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ABSTRACT 
 
The purpose of the facility description is to be a specific summary report of the scope of 
Posiva’s nuclear facilities (encapsulation plant and disposal facility) in Olkiluoto. This 
facility description is based on the 2012 designs and completing Posiva working reports. 
The facility description depicts the nuclear facilities and their operation as the disposal 
of spent nuclear fuel starts in Olkiluoto in about 2020. 
 
According to the decisions-in-principle of the government, the spent nuclear fuel from 
Loviisa and Olkiluoto nuclear power plants in operation and in future cumulative spent 
nuclear fuel from Loviisa 1 and 2, Olkiluoto 1, 2, 3 and 4 nuclear power plants, is per-
mitted to be disposed of in Olkiluoto bedrock.  
 
The design of the disposal facility is based on the KBS-3V concept (vertical disposal). 
Long-term safety concept is based on the multi-barrier principle i.e. several release bar-
riers, which ensure one another so that insufficiency in the performance of one barrier 
doesn’t jeopardize long-term safety of the disposal. The release barriers are the follow-
ing: canister, bentonite buffer and deposition tunnel backfill, and the host rock around 
the repository. The canisters are installed into the deposition holes, which are bored to 
the floor of the deposition tunnels. The canisters are enveloped with compacted 
bentonite blocks, which swell after absorbing water. The surrounding bedrock and the 
central and access tunnel backfill provide additional retardation, retention, and dilution. 
 
The nuclear facilities consist of an encapsulation plant and of underground final dispos-
al facility including other aboveground buildings and surface structures serving the fa-
cility. The access tunnel and ventilation shafts to the underground disposal facility and 
some auxiliary rooms are constructed as a part of ONKALO underground rock charac-
terization facility during years 2004–2014. The construction works needed for the re-
pository start after obtaining the construction license. Operating phase begins in the 
beginning of 2020s after obtaining an operating license. More deposition and central 
tunnels are excavated as the disposal proceeds.  
 
The spent nuclear fuel from interim storages is encapsulated into canisters in an encap-
sulation plant and then transferred into the underground disposal facility with a canister 
lift. According to the current design, the repository layout is based on one-storey layout 
alternative at the level of -400...-450m. The underground disposal facility is accessed by 
the access tunnel and a personnel shaft, which is located in a hoist building.  
 
Other alternatives for the design and operation of the nuclear facilities are described at 
the end of the report. 
 
Keywords: Encapsulation, encapsulation plant, spent nuclear fuel, KBS-3 concept, fa-
cility description, final disposal, final disposal facility, repository, release barrier. 



 

 



 

Laitoskuvaus 2012 
 
TIIVISTELMÄ 
 
Laitoskuvaus on yhteenveto Posivan kapselointilaitoksen ja loppusijoituslaitoksen 
suunnitelmista. Tämä laitoskuvaus perustuu pääosin vuoden 2012 suunnitelma-
aineistoon ja sitä täydentäviin Posivan työraportteihin. Laitoskuvaus kuvaa kapselointi- 
ja loppusijoituslaitosten rakenteiden lisäksi niiden käyttötoimintaa käytetyn ydinpoltto-
aineen loppusijoituksen alkaessa Olkiluodossa noin vuonna 2020. 
 
Ydinenergialain ja ministeriön päätösten mukaisesti kaikki Loviisan ja Olkiluodon 
ydinvoimalaitoksilla jo oleva ja tulevaisuudessa Loviisa 1 ja 2 sekä Olkiluoto 1, 2, 3 ja 
4 -laitosyksiköiltä kertyvä käytetty ydinpolttoaine valmistaudutaan loppusijoittamaan 
Suomen kallioperään. 
 
Loppusijoitustilojen suunnitelmat perustuvat KBS-3V-konseptiin (pystysijoitusratkai-
su). Pitkäaikaisturvallisuuskonsepti perustuu moniesteperiaatteeseen eli useaan toisiaan 
varmistavaan vapautumisesteeseen siten, että yhden vapautumisesteen toimintakyvyn 
vajavaisuus ei vaaranna pitkäaikaisturvallisuutta. Ensisijaisia vapautumisesteitä ovat 
kapseli, bentoniittipuskuri, loppusijoitustunnelien täyte ja muut sulkurakenteet sekä ehyt 
kallio loppusijoitustilojen ympärillä. Loppusijoitustunneleiden lattiaan porataan loppusi-
joitusreiät, joihin loppusijoituskapselit sijoitetaan. Kapseleita ympäröivät kauttaaltaan 
puristetut bentoniittilohkot, jotka paisuvat voimakkaasti vettymisen seurauksena. Lisäk-
si myös ympäröivä kallioperä ja täytetyt keskustunnelit ja ajotunneli pidättävät, hidasta-
vat ja laimentavat kulkeutumista. 
 
Käytetyn polttoaineen kapselointi- ja loppusijoituslaitos koostuu maanpinnalle raken-
nettavasta kapselointilaitoksesta ja loppusijoituslaitoksesta, joka muodostuu muista toi-
mintaa palvelevista maanpäällisistä rakennuksista ja rakennelmista sekä maanalaisista 
loppusijoitustiloista. ONKALOn yhteydessä on rakennettu loppusijoituslaitoksen en-
simmäiset maanpintayhteydet ja ilmanvaihtokuilut sekä maanalaisia aputiloja -437 m 
syvyydelle. ONKALOn laajuuteen kuuluvat osittain myös ilmanvaihtorakennus ja nos-
tinlaiterakennus. Kapselointi- ja loppusijoituslaitoksen varsinaiset rakennustyöt alkavat 
rakentamisluvan myöntämisen jälkeen. Laitoksen käyttötoiminta on tarkoitus aloittaa 
2020-luvun alkupuolella käyttöluvan myöntämisen jälkeen. Tiloja laajennetaan loppusi-
joituksen edetessä louhimalla lisää sijoitus- ja keskustunneleita. 
 
Välivarastoista tuotu käytetty polttoaine pakataan kapseleihin kapselointilaitoksessa, 
minkä jälkeen kapselit siirretään hissillä loppusijoitustilaan. Nykyisten suunnitelmien 
mukaan loppusijoitustila sijoittuu noin -400...-450 m syvyyteen yhteen kerrokseen. 
Kulku maanalaisiin tiloihin tapahtuu ajotunnelin ja nostinlaiterakennuksen henkilökui-
lun kautta.  
 
Raportin lopussa on kuvattu muita kapselointi- ja loppusijoituslaitoksen suun-
nitteluratkaisu- ja käyttötoimintavaihtoehtoja. 
 
Avainsanat: Kapselointi, kapselointilaitos, käytetty ydinpolttoaine, KBS-3-konsepti, 
laitoskuvaus, loppusijoitus, loppusijoituslaitos, loppusijoitustila, vapautumiseste. 
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GLOSSARY 
 
Access tunnel An inclined driveway (ramp) with an inclination of 1:10 running 

inside the bedrock from the surface to the disposal depth; the 
main access to the underground research facility, ONKALO. 

 
Barrier Part of the disposal system, designed for preventing radionuclides 

from migrating in the disposal system. A barrier is a subsystem of 
the disposal facility designed in compliance with the multibarrier 
principle, as are the canister, buffer bentonite and bedrock. Barri-
ers are also called release barriers. See also Engineered barrier 
system. 

 
Bentonite Bentonite is a naturally occurring type of swelling clay, created 

as a result of the alteration of volcanic ash. A special feature of 
bentonite clay is its swelling as a consequence of moisture (wet-
ting). 

 
Burnup The power derived from nuclear fuel per mass unit of uranium. 

The usual unit used for burnup is megawatt-days per kilogram of 
uranium [MWd/kgU]. 

 
BWR Short for Boiling Water Reactor. A reactor type where the prima-

ry coolant boils in the reactor and steam transfers the energy di-
rectly from the reactor to the turbine. The OL1 and OL2 reactors 
of the Olkiluoto power plant are of the BWR type. 

 
Canister A technical release barrier (waste container) intended for the dis-

posal of spent fuel assemblies, constructed of a copper overpack, 
base and cover and a cast iron insert. Also: disposal canister. 

 
Conservatism When assessing impacts, conservatism means that adverse effects 

are overestimated and positive effects underestimated. A con-
servative estimate is pessimistic, on the safe side.  

 
Controlled area An area to which access is controlled due to reasons related to 

radiation protection and where working is subject to special in-
structions issued. The persons working in a controlled area must, 
for example, carry a personal dosimeter, protective clothing and 
protective shoes or footwear protection. 

 
Crud Short for Chalk River Unidentified Deposits, an active corrosion 

product that is created in the reactor circuit and precipitated from 
the reactor water to the surfaces of fuel rods, mainly in the rod 
core area. 
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Decontamination Partial or complete cleaning of an object or material from radio-
active elements using a suitable physical, chemical or biological 
process. 

 
Deposition hole A vertical hole bored into the bottom of a deposition tunnel in the 

repository into which the spent fuel canister is emplaced after the 
hole is lined with the buffer blocks. 

 
Deposition tunnel A tunnel in the repository, where the deposition holes for the can-

isters are bored at predetermined intervals. Each tunnel is exca-
vated from a central tunnel. After the emplacement of the canis-
ters is completed the tunnel will be backfilled and sealed from the 
central tunnel. 

 
Disposal area The entire surveyed area suitable for final disposal. 
 
Disposal canister See canister. 
 
Disposal concept A draft principal solution for long-term isolation of spent nuclear 

fuel from the geosphere and biosphere. Examples of the disposal 
concept are KBS-3V and KBS-3H. 

 
Disposal level A planned level approximately -420m in ONKALO, consisting of 

about 400m of demonstration tunnels for bedrock classification 
and other testing and demonstration of disposal techniques. At 
this level are also the auxiliary facilities, such as a rescue cham-
ber, parking facilities, repair workshop and access ways to the 
shafts. Has also been addressed as the main characterization lev-
el. 

 
Disposal principle See Disposal concept. 
 
Disposal system A system complying with the disposal concept, consisting of a 

combination of technical and natural systems. The safety case 
must include a description of the disposal system: the quantities 
of radioactive materials, waste packages, buffer materials, back-
fill materials, isolation and closure structures, excavated facilities, 
the geological, hydrogeological, hydrochemical, thermal and rock 
mechanical characteristics of the surrounding bedrock and the 
natural environment of the disposal site.  

 
Disposal technology 
 Disposal technology is deployed for developing the elements of 

the disposal concept with the aim of transforming the disposal 
concept into a disposal system. A collective term for the technical 
solutions aimed at producing a functional disposal system and 
subsystems. In this context, the word technology encompasses 
both systems and techniques.  
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EBS See Engineered barrier system. 
 
EDZ Short for Excavation Damaged Zone or Excavation Disturbed 

Zone; a bedrock zone damaged by excavation work or disturbed 
as a consequence. In such zones, the original state or characteris-
tics of bedrock have been permanently disturbed, and the zone 
may be detrimental to disposal safety. 

 
EIA Environmental Impact Assessment. The EIA procedure pre-

scribed in the EIA Act is part of the process of assessing the safe-
ty and environmental impacts of final disposal associated with the 
decision-in-principle compliant with the Nuclear Energy Act. 

 
Encapsulation plant The encapsulation plant receives the spent nuclear fuel and encap-

sulates the fuel assemblies into the disposal canisters in the fuel 
handling cell. The encapsulation plant is classified as a nuclear 
facility.  

 
Encapsulation technology 
 
 The technology used for transferring the fuel assemblies into can-

isters and for sealing the canisters. 
 
Engineered barrier system  
 
 The engineered barrier system includes canisters, the bentonite 

buffer surrounding them and the backfilled tunnels, shafts, bore-
holes and other sealing structures that restrict the migration of ra-
dionuclides. 

 
EPR Short for European Pressurized Water Reactor. The OL3 type of 

nuclear reactor. 
 
Equivalent dose The product of absorbed dose and radiation type; its unit is Sie-

vert (Sv). Equivalent doses can be used to compare the radiation 
doses caused by different types of ionising radiation. 

 
Facility description A summary of the plans of each planning stage of the encapsula-

tion plant and the disposal facility, describing the facilities in line 
with the reference plans of that particular time. The description 
also discusses alternative plans.  

 
Final disposal facility 
 The term disposal facility refers to an entity comprising the 

rooms for disposal of the waste packages (repository) and the re-
lated underground facilities and the above-ground facilities di-
rectly associated with them. 
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Final disposal panel An individually section of the repository that can be sealed, con-
sisting of deposition tunnels and a section of the central tunnel 
connecting them.  

 
FSAR Short for Final Safety Analysis Report. A document appended to 

the operating licence application. See also PSAR. 
 
Fuel assembly The fuel assembly consists of a fuel bundle and a fuel channel. 
 
Fuel bundle  A bundle assembled of fuel rods, with top and bottom end pieces 

fitted.  
 

Fuel Handling cell A room in the encapsulation plant where spent fuel assemblies 
are lifted from the transport cask, dried and inserted into canis-
ters.  

 
Fuel channel A box surrounding the fuel bundle.  
 
Fuel pellet A cylindrical object made of sintered uranium oxide powder. 
 
Fuel rod A hermetically sealed tube containing fuel pellets. 
  
Geological site model  

Geological description of the Olkiluoto bedrock based on geolog-
ical and geophysical data. The model covers the entire closely 
surveyed area (the area with boreholes). The model includes four 
sub-models for the site: the lithological model, the ductile defor-
mation model, the metamorphosis model and the brittle defor-
mation model. The model forms the geometric basis and back-
ground material for other models (such as the hydrology model, 
the rock mechanical model and the geochemical model) and for 
layout adaptation of the repository. 

 
Hydrogeochemical model 
 

A modelled description of the chemical features of Olkiluoto 
groundwater and processes affecting it. 

 
Hydrological model A modelled description of the physical features and conditions of 

groundwater and groundwater flow in Olkiluoto. 
 
Initial defect A defect penetrating the copper wall of the canister, already pre-

sent in the canister at the time of canister emplacement. 
 
Intermediate-level waste 
 
 Waste generated during the operation and maintenance of nuclear 

facilities. Intermediate-level waste includes, inter alia, the ion 
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exchange resins used for purifying process waters (ILW for 
short).  

 
International Atomic Energy Agency  
  

 The Agency works with its Member States and multiple partners 
worldwide to promote safe, secure and peaceful nuclear technol-
ogies (IAEA for short). 

 
KBS-3 A disposal principle or concept developed in Sweden, based on 

the multi-barrier principle. KBS is short for 
Kärnbränslesäkerhet, Swedish for Nuclear Fuel Safety, and 3 is 
the version number of the disposal concept. 

 
KBS-3H The horizontal placement design, or disposal system compliant 

with the KBS-3 design where the canisters are placed in horizon-
tal drifts inside the bedrock. The H stands for horizontal. 

 
KBS-3V The vertical placement design or disposal system compliant with 

the KBS-3 design where the canisters are placed into vertical dep-
osition holes in the bedrock. The V stands for vertical. 

 
KPA storage Interim storage for spent nuclear fuel. TVO and Fortum have 

their KPA storages at the nuclear power plant sites. 
  
KTM Short for kauppa- ja teollisuusministeriö, Ministry of Trade and 

Industry. Its duties are nowadays looked after by TEM. 
 
Layout A spatial plan showing the location of equipment implemented in 

such a manner that the space and equipment form a functional en-
tity. 

 
Layout adaptation A process of adapting the layout for the construction site and the 

layout modifications carried out for that purpose. Layout adapta-
tion and layout design are closely interlinked, and distinguishing 
between the two is not always possible. 

 
Layout Determining Features 
 
 Fault zones located at the site of a planned repository may pro-

vide possible flow routes important for transport of solutes and 
the chemical stability of the repository. Layout determing fea-
tures determines a respect volume to the structures, which are 
avoided in the repository layout planning (LDF for short). 

 
Low-level waste Waste generated during the operation and maintenance of nuclear 

facilities. Low-level waste includes used protective equipment 
and equipment removed from the process (LLW for short). 
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Multibarrier principle  
 Implementation of disposal in such a manner that radionuclides 

must penetrate a number of successive independent barriers be-
fore they are able to escape a waste package or its part, such as a 
canister, into living nature. 

 
Monitoring Continuous or regular measurement of radioactive or other pa-

rameters in the geosphere and biosphere, or determination of the 
status of the disposal system. 

 
Main drawings stage A stage following the outline planning stage, aimed at producing 

the necessary documentation for obtaining a construction licence 
or other licence issued by public authorities and consisting of 
drawing up the licence application documents, main drawings 
and other necessary reports. 

 
Natural background radiation 
 
 Ionizing radiation emanating from natural radioactive elements 

and from space.  
 
Nuclear facility The term nuclear facility refers to facilities necessary for obtain-

ing nuclear energy, including research reactors, facilities per-
forming extensive disposal of nuclear waste, and facilities used 
for extensive fabrication, production, use, handling or storage of 
nuclear material or nuclear waste. 

 
Nuclear material Nuclear materials and other material, devices, equipment, or in-

formation, should they prove pertinent to the proliferation of nu-
clear weapons, section 2, subsection 1, paragraph 5 and subsec-
tion 2, paragraph 1 of the Nuclear Energy Act. Also particular 
fissionable materials and initial materials suitable for producing 
nuclear energy, such as uranium, thorium and plutonium, section 
3, paragraph 2 of the Nuclear Energy Act.  

 
Nuclear waste facility 
 
 Nuclear waste facility refers to a nuclear facility used for the en-

capsulation of spent nuclear fuel or for processing other types of 
nuclear waste for the purpose of their final disposal, as well as to 
a disposal facility for spent nuclear fuel or other types of nuclear 
waste. The current plans entail that Posiva will have two nuclear 
waste facilities.  

 
ONKALO An underground rock characterisation facility in Olkiluoto. The 

facility includes the access tunnel, ventilation shafts, research 
tunnels, the required technical systems and technical rooms. The 
main purpose of ONKALO is to investigate in great detail wheth-
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er the chosen disposal site is suitable for the purpose (URCF for 
short). 

 
Operational waste Low- and intermediate-level waste produced during the operation 

and maintenance of nuclear facilities. 
 
Posiva's facility area An area in Olkiluoto, leased from TVO, where the aboveground 

buildings and structures of Posiva's encapsulation plant and dis-
posal facility will be built. 

 
PSAR Short for Preliminary Safety Analysis Report. A document con-

taining details of the general design and implementation princi-
ples of the facility, a system-level description of the facility, safe-
ty analyses and a report of environmental impacts.  

 
PWR Short Pressurized Water Reactor. A type of light water reactor 

where the primary coolant is kept at a high pressure to prevent it 
from boiling, and the energy is transferred in the water to separate 
steam generators. 

 
Radioactive material Material with radionuclides that decay spontaneously, emitting 

ionizing radiation. The term is also used for mixtures containing 
radioactive material. 

 
Radiation dose Radiation energy per unit of mass, absorbed in the body or some 

media. The term usually refers to the total effective dose received 
by the body. 

 
Radionuclide A radioactive nuclide that converts itself into another nuclide, 

emitting ionising radiation in the process. 
 
RDD Research, development and design of disposal operations.  
 
Repository  The part of the final disposal facility, which consists of the depo-

sition tunnels and holes into which the spent fuel canisters are 
emplaced into. 

 
Residual heat, decay heat 
  
 The residual production of energy by radioactivity in the reactor 

after shutdown, or the thermal power generated by spent nuclear 
fuel removed from the reactor. The reason for residual heat 
evolving is the fact that the fission products of uranium fuel con-
tinue to decay and release energy. 

 
Safeguards Nuclear material controls and safeguards. Actions for ensuring 

that nuclear materials remain in peaceful use. 
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Safety case “Safety case” refers to all the technical-scientific documentation, 
analyses, observations, tests and other evidence that are used to 
substantiate the safety of disposal and the reliability of the related 
assessments. Posiva's safety case document will be appended to 
the Preliminary Safety Analysis Report (PSAR). 

