

retrievability of the waste canisters is maintained to provide for such development of 

technology that makes it a preferred option."
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YVL-guide 8.4 (STUK 2001) states: "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 

radioactive substances. 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 the long-term safety."

To maintain rock characteristics favourable to long-term safety YVL-guide 8.5 (STUK 

2002) states that emplacement rooms shall be backfilled and closed as soon as disposal 

activities and related monitoring activities allow.

According to plans it is possible to retrieve the canisters at every phase of the disposal 

project. The design of the repository includes some features that may facilitate retrieval 

of canisters in the future. The spent fuel elements are packed in massive copper-iron 

canisters, which are mechanically strong and long-lived. The repository consists of 

tunnels excavated in hard rock, which are supposed to be very long-lived and removal 

of tunnel backfillings is also technically possible in the future (Saanio & Raiko 1999). 

The possibility of canister retrieval has been described for three different phases of the 

disposal project. All other situations during the project can be derived from these phases 

and the retrieval technology can be derived from the described technologies. 

5.5.1 Retrieval before closure of deposition hole 

This Chapter describes the situation during canister transfer to the deposition hole. The 

canister is in the lift or in the canister transfer and installation vehicle in the repository. 

It is possible, for example, that the canister has already been lowered to the deposition 

hole and disconnected from the gripper when it is noticed that the hole is not suitable or 

the bentonite has not been installed properly. The basis in this case is that the bentonite 

has not swelled and become stuck to the canister. 

If the decision to retrieve the canister is made before closure of the deposition hole, the 

canister is transferred to the canister lift and lifted up to the encapsulation plant. The 

procedures for the retrieval are the same as for the installation of the canister but they 

are implemented in the reverse order. The fuel assemblies can be installed into a new 

canister or into the spent fuel cask in the fuel handling cell of the encapsulation plant. 

5.5.2 Retrieval after closure of deposition tunnel 

At the operational phase the deposition tunnels are backfilled starting at the end of the 

tunnel as the installation of the canisters proceeds. When all the canisters for one 

deposition tunnel have been installed and the tunnel backfilled, a concrete plug is 

constructed at the entrance of the tunnel. After closure of the first deposition tunnel, the 

operational phase will continue for a long time – for up to more than 100 years. This 

means that the repository is in use and the central tunnel is open. 
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If the decision on retrieval is made during the operation of the repository after some of 

the deposition tunnels have been closed, the retrieval process consists of opening the 

deposition tunnel, opening the deposition hole and pulling out the canister. The concrete 

plug at the entrance of the deposition tunnel is removed and the tunnel is opened in 

stages with backfilling material taken away from the section of one deposition hole. 

After that, the deposition hole is opened and the canister is retrieved. Next backfilling 

material is taken away from the next section and so on. 

The concrete plug can be broken using methods that are normally used for breaking 

down concrete structures, for example hydraulic chipping can be used. The backfilling 

material is removed from the tunnel using normal diggers. Radiation in air and in 

backfilling material is controlled during the opening of the deposition tunnel. Bentonite 

can be flushed with saline solutions to remove it. The canister is pulled out from the 

hole using the same vehicle that was used when the canister was installed in the hole 

and the canister is lifted to the encapsulation plant by the lift. 

5.5.3 Retrieval after closing of the repository 

All the tunnels and shafts are backfilled and the repository is closed after all the 

canisters have been disposed of. Concrete plugs are constructed in the upper part of 

each surface connection. 

The canisters can be retrieved also after closure of the repository. A facility for handling 

of canister will be constructed above ground. The repository is opened using mainly the 

same methods that were used in the construction of the repository. Instead of 

excavation, shafts and tunnels are now opened by digging away the backfilling material 

and by breaking the plugs. The access tunnel, the shafts, the auxiliary rooms and the 

central tunnel are dug open, and any required structures are constructed and systems 

installed. After all the required facilities have been completed, the deposition tunnels 

can be opened and the canisters lifted up as described in Chapter 5.5.2. When the 

canisters have been lifted up, they can be packed in the transport cask for transportation 

and taken away for future actions. Alternatively the canisters can be opened and the fuel 

assemblies can be installed in the transport cask one by one. The transport casks can be 

similar to those used for transports from nuclear power plants to the spent fuel facility. 