 
Safety concept Conceptual idea and grounds concerning the types of basic pa-

rameters and technical solutions complying with the requirements 
that make a specific disposal principle safe. In the case of Posiva, 
the term refers to a perception of and grounds for considering 
disposal utilising the KBS-3 disposal concept in crystalline bed-
rock sufficiently safely. 

 
Safety function A factor that inhibits and limits the release and migration of dis-

posed radioactive substances. 
 
Sievert, Sv The unit of equivalent dose and effective dose. A variable used to 

represent statistical adverse effects of radiation (radiation dose) 
on people. 

 
SKB Svensk Kärnbränslehantering AB. The company responsible for 

nuclear waste management in Sweden. (The Swedish Nuclear and 
Waste Management Company, SKB) 

 
Spent nuclear fuel Irradiated fuel removed from the reactor, with such extensive 

burnup that reloading it back to the reactor is no longer feasible 
(abbreviated "KPA" in Finnish).  
 

STUK The Finnish abbreviation for Radiation and Nuclear Safety Au-
thority, Finland. STUK is a Finnish safety authority setting out 
the requirements for radiation safety and safe use of nuclear ener-
gy and overseeing compliance with them. STUK carries out re-
search on radiation and its effects, assesses radiation-related risks 
and monitors the radiation safety in our living environment. 

 
Subsystem Part of an individual system of the disposal system e.g. of KBS-

3V. For example, a canister is a subsystem in the disposal system 
based on the multi-barrier principle. 

 
Surface contamination 
 
 Presence of radioactive elements on the surfaces of articles or 

structures. 
 
Swelling clay A naturally occurring clay with the special property that it swells 

when wet, such as bentonite. The plan is to use swelling clay as a 
buffer material, in line with the multibarrier principle, between 
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the canister and bedrock and as part of the backfill material in the 
deposition tunnel. 

 
TEM  Short for työ- ja elinkeinoministeriö. Ministry of Employment 

and the Economy. 
 
Transfer cask  See transport cask. 
 
Transport cask  A radiation-protected custom-made container intended for the 

transportation and short-term storage of spent nuclear fuel. In ad-
dition to radiation protection, the container provides chemical, 
mechanical and thermal protection during transportation, han-
dling and storage. The term ‘transport container’ can also be 
used. 

 
Transport of spent nuclear fuel 
  

Transportation of spent fuel outside the confined power plant ar-
ea. Requires a special licence from the public authorities. See also 
Transfers of spent fuel. 

 
Transfers of spent fuel  
 

Transfers of spent nuclear fuel inside the confined power plant 
area. See also Transport of spent nuclear fuel . 

 
Uncontrolled area An area or part of a building forming part of a nuclear facility or 

located in its vicinity, the access to which is not controlled at all 
for reasons pertaining to radiation protection. Working in the area 
does not require the use of any protective equipment or personal 
dosimeter. 

 
Uranium Element number 92. Uranium isotopes are used as fuel in nuclear 

reactors. The important uranium isotopes used in nuclear fuel in-
clude the fissile isotopes U-233 and U-235, as well as the stable 
isotope U-238.  U-235 and U-238 are present in natural uranium. 

 
VLJ repository TVO's and Fortum's disposal facilities for operational waste, lo-

cated at the Olkiluoto and Loviisa power plant sites. 
 
Waste package A standardized product manufactured in compliance with the 

requirements concerning handling, transportation, storage and/or 
final disposal, consisting of the waste, canister or canisters and 
the successive technical release barriers. 

 
WWER reactor Originally a Soviet (now Russian) type of pressurized water reac-

tor. The LO1 and LO2 reactors at the Loviisa power plant are of 
the WWER type. 
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YEA Short for ydinenergia-asetus. The Nuclear Energy Decree. 
 
YEL Short for ydinenergialaki. The Nuclear Energy Act. 
 
YJH-programme Programme in compliance with a regulatory requirement of re-

viewing the state-of-the art and the future plans of nuclear waste 
management of Olkiluoto and Loviisa power plants. Produced at 
three year's interval. The YJH-programme was preceded by the 
TKS-programme until 2012. 

 
YVL Guide An official guide published by the Radiation and Nuclear Safety 

Authority describing the requirement levels for radiation and nu-
clear safety control. The safety requirements for the use of nucle-
ar energy are described in the YVL Guides. 
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1 INTRODUCTION 
 
Under the Nuclear Energy Act, a producer of nuclear waste is liable for all required nu-
clear waste management measures and the associated costs. Teollisuuden Voima Oyj 
(TVO) operates in Olkiluoto, Eurajoki, its Olkiluoto 1 (OL1) and Olkiluoto 2 (OL2) 
units and is having its Olkiluoto 3 (OL3) unit built, while Fortum Power and Heat Oy 
(Fortum, formerly Imatran Voima Oy, IVO) operates in Hästholmen, Loviisa, its 
Loviisa 1 (LO1) and Loviisa 2 (LO2) units. TVO and Fortum, the parties under the 
waste management obligation, are themselves responsible for the interim storage of 
spent nuclear fuel, as well as for the storage, processing and disposal of the operational 
waste of their own power plants at their respective power plant sites. Both plant sites 
feature an operational disposal facility (VLJ repository) where the operational waste 
generated during the operation of the plant is disposed of. Waste generated from the 
eventual decommissioning of the power plants is to be disposed of in the same facilities.  
 
In order to provide for the measures required after the interim storage of spent nuclear 
fuel, TVO and Fortum established in 1995 Posiva Oy (Posiva) for the purpose of seeing 
to the disposal of the spent nuclear fuel produced by its owners' NPPs located in Fin-
land. In the first phase, the company's tasks involve the performance of research, tech-
nical development and design work serving this end. Later, the company will assume 
the responsibility for the construction of the encapsulation plant and the disposal facility 
and their operation until they are closed. Posiva is also responsible for establishing and 
maintaining communication with the authorities relevant to the performance of its tasks 
as well as acquiring the required licenses and permits for the facilities it will construct 
and operate in the future. The responsibilities associated with nuclear waste manage-
ment remained unchanged after the establishment of Posiva. TVO and Fortum are still 
responsible for all the spent nuclear fuel they produce.  
 
According to the Nuclear Energy Act (YEL 1987), the power of decision concerning the 
principles to be followed in nuclear waste management belongs to the Ministry of Em-
ployment and the Economy (TEM) and, previously, to the Ministry of Trade and Indus-
try (KTM). The decisions, originally based on the Government decision-in-principle on 
the objectives of nuclear waste management research, investigation and design work 
issued 10 November 1983, were presented in KTM's letters 7/815/91 (19 March 1991), 
11/815/95 (26 September 1995) and 9/815/2003 (23 October 2003) to TVO and Fortum, 
and most recently, in letter TEM/1592/08.05.01/2011 (9 December 2011) regarding the 
nuclear waste management arrangements for the OL3 unit. These decisions form the 
starting point for both the practical implementation of nuclear waste management and 
the research and development work concerning future measures. 
 
According to the Nuclear Energy Act and decisions of the ministry, preparations are 
made for disposing of all spent nuclear fuel currently held at the Loviisa and Olkiluoto 
plants, plus any accumulated in the future, inside the Finnish bedrock. In May 2001, the 
Finnish Parliament confirmed through its communication EK 8/2001 the Government's 
decision-in-principle made in December 2000 (Government 2000) concerning Posiva's 
application for the construction of an encapsulation plant and disposal facility in 
Olkiluoto for the spent nuclear fuel from the OL1-2 and LO1-2 NPP units. In addition, 
the Government made, on 17 January 2002, a decision-in-principle, in line with Posiva's 
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application, regarding the construction of the disposal facility in extended form so that 
the facility is capable of processing and accommodating the spent nuclear fuel produced 
in the TVO NPP unit OL3 now under construction (Government 2002).  
 
In 2010, the Government made a decision-in-principle according to which the spent fuel 
from the Olkiluoto 4 (OL4) unit shall be disposed of in Posiva's disposal facility (Gov-
ernment 2010). OL4 has been preliminarily taken into account in the plans regarding the 
expansion of the facilities. The plans will become more specific once the plans for OL4 
become more advanced.  
 
The preparations for disposal operations in Finland are based on an arrangement where 
the spent nuclear fuel is stored in interim storage after its removal from the reactor until 
its final disposal can commence, starting around 2020 (KTM 1991). Before that, spent 
fuel will be stored in water pools in the interim storages for spent fuel located at the 
power plant sites. 
 
According to decision 9/815/2003 of the Ministry of Trade and Industry, amending 
KTM decisions nos. 7/815/91 and 11/815/95, the parties under the nuclear waste man-
agement obligation were, either separately, jointly or through Posiva, to be prepared to 
present all reports and plans required to obtain a construction licence for an encapsula-
tion plant and disposal facility for spent nuclear fuel, on the basis of which disposal can 
be started around 2020. In compliance with the decision, the TEM was provided in 2009 
with the required reports showing, which parts of the documents required by the con-
struction licence were incomplete, and in which way and on what schedule these docu-
ments would be supplemented. 
 
This facility description is a summary of the plans drawn up for the Olkiluoto encapsu-
lation plant and disposal facility. The report is a continuation of Posiva memorandum 
TS-M-11/02 of 2001, entitled “Loppusijoituslaitoksen kuvaus” (Description of the dis-
posal facility), and of working reports 2004-26 Facility Description 2003 (Tanskanen & 
Palmu, 2003), 2007-21 Facility Description 2006 (Tanskanen, 2006) and 2009-124 Fa-
cility Description 2009 (Tanskanen, 2009). Other alternatives being considered for the 
structure and operation of an encapsulation plant and disposal facility are also presented 
at the end of the facility description. The intention is to keep updating the facility de-
scription at three-year intervals in 2015 and 2018. The purpose of the facility descrip-
tion is to describe the Olkiluoto encapsulation plant and disposal facility around 2020, at 
the time of starting disposal operations in Olkiluoto, in line with the reference solutions 
chosen for the planning and design work.  
 
The facility description can be used 

- as a summary report for obtaining an overall picture of the Olkiluoto encapsulation 
plant and disposal facility, 

- as material for communication purposes, 
- for estimating the cost of the encapsulation plant and the disposal facility, 
- for presenting the way in which ONKALO and the disposal facility are linked, and 
- as material for developing the project plan and for planning operations. 
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Since new components have been and will be introduced in the facility plan, the aim is 
to have a flexible plan that allows the final facility and plant decisions to be made at the 
optimal time. Research and development work and engineering work are closely inter-
linked and interact with each other. Both the results of R&D work and the progress of 
engineering design work produce amendments to the facility plan as well as totally new 
partial solutions that allow better optimisation of the disposal system or its costs while 
nevertheless always giving priority to matters affecting safety.  
 
The key issues in the disposal project during the past three-year planning period 2010–
2012 were: 

- The information on the Olkiluoto bedrock is now more accurate. New bedrock in-
vestigations have been conducted both above ground and in ONKALO. The loca-
tion of underground openings has been updated on the basis of fresh bedrock 
knowledge. 

- Underground canister storage for disposal canisters has been added in conjunction 
with the technical rooms. The plans for technical rooms and shafts have been up-
dated. 

- The construction of ONKALO has progressed considerably. The deepest point of 
the ONKALO access tunnel, according to current plans, at the depth of 455 metres 
was reached by summer 2012. The focus will now be on construction engineering 
and building automation work instead of excavation.  

- The plan for the canister transfer and installation vehicle has been updated, and the 
emplacement of the canisters into deposition holes has been planned in greater de-
tail. 

- The schedule for disposal activities has been updated. The schedule is based on an 
estimate of the spent fuel accumulated from different plant units, its quality, quan-
tity and burnup as well as on the new values for decay heat generation.  

- The plans for the backfill design have become more specific. 
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2 BASIS FOR DESIGN AND PLANNING WORK 
 
2.1 Safety concept for final disposal 

Posiva's final disposal plans are based on the KBS-3 concept developed by SKB in 
Sweden. As illustrated in Figure 1, Posiva's safety concept is a conceptual description of 
how safe disposal is accomplished through geological disposal of spent fuel in compli-
ance with the KBS-3 method adapted to Olkiluoto conditions. 
 

 
Figure 1. Safety concept for final disposal.  
 
Since spent fuel constitutes a long-term potential hazard for the environment, safe dis-
posal is primarily based on long-term protection and isolation of fuel, accomplished by 
using a combination of a sufficiently thick layer of rock and gas- and watertight copper-
iron canisters. The red columns in Figure 1 illustrate the characteristics used for accom-
plishing long-term isolation. The figure also has blue columns and bars illustrating the 
secondary safety principles that ensure the continued maintenance of safety even in a 
situation where radionuclides may escape from a canister over a period of time. 
 
The probability of a release of radionuclides from the canisters is kept low in compli-
ance with the safety concept. This is accomplished by, on the one hand, maintaining the 
ambient conditions of canisters at such values that do not pose a risk to the long-term 
durability of canisters, and, on the other hand, by using technical release barriers of ver-
ifiably high quality. The technical release barriers include canisters, the buffer surround-
ing them and protecting them against the mechanical impacts of bedrock movements 
and the adverse chemical effects of elements contained in groundwater, as well as the 
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tunnel backfill, shafts, boreholes and other sealing structures that restrict the migration 
of radionuclides through open spaces inside the bedrock. 
 
The key safety feature for designing the repository is that of maintaining the favourable 
and predictable rock and groundwater conditions. The repository must also be located 
deep enough so that any threats from above the ground, such as climatic changes and 
human activities, would not compromise the safety of disposal. On the other hand, the 
geological features of the bedrock, such as its mechanical, geochemical and hydrologi-
cal conditions, must be taken into account when choosing the disposal depth. STUK's 
(Radiation and Nuclear Safety Authority) YVL Guide D.5 currently in draft stage ex-
presses the matter as follows: “The disposal depth must be chosen so that it favours 
long-term safety, taking into account the geological structures of the bedrock, as well as 
the changes in water conductivity, groundwater chemistry and the rock stress to rock 
strength ratio that occur when the depth changes. The spent fuel repository must be 
placed at a depth of several hundred metres so that the impacts of above-ground natu-
ral phenomena, such as formation of glaciers or the impacts of human activity, are suf-
ficiently dampened.” 
 
The other basic element of the safety concept is the multibarrier system, which makes it 
unlikely that a single detrimental phenomenon or uncertainty would lead to the entire 
system losing its functionality. Should any canister be originally faulty or start leaking 
after disposal, the harmful effects to humans and other organisms above the ground 
would be limited by the slow dissolution of fuel, the slow diffusion through the 
bentonite buffer and the slow migration of radionuclides in the bedrock. Acting togeth-
er, these factors mean that the migration of radionuclides is contained and delayed, 
which also means that the releases are reduced as a result of radioactive decay. These 
features are illustrated in Figure 1 as secondary safety principles of the concept (as light 
green columns and bars) because they only become relevant if the primary release barri-
er, the canister, has broken. 
 
Finally, the safety concept is based on a robust system design that also includes the de-
sign of the disposal facility. In this context, the robustness of system design means that 
plant and facility design is directed iteratively by the plant designers and persons re-
sponsible for assessing the long-term safety. The goal is to identify the processes and 
events affecting long-term safety so that as the design work progresses, the uncertainties 
related to those factors can be reduced or eliminated or the detrimental effects can be 
mitigated through continuous research and development work as well as through chang-
es in plans and designs. 
 
2.2 Description and safety functions of the KBS-3V system 
 
The disposal concept in the facility description is based on long-term isolation by means 
of several different barriers that complement each other. The barrier closest to the spent 
nuclear fuel, the canister, is placed in a vertical hole bored in intact bedrock. This is 
called the KBS-3V system or the vertical deposition system. The natural and technical 
barriers of the KBS-3V system are described in more detail in Figure 2 and in the fol-
lowing text. 
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Figure 2. Multi-barrier system for final disposal. Different barriers back up each other. 
The disposal canister is placed in a vertical hole that is bored in the tunnel floor and 
lined with bentonite buffer blocks. Finally, the tunnel is filled with backfill blocks and a 
plug structure of reinforced concrete is cast at its opening.  
 
The primary barriers in the KBS-3V system are 

- the canister, 
- the bentonite buffer, 
- backfill of the deposition tunnel, 
- the bedrock, and 
- final closure of the facility. 

 
The roles of primary barriers in safe disposal are called safety functions.  
 
The spent nuclear fuel assemblies are inserted and sealed in the cast iron insert of the 
copper canister. The copper canister’s lid is sealed tightly by welding so that groundwa-
ter flowing in the bedrock cannot come into contact with the cast iron insert or the spent 
nuclear fuel. This will ensure isolation and prevent radionuclides from escaping into the 
groundwater and further into the geosphere and biosphere. Individual copper canisters 
are placed inside vertical deposition holes bored in the base of deposition tunnels, exca-
vated in intact bedrock to a depth of approximately 420 metres from ground level.  
 
Each deposition hole is lined with compressed bentonite blocks, a natural clay material 
with an expanding lattice. The bentonite acts as a buffer between the bedrock and the 
canister. Bentonite blocks are placed on top of the canister installed inside the bentonite-
lined deposition hole in order to fill the hole onto an even level with the deposition tun-
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nel floor. The bedrock immediately surrounding the deposition hole protects the canister 
by maintaining the conditions around the canister favorable in the long-term. The bed-
rock slows down and dilutes any radionuclide leaks from the canister as the ultimate 
barrier. The purpose of the deposition tunnel backfill is to ensure that the bentonite 
buffer stays in the deposition hole even when it expands and that no new flowpaths for 
water are formed into the deposition tunnels. At the same time, the tunnel backfill pre-
vents any inadvertent or wilful unauthorized entry into the repository.  
 
Final closure of the facility refers to other structures than those used for backfilling and 
sealing off the deposition tunnels, such as the backfill and closure structures of the ac-
cess tunnel, central tunnels and shafts. They are required for construction engineering or 
operational safety reasons, but, in some cases, also for reasons related to safety func-
tions. 
 
The functional principles and requirements of different barriers are described below in 
greater detail. 
 
The canister 
 
The disposal canisters are massive metal casks. Their insert is made of nodular graphite 
cast iron, and their overpack is made of copper. There are specific canister models 
available for each of the three types of fuel elements used or planned by Posiva's own-
ers.  
 
The most important safety function of the canister is to ensure the long-time contain-
ment of spent fuel. This safety function relies, above all, on the mechanical durability of 
the cast iron insert and on the corrosion resistance of the copper overpack. 
 
After several decades of interim storage, the spent fuel assemblies are packed into a 
disposal canister. The interior of the canister is filled with inert gas (e.g. argon or heli-
um) in order to slow down and minimise the internal corrosion caused by moisture and 
radiation.  
 
The canisters must be able to prevent water from entering them and the radionuclides 
from escaping, so that the spent nuclear fuel only impacts its surroundings by way of its 
generation of heat and low intensity gamma and neutron radiation that are conducted 
through the canister walls. In order to comply with this requirement, the canister must 
have 

- good corrosion resistance in the chemical conditions that will develop in its sur-
roundings over time, 

- sufficient strength to withstand the mechanical loads that they may be exposed to 
over time, and 

- a low probability of initial faults, because initial faults might allow (possibly as a 
result of corrosion) the entry of water inside the canisters and the release of radio-
nuclides from them. (Raiko et al., 2012) 
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The buffer 
 
The buffer material to be used is compacted bentonite or equivalent, installed as blocks 
to surround the canister in the deposition hole. Bentonite is a natural clay type with the 
following characteristics: It is plastic, swelling, and slippery when wet. The use of 
bentonite in the repository is based on its ability to swell when exposed to water. 
 
The safety functions of the buffer are 

- to contribute to the formation of favourable and predictable geochemical and hy-
drogeological conditions for the canister, 

- to protect the canister from external processes that might jeopardise the complete 
containment and isolation of spent fuel and related radionuclides, and 

- to restrict and slow down the release of radionuclides in the event the canister 
breaks. 

 
The buffer must fill the entire empty space between the canister and the bedrock, and it 
must be 

- plastic enough to dampen the impact of minor bedrock movements on the canister, 
- stiff enough to support the weight of the canister and prevent it from moving, 
- dense enough to prevent microbial activity in the buffer that might result in unfa-

vourable conditions for the canister, and 
- impermeable enough to limit the movement of water to insignificant quantities so 

that diffusion is the primary migration mechanism for both the groundwater com-
ponents causing canister corrosion and for the radionuclides released from the can-
ister. 

 
The buffer material must display a sufficient swelling pressure and self-healing capabil-
ity, which means that any potential flow or travel channel created—for example, as a 
result of channelling and erosion, rapid bedrock movements or gas emissions from a 
broken canister—is quickly closed. The impermeability of the buffer must restrict and 
slow down the release of radionuclides possibly escaping from a broken canister. In 
addition, the buffer must have a fine porous structure to stop the movement of microbes 
and colloids (they are filtered) and any microbe- or colloid-assisted migration of radio-
nuclides. (Juvankoski et al. 2012) 
 
In line with the safety concept, the properties of the buffer material to be deployed must 
be known so that it is possible to ensure the capability of the buffer to fulfil the set re-
quirements and to restrict the migration of radionuclides in case an individual canister 
fails to comply with the requirements. 
 
The reference material chosen for the buffer in the 2012 plans is MX-80 bentonite, or 
any clay material with equivalent properties. 
 
Backfill of the deposition tunnel 
 
The deposition tunnels are backfilled after the emplacement of the canister and buffer 
material. The backfill process will continue throughout the operating phase of the dis-
posal facility. In addition, the central tunnels and technical rooms of the disposal facility 
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and connections to the ground level, such as the access tunnel and shafts, will be back-
filled at the end of disposal operations. 
 
The backfill design of deposition tunnels consists of three main components, the foun-
dation layer, pre-compacted backfill blocks, and bentonite pellets. The backfill blocks 
are made of Friedland clay with a montmorillonite content of 30–38 %. (Keto et al. 
2012) 
 
The safety functions of the KBS-3V deposition tunnel backfill are 

- to contribute to the formation of favourable and predictable mechanical, geochem-
ical and hydrogeological conditions for the buffer and the canister, 

- to restrict and slow down the migration of radionuclides possibly released in the 
event a canister breaks, and 

- to contribute to the mechanical stability of the bedrock in the vicinity of the depo-
sition tunnels.  

 
The primary purpose of the backfill and end plug structures is to return the disposal 
conditions as close to a natural state as possible by, for example, preventing the tunnels 
and shafts from becoming main flow paths for groundwater and by preventing unauthor-
ised access to the repository. The purpose of backfill in the deposition tunnels is to stop 
the water inflow, maintain the buffer material in place around the canister, and maintain 
the structural stability of the tunnels. 
 
The backfill material of the KBS-3V deposition tunnel must fill the space between the 
deposition hole and the rock wall of the deposition tunnel so that as little free space as 
possible is left between the two, and it must have 

- small compressibility so that it is capable of restricting the swelling of buffer mate-
rial during all stages of the backfill material saturation process, 

- sufficient swelling pressure in order to ensure a good contact between the backfill 
and the bedrock and to contribute to the mechanical stability of deposition tunnels 
and the surrounding bedrock, and 

- sufficient impermeability so that the movement of water is insignificant and diffu-
sion is the primary migration mechanism in the deposition tunnel. 

 
The backfill must display a sufficient swelling pressure and self-healing capability for it 
to fulfil its safety function role. The swelling pressure depends on the chosen technical 
solution and the material properties of the backfill material, such as the volume and 
density of expandable material and the volume to be backfilled. Low compressibility 
depends on the material and its density, but also on how the different backfill compo-
nents (blocks, pellets) were installed and how little empty space is left between them. In 
other words, the compressibility of the backfill also depends on the structure of the 
backfill, not only on the properties of backfill materials.  
 
The deposition tunnel plugs at the end of the tunnels are part of the backfill of deposi-
tion tunnels, and their primary function is to prevent any movement of the backfill ma-
terial and thus contribute to the performance of the backfill. 
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Bedrock 
 
The safety functions of the bedrock are 

- to physically isolate spent fuel from the biosphere and living nature and to mini-
mise the possibility of human interference, 

- to provide favourable and predictable mechanical, geochemical and hydrogeologi-
cal conditions for the technical barriers, and 

- to restrict and slow down the release of harmful substances from the repository in-
to the biosphere. (Saanio et al. 2012) 

 
The requirements set out for bedrock suitable for disposal, and for the groundwater con-
tained in it, include the following: 

- the salinity of groundwater must not be too high, 
- the pH of groundwater must be almost neutral, and its sulphate and sulphide con-

centrations must be low, 
- the bedrock must only have a few groundwater flow paths, 
- the rock must be mechanically strong enough, and 
- the area intended for disposal must not contain any zones of fragmented bedrock. 

(McEwen et al. 2012)  
 
One of the objectives when designing the repository is to avoid bedrock weakness zones 
and mechanically or chemically unstable sections and significant groundwater flow 
paths.  
 
Final closure of the facility 
 
Implementation of the KBS-3 disposal concept also includes many other structures, 
such as the backfill and closure structures of the access tunnels, central tunnels and 
shafts. They are required for construction engineering or operational safety reasons, but, 
in some cases, also for reasons related to safety functions. The safety functions' role 
results from the fact that commissioning of the repository requires the construction of 
certain underground facilities (such as access tunnels and shafts. These underground 
openings if left unfilled and unsealed, might significantly compromise the safety func-
tions of the bedrock. 
 
The closure structures with safety functions include the following: 

- the backfill materials in the disposal facility, such as the central tunnels, access 
tunnels, shafts and other excavated facilities, and 

- investigation borehole plugs, mechanical plugs, long-term hydraulic plugs at dif-
ferent depths, as well as sealing structures near the ground level. 

 
The safety functions of the backfill, plugs and other closure structures of the under-
ground openings support the safety functions of the engineered barrier system and the 
bedrock. The safety functions: 

- maintain the bedrock's protective capability of the biosphere and the living nature 
by preventing the openings from jeopardising the isolation capability of the dis-
posal facility, 
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-  contribute to the maintenance of favourable and predictable mechanical, geochem-
ical and hydrogeological conditions for other technical barriers by preventing the 
formation of significant water flow paths through the open facilities, 

- restrict and slow down the entry of harmful substances into the disposal facility or 
their release from it, and 

- contribute to the mechanical stability of surrounding bedrock in the other facilities. 
(Saanio et al. 2012) 

 
Other components 
 
The other structures include grouting materials (cement-based materials or colloidal 
silica, Silica Sol) as well as rock reinforcement structures (rock bolting, wire meshes, 
etc.) No safety functions have been set out for them. However, in most cases they never-
theless protect the components that have safety functions during the operating phase of 
the facilities and during the early stages of evolution of the repository. Grouting, for 
example, supports the safety functions of the bedrock by protecting the buffer and back-
fill from major short-term transient flows before the repository becomes saturated, and 
prevents both the penetration of surface waters into open spaces (lowering of the 
groundwater level) and the rise of the saline water level. The overriding requirement 
regarding the design and construction of all components is that they must not signifi-
cantly compromise the safety functions of other components (engineered or natural). 
 
2.3 Design basis 
 
2.3.1 Regulatory requirements to be complied with 
 
Posiva complies with the legislation and any regulatory guidelines concerning its field 
of activity. The most important legal requirements related to disposal operations are 
discussed below.  
 
Acts and decrees 
 
Nuclear waste management is regulated by the Nuclear Energy Act (990/1987) and the 
Nuclear Energy Decree (161/1988) which entered into force in 1988. These define, for 
example, the responsibilities of nuclear energy producers, the implementation of nuclear 
waste management, licence procedures and supervision rights. The Nuclear Energy Act 
was amended in 1994 so that all nuclear waste generated in Finland must be disposed of 
in Finland. The Nuclear Energy Act also prohibits the import of nuclear waste into Fin-
land.  
 
The legislation concerning nuclear energy was reformed in 2008. Parliament approved 
the Government’s legislative proposal for amending the Nuclear Energy Act (Govern-
ment Bill 117/2007) on 7 May 2005, and the reformed legislation came into force on 1 
June 2008. In the legislative reform, some of the Government decisions concerning the 
industry were changed into Government decrees. Most of the decrees entered into force 
on 1 December 2008. The new decrees are: the Government decree on the Safety of 
Nuclear Power Plants (733/2008, issued 27 November 2008), the Government Decree 
on the Security in the Use of Nuclear Energy (734/2008, issued 27 November 2008), the 
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Government Decree on Emergency Response Arrangements at Nuclear Power Plants 
(735/2008, issued 27 November 2008), and the Government Decree on the Safety of 
Disposal of Nuclear Waste (736/2008, issued 27 November 2008). After 2008, the Nu-
clear Energy Act has been updated in 2011 and 2012, and some of the Government de-
crees mentioned above will also be amended in the next few years.  
 
The Government issues the general safety regulations concerning nuclear waste man-
agement. The safety regulations governing the processing and storage of nuclear waste 
were included in the Government Decision on the Safety of Nuclear Power Plants (VNP 
395/1991) which was superseded by decree 733/2008 on 27 November 2008. The Gov-
ernment Decision (478/1999) regarding the safety of disposal of spent nuclear fuel par-
ticularly applied to the disposal facility; this decision was superseded by decree 
736/2008 on 27 November 2008. 
 
In addition to the provisions of the Nuclear Energy Act and the regulations issued pur-
suant to it, the provisions of section 2 and Chapter 9 of the Radiation Act (592/1991) 
will apply to the design/planning and implementation of disposal. The purpose of the 
Radiation Act is to prevent and limit the health hazards and other detrimental effects of 
radiation. The Act covers the use of radiation and other practices that involve or may 
involve exposure to radiation hazardous to human health. 
 
The Radiation Decree (1512/1991) issued pursuant to the Radiation Act applies to the 
use of ionizing radiation and to other radiation practices causing exposure to ionizing 
radiation. The Radiation Decree provides practical instructions related, among other 
things, to radiation work.   
 
Adherence to the Radiation Act and rules and regulations issued pursuant to it is over-
seen by STUK.  
 
Other regulations also contain provisions regarding the use of ionizing radiation and 
disposal operations. These include for example: 

- The Act on the Transport of Dangerous Goods (719/1994), 
- The Occupational Safety and Health Act (738/2002), 
- The Act on the Supervision of Occupational Safety and Health and Appeal in Oc-

cupational Safety and Health Matters (131/1973), and 
- The Occupational Health Care Act (1383/2001). 

 
YVL Guides issued by STUK 
 
The work for revising the existing YVL Guides (Regulatory guides on nuclear safety, 
the actual nuclear regulatory system) is in progress at STUK. The revision work will 
bring the guides up to date, while the number of separate guides will also be reduced.  
 
The new YVL Guides are divided into five categories (A to E), each of them containing 
guidelines concerning final disposal. 

- Series A YVL Guides concern the safety management of nuclear facilities, 
- Series B YVL Guides concern the planning and design of a nuclear facility and its 

systems,  
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- Series C YVL Guides concern the radiation safety of a nuclear facility and its sur-
roundings, 

- Series D YVL Guides concern nuclear materials and nuclear waste, and 
- Series E YVL Guides concern the structures and equipment of a nuclear facility. 

 
According to the current drafts, particularly the guides pertaining to the nuclear waste 
facilities for spent nuclear fuel will belong to Series D YVL Guides that will have a 
total of five guides concerning the nuclear waste facilities for spent nuclear fuel. The 
above guides and other major guides concerning the Posiva's nuclear waste facilities are 
listed below: 

- B.1 Safety design of a nuclear power plant (draft): The guide sets out requirements 
regarding the safety planning of nuclear facilities and the design of safety-
classified systems and defines further the design requirements set out in Govern-
ment Decree 733/2008.  

- C.1 Structural radiation safety of a nuclear facility (draft): The guide sets out the 
detailed structural principles related to radiation safety which have to be observed 
in the design of a nuclear facility. The guide also sets out requirements regarding 
the design, manufacture, qualification, commissioning and use of radiation meas-
urement systems and instruments of a nuclear facility and describes the regulatory 
oversight concerning these issues. 

- C.2 Radiation protection and exposure monitoring of nuclear facility workers 
(draft): The guide concerns the radiation protection of nuclear facility employees, 
dose monitoring and monitoring of working conditions.   

- C.3 Limitation and monitoring of radioactive releases from a nuclear facility 
(draft): The guide sets out detailed requirements for the licence holder regarding 
the limitation of radioactive emissions from a nuclear facility and the radiation 
measurements, sampling systems and laboratory analyses used for monitoring the 
radioactive material emissions of the nuclear facility. Furthermore, the guide sets 
out design requirements for systems intended particularly for limiting the emis-
sions.  
C.4 Radiological control of the environment of a nuclear facility (draft): The guide 
sets out detailed requirements for the licence applicant and holder regarding the 
meteorological measurements, computational estimation of the spread of radioac-
tive emissions and the radiation dose of the population as well as the radiation 
monitoring of the surrounding environment. The guide will be applied to the de-
sign, construction, commissioning and operation of a nuclear facility. The guide 
applies to the normal operation of the facility as well as to transient and accident 
situations.  

- C.5 Emergency preparedness arrangements of a nuclear power plant (draft): The 
guide concerns the emergency response arrangements of a nuclear power plant. 
The applicable parts of the guide will also be applied to other nuclear facilities and 
to the transport of nuclear materials and nuclear waste to the extent necessitated by 
the risk caused by a nuclear accident occurring at the nuclear facility or during the 
transport. Emergency response arrangements refer to advance preparations for ac-
cidents or incidents compromising safety at a nuclear power plant or its site. 

- D.1 Regulatory control of nuclear safeguards (draft): The guide describes the gen-
eral principles and requirements associated with nuclear material safeguards. The 
objective of nuclear material safeguards is to ensure that nuclear energy is used in 
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compliance with the declarations and that the operations do not promote the prolif-
eration of nuclear weapons.  

- D.2 Transport of nuclear materials and nuclear waste (draft): The guide sets out 
the requirements and oversight procedures regarding the transport arrangements 
and security and emergency response arrangements for nuclear material and nucle-
ar waste transports. 

- D.3 Handling and storage of nuclear fuel (draft): The guide concerns the storage 
of fresh and spent nuclear fuel in pools adjacent to the reactor and the storage of 
spent fuel in separate storage facilities as well as the encapsulation of spent fuel for 
final disposal. The guide covers the transfers of fuel and disposal canister in con-
nection with storage and encapsulation, but not the transport of nuclear fuel in pub-
lic paths of transport. The guide concerns the planning, design, construction and 
use of the above functions and the plants and systems required for them. 

- D.4 Handling of low- and intermediate-level nuclear waste and decommissioning 
of a nuclear facility (draft): The guide sets out the requirements to be met when 
planning and implementing the sorting, processing, storage, etc., of low-and inter-
mediate-level waste accumulated in the operation of nuclear facilities. The guide 
also sets out the basic requirements for planning and implementing the decommis-
sioning of a nuclear facility. 

- D.5 Final disposal of nuclear waste (draft): The guide concerns the large-scale 
disposal of nuclear waste in facilities constructed inside the bedrock. The guide 
covers the entire life span of the disposal facility and concerns both the safe opera-
tion of the disposal facilities and the long-term safety of disposal. (STUK, 2012) 

 
In addition to the YVL Guides, STUK also issues general instructions concerning the 
safe use of radiation and the safety or other radiation activities, the ST Guides. The ST 
Guides set out the actions and procedures for achieving the safety level prescribed in the 
Radiation Act. The ST Guides also provide specific and supplementary instructions re-
garding the implementation of EC directives and transnational legislation. The ST 
Guides are revised at regular intervals. The need for any new guides and replacement of 
existing ones is also regularly considered. (STUK, 2011)  
  
Others 
 
In addition to legislation and STUK's YVL Guides, the National Building Code of Fin-
land (Ministry of the Environment, 2006) is observed as applicable. The method and 
extent of applying these regulations is defined as part of the detailed design of facilities. 
 
The technical and administrative requirements and constraints necessary for ensuring 
the operational and long-term safety of the disposal facility shall be presented in the 
technical specifications. Adequate instructions must be in place for the operation, 
maintenance, periodic inspections and tests of the plans, as well as for transient and ac-
cident situations. The reliable operation of systems and components shall be ensured 
through maintenance and regular periodic inspections and tests. The operational limits 
and conditions shall be set out at the time of applying for the operating licence at the 
latest. 
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The European Atomic Energy Community (Euratom) Treaty requires that each Member 
State provides the Commission with plans relating to the disposal of radioactive waste 
(Article 37) in order to assess whether implementation of the plan will cause radioactive 
contamination of the water, soil or air in another member country. In accordance with 
Article 77, the Commission also controls nuclear safety in order to ensure that, for ex-
ample, spent fuel is not transferred to any place other than that stated and that the licen-
see declares to the Commission the technical characteristics of the installation for its 
control (Article 78) and submits an investment report (Article 41). (Posiva, 2008a)  
 
2.3.2 Spent nuclear fuel and its quality  
 
Posiva's disposal facility must be able to dispose of the spent fuel produced in the LO1-
2 and OL1-2 units, the OL3 unit under construction, and the OL4 unit now being 
planned. 
 
The fuel from the Loviisa plant units (LO1-2) is stored at the plant site as fuel assem-
blies in the water pools of the interim storage for spent nuclear fuel (Figure 3) and the 
reactor halls, except for he spent fuel produced during the early years of operation 
which was transported to Soviet Union and Russia until the end of 1996. The spent fuel 
produced by the Olkiluoto OL1-2 units is stored in the water pools of the interim stor-
age for spent fuel (Figure 4) and the reactor halls. 
 

 
 
Figure 3. Fortum Power and Heat's interim storage for spent nuclear fuel in Loviisa. 
The storage has been extended once. The pools of the extension section are seen on the 
right hand side of the picture. 
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Figure 4. TVO's interim storage for spent nuclear fuel in Olkiluoto. The extension of the 
facility is in progress. 
 
The power companies have provided forecasts of the accumulation of spent nuclear fuel 
in their NPPs. Table 1 shows the summaries of the confirmed forecasts for spent fuel 
accumulation, the maximum burnup and average burnup at different (reactor) units, 
provided at the end of 2011. These data will be used as the basis for planning the dis-
posal facility. Figure 5 shows the annual accumulation of spent nuclear fuel assemblies, 
while Figure 6 shows the forecast average discharge burnup for each reloading. The 
accumulation forecast uses the assumption that from 2011 onwards the assembly-
specific maximum burnup has been 57 MWd/kgU for LO1-2 and 50 MWd/kgU for the 
OL1-2 units. For OL3, 50 MWd/kgU is taken as the maximum burnup during the early 
stages of operation, and the plan is to increase it to 55 MWd/kgU from 2018 onwards, 
as is the case with the OL1-2 units as well. The forecasts for OL3 are also shown in 
Figures 5 and 6. Operating cycles based on refuelling cycles of both 1 and 2 years, re-
spectively, have been preliminarily planned for OL3. (Saanio et al. 2012) 
 
Table 1. Details of forecast fuel accumulations at the OL1-3 and LO1-2 plant units 
(Saanio et al. 2012). 
 

 OL1-2 OL3 LO1-2 Total 
Planned operating life (a) 60 60 50 - 
Forecast accumulation of fuel 
assemblies (pcs) 

14,034 3,816 7,752 25,602 

Average discharge burnup for all 
assemblies (MWd/kgU) 

39.5 45.0 40.6 41.7 

Numbers of canisters (pcs) 1,170 954 646 2,770 
Corresponding tonnage (tU) 2,460 2,030 950 5,440 

 
 



30 
 

 
Figure 5. Number of fuel assemblies in discharge lot at the O1-2 and OL1-3 units. Pro-
jected figures shown for 2012 onwards.  
 