The transport casks can be transport by road, rail or sea. 
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6 ALTERNATIVE DISPOSAL CONCEPTS 

6.1 Encapsulation plant attached to KPA-store  

The encapsulation plant can be attached to the KPA-store and the fuel handling cell can 

be connected to the fuel transfer channel of the KPA-store, Figure 6-1 and Figure 6-2. 

The fuel from Olkiluoto plant can be transferred directly from the KPA-store to the fuel 

handling cell of the encapsulation plant. The spent fuel cask from the Loviisa plant can 

be docked directly to the fuel handling cell or the fuel can be transferred via the KPA-

store pools like fuel from the Olkiluoto plant. 

The encapsulation line itself may be the same regardless of whether an independent 

encapsulation plant and an encapsulation plant attached to the KPA-store is selected. 

The fuel canister is loaded in the fuel canister transfer and installation vehicle in the 

canister loading area, Figure 6-2 and Figure 6-3. A crane is needed in the canister 

loading area for the transfer of the canister, Figure 6-3. 

Figure 6-1. General view of encapsulation plant attached to KPA-store.  
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Figure 6-2. Plan drawing +3.50. 

Figure 6-3. Canister loading area.

It is cost-effective to transport the fuel canisters into the repository with the help of the 

canister transfer and installation vehicle (Figure 3-10, Pietikäinen 2003b and Poli 2006) 

along the access tunnel, if the encapsulation plant is attached to the KPA-store. During 
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the transport the fuel canister is inside the radiation shield of the canister transfer and 

installation vehicle, which also installs the fuel canister into the deposition hole. 

6.2 Transportation of canisters via access tunnel  

The canisters can be transferred from the ground to the repository via the access tunnel 

instead of the canister shaft. A track-mounted transportation vehicle is used in the 

transport (Pietikäinen 2003b). This transportation alternative is referred to as the vehicle 

transportation alternative. 

In the vehicle transportation alternative the canisters are transported inside a protective 

container. Radiation level on the surface of the protective container is at most 2 mSv/h 

and decreases rapidly as the distance increases. At approximately 30 m it is lower than 

natural background radiation (Suolanen et al. 2004). This means that the radiation 

controlled zone is limited to the immediate vicinity of the transportation vehicle. 

The final disposal canisters are loaded in the transportation vehicle at the encapsulation 

plant. If the encapsulation plant is located further away, for example attached to the 

interim storage for spent fuel, the canisters are transported on the ground along the site 

area road network to the access tunnel that leads to the repository. Transport on the 

ground takes place completely inside the site area in Olkiluoto, where sufficient 

isolation and protection measures are easy to handle and there are no high risks of 

transport damages. In order to prevent damages caused by the transport itself to the 

roads and to the surrounding infrastructure, the paving of roads, foundations, bridges, 

cable and pipe tunnels have to withstand the weight of heavy transportation. 

Underground the canisters are first transported along the access tunnel to the deposition 

level and finally along the central tunnels to the deposition tunnel and to the deposition 

hole. The access tunnel will be attached stepwise in four steps to the radiation controlled 

area of the repository. In the access tunnel the canisters are always within the controlled 

area. As the transport moves ahead, the controlled area is expanded downwards. The 

parts of the access tunnel, through which the canister transportation vehicle has already 

driven, are resumed back to the uncontrolled area as soon as possible. Normal 

ventilation is disconnected in the parts of the access tunnel that constitute the controlled 

area. The transportation vehicle produces so little exhaust fumes that ventilation is not 

needed during transportation.

The division of the access tunnel into four separate compartments makes it possible to 

speed up the restoration of the access tunnel from the controlled area back to the 

uncontrolled area after canister transportation. Ventilation in the tunnel can be started 

through the uncontrolled area ventilation system from the upper end of the tunnel while 

canister transportation still proceeds at lower end of the access tunnel. Dividing the 

access tunnel into smaller compartments makes it possible to restrict emissions or 

smoke damages into a smaller area. If the encapsulation plant is located above the final 

repository, it is even possible to connect the controlled area compartments to the 

controlled area ventilation system and lead exhaust air through the filters of the 

encapsulation plant. 
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Before the canister transportation vehicle arrives at the deposition level, it will move 

from level -385 to the so called by-pass tunnel, which will be constructed for the vehicle 

transportation alternative (Figure 6-4). Canister transport can move straight through the 

by-pass tunnel to the technical rooms of the controlled area without interrupting 

activities in the technical rooms of the uncontrolled area. Without the by-pass tunnel the 

canister transportation vehicle would have to drive very close to the technical rooms of 

the uncontrolled area, which at certain phases of deposition would stop human activities 

in the uncontrolled area of the deposition area. In the vehicle transportation option with 

a by-pass tunnel deposition can be implemented as planned in the canister shaft 

alternative.  