 
 
Figure 6. The development of average discharge lot-specific burnup at different NPP 
units. Projected figures shown for 2011 onwards. (Saanio et al. 2012) 
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An increase of burnup means that the degree of enrichment of fresh fuel has to be in-
creased, and that the number of fuel assemblies required will decrease inversely propor-
tional to the average discharge burnup. The increase of burnup also means that the spent 
fuel has to be cooled for a longer time in water pools after removal from the reactor 
before it can be disposed of. The rough estimate is that increasing the burnup by 5 
MWd/kgU will require ten more years of aftercooling with all fuel types (Figure 7) 
(Anttila, 2005). 
 

 
 
Figure 7. The average cooling time required for spent fuel before the assemblies can be 
placed into canisters without exceeding the maximum power ratings of the canisters 
(Anttila, 2005).  
 
The power density of fuel has increased as a result of several reactor power increases 
carried out at the Loviisa and Olkiluoto nuclear power plants. Partly as a result of this 
power increase, but more significantly as a result of increased burnup, the nuclide com-
position of spent fuel has become more difficult to handle and, as a result, both the pro-
duction of decay heat per ton and the radiation level of fuel have increased.  
 
Besides the principle of avoiding bedrock fracture zones, the repository layout is also 
designed on the basis that the bedrock must have sufficient heat transfer capacity to 
maintain the canister temperatures within acceptable limits. This will determine the re-
quired minimum distance between the emplaced canisters. Increased residual heat of the 
fuel may lead to increased distances between deposition tunnels and canisters to prevent 
excessive heating of the bedrock. This will increase the total volume of bedrock re-
quired for disposal purposes. On the other hand, the increase of burnup slightly reduces 
the quantity of fuel to be disposed of.  
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2.4 Licensing of the disposal project 
 
Decision-in-Principle 
 
In December 2000, the Government made a decision-in-principle in compliance with 
the Nuclear Energy Act, confirming that the construction of a nuclear waste facilities 
benefits society as a whole. The decision limited the quantity of spent fuel to be dis-
posed of to 4,000tU. In January 2002, the Government made another decision-in-
principle concerning nuclear waste disposal. According to that decision, the disposal 
facility may be built in extended form to also accommodate the spent fuel from the new 
OL3 NPP of TVO. The new plant unit's obligation of nuclear waste management only 
begins when the plant is in operation. This 2002 decision-in-principle allows the build-
ing of repository at most for that quantity of spent nuclear fuel that the disposal re-
quirements estimated on the basis of the operating licence of the new NPP unit valid at 
any time require, so that the total quantity does not exceed a quantity approximately 
equivalent to 2,500tU. According to the two decision-in-principles discussed above, the 
maximum amount of spent nuclear fuel that can be processed and disposed of corre-
sponds to approximately 6,500tU. (Government, 2000 and 2002) 
 
In 2010, the Government made a decision-in-principle regarding the final disposal of 
spent nuclear fuel from the OL4 NPP unit in Posiva's disposal facility. The decision 
means increasing the capacity of the repository by a maximum of 2,500tU of spent nu-
clear fuel. Together with the previous decisions-in-principle, this would bring the total 
capacity to 9,000tU.  
 
Parliament has ratified the above decisions-in-principle. The decisions-in-principle are 
valid for ten years from the date of the first ratification (until 19 May 2016). The deci-
sion-in-principle is not a final decision on building the facility; it will require a con-
struction licence granted by the Government. The licence must be applied for during the 
validity of the decision-in-principle. 
 
Construction licence 
 
The decision-in-principle issued by the Government is followed by the actual licensing 
procedure. The Government grants the licences to construct and operate a nuclear facili-
ty. A licence to construct a nuclear facility may be granted if the decision-in-principle 
ratified by the Finnish Parliament has deemed that the construction of a nuclear facility 
is to benefit the society as a whole. In addition, the construction of the nuclear facility 
has to meet the prerequisites for granting a construction licence for a nuclear facility as 
provided in Section 19 of the Nuclear Energy Act.  
 
In accordance with the current schedules and the decision of the Ministry of Trade and 
Industry (KTM) 9/815/2003 of 23 October 2003, Posiva submitted its construction li-
cence application for the encapsulation plant and the disposal facility to the Government 
at the end of 2012 
 
For the construction licence application of the encapsulation plant and the disposal facility, 
Posiva shall deliver to the authorities for the construction licence procedure several reports 
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showing the safety of the facilities in accordance with the Nuclear Energy Act and the Nu-
clear Energy Decree. These include detailed technical designs of the facility, safety reports 
and up-to-date reports regarding the environmental impacts of all the waste types to be 
emplaced into the disposal facility and the design principles that Posiva plans to follow in 
order to avoid environmental damage and to reduce the environmental load. (Government, 
2000) 
 
In 2009, Posiva presented the Ministry of Employment and the Economy (TEM) with 
the reports required for the issuance of a construction licence, as described in section 32 
of the Nuclear Energy Decree, in line with the decision taken in 2003 by the Ministry of 
Trade and Industry.  
 
The construction licence application was prepared for a complex consisting of 

- an encapsulation plant above ground; 
- a disposal facility, which in turn consists of an underground repository and other 

underground facilities (central tunnels, access tunnel, shafts, auxiliary and tech-
nical rooms), and of aboveground buildings serving directly the disposal facility; 
and 

- a final repository for low- and intermediate-level waste from the encapsulation 
plant. 

 
The starting point for drawing up the application documents is the disposal of spent nu-
clear fuel corresponding to 9,000tU. The construction licence application concerns the 
vertical disposal system's (KBS-3V) design. Research work will also continue with re-
spect to the horizontal disposal system's (KBS-3H) design.  
 
In the application documents, it is not necessary, and yet not even possible, to take into 
account all technical or administrative details that are needed in the construction and 
operation of the encapsulation plant and the disposal facility. The application material 
can include options and some detailed analyses can be incomplete. The planned addi-
tional investigations and their schedule are described in the Nuclear Waste Management 
Programme (YJH-2012) published in autumn 2012. It must be possible to demonstrate 
with investigations that with the selected concept disposal activities can be implemented 
safely and in compliance with safety regulations. Also one needs to show that open 
questions can be solved with a high probability before the disposal activities start. 
(Posiva 2009) 
 
Operating licence 
 
The operation of a nuclear facility requires an operating licence issued by the Govern-
ment. The licence to operate a nuclear facility may be issued as soon as a construction 
licence has been granted, providing the prerequisites listed in section 20 of the Nuclear 
Energy Act are met. 
 
In Finland, the operating licence for a nuclear facility is always granted for a fixed term. 
In considering the duration of the licence, special attention is paid to the safety precau-
tions and the estimated duration of operations. STUK can suspend the operation of a 
nuclear facility if it is necessary for ensuring safety. The scheduled deadline for submit-
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ting the application for an operating licence is roughly in 2018 (so that disposal opera-
tions can start in 2020). In conjunction with submitting the application for an operating 
licence, STUK must be presented with the Final Safety Analysis Report (FSAR).  
 
Safety as part of the licencing process 
 
In conjunction with processing the construction licence application, the long-term safety 
of disposal is substantiated by the so-called safety case. According to an internationally 
adopted definition, “safety case” refers to all the technical-scientific documentation, 
analyses, observations, tests and other evidence that are used to substantiate the safety 
of disposal and the reliability of the assessments thereof. Posiva has produced a safety 
case documentation called TURVA-2012 for the KBS-3V design; it is linked to the Pre-
liminary Safety Analysis Report (PSAR) of the construction licence application. 
 
The process of producing the TURVA-2012 documentation is divided into four sub-
processes: 

- The conceptualisation and methodology process will determine the frame of refer-
ence for the entire safety case.  

- The process, involving the processing and modelling critical input data, acts as the 
key link between Posiva's technical-scientific work and the safety case.  

- The safety case process analyses the consequences of possible development sce-
narios of the disposal system, both for anticipated and exceptional scenarios.  

- The purpose of the process of verifying the compliance with safety requirements 
and evidencing reliability is to assess the fulfilment of official requirements on the 
basis of analyses and to assess the reliability of the safety case as a whole. (Posiva, 
2008b) 

 
The TURVA-2012 is based on several separate reports. Among other things, the reports 
discuss the demonstration of the performance of the disposal system, present the sys-
tematically justified choice of evolution paths for the disposal site and the repository for 
scenario analyses and discuss, for example, anthropogenic and natural analogies, obser-
vations regarding the geological history of the disposal site and present other possible 
analysis in support of the safety case.  
 
Environmental Impact Assessment (EIA) as part of the licensing process 
 
The EIA procedure prescribed in the EIA Act is part of the process of assessing the 
safety and environmental impacts of the disposal facility associated with the decision-
in-principle process stipulated in the Nuclear Energy Act. The EIA procedure includes a 
programme stage and a report stage. The coordinating authority for the nuclear power-
related EIA procedure is the Ministry of Employment and the Economy (TEM), which 
makes the EIA programme and report available for public viewing and requests state-
ments regarding them from different public authorities. The EIA procedure is completed 
when TEM provides its own statement on the EIA report.  
 
An EIA procedure regarding the spent nuclear fuel disposal project was performed in 
1998–1999. The basic premises used in this assessment were: the disposal of spent nu-
clear fuel produced by the OL1-2 and LO1-2 units over 40 operating years, meaning a 
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total amount of about 2,600tU. The assessment also considered a situation where the life 
span of the aforementioned units would be 60 years. In that case, the total accumulation 
of spent nuclear fuel would be about 4,000tU. Furthermore, the assessment took into 
consideration a situation where the spent nuclear fuel produced by the OL3 and OL4 
plant units would be disposed of in the repository in addition to the spent nuclear fuel 
produced in the four aforementioned plant units, after which the maximum volume con-
sidered in the EIA procedure was 9,000tU. 
 
Posiva carried out an EIA procedure regarding the expansion of the disposal facility in 
2008–2009. Posiva thus prepared to take into account the disposal requirements in 
Olkiluoto of the spent fuel from its owners' possible new nuclear power plant projects to 
be implemented in Finland. The assessment concerned an expansion of the capacity by 
3,000tU. After the expansion, the total capacity of the disposal facility would be 
12,000tU. The area of the facility section under ground would increase from 190 to 
about 240 hectares. The expanded facilities would not be used until the 2070s at the 
earliest.  
 
In the licensing system pursuant to the Nuclear Energy Act, the EIA procedure is fol-
lowed by the decision-in-principle procedure. The project submitted for the decision-in-
principle application must not be more extensive than that analysed in the EIA report. 
The construction licence application must be accompanied by an updated study on the 
environmental impacts of the encapsulation plant and the disposal facility. The licensing 
schedule is shown in Figure 8. 
 

 
 
Figure 8. Licensing schedule of Posiva's disposal project. 
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Land use planning and other permits 
 
Land use plans 
 
Pursuant to the Nuclear Energy Act, the construction licence for an encapsulating plant 
and a disposal facility may be granted if the area for building the facility is reserved in 
the local plan compliant with the Land Use and Building Act, and the applicant has con-
trol over the area as required by the functions of the facility.  
 
The Olkiluoto area has a valid master plan and several valid local plans. The area ad-
ministered by Posiva has a local plan that became legally valid in March 2011 that per-
mits the final disposal of spent nuclear fuel at a depth of 400–700 metres.  
 
The local plan is based on the master plan that became legally valid in June 2010 pursu-
ant to a decision by the Supreme Administrative Court. The purpose of the master plan 
is to provide general guidelines for the community structure of the municipality or part 
of it, and to integrate different functions.  
 
A local plan is drawn up for the purpose of detailed organisation of land use, building 
and development. Buildings may not be built in the coastal zone forming part of the 
coastal areas of the sea or other body of water in the absence of a local plan (the so-
called shore plan). The Eurajoki master shore plan, ratified on 25 October 2000, is in 
force in the encapsulation plant and disposal facility site. The Municipal Council of 
Eurajoki approved the Olkiluoto partial master plan, replacing the above master shore 
plan, on 19 May 2008. The partial master plan shows a rough outline of the area where 
the tunnels of the disposal facility will be located. 
 
The local plan of 2011 also renewed the plan for the Olkiluoto accommodation village 
and repealed the local plan of Liiklankari. Liiklankari is part of the old forest preserva-
tion programme and the Natura Programme.  
 
The valid regional plan of Satakunta, confirmed in November 2011 by the Ministry of 
the Environment, applies to Eurajoki. In the regional plan, Olkiluoto is a focal area for 
the development of energy supply. The regional plan also allows other energy produc-
tion besides the NPP units, as well as other activities based on energy supply for the 
region to be placed in the area. In compliance with the YVL Guides, the regional plan 
has a protective zone surrounding the NPP site. It has certain restrictions regarding land 
use. 
 
TVO owns most of Olkiluoto. The Liiklankari nature conservation area is owned by the 
Finnish State and governed by Metsähallitus. Fingrid Oy owns the substation. Land in 
the highway area is state-owned. The rest of the area is privately owned. Posiva has 
leased the land it needs from TVO. 

 
Building permit 
 
Building is governed by the Land Use and Building Act. A building permit is required 
for erecting a building. The building permit is applied for with a written application 
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addressed to the municipal building committee of the municipality in which the planned 
building is to be located. The building permit application must include the information 
prescribed in section 130 of the Land Use and Building Act and in sections 49 and 55 of 
the Land Use and Building Decree. In addition, an assessment report pursuant to the Act 
on Environmental Impact Assessment Procedure must be appended to the application. 
Furthermore, the requirements for building design are governed by the National Build-
ing Code of Finland, and by any municipality-specific building ordinances. In some 
cases, an action permit, a notice procedure or a permit for landscape work may be suffi-
cient.  
 
As a rule, building-specific building permits will be obtained from the municipal build-
ing authority for other buildings associated with the disposal project.  
 
Separate permits have been obtained for the ONKALO underground research facility. A 
building permit has been obtained from the municipality of Eurajoki for the ONKALO 
facility and the building above ground serving the facility. The municipal Building 
Committee granted the licence on 12 August 2003. Later, in June 2008, the validity of 
the building permit was extended by three years, and yet again by three years in 2011. 
 
Environmental permit 
 
The Environmental Protection Act and the Environmental Protection Decree require that 
an environmental permit must be obtained for any activities causing a risk of pollution. 
The activities requiring this permit, in addition to general situations, are listed in the 
plant list included in the Environmental Protection Decree. Nuclear waste encapsulating 
plants and disposal facility are not mentioned in the list of installations requiring an en-
vironmental permit shown in section 1 of the Environmental Protection Decree. A envi-
ronmental permit is possibly required for some auxiliary functions relating to the build-
ing and operating phases of the encapsulation plant and the disposal facility. Posiva cur-
rently holds an environmental permit for the storage of excavated material. (Posiva, 
2009) 
 
Water permit 
 
The Water Act is the law governing the use of waterways and water resources. The use 
of waterways and water resources refers to any activities concerning water areas and 
groundwater. Water pollution cases are dealt with under the Environmental Protection 
Act. A permit under the Water Act or the Environmental Protection Act is often needed 
for activities affecting water systems and polluting the environment. If a permit gov-
erned by both the Acts is needed, then one application suffices and one permit is granted 
for the project (joint processing as per section 39 of the Environmental Protection Act). 
In this case the permit application is processed by an environmental licence authority. 
 
Transport licence 
 
Section 8 of the Nuclear Energy Act states that transport of spent nuclear fuel requires a 
licence.A licence pursuant to Sections 56–60 of the Nuclear Energy Decree shall be 
applied for from STUK for such transport. Transports may not begin until STUK has 
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stated that the transportation equipment, the transportation arrangements and all safety 
and emergency arrangements meet the corresponding requirements, and that the nuclear 
liability in the event of nuclear damage has been properly covered (Nuclear Energy De-
cree, sections 56, 115). Transport of spent nuclear fuel and the technology used in the 
transports are regulated by the following: 

 The Act on the Transport of Dangerous Goods (719/1994), 
 The Government’s Decree on the Transport of Dangerous Goods by Road 

(194/2002), the Ministry of Traffic and Communications’ Decree on the 
Transport of Dangerous Goods by Road (277/2002), 

 The Government’s Decree on the Transport of Dangerous Goods by Rail 
(195/2002), the Ministry of Traffic and Communications’ Decree on the 
Transport of Dangerous Goods by Rail (278/2002), 

 IMDG rules governing sea transports, and 
 STUK's YVL Guide D.2, Transport of nuclear materials and nuclear waste 

(draft).  
 

2.5 Schedules for disposal operations 
 
2.5.1 Schedule for disposal activities  
 
There are certain time constraints that determine the period of operation and capacity of 
the encapsulation plant and of the disposal facility. The year 2020 has been fixed as the 
approximate starting point for disposal (Ministry of Trade and Industry, 2003). The se-
cond relevant parameter is that each spent fuel element removed from the reactor must 
remain in after-cooling for a minimum of 20 years before the radiation level of individ-
ual elements has reduced to a reasonable level that allows processing. The third, and 
very important, parameter for disposal is the fact that the maximum temperature at the 
canister-bentonite interface must be limited to the design value of +100°C (Ikonen & 
Raiko, 2012). This results in the restriction of canister-specific decay heat power to a 
certain level and sets minimum distances for the emplacement of canisters in the reposi-
tory (distance between tunnels, distance between canisters). The decay heat power of 
fuel depends on its degree of enrichment, its burnup history and on the cooling time 
applied. Cooling time is the only parameter that can be controlled after the fuel is re-
moved from the reactor. The disposal operations must be timed so that these parameters 
and characteristics are optimised. The optimal situation is one where the operating peri-
od of the disposal facility is the shortest possible. 
 
The schedule planning for disposal operations is based on the predicted accumulation of 
spent nuclear fuel at the plant units. For the OL1-3 units, the estimate is based on a 60-
year operating life, and for the LO1-2 units, on a 50-year operating life (Figure 9). 
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Figure 9. The planned schedules for operation of the NPP units and disposal of their 
spent fuel.  
 
The average rate of emplacement varies during the operating phase of the facilities. 
During the early part of the operating phase in 2020–2068, an average of a total of 36 
OL1-2 and LO1-2 canisters per year will be emplaced. After that, approximately 21 
OL1-2 canisters per year will be emplaced until 2074, after which the emplacement of 
OL1-2 canisters ends. After 2074, the emplacement of OL3 canisters begins at the rate 
of approximately 29 canisters per year until 2107 (Table 2). 
 
Table 2 also shows the distance between adjacent deposition holes for different types of 
disposal canisters and the number of deposition holes per deposition tunnel, assuming 
that the tunnels are about 300 m long and the first deposition hole is located at a dis-
tance of 32.5 m from the central tunnel and the last deposition hole is about 4 m from 
the end of the deposition tunnel. 
 
Table 2. Efficiency of canister emplacement (Saanio et al. 2012). 
 

Plant Start Duration End Canisters Can/y 
Hole  

distance 
Holes/ 
tunnel 

OL1-2 2020 55 2074 1,170 21.3 9.0 30 
LO1-2 2020 46 2065 646 14.4 7.2 37 
OL3 2075 33 2107 954 28.9 10.5 25 

 
The average rate of emplacement will allow operating in one tunnel at a time. Less than 
two deposition tunnels are filled in a year. The emplacement of four disposal canisters 
and backfilling of the deposition tunnel takes about two weeks (Figure 10). 
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Figure 10.  The work phases for emplacement of four canisters (Saanio et al. 2012). 
 
If required, the rate of emplacement can be multiplied by working simultaneously in 
two or even four tunnels. This would be appropriate at a time when spent nuclear fuel is 
no longer produced. In that situation, the spent nuclear fuel will be disposed of as quick-
ly as possible; however, observing the time required for its cooling.  
 