In the two-layer alternative, the canister transportation vehicle will continue from level 

-385 along the access tunnel to level -517 where it turns to the lower level by-pass 

tunnel (Figure 6-5). Through the tunnel it by-passes the technical rooms in the lower 

level uncontrolled area. 

Figure 6-4. By-pass tunnel at level -420. 



123

Figure 6-5. By-pass tunnel at level -520. 

6.3 Two-layer alternative  

There is another optional alternative layout for the spent nuclear fuel repository, in 

which part of the deposition tunnels are located 100 metres lower, i.e. at a depth of 

approximately 520 metres. This other option is called the two-layer alternative. 

The positioning of the facilities in the two-layer alternative is presented in Figures 6-6 

and 6-7. The area needed for the facilities at level -420 is approximately 2.0 km
2
 and at 

level -520 approximately 1.5 km
2
. The total number of deposition tunnels in the two-

layer option is 137 and the total length of the deposition tunnels is 43.6 km. 

In the two-layer alternative, deposition starts at level -420 like in the single-layer option. 

The decision on either continuing deposition at level -420 or moving down to level -520 

has to be made approximately 35 years after the start of deposition and before 

excavation of excavation stage 4 starts (Figure 6-6). If the decision is to move to the 

lower level and to adopt the two-layer alternative, the first deposition and central 

tunnels at level -520 will be excavated at excavation stage 5 (Figure 6-7). Deposition 

will then move down to the lower level approximately 47 years after the start of 

operation.

The filling order and the schedule of different layers in the optional two-layer 

alternative have to be considered in design, because scheduling affects thermal 

interaction between the layers. In other words, the different layers warm up each other 
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whereby the temperature in the canisters rises, which is a critical variable in 

dimensioning. If tens of years have passed since the first layer was filled before the 

filling of the second layer starts in same region, the rock bulk of the latter layer has had 

time to warm up, with the maximum temperature rising several degrees in about 20 

years after deposition with same canister distances. This rise and the natural temperature 

rise of 1.5 degrees that originates from the additional depth of 100 metres must be 

compensated for in second layer by increasing the distance between the canisters. 

The maximum temperature rise in the canisters in the latter deposition layer depends on 

the scheduling of activities in accordance with Table 6-1, in other words on how much 

after the first layer the second layer is used for deposition in the same position. The 

increase in the distance between the canisters required to compensate for additional 

warming in the second deposition layer is also estimated in the Table. In practice, the 

two-layer alternative should be implemented so that any two deposition positions in the 

different layers would be used for deposition as concurrently as possible, because the 

need to compensate for additional warming with longer canister distances will increase 

the excavation and backfilling costs of the tunnels considerably.

Table 6-1. The magnitude of warming in the second layer when the canisters have 

reached their maximum temperature (20 years after deposition of canister) depending 

on the time difference between depositioning operations in the two-layer alternative. 

The magnitude of total warming is up to 1.5
o
C higher because of the naturally higher 

ambient temperature in the deeper layer. The increase needed in the distance between 

the canisters to compensated for the warming is estimated according to Figure 43 in 

POSIVA 2003-04. 

Time difference (y) Rise in temperature (
o
C) Increase in canister distance (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 
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Figure 6-6. Upper level of the two-layer alternative at a depth of -420 metres. 

Figure 6-7. Lower level of the two-layer alternative at a depth of -520 metres.
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6.4 In-situ backfilling of deposition tunnels  

As an alternative to the block backfill method, the tunnels can be backfilled using an in-

situ method, i.e. compacting the backfill material in its place in the tunnel. Different in-

situ methods have been previously described e.g. in reports Kirkkomäki (1999), Saanio 

& Kokko (2000), Kukkola (2003b), Saanio et al. (2003) and Gunnarsson et al. (2004). 

The short description presented in this Chapter is based on a method tested in large-

scale field tests by SKB: compaction of a mixture of bentonite and crushed rock (30:70) 

into an inclined layer with a vibratory plate (Gunnarsson et al. 2004, Keto 2006).