2.5.2 The key interim objectives and stages of planning/design and  

implementation of final disposal  
 
Figure 11 shows the different phases of final disposal from the very beginning to the 
start of actual disposal operations. The work for developing the final disposal solution 
began at the beginning of the 1980s soon after the introduction of nuclear power plants. 
The development phase prior to 2000 can be called the site survey and selection phase. 
In 2000, Olkiluoto in the Municipality of Eurajoki was chosen as the place for disposal 
operations from among four candidate locations. 
 
The period 2000–2012 comprised research, development and planning (TKS) operations 
regarding Olkiluoto. The period is strongly characterised by the construction of 
ONKALO and the underground research work carried out within it. The purpose of un-
derground research has been to accumulate sufficient knowledge of the disposal site so 
that the capabilities required for the construction licence application are achieved. The 
construction licence application for the disposal facility was submitted to the Govern-
ment in 2012. According to the decision-in-principle made in 2000, the construction 
licence must be applied for within 15 years from the decision, i.e., by 2016. 
 
During 2013–2020, the detailed implementation plans for the disposal facility will be 
drawn up, and the required buildings above ground and the underground facilities will 
be built. The goal is to start test operation of the facility in 2020. The purpose of this test 
operation is to ensure the proper and safe operation of the facility. The operating licence 
application for the encapsulation plant and the disposal facility is to be submitted to the 
Government around 2020. In conjunction with submitting the application, STUK will be 
presented with the Final Safety Analysis Report (FSAR). The plan is to commence dis-
posal operations in the early 2020s. 
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Figure 11. Phases of the programme aimed at initiating the final disposal of spent fuel 
since 1978. Selection of the disposal site was linked to the Government's decision-in-
principle regarding Posiva's application in 1999. The construction of ONKALO has 
made it possible to verify the characteristics of the Olkiluoto bedrock and to acquire 
detailed information for planning final disposal. (YJH-2012) 
 
 
2.6 Description of the disposal site 
 
The disposal site is at Olkiluoto, in Eurajoki, a municipality of the Satakunta Province. 
Eurajoki is located on the coast of the Gulf of Bothnia, north of the City of Rauma, and 
it is part of the economic region of Rauma (Figure 12). 
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Figure 12. The location of Eurajoki and Olkiluoto (Posiva, 2008a).    
 
There is very little inhabitants on the Olkiluoto island. Most of the permanent residences 
on the Olkiluoto island are in the village of Ilavainen. (Posiva 2008a) 
 
2.6.1 Land use 
 
Posiva's facility area for spent nuclear fuel disposal is located in the middle of Olkiluoto 
Island. The aboveground construction area of the nuclear waste facilities (i.e. the area of 
buildings, roads, storages and fields) is about 20 hectares in all. The area required by the 
disposal facility is about 190 hectares for 9,000 uranium-tons of disposable fuel. 
 
In addition, the island of Olkiluoto has TVO's nuclear power plant (OL1 and OL2, with 
OL3 under construction), interim storage for spent nuclear fuel, a repository for operat-
ing waste (VLJ repository) and other infrastructure supporting the operation of the pow-
er plants, such as TVO's harbour. The north-eastern part of the island also has the 
Olkiluoto harbour. TVO has planned a site for the OL4 unit. It is also possible that a 
new interim storage for spent fuel will be built in Olkiluoto. 
 
The Korvensuo basin and the flushing water sedimentation pools for drilling and boring 
are located above the planned disposal facility area. The tunnel mouth of ONKALO and 
its technical utility buildings have been built in the facility area. Furthermore, Posiva 
has currently at its facility area, among others, a research building, storage hall and bar-
racks used as temporary office at the premises as well as the first phases of the ventila-
tion building and the hoist building. There is also a network of roads, high-voltage lines 
and HPAC channels in the area. The road and fence lines and locations of temporary 
buildings will change to a degree before the above-ground area is completed before 
starting the disposal operations.  
 
The layout of the access routes from the disposal facility and of the buildings above 
ground is in practice primarily restricted by the water pools, high-voltage lines, the 
Liiklankari nature conservation area and the area reserved for the NPP units. The strip 



43 
 

reserved for the high-voltage lines cutting across the area is 160–350 metres wide, and 
probably the only activity permitted there is traffic within the constraints of vertical 
safety distances. 
 
2.6.2 Infrastructure 
 
The existing infrastructure is to be utilised as far as possible in the facility area. Exam-
ples of this include the road network, water and sewage lines and power supply. The 
intention is to utilise all installations designed and built for ONKALO as part of the 
disposal facility. (Saanio et al. 2012) 
 
The water for disposal operations and potable water will be obtained from the water 
supply system of the power plants. Most water is required during the construction 
phase. Other water required will come from the Korvensuo basin after humus has been 
filtered.  
 
Household waste water is led into the waste water processing plant of the Olkiluoto 
power plant. In connection with constructing ONKALO, sedimentation pools were ex-
cavated to the top of the access tunnel for leakage waters. Water is pumped from these 
pools to the vicinity of the shoreline on the northern side of the island from where it is 
led to the sea in an open trench. Oil is separated from water before pumping into the 
sea. The waste water from the disposal facility is transported in a tank lorry for biologi-
cal processing.  
 
The power supply for the disposal facility is arranged via a 20 kV land cable connection 
from the substation at the Olkiluoto power plant. The backup supply comes from the 
20 kV open power line network of Paneliankosken Voima Oy.  
 
The Olkiluoto harbour can be used for material transports. Transports of spent fuel from 
Loviisa to Olkiluoto are also possible through the harbour.  
 
The Olkiluodontie road, the road leading to the harbour and the excavated material 
transport roads are suitable for heavy traffic. The other roads are gravel roads, suitable 
for light traffic.  
 
2.6.3 Bedrock at the disposal site 
 
The characteristics of bedrock of the disposal facility site must as a whole be favourable 
for isolating radioactive elements from living nature for several hundred thousand years. 
Olkiluoto was chosen as the disposal facility site on the basis of site surveys and a safe-
ty analysis. 
 
The descriptions of the bedrock and disposal facility site are based on modelling by sci-
entific areas or research interacting with each other — geology, rock mechanics, hydro-
geology and hydrogeochemistry. Modelling, in turn, is essentially based on data ob-
tained from field surveys, including both mapping of ONKALO and holes drilled from 
above ground. These data have been used as the basis for the latest Site Description 
2011 (Posiva 2012). 
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The Olkiluoto Site Description is a summary of the verification studies carried out for 
demonstrating the suitability of Olkiluoto site for a disposal facility. The studies, which 
have now continued for two decades, have not revealed any indications that could put 
the suitability of the site in question. However, further studies will still be carried out 
regarding certain characteristics of Olkiluoto site. (YJH-2012) 
 
The site-specific modelling results of Olkiluoto produced by the surveys support the 
general opinion that the bedrock of Olkiluoto is suitable for the disposal of spent nuclear 
fuel: the conditions are stable in terms of geology, rock mechanics, hydrogeology and 
hydrogeochemistry (Posiva, 2012). These factors strongly support the opinion regarding 
the long-term performance of technical release barriers and thus, naturally, also the 
opinion regarding the long-term safety of disposal operations in general. Although long-
term safety is above all based on the performance of engineered barriers, the assess-
ments of the bedrock performance have also been considered important in relation to 
analysed scenarios where the performance of the engineered barriers is assumed to have 
been substantially deteriorated for whatever reason. In these studies, the theory that the 
bedrock is important is supported by the low and slow or limited solubility of nuclear 
fuel, the chemically reducing conditions deep inside the bedrock and the low flow rate 
of groundwater.  
 
The strength properties of the rock and its state of stress determine the mechanical sta-
bility of underground openings. If the stresses inside the underground openings exceed 
the strength of rock, fractures will occur around the cavity. In relatively intact bedrock, 
this is usually evidenced by rock spalling where slates of rock break off the sides of the 
rock cavity. The strength properties of the Olkiluoto bedrock are characterised by major 
variations due to the heterogeneity of the bedrock. (Posiva, 2012) 
 
The rock strength properties do not show signs of depth or location dependencies. In-
stead, the stress state increases with increasing depth. The maximum value of the hori-
zontal stress component is about 25MPa, while the minimum value of the vertical com-
ponent is about 11MPa. At closer to surface (< 300m), the direction of the maximum 
stress component in the bedrock varies, but it becomes constant by the disposal level 
depth. The direction of the largest main component of stress has been interpreted to be 
112 degrees, i.e., roughly E-W, or 144 degrees, i.e., roughly SE-NW. (Posiva, 2012) 
The stress field is anisotropic, which means that the distribution of the stress field inside 
the rock cavity can be influenced by the orientation of tunnels. In order to minimise any 
stress induced damages, the most favorable orientation of the tunnels is the orientation 
of the largest component of main stress. 
 
The earthquakes occurring in the vicinity of Olkiluoto site are minor (M ≤ 3.1) and rela-
tively rare. The temperature of the bedrock at a depth of 400m is about +10ºC. The sur-
face layer of the bedrock has fresh groundwater (TDS < 1g/l) up to a depth of few tens 
of metres. Below that, there is brackish water (1g/l < TDS <10g/l) up to about 400 me-
tres, with saline groundwater (TDS > 10g/l) still deeper down. (Posiva 2012) 
 
The extent of the available layout of the underground disposal facility is limited by 
bounding lineaments (Layout Determining Features, LDF) in the bedrock (Figure 13). 
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So-called impact areas and safety zones have also been specified for the bounding line-
aments in conjunction with bedrock classification work.  
 
The Layout Determining Features (LDF) and their impact areas and safety zones are 
also presented in a report by Pere et al. 2012. According to the Rock Suitability Classi-
fication (RSC) criteria, any intersections by any underground openings of the protective 
volumes of all layout defining features must be avoided as far as possible when design-
ing and constructing the underground openings. No deposition tunnels or deposition 
holes are planned into any layout defining feature or into its impact area or safety zone. 
 
 

 
 
Figure 13. The Layout Determining Features, (LDF) with their protective volumes in 
Olkiluoto island and its vicinity (Pere et al. 2012). 
 
 
2.7 ONKALO 
 
An Underground Rock Characterisation Facility ONKALO (URCF ONKALO) has 
been constructed in Olkiluoto (Figure 14). ONKALO provides detailed information for 
the planning, design and layout adaptation of the disposal facility. The information is 
also used for assessing the feasibility of implementation and long-term safety of the 
project. The suitable location of the first deposition tunnel will be determined from 
ONKALO. The immediate vicinity of the deposition holes will only be surveyed when 
the deposition tunnels are being excavated. ONKALO has been designed so that it can 
later be used as part of the disposal facility. 
 
ONKALO consists of the following facilities: 

- Access tunnel, 
- Three vertical shafts (personnel shaft and air inlet and exhaust shafts), 
- Testing and demonstration tunnels at the level of -420 m approximately, and 
- Technical rooms at levels -437...-455 m.  
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The access tunnel of ONKALO continues to the depth of -437m where the technical 
rooms of ONKALO are located. The tunnel has also been excavated to the level of 
-455 m where the pumping station and end of the personnel shaft are located. The ac-
cess tunnel winds clockwise when driven downwards so that vehicles can use the less 
steep outside lane when climbing upwards. Investigation niches have been made in the 
access tunnel for studying the bedrock at different depths. The slope of the access tunnel 
is 1:10. It is 5.5 m wide and 6.3 m high. 
 

 
Figure 14. ONKALO (Saanio et al. 2012). 
 
The access tunnel was excavated by drill and blast method. At the beginning of excava-
tion, a number of holes are drilled and then loaded with explosives. Once the rock mate-
rial has been blasted, the rock waste is moved away. The rock walls are then washed 
and any broken stones are scaled down. The rock is sealed to prevent water leakages, 
where necessary, by grouting before and after excavation, as well as by using water iso-
lating structures. Cement grouted and anchored rock bolts made of ribbed steel bars as 
well as shotcrete are used to strengthen the rock. 
 
The shafts are excavated by raise boring. In the raise boring method, a pilot-hole is first 
bored down into the open excavated space below. Once the bore rod is down, a reamer 
bit is installed on the bore rod, which is then pulled up while the bit is rotating. The 
reamer bit moves upward at about half a meter per hour. Approximately 100m of shaft 
is bored at a time.  
 
The diameter of the personnel shaft is 4.5 m. The shaft starts at level +6m and continues 
underground to level -455 m. The personnel shaft will accommodate the personnel hoist 
and the pipelines and power supply cables serving underground activities. 
 
The investigations conducted in ONKALO will help to confirm the suitability of the 
Olkiluoto bedrock for the final disposal. Investigations conducted from ONKALO will 
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also help to identify the areas where the construction of the final deposition tunnels is 
the most cost-effective. Research and tests will also continue in the demonstration tun-
nels at the disposal level of -420 m. There are currently two demonstration tunnels, con-
structed to virtually correspond to the deposition tunnels in terms of their dimensions 
and requirements. The demonstration tunnels are 52 and 105 metres long.  
 
Investigations closely associated with the construction aim to facilitate the success of 
the excavation process and the efficiency of therock support and sealing measures, and 
in this way closely contribute to the safe construction process. Investigations conducted 
during the access tunnel construction also helped to test and develop research methods 
for the future research needs of the actual repository. 
 
Detailed geological mapping is the method used for collecting information related to the 
tunnel surfaces. Information for predictions about the rock to be excavated is obtained 
by probe drilling and pilot boreholes. From the tunnel, it is also possible to perform ex-
ploratory boring and to measure the groundwater flowing into the tunnel. 
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3 DESCRIPTION OF THE ENCAPSULATION PLANT AND THE  
DISPOSAL FACILITY 

  
3.1 General description 
 
3.1.1 Design choices for the facility description 
 
Facility Description 2012 is a summary description of the encapsulation plant and dis-
posal facility plans, drawn up in compliance with Posiva's state-of-the art reference so-
lutions. The design phase now ending is called the main drawings stage. However, it 
should be noted that the design work for the two facilities will progress simultaneously 
at different levels: the parts of the disposal facility to be implemented later are being 
designed at the preliminary design stage, while the facility parts associated with 
ONKALO, for example, are being designed in detail.  
 
New components and solutions have been introduced to the disposal facility design over 
the last three years, and the intention is to keep the solutions flexible to accommodate 
any future changes. Maintenance of the flexibility prescribed in the planning strategy 
complicates the phasing and management of plans, because: 

- the new research information accumulated from ONKALO and other sources on 
the bedrock and properties of engineered barriers affect the understanding regard-
ing the performance of the disposal system, 

- detailed technical designs are yet completed for a part of the disposal subsystems 
and their components, which means that their cost estimates still include uncertain-
ties, and, 

- it is preferred not to take the decision regarding the  disposal solution too early in 
order to optimise the disposal system and its costs. 

 
Posiva has made the following decisions and choices regarding the reference solutions 
to be used for the 2012 plans of the encapsulation plant and the disposal facility: 

- The chosen disposal solution is the vertical disposal system KBS-3V where the 
canisters are deposited in vertical holes bored in the floors of the deposition tun-
nel. 

- The encapsulation plant is located above the disposal facility and connected to the 
disposal facility by a canister shaft.  

- The reference method for welding the copper canister lid is electron beam welding 
(EBW). 

- The reference methods for inspecting the canister weld are the visual, X-ray, ul-
trasound and eddy current inspection methods. 

- The disposal canisters are transferred from the encapsulation facility to the dis-
posal facility in a canister lift. 

- Spent fuel from Loviisa is transported by road to Olkiluoto as wet transport (the 
fuel is immersed in water inside the transport cask). 

- The repository will be located underground on one level at a depth of 
-400...-450 m. The layout will be based on the geological model presented in Site 
Description 2011 (Posiva, 2012), and on the design parameters derived from it. 
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- The deposition tunnels will be backfilled using pre-compacted blocks made of 
swelling clay with lattice mix (Saanio et al. 2012). 

- The reference for the bentonite buffer is a solution based on compacted blocks and 
rings. 
 

In addition, the following factors were used as the design basis: 
- The plans take into account the fuel quantities and fuel properties of TVO's plant 

units OL1, OL2, OL3 and OL4 and of Fortum's plant units LO1 and LO2. 
- The existing infrastructure in Olkiluoto will be utilised as far as possible. 
- Provisions will be made for retrieving the disposal canisters. 
- The requirements of nuclear material safeguards will be taken into account. 
- Integration of ONKALO and the disposal facility will be taken into account. 
- The operating phase of the encapsulation plant and the disposal facility is long, 

about 100 years. 
- The compacted bentonite buffer rings and backfill blocks required for final dis-

posal will be produced in a clay component manufacturing facility located in 
Olkiluoto.  

- The pierce and draw method will be used for manufacturing the copper overpack 
of the canisters. This means the canister bottom is created as an integral part of the 
overpack structure. 

- The principal plan regarding extension of the disposal facility takes into account 
the positive decision-in-principle concerning the final disposal of fuel from the 
OL4 unit which will result in the total quantity of fuel to be disposed of being 
9 000tU.  

 
Posiva’s solution is based on the KBS-3 concept developed in Sweden in the early 
1980s and, in its current form, is a result of more than 20 years of research and devel-
opment. However, since the encapsulation plant and the disposal facility are only ex-
pected to become operational after a period of about ten years, their technical design 
will be reviewed and optimised taking into account the opportunities offered by the de-
velopment of research and technology. 
 
3.1.2 General description of the facility complex required for final disposal 
 
The purpose of final disposal of spent nuclear fuel is to perform the following actions 
for the spent nuclear fuel assemblies accumulated in Posiva's owners' NPPs in Finland: 

- packaging (encapsulating) them in a form suitable for permanent disposal inside 
the bedrock, and 

- disposing of them in a permanent manner inside the Finnish bedrock. 
 

Posiva's nuclear waste facility complex consists of the following two nuclear waste fa-
cilities: 

- an encapsulating plant above ground where the spent nuclear fuel from the Loviisa 
and Olkiluoto nuclear power plants is received and packed into the waste package 
(disposal canisters), and 

- an underground disposal facility where the encapsulated spent fuel is emplaced. 
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In addition to the encapsulation plant, there are aboveground facilities for auxiliary and 
additional activities of the disposal facility, such as the ventilation and hoist buildings, 
project office and research facilities, warehouses, repair shop facilities and facilities 
required by the technology underground. Separate areas are reserved for the storage of 
blasted rock and crushed stone. The surface and the disposal facility are connected by 
one access tunnel and a sufficient number of vertical shafts, including the ventilation, 
personnel and canister shafts (Figure 15).  
 
Particularly for reasons related to safeguards and long-term safety, the number of con-
nections from the disposal facility to above ground will be minimised to avoid having 
excessively complex surveillance systems for nuclear material safeguards and to mini-
mise the shaft-induced disturbances to groundwater conditions. 
 

 
 
Figure 15. Computer image of Posiva's facility complex in Olkiluoto (Saanio et al. 
2012). 
 
The principal parts of the encapsulation plant consist of the receiving and cleaning areas 
for transport casks and empty disposal canisters, the canister transfer corridors, the fuel 
handling cell, canister welding station and inspection station and of the aboveground 
canister storage for canisters awaiting emplacement. A vertical shaft leads from the en-
capsulating plant to the disposal facility located below it at the approximate depth of 
400 to 450 metres. 
 
The disposal facility is divided into two parts: 

- the repository (deposition tunnels and deposition holes) where the canisters con-
taining spent nuclear fuel will be placed, and 

- other underground facilities, such as the access tunnel, the central tunnels connect-
ing the deposition tunnels, technical rooms, the underground canister storage for 
disposal canisters, canister and personnel shafts, and ventilation shafts.  
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In the basic design (KBS-3V), the canisters will be emplaced into deposition holes ap-
proximately eight metres deep to be bored in the floor of the deposition tunnels. The 
holes will be lined with bentonite buffer. The spent nuclear fuel and any other related 
radioactive waste are always handled in the encapsulation plant and the disposal facility 
in radiation-controlled areas. 
 
3.2 Above ground facility area 
 
3.2.1 Buildings above ground 
 
Before the construction of the disposal facility and the commencement of disposal oper-
ations, the URCF ONKALO was constructed into the facility area. It consists of a spi-
ral-shaped access tunnel, personnel shaft, inlet and exhaust air shafts as well as tech-
nical rooms at the bottom of the shafts and the access tunnel in the underground. At 
aboveground, ventilation and hoist buildings are located at the top end of the shafts. A 
vehicle washing hall, workshop, refuelling station and a building for the technical sys-
tems of the access tunnel, the undergroung technology building, have been constructed 
at the top end of the access tunnel. A research hall has been constructed for the analysis 
of the core samples and preparation of water samples, together with a store for investi-
gation eguipment and temporary storage for drill core samples. The area also has a pro-
ject office with office facilities. 
 
Figure 16 shows Posiva's facility site above ground, with the ventilation and hoist build-
ings at the top left and the encapsulation plant on their right. The research hall and 
Posiva's project office are shown below the encapsulation plant. The mouth of 
ONKALO is at the bottom left corner of the picture, with the underground technology 
building and maintenance and storage hall shown on its right. The washing hall, pump-
ing station and sedimentation pools are shown in the middle of Figure 16. (Saanio et al. 
2012) The most significant factor determining the location of the encapsulation plant 
and the ventilation and hoist buildings is the location of the shafts because the opera-
tions in the buildings, in part, rely on the shaft connections. The shaft connections are 
described in more detail in section 4.2. 
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Figure 16. Posiva's above ground buildings (Saanio et al. 2012). 
 
Figure 17 shows the building arrangements of Posiva's nuclear waste facilities in 
Olkiluoto. The Korvensuo basin is shown at the bottom right corner, with the buildings 
in the vicinity of the access tunnel mouth shown on its left-hand side. The buildings 
shown in green above them are the encapsulation plant and ventilation and hoist build-
ings located around the shaft area. The blasted rock stock piling area is north of the 
400kV power line.  
 

 

Figure 17. Aboveground buildings of Posiva's facility area in Olkiluoto, seen from east 
(Saanio et al. 2012).  
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Hoist building 
 
The hoist building is connected to the personnel shaft. The personnel shaft is used for 
personnel traffic, power supply and discharge of leaking waters. The control room oper-
ations of the disposal facility are centralised in the hoist building which also accommo-
dates the social premises of the encapsulation plant and the disposal facility. The protec-
tive equipment storage and monitoring facilities of the controlled area are also located 
in the hoist building, as is the entrance lobby with equipment for security checks. The 
lobby also has separate facilities for receiving visitors.  
 
Ventilation building 
 
The controlled and uncontrolled areas of the disposal facility are ventilated by a ventila-
tion building through a common air inlet shaft and separate exhaust shafts. The ventila-
tion building will be located next to the tops of exhaust air shafts. The ventilation build-
ing is shown in Figure 18. 
 

 
 
Figure 18. The ventilation building is shown in the middle. (Photo by Posiva) 
 
Other buildings 
 
The underground technology building has a transformer station and a 20kV substation 
for the power supply cable to be installed along the access tunnel. The underground 
technology building also houses different equipment associated with communications 
technology and access control.  
 
The vehicle washing hall will also be used during the disposal phase. A maintenance 
and storage hall has been built above ground for maintaining and repairing earth moving 
and boring machinery and vehicles. The hall also has the necessary storage facilities. 
(Saanio et al. 2012) 
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The blasted rock stock piling area  
 
The blasted rock stock piling area has a stock pile for blasted rock, crushing station, 
crushed material stock pile and, when required, also the plant for producing bentonite 
buffer and backfill blocks.  
 
Gas station and oil tanks 
 
There is a vehicle gas station near the workshop by the road leading from the access 
tunnel. Diesel fuel will be supplied for the underground by a service vehicle in deliver-
ies of a few cubic metres at a time. 
 
Other structures and reservations in Posiva's facility area 
 
A district heating network, water supply pipe, a basic drainage system, rainwater drain-
age system and data network have already been built for the facility area.  
 
A storage plane for bentonite containers will be constructed along the road from the 
Olkiluoto port. The plane must accommodate at least 220 20-foot containers. The 
bentonite containers will be stored in the open, in a tarmac-paved yard. A straddle carri-
er is used for moving containers at the facility area. 
 
A dedicated area has been reserved for contractors near the crushing station. During the 
operation of the disposal facility, the rock crushing contractor will provide its own site 
barracks. An area has also been reserved at the top of the access tunnel for tunnel con-
tractors, already established during the ONKALO phase. 
 
A space for a cold storage hall has been reserved for building materials next to the 
bentonite container storage plane. 
 
A suitable location will be found for a soil stock piling site outside the facility area. 
Boring mud resulting from the excavation of the deposition holes will be taken to the 
dumping site. Any temporary structures removed from the deposition tunnels will be 
taken to the dumping site. The intention is to sort and recycle waste materials as far as 
practicable.  
 
3.2.2 Encapsulation plant 
 
Spent nuclear fuel is received at the encapsulation plant for further processing before 
final disposal. The encapsulation plant is connected to the underground disposal facility 
with a caniser shaft, and the canister is transported down to the disposal level in a canis-
ter lift.  
 
The average encapsulation capacity of the encapsulation plant is 40 canisters per year. 
The maximum encapsulation capacity is 100 canisters per year. The encapsulation plant 
will be planned in compliance with safety regulations so that the release of radioactive 
material or other releases into the environment in operational transients and accidents 
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remains negligible. It must be possible to carry out all work phases in the encapsulation 
plant safely without causing significant emissions and radiation doses to the personnel. 

 
The main changes in the 2012 encapsulation plant design (Kukkola 2012) compared to 
previous plans are: 

- the canister transfer trolley has been designed in greater detail, 
- the surface contamination sampling and decontamination system for the canisters 

has been designed in greater detail, 
- the plans for the canister welding station have become more specific, 
- the active waste processing stations have been designed in greater detail, 
- minor structural changes have been made to the encapsulation plant, resulting in 

minor alterations to its layout, 
- the plans for the remote controlled mover for disposal canister transfer (previously 

an AGV) have been updated, 
- the plans for the spent fuel transfer machine have been updated, and 
- the plans for the auxiliary systems of the fuel handling cell have been updated. 

 
The longitudinal and transverse cross-section views of the encapsulation plant are 
shown in Figures 19 and 20, respectively. The planning has taken into account the need 
to increase the room space for implementing the air lock when moving from an area 
with red contamination classification to a green area. In addition, attention has been 
paid to the requirements of installation and maintenance of large components.  
 
The encapsulation plant is about 66 metres long and 36 metres wide. The bottom floor 
of the building is at the approximate level of -2.9 m, while the top floor is at the level of 
+24.7 m, measured from sea level. The ground floor is about +10.3 metres above sea 
level. The volume of the building is approximately 50,000 m3.  
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Figure 19. Longitudinal cross-section view of the encapsulation plant. The receiving 
and storage areas for transport casks and new canisters is seen on the right. To the left 
of them are the fuel handling cell, the canister welding station, the weld inspection sta-
tion and the interim storage for bentonite buffer blocks (Kukkola 2012). 
 

 
 
Figure 20.  Cross-section view at the fuel handling cell. The transport cask and canister 
are docked into the fuel handling cell. The ground level is approximately +10.3 m. 
(Kukkola 2012) 
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Heavy goods traffic is organised on the ground level through doors that open directly 
into the open air. Fuel transport casks are brought to the receiving area on articulated 
heavy goods vehicles. The receiving area is of a drive-through type. New empty 
disposal canisters are delivered by lorry. (Kukkola 2012) 
 
The main parts of the encapsulation plant are 

- receiving area for transport casks and new canisters, 
- fuel handling cell (fuel encapsulation station), 
- welding station (closure of canister lid), 
- weld inspection station, 
- transfer corridors for fuel transport casks and canisters, 
- control room (encapsulation process), 
- aboveground canister storage for disposal canisters, 
- canister lift, 
- interim storage for bentonite buffer, and 
- systems for the encapsulation process, monitoring, communication, HPAC, etc. 

 
The most demanding stages of the encapsulation process are carried out in the fuel 
handling cell and the canister welding station, both located on the ground floor. The fuel 
handling cell is equipped with fuel drying systems, docking stations for transport casks 
and canisters, fuel transfer machine and manipulators (Figure 21). The fuel handling cell 
also has space reserved for carrying out measurements on the fuel assemblies. 
 

 
 
Figure 21. Fuel handling cell and fuel transfer machine (Kukkola 2012). 
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The fuel handling cell is totally lined with stainless steel and equipped with vacuum 
ventilation and radioactivity filtering systems. Large particles of solid radioactive 
impurities are cleaned away, packed into disposal canisters and finally disposed of in 
the same manner as fuel.  
 
The encapsulation process control room is behind the fuel handling cell wall, with a 
direct view to the encapsulation area through lead glass windows. 
 
The decontamination unit and equipment repair workshop are located above the fuel 
handling cell. The decontamination unit allows cleaning any radioactive contamination 
off the equipment and components of the fuel handling cell and parts removed from 
contaminated systems in the controlled area. There is also a small workshop next to the 
decontamination unit for dismantling equipment taken from the fuel handling cell to the 
degree required for decontamination and further processing. The centre is located at 
level +19.90 in the encapsulation plant. (Kukkola 2012) 

 
Before moving a piece of equipment to the decontamination unit, its contamination lev-
el is determined by taking a wipe sample for analysis. The wipe sample can be taken in 
the fuel handling cell using a remote controlled manipulator. The parts to be decontami-
nated are hoisted from the fuel handling cell through the maintenance hatch or trans-
ported from elsewhere in the controlled area sealed in an air-tight transport trolley. 
When required, the equipment to be decontaminated is pre-washed before dismantling it 
in the adjoining workshop into smaller parts for decontamination. The decontamination 
unit acts as an air lock between the fuel handling cell and the active workshop.  
 
The canister welding station is equipped with electron beam welding equipment and a 
docking station where the top of the canister is lifted from the transfer corridor and 
docked for welding. 
 
The transfer corridor has a station for inspecting the canister lid weld. The weld is 
inspected using four different methods: visual, eddy current, ultrasonic and X-ray 
inspections.  
 
An interim storage for bentonite buffer blocks will be established in conjunction with 
the encapsulation plant because the blocks are transported to the disposal facility using 
the canister lift. The encapsulation plant will also have an aboveground canister storage 
for disposal canisters which can accommodate 12 canisters ready for emplacement. 
Both the canister storage and the interim storage for bentonite buffer blocks are located 
near the canister lift. (Kukkola 2012) 
 
3.2.3 Rooms in the controlled area of the encapsulation plant 
 
Rooms in the encapsulation plant are divided into controlled or uncontrolled area rooms 
depending on their contamination or radiation levels. The controlled areas are divided 
into three categories depending on the amount of radiation, surface contamination and 
airborne contamination present. 
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The green area meets the following criteria: 
- the radiation level is ≤ 25μSv/h, 
- the surface contamination level: beta emitter ≤ 4Bq/cm2 and alpha emitter ≤ 

0.4Bq/cm2, and  
- concentration of radiation emitting nuclides in the air ≤ 0.3DAC (Derived Air 

Concentration). 
 
The red area meets the following criteria: 

- the radiation level is ≥ 1mSv/h, 
- the surface contamination level: beta emitter  ≥ 40Bq/cm2 and alpha emitter ≥ 

4Bq/cm2, and 
- concentration of radiation emitting nuclides in the air ≥ 30DAC (Derived Air Con-

centration). 
 
The orange area criteria are between the criteria for red and green areas.  
 
During the normal operation of the encapsulation plant, contamination occurs in the fuel 
handling cell, in the decontamination unit and in its adjacent repair shop. These are 
included in the areas classified as red on the basis of their degree of contamination. The 
rest of the controlled area facilities are in the green contamination class.  
 
Radiation is present on the surface of the transport cask for spent nuclear fuel. This is 
why the immediate vicinity of the transport cask in the receiving area is part of the 
orange area due to its radiation levels. In addition, the following facilities are part of the 
orange radiation level area: the transport cask transfer corridor, the entrance area and 
ventilation rooms of the handling cell as well as the decontamination unit and its 
adjacent repair shop.  
 
The red radiation level area includes those areas where spent nuclear fuel is handled and 
where the fuel-filled disposal canister moves. These areas include the spent nuclear fuel 
handling cell, the drying system station, the welding station, the inspection station, the 
disposal canister transfer corridor, the canister storage at the encapsulation plant and the 
canister lift. The above areas are red areas only when spent nuclear fuel is being handled 
or dried in them, or when ready disposal canisters are moved or stored in them. 
(Kukkola 2012) 
 
The radiation levels in the encapsulation plant are monitored by fixed (Laukkanen et al. 
2012) and portable radiation measuring instruments (Nikkanen 2012). The fixed 
radiation measurement systems monitor, among other things, the radiation safety of 
handling the transport and transfer casks, the encapsulation and disposal processes and 
the rooms used for these processes. 
 
In addition, the radiation dose rate of the surrounding environment is monitored as part 
of the general radiation dose rate monitoring of Olkiluoto, which will be expanded to 
cover the immediate surroundings of Posiva's nuclear facilities (Laukkanen et al. 2012). 
In addition, the system will be expanded with regard to the transfer of measurement data 
so that the data collected by the system are also transmitted to the encapsulation plant 
while keeping the system's reporting transfer connections to STUK unchanged. The 
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preliminary plan for Posiva's radiation measurement systems is presented in a separate 
report (Tanskanen 2012). 
 
3.3 Final disposal facility 
 
3.3.1 Layout of disposal facility 
 
The design of the disposal facility is based on the latest confirming site investigation 
data acquired through the investigation of the Olkiluoto bedrock and the model 
generated on the basis of the data (Posiva, 2012; Pere et al. 2012). Furthermore, a Rock 
Suitability Classification (RSC) programme is in progress at Posiva. Its purpose is to 
classify the disposal area and define the criteria for the suitability of the bedrock for 
design of the repository layout, for the identification of rock volumes suitable for final 
disposal, and for assessing the suitability of the locations for deposition tunnels and 
deposition holes. The most important initial data is that of a three-dimensional (3D) 
bedrock model which presents the bedrock deformation zones and determines the safety 
distances to be allowed (Pere et al. 2012). This model forms the basis for the layout 
design of the repository.  
 
The factors determining the layout of the disposal facility include: 

- Deposition holes are not bored in any bounding lineament or its impact area or 
safety zone. 

- Deposition tunnels are not planned into bounding lineaments or into their impact 
areas or safety zones (localized excavation / extension of a deposition tunnel to an 
impact area or safety zone must be assessed on a case by case basis, and any ac-
tions to be taken must be commensurate with the properties of the fracture zone). 

- Other tunnels and shafts, except the deposition tunnels, may cut through bounding 
lineaments. 

- With the exception of deposition tunnels, all tunnels and shafts may be designed 
adjacent and parallel to the impact areas and safety zones of bounding lineaments. 
The possible localized excavation / extension of such a tunnel or shaft to an impact 
area or safety zone is permissible although not desirable. 

- The total number of deposition holes will be estimated on the basis of the usability 
rate (the number of holes required + the number of rejected hole positions). 

- The orientation of deposition tunnels is determined on the basis of the orientation 
of maximal stress in the rock. (Saanio et al. 2012). 

 
The intersections of the protective volumes of all LDF (layout determining features) 
with any underground opening must be avoided as far as possible in the layout design 
and construction of the openings. Another basic factor for layout design is the in situ 
stress state, which affects the optimal longitudinal orientation of the openings from the 
point of view of their rock-mechanical stability. On the basis of the latest research re-
sults, the direction of the largest main component of stress has been interpreted to be 
112 degrees, i.e., roughly E-W, or 144 degrees, i.e., roughly SE-NW (Posiva, 2012). 
However, the direction of the main stress component is not necessarily always the opti-
mal direction for the repository parts, because the direction of fractures may also affect 
the stability of underground openings. The magnitude of the stress and the strength and 
thermal properties of the rock mass together with the structural properties of rock (folia-
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tion and fractures) form the initial data for more detailed rock engineering dimensioning 
of the repository, such as the size and form of the cross-section and the distances be-
tween the openings (deposition tunnels and/or deposition holes).  
 
The current thinking is that the repository will be located on one level at approximately 
-400...-450 m. The repository layout is designed for 9,000tU of spent nuclear fuel 
(Figure 22). 9,000tU is the total quantity compliant with the decisions-in-principle 
obtained by Posiva. It takes into account the spent nuclear fuel from the LO1-2, OL1-2, 
OL3 and OL4 plant units. More detailed plans have, however, been made for the 
existing NPPs and the NPPs under construction; their total fuel quantity is currently 
estimated at 5,440tU. The extent of the repository has been designed for a fuel quantity 
20 % larger than what would be required for disposing of the planned fuel quantities. 
The margin is based on the utilisation rate of the Olkiluoto site's bedrock, estimated on 
the basis of results from Rock Suitability Classification (RSC) work. Consequently, the 
repository layout is designed for 3,324 canister positions. 
 
The layout of the deposition tunnels will leave a minimum distance of 25 m between 
successive tunnels. The longitudinal direction of the deposition tunnels in the current 
layout plan is 126 degrees. This direction is not the orientation of either of the above 
interpretations regarding the main stress components; instead, it was chosen between 
them. This direction chosen for the deposition tunnels is also within the estimated vari-
ance of the orientation of main stress (±25º). (Saanio et al. 2012) 
 

 
 
Figure 22. Disposal facility at level -400...-450 m (9,000tU) (Saanio et al. 2012). 
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The final layout of the repository will be updated as more detailed investigation data on 
the bedrock is accumulated. In addition, if the final quantity of spent fuel changes, it 
will also affect the layout of the repository. This means that the final layout will only be 
completed at the end of the operating phase after the last deposition hole has been bored 
and approved for disposal use. 
 
3.3.2 Connections to the ground level 
 
There are, in all, six connections to the ground level; they are 

- the access tunnel (uncontrolled area), 
- personnel shaft (common for the controlled and uncontrolled areas), 
- exhaust air shaft 1 (controlled area), 
- exhaust air shaft 2 (uncontrolled area), 
- canister shaft (controlled area), and 
- inlet air shaft (common for the controlled and uncontrolled areas). 

 
Some connections to the ground level have already been completed during the construc-
tion phase of ONKALO (access tunnel, personnel, and inlet air shafts and one exhaust 
air shaft), and the rest will be completed before the disposal facility is commissioned. 
 
The width of the access tunnel leading to the disposal facility is 5.5m, and its slope in 
direct sections is 1:10. In curves, the slope is 1:10 in the inside of the curve and 1:11.63 
in the middle. The curves are 8.5 m wide, and the minimum radius of the inside of 
curves is 26 m. The uncontrolled areas of the disposal facility must have continuous 
connections to the access tunnel and to the technical rooms of the uncontrolled area. 
(Kirkkomäki 2009b) 
 
The entry to the access tunnel and the top of the shafts in the uncontrolled area are lo-
cated so that they are above the surface level of the Korvensuo basin and also sufficient-
ly above sea level to ensure that during any external disturbance, water will not flood 
the access tunnel or shafts. The existing high voltage power lines, transformer stations, 
water pools, pipelines, roads and the location of the potential disposal site in the bed-
rock have been taken into account in order to ensure that the access tunnel opening is 
well located in relation to them.  
 
A canister shaft will be constructed for transferring the disposal canisters. The shaft will 
be equipped with a canister lift. A drop shock absorber will be constructed in the bottom 
of the canister shaft at the approximate depth of 450m. The canister shaft end at ground 
level is located inside the encapsulation plant. The diameter of the canister shaft is about 
5.5 metres. 
 