The mixture of bentonite and crushed rock is prepared above ground, either in a 

modified concrete mixing plant or in a mixer that is part of the production line of buffer 

blocks. The mixture is transported to the repository level and to the deposition tunnel 

with a tank truck or with a special truck designed for mining operations. The material is 

spread into a layer with an inclination of approximately 30° and a thickness of 

~25-30 cm prior to compaction and ~15-20 cm after compaction. The layer is 

compacted with a vibratory plate mounted to the arm of an excavator. If necessary, a 

smaller vibratory plate is used near the walls and the roof. The transportation of material 

to the tunnel end, the spreading of the material into one layer, the compaction and the 

measurements of water ratio and density, are estimated to take approximately 1-1.5 h / 

layer (Keto 2006). In order to maintain the desired effective backfilling rate that is 

approximately 4-5 m/day, the amount of layers compacted per day should be at least 13 

(Keto 2006). In practice this means that compaction work needs to be performed in 2-3 

shifts on the days when canister and buffer installation operations are not carried out.  

It can be assumed that the dry density achievable with the in-situ technique corresponds 

to 90% of the maximum dry density achieved for the material with the Proctor 

compaction test. For a mixture of bentonite and ballast (30:70), this means a dry density 

of approximately 1 780 kg/m
3
 (Gunnarsson et al. 2006). So far, the dry densities 

achieved in large-scale field tests have been approximately 1 750 kg/m
3
 for the inner 

part of the backfill and approximately 1 600 kg/m
3
 for the roof part. By optimizing the 

parameters of the compaction device and the backfill material, it may be possible to 

reach higher dry densities than the ones measured in previous field tests. However, the 

dry density may still be insufficient especially in the roof section to meet the criteria set 

for the backfill. 
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APPENDIX 1: TECHNICAL DATA OF THE REPOSITORY 

POWER PLANT UNITS OL1 OL2 OL3 Lo1 Lo2 

Anticipated operational lifetime 

(years) 

60 60 60 50 50 

Number of accumulated spent 

fuel elements if the maximum 

burnup is 45 MWd/kgU for Lo 

and 50 MWd/kgU for OL after 

2011

7224 7288 3728 3993 4380 

Average burnup of spent fuel 

(MWd/kgU) 
38.0 38.6 45.5 37.0 38.1 

Uranium mass (tU) 1270 1263 1980 492 526 

CANISTERS OL 1-2 OL 3 Lo 1-2

Outer diameter (m) 1.05 1.05 1.05 

Maximum length (m) 4.80 5.25 3.60 

Total volume (m
3
) 4.1 4.5 3.0 

Number of positions (ex.) 12 4 12 

Mass of uranium (tU) 2.2 2.1 1.4 

Total weight (t) 24.3 29.1 18.6 

FUEL

Maximum burnup (MWd/ kgU) 50 50 45 

Assemblies per canister (ex) 12 4 12 

Minimum cooling time (y) 20 38 25 

Start year of disposal 2020 ~ 2067 2020 

Length of disposal operation (y) 53 45 37 

Amount of uranium (tU) 2533 1980 1018 

Number of canisters needed (ex.) 1210 932 698 

Encapsulation speed (ex/y) 22.8 20.7 18.9 
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REPOSITORY One-layer design 

Volume without deposition holes (m
3
)   

- total 1 311 000 

- open at any one time, maximum 755 000 

- open at any one time, average 634 000 

- uncontrolled area, maximum 614 000 

- controlled area, maximum 193 000 

Deposition hole volume (m
3
) 52 300 

Length of the tunnels (m)  

- deposition tunnels 41 400 

- central tunnels 6 800 

BENTONITE BLOCKS AND 

DEPOSITION HOLES OL1-2 OL3 Lo1-2 

Canister height (m) 4.8 5.25 3.6 

Deposition hole depth (m) 7.8 8.25 6.6 

Bentonite block height (m) 0.4 0.4 0.4 

Bottom blocks (pcs) 2 2 2 

Side blocks (pcs) 12 13 9 

Top blocks (pcs) 5 5 5 

Blocks total (pcs) 19 20 16 

Block pile height (m) 7.6 8.0 6.4 

Depth of floor pit (m) 0.2 0.25 0.2 

Deposition hole diameter (m) 1.75 1.75 1.75 

Deposition hole volume without notches (m
3
) 18.76 19.84 15.87 

Distance between the deposition holes (m) 11.0 10.5 8.6 