Personnel transfer to the disposal facility will mainly use the personnel hoist. Part of the 
personnel may use the access tunnel, but using the personnel hoist is in practice faster 
and more convenient that most of the personnel will automatically choose that method. 
The personnel shaft provides access to both the controlled and uncontrolled areas of the 
disposal facility. The access to these areas has been segregated with technical solutions. 
The controlled area can normally only be accessed through the personnel shaft. The 
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personnel hoist will also be used as a work platform for inspections, maintenance and 
repairs of the personnel shaft. 
 
Ground level access to the personnel hoist is in the hoist building. The hoist cage of the 
personnel hoist has two floors. The access to the upper floor of the hoist cage is from 
the upper floor of the hoist building and to the bottom floor of the cage from the lower 
floor of the hoist building.  
 
The lower floor of the hoist cage is used for personnel transfers to the controlled area. 
The hoist is entered at the lower level of the hoist building and exited underground to 
the lower level of the shaft yard (Figure 23). The upper floor of the hoist cage is used 
for transferring to the uncontrolled area. The hoist is entered at the upper level of the 
hoist building and exited underground to the upper level of the shaft yard. Personnel 
transfers on foot is limited to the technical rooms and actual places of work. Elsewhere 
in the disposal facility, vehicles are used for moving from one place to another. 
(Kirkkomäki 2009b) 
 

 
 
Figure 23. Operating principle of the personnel hoist shared by the controlled and un-
controlled areas. 
 
The drive unit of the personnel hoist is a cable drum mechanism modified from a hoist 
used in mines. The hoist will carry 26 persons. It moves at a speed of 5–10 m/s and has 
a loading capacity of about 2,600 kg. (Saanio et al. 2012) 
 
3.3.3 Underground rooms for disposal operations 
 
The disposal facility comprises underground repository, central tunnels connecting 
them, an access tunnel, a number of shafts and other underground auxiliary and tech-
nical rooms. The deposition tunnels and deposition holes are included in the repository. 
The disposal facility also includes a repository for low- and intermediate-level waste. 
The bases for dimensioning and designing the facilities are shown in the plan for the 
disposal facility (Saanio et al. 2012). 
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Of the disposal facility, the technical rooms, access connections to the ground level as 
well as the first deposition tunnels and central tunnels will be completed before disposal 
operations commence. The final location and shape of the disposal and central tunnels 
will be gradually specified in the course of disposal operations as more bedrock data is 
accumulated.  
 
Underground rooms in the controlled area 
 
During the operating phase, the disposal facility is divided into controlled and uncon-
trolled areas. The purpose of this division is to allow the movements of personnel and 
the radiation doses they receive to be controlled. The separation of the controlled area 
will also make nuclear non-proliferation control easier and simpler. The boundary be-
tween the two is also the boundary of a fire compartment. Both areas have their own 
separate ventilation system. 
 
All handling of canisters always takes place in the controlled area. The emplacement of 
bentonite blocks in the deposition holes before and after the canister is emplaced also 
takes place in the controlled area. The excavation and construction works as well as the 
backfilling of the tunnel are done in the uncontrolled area. 
 
However, access to the controlled and uncontrolled areas is already separated at the 
ground level, and the hoist has dedicated compartments for the controlled and uncon-
trolled areas. However, a location may be established in the technical rooms between 
the controlled and uncontrolled area where crossing the boundary between the two areas 
is possible. In emergency situations, such as fire, changing the compartment by moving 
from the controlled to uncontrolled area or vice versa is also permitted.  
 
The controlled area at the disposal level consists of part of the technical rooms and the 
network of central tunnels, as well as of those deposition tunnels where disposal canis-
ters are being emplaced. The technical rooms forming a permanent part of the controlled 
area include the reception station for canisters and bentonite buffer material, the electri-
cal room of the controlled area, the lower floor of the personnel shaft yard, the rescue 
chamber of the controlled area as well as the facilities for vehicles used in the controlled 
area (Figure 24). The boundary of the controlled area in the central and deposition tun-
nels will be moved with the progress of the emplacement process. The purpose of mov-
ing the boundary gradually is to always keep the controlled area as small as possible. 
(Saanio et al. 2012) 
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Figure 24.  Technical rooms. The controlled area is shown in red (Saanio et al. 2012). 
 
The underground canister storage in the controlled area of the disposal facility can ac-
commodate 30 canisters. Together with the aboveground canister storage of the encap-
sulation plant, the storage capacity corresponds to the maximum number of canisters 
that can be deposited in one 350-metre long deposition tunnel. 
 
The controlled area also includes a repository for low- and intermediate-level waste. Its 
planned location is by the access tunnel at the depth of 180m. This repository is shown 
in Figure 25. (Saanio et al. 2012) 
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Figure 25. The repository for low- and intermediate-level waste is shown on the left 
(Saanio et al. 2012). 
 
Underground rooms in the uncontrolled area 
 
The excavation and construction works as well as the filling of the tunnel are done in 
the uncontrolled area of the disposal facility. Access to the uncontrolled area is either 
through the access tunnel or by the personnel hoist. Access to the uncontrolled area is 
controlled, but not for reasons related to radiation protection. The radiation doses re-
ceived by persons moving about in the uncontrolled area are not measured. 
 
The uncontrolled area consists of part of the technical rooms and part of the network of 
central tunnels, the access tunnel and the deposition tunnels being excavated, prepared 
for emplacement or backfilling. The technical rooms of the uncontrolled area consist of 
the upper floor of the personnel shaft yard, as well as of the rescue chamber, electrical 
room, vehicle washing room and refuelling and parking halls of the uncontrolled area, 
and of the sedimentation pool and pumping station for leakage and boring waters. The 
access tunnel extending all the way to the bottom of the shafts is also part of the 
uncontrolled area (Figure 24). (Saanio et al. 2012) 
 
Central tunnels and the principle of parallel central tunnels 
 
The deposition tunnels and technical rooms will be connected by a central tunnel 
system. The first central tunnels will be excavated during the construction phase making 
preparations for disposal operations. Later, the network of central tunnels will be 
gradually extended.  
 
Two parallel central tunnels are always constructed for the disposal area, and the depo-
sition tunnels are constructed either on one or both sides of the pair of central tunnels. 
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The purpose of the parallel tunnels is to ensure the maximum flexibility and safety of 
work in the disposal facility. The parallel tunnels also provide efficient emergency exit 
routes. The parallel tunnels are connected by connecting tunnels at approximately 100-
metre intervals. 
 
The parallel central tunnels will be separated into different fire compartments. This al-
lows quick movement from one central tunnel to another through a connection tunnel in 
the event of an accident. The principle is well-known in the design of traffic tunnels. 
The parallel tunnel principle is illustrated in Figure 26. Figure 27 shows a cross-section 
view of a connecting tunnel. 
 

 
 
Figure 26. The parallel tunnel principle (Saanio et al. 2012) 
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Figure 27. Tunnel connection between parallel central tunnels. The distance between 
central tunnels is 20 m at the basic cross-section (top) and 15.8 m at the connection 
point (bottom). The dimensions in the figures are in millimetres. (Saanio et al. 2012) 
 
The controlled and uncontrolled areas are easy to organise in a system with parallel tun-
nels. The boundary is moved as the disposal operations progress. The parallel tunnel 
principle also allows in a practical manner the implementation of trunk ventilation 
channels and main electrical bus bars. A repository implemented with parallel tunnels 
allows operating in a flexible manner, either by starting at the end of the central tunnel 
as illustrated in Figure 26, or, alternatively, by first filling up the deposition tunnels on 
one side of the central tunnel only. (Saanio et al. 2012) 
 
The advantages of the parallel tunnels are: 

- Safety: Another central tunnel is always a short distance away, and it constitutes a 
different fire compartment. 

- Flexibility during operation: The facilities can be flexibly divided into different ar-
eas and different operations segregated during the operating phase. This feature is 
utilised, for example, in determining the boundary of the controlled area. One of 
the two parallel tunnels can belong to the controlled area and the other to the un-
controlled area. 

- Rock characterisation: The characterisation results of two parallel tunnels can be 
combined to achieve a better understanding of the orientation of rock characteris-
tics. 

- Saving space and improving usage of disposal area for disposal: When excavating 
two parallel central tunnels, the length and direction of the tunnels can be flexibly 
chosen on the basis of bedrock data obtained during the excavation work. When 
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compared with the alternative of one circular central tunnel, parallel tunnels allow 
more accurate targeting of excavation operations to areas suitable for disposal. 

 
Figure 28 shows two alternative cross-sectional views of the central tunnel. In straight 
sections, the central tunnels are 6.4 m wide. In curves, the cross-section of the central 
tunnels is 8.5 m wide. Both cross-sections provide the same free height for vehicles, 
3.8 m. 
 

 
Figure 28. Cross-section of the central tunnels in straight sections (left) and curves 
(right). (Saanio et al. 2012) 
 
Deposition tunnels and deposition holes 
 
The deposition tunnels are excavated by drill and blast method. The maximum length of 
deposition tunnels is limited to 350 metres for reasons related to excavation technology 
and occupational safety. Longer deposition tunnels would also require additional venti-
lation. The cross-section of deposition tunnels varies depending on which power plant 
unit's spent fuel is being disposed of. The deposition tunnels made for spent fuel from 
the Olkiluoto plant will be made larger than those for spent fuel from Loviisa (Figure 
29). The deposition tunnels have a 1:50 slope towards the central tunnels (Kirkkomäki, 
2009b).  
 
The excavation of the deposition tunnels will be performed during the operating phase 
of the repository, mainly as required by the progress of the emplacement operations. 
After the canisters are emplaced into the deposition holes, the deposition tunnels will be 
backfilled and sealed off as soon as possible. 
 
The disposal canisters are emplaced in holes bored in the deposition tunnel floors. The 
deposition holes have a diameter of 1.75 m, and their depth depends on the length of the 
canister to be emplaced. This, in turn, varies with the type of spent fuel originating from 
the different NPPs. The depth of the deposition holes for the canisters of OL1-2 units is 
approximately 7.8 m, for the canisters of OL3 about 8.3m and for the canisters of LO1-2 
units about 6.6 m (Figure 29). The depth of the deposition holes for the canisters of OL4 
will be established once the fuel type has been decided on. A protective structure for the 
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buffer will be constructed at the mouth of each finished deposition hole. It consists of a 
frame structure and a water-tight steel lid attached to it. 
 
When the deposition tunnels are located 25 metres apart and when the disposal canisters 
are located at even intervals, the minimum distance between deposition holes is about 
9.0 m for OL1-2 canisters, about 7.2 m for LO1-2 canisters and about 10.5 m for OL3 
canisters. If canisters are placed at greater intervals in some part of the deposition tun-
nel, the canisters can be placed closer to each other than the above minimum distances 
in the edges of such an area. However, the absolute minimum distance between adjacent 
canisters is 6m (Ikonen & Raiko 2012). 
 

 
Figure 29.  Cross-sectional view of a deposition tunnel. The deposition tunnels exca-
vated for canisters containing fuel from Olkiluoto is higher than that of deposition tun-
nels for spent fuel from Loviisa because the canisters for Olkiluoto fuel are longer. The 
canisters for Olkiluoto spent fuel come in two lengths. The canisters for OL3 are longer 
than those for OL1 and OL2 (Saanio et al. 2012). 
 
Rescue chambers 
 
Rescue chambers will be established at the technical rooms of the disposal facility. In an 
accident situation, the personnel from different parts of the disposal facility will gather 
at the rescue chambers to wait for their turn to be transported to the ground level in the 
personnel hoist if needed. The rescue chambers, the personnel hoist and the connection 
between them will be overpressurized to allow for safe passage from the rescue cham-
bers to the personnel hoist and to the ground level, even in case the other underground 
rooms are filled with smoke. 
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The controlled and uncontrolled areas both have their own rescue chambers. The rescue 
chambers of the uncontrolled area are built for 100 persons and those in the controlled 
area for 50 persons. (Saanio et al. 2012) 
 
The rescue chambers are normally used as assembly, meeting, lunch and break purposes 
for the personnel. The rescue chambers also contain technical rooms, offices and social 
premises. The rescue chambers of the controlled and uncontrolled areas will each have 
one shower room for radiation related accident situations. (Kirkkomäki 2009b) 
 
The rescue chambers of the controlled and uncontrolled areas are located next to each 
other in the same hall (Figure 24). A shared tunnel leads from both rescue chambers to 
the personnel hoist. The tunnel has a partition wall to separate the areas. The rescue 
chambers of both the controlled and uncontrolled areas have access to the parking room 
via connecting tunnels. (Kirkkomäki 2009b) 
 
3.3.4 Integration of the disposal facility and ONKALO 
 
The disposal facility is designed so that ONKALO will serve as part of the disposal fa-
cility when disposal operations commence. Also ONKALO had been constructed ac-
cording to the disposal facility requirements. The access tunnel of ONKALO is de-
signed and dimensioned to allow different types of transport even during the disposal 
phase. The inlet and exhaust air shafts excavated as part of ONKALO will serve as the 
inlet air shaft of the uncontrolled and controlled areas and as the exhaust air shaft of the 
controlled area. The technical rooms of ONKALO, in turn, have been designed and di-
mensioned so that they will serve as the technical rooms of the controlled and uncon-
trolled areas during the disposal phase. The demonstration facilities to be constructed as 
part of ONKALO will later serve as part of the central tunnel network of the disposal 
facility, with the exception of demonstration tunnel 1, which will remain permanently in 
demonstration use. The disposal facility with ONKALO is illustrated in Figures 14, 15 
and 22.  
 
The work methods and materials employed in the construction of ONKALO have been 
selected so as to ensure compliance with the requirements placed on disposal opera-
tions. The integration of ONKALO and the disposal facility has ensured that ONKALO 
can be used as part of the disposal facility in compliance with the international treaties 
on nuclear non-proliferation control.  
 
The nuclear non-proliferation control of ONKALO is based on advance information as 
well as on actual and monitoring data. The advance information includes the plans and 
drawings, which have been regularly submitted to the STUK. The actual data includes 
the inspections and as built drawings which will help verify the final shape of the dis-
posal facility. The actual excavation results will be verified by laser beam measure-
ments. The monitoring data includes that obtained from micro-seismic monitoring per-
formed using the network of seismic measuring stations. The implementation of nuclear 
non-proliferation controls is monitored by joint follow-up meetings with the STUK and 
by separate inspections. The International Atomic Energy Agency (IAEA) has also ini-
tiated nuclear non-proliferation control measures in ONKALO. (Saanio et al. 2012) 
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3.3.5 Systems 
 
The following outline descriptions of facility systems are based on the reports by 
Nieminen & Peltokorpi (2011), Tuominen (2012) and Saanio et al. (2012). 

 
The following facility systems will be established in the disposal facility: 

- heating system, 
- ventilation system, 
- cooling system for the underground canister storage, 
- water and drainage/sewage system, 
- leakage water system, 
- other process systems, 

- supply of diesel fuel, 
- compressed air system, 

- electrical systems, 
- supply and distribution of electrical power, 
- lighting, 

- telecommunication systems, 
- surveillance and security systems of the disposal facility, 
- monitoring and control systems of the disposal facility, 

- condition monitoring, installation and calibration (I&C), 
- monitoring instrumentation, 

- nuclear technological monitoring systems, 
- radiation control, 
- nuclear material safeguards, 

- fire-fighting and rescue systems, 
- canister transfer and transport systems, 

- canister lift and canister drop shock absorber, 
- remote controlled mover for disposal canister transfer, 
- canister transfer and installation vehicle. 

 
Heating system 
 
The purpose of the heating system is to maintain the specified temperature and humidity 
conditions at the disposal facility. The disposal facility is divided into three categories 
for heating purposes: 

- Areas where people work or which are occupied by people on a constant basis, 
such as offices and other places of work. The normal temperature in these areas is 
20 °C, and the permissible range is 18–24 °C. The relative humidity must be less 
than 60 %. 

- Areas in use where vehicle traffic takes place but people do not constantly work 
there, like the central tunnels and the access tunnel. The normal temperature is 
15 °C and relative humidity 80 %. The condition requirements for the deposition 
tunnels in use will be further specified on the basis of the conditions required for 
handling the bentonite used in them. When required, air can be locally heated and 
dried from the central tunnel conditions shown above so that the required condi-
tions are achieved. 



74 
 

- Areas excavated for future use, where no actual work takes place. The temperature 
may be below 15 °C, and the relative humidity can be 100 %. 

 
The disposal facility is heated by heating the inlet air. The inlet air is heated at ground 
level in the ventilation building and distributed to the controlled and uncontrolled areas 
through the common inlet air shaft. The exhaust air from the controlled and 
uncontrolled areas is led in separate exhaust air shafts back to the ventilation building 
for heat recovery.  
 
The heating energy comes from the district heating system that is connected to the 
ventilation building from Olkiluoto NPP. An electrically heated boiler has been 
envisaged as a backup heating system in the ventilation building. It could also serve as 
the main heating system when the NPPs have been decommissioned but the disposal 
operations still continue.  
 
The maximum total volume to be heated is estimated at some 600,000 m3. Heating 
power will be required for heating the inlet air and for compensating the heat absorbed 
by the bedrock. The maximum requirement for heating power is about 1,500kW for the 
uncontrolled area and about 300 kW for the controlled area. The disposal facility needs 
about 3,500 MWh of heating energy per year. (Saanio et al. 2012) 
 
Ventilation 
 
The purpose of the ventilation system is to maintain sufficiently good air quality in the 
disposal facility. The exhaust gas emissions from diesel-powered vehicles and radon are 
the main factors deteriorating the air quality. Excavation causes dust emissions, and the 
explosion gases from blasting must be removed with ventilation. The maximum volume 
of underground openings requiring ventilation is about 600,000 m3. The air in the dis-
posal facility is changed once every two hours on average. (Nieminen & Peltokorpi 
2011). 
 
The common inlet air system and the separate exhaust air systems of the controlled and 
uncontrolled areas of the disposal facility are located in the ventilation building at 
ground level. 
 
The central tunnels have trunk channels for inlet and exhaust air, and these are connect-
ed to the inlet and exhaust air channels coming from the inlet air shaft and the separate 
exhaust air shafts of the controlled and uncontrolled areas. The access tunnel is ventilat-
ed by a fire compartment at a time through the inlet air shaft and the exhaust air shaft of 
the uncontrolled area. 
 
The exhaust air channels of both the controlled and uncontrolled areas are used for  
smoke extraction in case of fire. The ventilation channels will be fitted with fire isola-
tion, and safety locks will be installed in places where the channels cross from one fire 
compartment to another. The fire resistance class is EI 60. Separate fans will be required 
for smoke extraction. Their capacity will be chosen on the basis of the worst case sce-
nario regarding a fire in the disposal facility. The exhaust air channels have 
underpressure because the exhaust air fans are at ground level. This means that the leak-



75 
 

tightness of the exhaust air channels is not a particular concern. In the deposition tun-
nels, the exhaust air channels are extended all the way to the ends of tunnels while the 
inlet air channels end at the tunnel mouths. This ensures that smoke travels in the oppo-
site direction to people escaping from the tunnel on fire. 
 
The maximum air flow, about 80m3/s, is usually required during the excavation phase. 
Air flow to the uncontrolled area is 60m3/s and to the controlled area 20 m3/s. During 
the excavation phase, vehicles used in the work will be driving in parts of the uncon-
trolled area, and more air than under normal circumstances may be required for ventilat-
ing their exhaust gases. In that situation, the air change rate in other uncontrolled area 
facilities in use will be at least 0.3l/h and in controlled areas at least 0.51/h. The maxi-
mum power requirement of the ventilation system is about 500 kW. (Saanio et al. 2012) 
 
Cooling system of the underground canister storage  
 
The underground canister storage can accommodate 30 canisters, and it is located at the 
disposal facility level of -445 m. The stored canisters are cooled by ventilating the room 
with the inlet air of the disposal facility and by exhausting the warm air to the controlled 
area exhaust air system of the disposal facility. (Nieminen & Ikonen 2012) 
 
Water and drainage/sewage system 
 
A potable water system, a combinedflushing water for drilling and fire-fighting water 
system will already be built during the ONKALO phase. Potable water will be taken 
from the water system of the Olkiluoto NPP whereas the flushing water and fire-
fighting water will come from the Korvensuo basin.  
 
The average daily consumption of water in the disposal facility will be about 25m3, 
which translates to about 9,300m3 per year. The consumption foreseen for ONKALO is 
8litres/s. The flow rate will also be sufficient during the operating phase as the 
consumption will be of the same order of magnitude. The water is taken from the 
Korvensuo basin. The water does not have to fulfil the requirements for potable water. 
Water will also be required for cooling the concrete castings of deposition tunnel 
sealing-off structures. About 30litres/min will be required for 10–15 days for each 
structure. 
 
The daily consumption of potable water in the disposal facility will be about 6m3. The 
system must have a capacity of 2.5litres/s. Potable water is fed to the disposal facility 
through the personnel shaft. Decompression station will be required at the disposal 
depth for reducing the hydrostatic pressure. The consumption of warm water in the dis-
posal facility is expected to be one-fifth of the total consumption of potable water. Most 
of the warm water is required for washing vehicles. Warm potable water will be 
produced in an electrically-heated boiler. The boiler capacity is 1,000 litres. The rated 
power of the boiler is 16kW. (Saanio et al. 2012) 
 
Sewage water from toilets will be collected into a closed container and taken to the 
ground level for processing. A 8 m3 tank for flushing water / emergency fire hydrant is 
located at ground level, together with a 20 m3 tank for sprinkler water. The areas with 
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significant fire loads will be equipped with a sprinkler system. The volume of the 
sprinkler water tank at level -290 m is 200 m3. The controlled area facilities with 
significant fire loads will be equipped with a sprinkler system. The canister shaft will 
not have sprinklers, but the canister lift cage will. (Saanio et al. 2012) 
 
Leakage water systems 
 
The purpose of the drainage/sewage system is to collect the  inflowing water from the 
bedrock and washing water to a sedimentation pool (Figure 30) at level -430 m, from 
where the cleared water is pumped to the ground level. The volume of the leakage water 
sedimentation basin is 1,800 m3; this allows the collection of about 1,000 m3 of water 
per day. A two-day downtime period can be allowed for the leakage water pumps.  
 

 
Figure 30. Longitudinal cross-section of the pumping station and sedimentation pools 
(Kirkkomäki 2009b). 
 
Other process systems 
 
Diesel fuel tanks (2 tanks) will be located at level -437m, in their own fire-insulated 
space. The volume of a fuel tank is designed to be 3m³ (Kirkkomäki 2009). The fuel 
tanks are separated into their own fire compartments with class EI 120. Diesel fuel will 
be delivered to the fuel tanks in the technical rooms with a tanker truck. (Saanio et al. 
2012) 

A local compressed air system will be built to the maintenance shop of the technical 
rooms during the ONKALO phase for use by the machines and equipment of the 
maintenance shop. The rated power of the compressor is about 15 kW. This arrange-
ment will also suffice during the operating phase of the repository facilities. (Saanio et 
al. 2012) 

Electrical systems 
 
The electrical power consumption during the operating phase of the disposal facility 
will be about 1,100kW. The deposition hole boring unit and the electro-hydraulic boring 
rig used for excavating the deposition tunnels will be the biggest individual consumers 
of electrical power. The simultaneous power requirement of boring equipment has been 
estimated at 700 kW approximately.  
 
During the ONKALO phase, electricity is supplied to the disposal facility through two 
20kV supply lines, one running through the personnel shaft and the other through the 
access tunnel. The main power supply cable for the electrical systems in the 
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uncontrolled area will be led from the 20 kV substation above ground through the 
personnel shaft starting from the hoist building. The required connection cables for the 
control and alarm equipment as well as telecommunication and data traffic cables will 
also be led through the personnel shaft. The power supply for the access tunnel comes 
via the transformer station in the tunnel technology building.  
 
The higher and larger underground openings can be illuminated using high-pressure 
sodium vapour lamps. The technical rooms and demonstration facilities excavated 
underground will be illuminated using corrosion-protected luminaires of protection 
class IP 65. The emergency lighting of the disposal facility will be implemented by 
connecting about 25 % of the luminaires fixed on the cable trays to a UPS-supplied 
emergency lighting system. (Tuominen 2012) 
 
Telecommunication systems 
 
The nuclear waste facilities including buildings and areas above ground and 
underground will be equipped with a wireless DECT telephone system. The purpose of 
the system is to facilitate normal internal and external telephone connections. The 
system will also be part of the evacuation system. The base stations of the system will 
be installed into the underground openings as the excavation work progresses. 
(Tuominen 2012). The telecommunication systems of ONKALO will be extended for 
the operating phase of the disposal facility (Saanio et al. 2012). 
 
Surveillance and security systems of the disposal facility 
 
Surveillance and security systems will be constructed underground in conjunction with 
ONKALO. The systems will be extended as required during the operating phase. The 
access routes in the disposal facility will be monitored using a camera surveillance 
system. 
 
Security patrols and surveillance of the disposal facility are centralised in the hoist 
building. This control post is manned at all times, so it is the logical point for 
controlling access to the controlled area of the disposal facility. This is why the disposal 
facility will not need a separate access control system. Instead, an employee positioning 
system is used underground as it is required in accident situations. The UPS equipment 
for the signal and emergency lighting system of underground facilities will be installed 
in a separate UPS centre room. (Saanio et al. 2012). 
 
Condition monitoring and control systems of the disposal facility 
 
The purpose of condition monitoring is to monitor the condition of the disposal facility 
and its systems during the operational phase. The condition is monitored by measuring 
leakage water volumes as well as the stresses in and displacements of the bedrock 
 
The instrumentation systems are used for collecting and processing data of the condition 
of the disposal facility and for ensuring that a good standard of occupational safety is 
maintained in the disposal facility. The data obtained from the measurements are 
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collected in the operating centre situated above ground. The following measurements 
will be conducted in the disposal facility: 

- hydrogeological monitoring measurements, 
- rock-mechanical monitoring measurements, 
- measurements of air, bedrock and water temperature, 
- air humidity measurements, 
- sewage water level measurements, 
- airborne activity measurements, 
- measurements of CO, CO2, NOx and radon concentrations, 
- measurements of dust concentration in air, 
- smoke detection, and 
- measurements associated with nuclear material safeguards. 

 
Nuclear technological monitoring systems 
 
The radiation levels in the disposal facility are monitored by fixed (Laukkanen et al. 
2012) and portable radiation measuring instruments (Nikkanen 2012). The fixed 
radiation measurement systems monitor the radiation safety of different activity-
containing parts of the process, such as ventilation and waste waters, and the emissions 
from the disposal facility. The fixed radiation measurements are mainly designed and 
constructed to be single fault tolerant, and they will be continuously available in normal 
operating conditions as well as in operational transient and accident situations. The 
fixed radiation measurement systems can also be used in support of the nuclear material 
safeguards and nuclear non-proliferation control.  
 
Portable radiation measurement instruments are used in addition to fixed systems. They 
are required in situations where the measurements cannot be made using the fixed 
radiation measurement systems. The portable radiation measurement instruments 
include dose rate and activity meters as well as the dosimeters used for measuring the 
radiation doses of individual employees. The radiation protection of the personnel is 
discussed in the plan of principles for radiation protection (Kukkonen 2012).   
 
The accounting and reporting of nuclear materials will be administered using a spent 
fuel data system developed for the purpose. The needs of nuclear material safeguards 
and the aspects related to nuclear waste accounting and the production of safety 
analyses are taken into account as the design bases for the system. The identification 
and location details of each fuel assembly to be disposed of will be verified and 
recorded at each fuel handling and processing stage from the interim spent fuel storages 
of the NPPs until the emplacement into the deposition hole. The identification will be 
based on reading assembly numbers and canister IDs with a camera.  
 
Fire-fighting and rescue systems 
 
The disposal facility will be protected with an automatic fire alarm system. The system 
will use smoke and heat detectors and optical fibre cabling. The disposal facility will be 
equipped with fire hydrants, and the facilities with significant fire loads will be 
equipped with an automatic sprinkler system. 
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The fans and dampers of the smoke exhaust system will be controlled from smoke 
exhaust centres to be installed next to the fire alarm system control device by the fire 
brigade's access route and in the rescue chamber at level -437 m.  
 
The rescue chambers will be located in the technical rooms of the disposal facility. The 
power supply of rescue chambers is backed up by batteries for 12 hours, there is no 
need for breathing apparatuses or carbon dioxide removal there, because the ventilation 
of the facilities will be operational even in accident situations. (Saanio et al. 2012). The 
rescue chambers are described in greater detail in section 3.3.3. 
 
3.4 Safety classification 
 
According to STUK's YVL Guide B.2 (draft) concerning safety classification, the safe-
ty-critical systems, structures and equipment of the nuclear facility shall be designed, 
manufactured, installed and operated so that their quality level and the inspections and 
tests required for verifying the quality level are sufficient considering the safety signifi-
cance of each object. In order to comply with this principle, the systems, structures and 
equipment of the nuclear facility can be classified into safety classes 1, 2 and 3 as well 
as EYT (no nuclear classification). The systems with the highest safety importance are 
in Safety Class 1 (SC 1). YVL Guide D.5 also includes instructions for the safety classi-
fication of different subsystems of the disposal system. The safety class provides the 
basis for specifying the quality assurance requirements of the systems, structures and 
equipment of the nuclear facility. Safety classification is the basis in determining the 
extent of STUK's regulatory oversight. 
 
The safety classification proposal is made as part of the material to be submitted to 
STUK in connection with the construction licence application. The ultimate determina-
tion of the safety classification of the systems, structures and equipment takes place 
when STUK approves the classification proposal. 
 
According to Posiva's proposal regarding the EBS components of the disposal system, 
the disposal canisters would be in Safety Class 2 (SC 2), the bentonite buffer and the 
deposition hole in Safety Class 3 (SC 3), and the deposition tunnel backfill material and 
plug structures in Safety Class EYT (SC EYT). Regarding technical systems, the fuel 
and disposal canister handling and processing systems are in SC 3. Furthermore, the 
radiation measurement systems and the cooling, ventilation, drainage and electrical sys-
tems with nuclear safety importance are in SC 3. The other systems would be in SC 
EYT.  
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4 OPERATIONS OF THE ENCAPSULATION PLANT AND                     
THE DISPOSAL FACILITY  

 
4.1 Main functions 
 
4.1.1 Personnel 
 
According to the Nuclear Energy Act (990/1987) Section 20, it is a prerequisite for 
granting the operating licence for a nuclear facility that the applicant has sufficient ex-
pertise available and that the competence of the operating staff and the operating organ-
isation of the nuclear facility are suited for the operations.  
 
The personnel must be suitable, qualified and well trained for their duties. Training pro-
grammes must be in place for maintaining and developing the competence of personnel. 
 
The disposal operations will in many ways rely on the existing functions available at the 
Olkiluoto NPP site. The generation of electricity by nuclear power will continue in 
Olkiluoto for a long time, and therefore some of the functions required by Posiva can be 
covered by procured services following Posiva's current procedures. 
 
Posiva's preliminary personnel plan entails that about 100–120 persons work with 
Posiva when the disposal operations begin. In addition to these employees, different 
functions will be supplemented with outsourced services.  
 
At the time the test operation of the encapsulation plant and the disposal facility begins, 
Posiva must have the necessary personnel for handling the disposal operations in these 
facilities. Before the disposal operations begins, the organisation must be planned so 
that it is capable of handling at least the following functions: 

- nuclear and radiation safety, 
- management, development and maintenance of the disposal system, 
- production and maintenance of the safety analysis report, 
- management of licensing, 
- construction operations and investments, 
- procurement and logistics, 
- operation and maintenance, 
- corporate security, 
- quality and the environment, and 
- support functions, such as personnel administration, finance, information technol-

ogy and communications. 
 
Most of the personnel in the disposal facility work in single shifts. The security person-
nel works in three shifts. At night, surveillance of the encapsulation plant takes place 
from the guard room in the hoist building. 
 
The working places of personnel will be placed so that unnecessary movement from one 
place to another and crossing the boundary between controlled and uncontrolled areas is 
minimised. The support base of personnel handling spent fuel is in the hoist building 
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where the access control point for the controlled area is located. This control point also 
covers the controlled area of the disposal facility. 
 
4.1.2 Transports and transfer of spent fuel 
 
Spent fuel will be stored in the interim storages of Fortum's Loviisa NPP and TVO’s 
Olkiluoto NPP(s) until they are transported to Posiva's encapsulation plant in Olkiluoto 
in transport casks.  
 
The transportation of spent fuel is strictly regulated by national and international regula-
tions and agreements. In Finland a licence for transporting spent nuclear fuel is granted 
by STUK. STUK shall approve the transport casks, inspect the transportation plan, the 
qualifications of transportation personnel, safety arrangements and the provisions made 
for accidents. (Koskivirta 2012) 
 
Spent fuel can be transported in wet or dry condition. Posiva's reference solution is 
based on wet transport where the temperature inside the spent fuel cask remains lower 
than in dry transport. Spent fuel from Loviisa was transported to the Soviet Union and 
Russia as wet condition until 1996.  
 
High requirements have been set for the transport casks, handling of the casks, provi-
sions for accidents and documentation. The principle is that the transport casks must not 
lose their radiation protection features even in the worst conceivable accidents. The 
spent fuel in the transport casks must remain sub-critical in all situations during trans-
portation. The transport casks are subject to more stringent requirements than ordinary 
transport equipment, and they must comply with exacting requirements concerning ex-
ceptional situations. They shall, among other things, withstand the following: 

- a drop to a non-resilient base at the least favourable angle of incidence from a 
height of 9 metres, 

- a drop onto a steel bar with a diameter of 0.15 m from a height of one metre, 
- the thermal conditions caused by a fire with a flame temperature of 800 °C for at 

least 30 minutes, and 
- an immersion in water to a depth of 200 m for a minimum of one hour. (IAEA, 

2012) 
 
The transport cask dimensions depend on the size and shape of fuel assemblies. Differ-
ent manufacturers also offer slightly differing technical solutions for casks. The Castor 
VVER-440/84 transport cask accommodates 84 fuel assemblies from Loviisa. The 
transfer vessel for Olkiluoto spent fuel currently takes 41 fuel assemblies. In practice, 
only 36 fuel assemblies are loaded in the vessel because one canister takes 12 fuel as-
semblies; this means that spent fuel for three canisters can be transferred at one time. An 
alternative in for a vessel that would accommodate 48 BWR fuel assemblies is being 
investigated. (Kukkola 2012) The type of transport cask to be used for spent fuel from 
OL3 will be chosen at a later stage.  
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Transports of spent fuel from Loviisa to Olkiluoto 
 
The plan is that the spent fuel from Loviisa will be transported to Olkiluoto as road 
transport; however, railway and sea transport and their combinations have also been 
studied as alternative transport methods (Figure 31). There will be at most six road 
transports per year from Loviisa during the years when spent fuel from the Loviisa plant 
is being disposed of. When the spent fuel is transported in wet condition from Loviisa, 
the temperature inside the spent fuel cask will remain below 40 oC according to experi-
ences. Thus, no cooling is required. (Kukkola 2012)  
 
By road, the spent fuel cask is transported on a multi-axle trailer pulled by a 3- or 4-axle 
lorry. As a result, the axle weight stays within the allowable limits for roads and bridg-
es. The cask will be loaded onto the trailer in the NPP’s interim storage for spent fuel 
using a crane. The cask is tilted to a horizontal position for transportation, and shock 
absorbers are installed at both ends. During transportation, the cask and the trailer are 
covered with a hood for protection against the weather. Transportation will be carried 
out as supervised transportation, in which case it will be escorted by escort personnel, 
such as the Police and STUK’s supervisor. (Koskivirta 2012) 
 

        

 
Figure 31. The road routes and train route studied for the transportation of spent fuel 
from Loviisa to Olkiluoto. (Suolanen & Rossi 2012). 
 
Transfers of spent fuel from the units in Olkiluoto (OL1-2 and OL3) 
 
Transfers of spent fuel at the Olkiluoto NPP sites are carried out using a special vehicle 
and transfer vessels. Such a vehicle is already in operation; it is used for transporting 
fuel from the reactor halls of NPP units to the interim storage for spent fuel (Figure 32). 
During these transfers in Olkiluoto, the fuel temperature remains practically the same as 
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that of the water in the pools of the interim storage for spent fuel, which means that no 
separate cooling systems are required.  
 

 
 
Figure 32. A transport vehicle and vessel for transferring spent nuclear fuel in 
Olkiluoto NPP area. (Photo by TVO) 
 
The current road connections in Olkiluoto NPP area and partially new roads in the 
Posiva's facility area will be used for spent fuel transportation from the interim storage 
to the encapsulation plant. 
 
4.1.3 Canisters 
 
Basis for canister dimensioning 
 
The dimensions of each type of spent fuel, particularly the length of each fuel assembly, 
dictate the dimensions of the canister used for that type. The outer diameter of canisters 
is 1.05m, but the total length of the canister varies. The total lengths of different canister 
types are shown in Table 3. (Raiko 2012) 
 
The combinations of fuel assemblies placed in the canister must be determined on the 
basis of the annual accumulation of spent fuel, discharge burnup and the operating time 
of the NPPs in compliance with the following rules: 

- The cooling time for individual fuel assemblies must be at least 20 years in order 
to achieve a sufficient reduction in the radiation level. 

- The thermal power of all canisters must be as equal as possible. 
- 12 fuel assemblies will be placed in the canisters for LO1-2 and OL1-2 spent fuel, 

while 4 fuel assemblies will be placed in the canisters for OL3 spent fuel. 
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- Emplacement in the disposal facility must be carried out as quickly as possible: 
however, at a constant rate. 

- The total cooling time for fuel assemblies is determined on the basis of the maxi-
mum thermal power permissible for the canister. 

- The canister must comply with the requirements for criticality safety. 
 
In a basic case, the calculated thermal powers of canisters must at the time of encapsulation 
not exceed 1,370W for LO1-2 spent fuel and 1,700W for OL1-2 spent fuel. Only four fuel 
assemblies will be placed in an OL3 canister. The canister-specific thermal power for OL3 
must not exceed 1,830 W. 
 
The water's boiling point at normal pressure determines the highest permissible canister 
temperature. If the water seeping into contact with the canister surface were to boil, it 
would evaporate, concentrating any salt it might contain on the canister surface. This 
would pose a risk potentially reducing the the corrosion resistance of the canister 
overpack. For this reason, the temperature at the canister-bentonite interface must not 
exceed +100 °C. 
 
Canister design 
 
The canister types are shown in Figure 33, with their basic dimensions shown in 
Table 3. 
 

 
 

Figure 33.  Disposal canisters; from left to right, LO1-2 (WWER 440) type canister, 
OL1-2 (BWR) and OL3 (EPR) type canister (Raiko 2012). 
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Table 3. Main dimensions and weights of different canister types (Raiko et al. 2012). 
 

 LO1-2 OL1-2 OL3 
Outside diameter (m) 1.05 1.05 1.05
Total length (m) 3.55 4.75 5.22
Total volume (m3) 3.0 4.1 4.5 
Number of assemblies 12 12 4 
Amount of spent fuel (tU) 1.4 2.2 2.1 
Total weight (t) 18.8 24.5 29.0

 
The insert of the disposal canister is an integral component and is manufactured by cast-
ing. The insert acts as the load-bearing part of the canister, as the bracket holding the 
fuel assemblies, as part of the radiation shield, as a thermal conductor, as a component 
forming sub-critical geometry and as a backfill of the empty space in the canister. In 
order to ensure the mechanical strength and sub-criticality, and in order to optimise 
thermal conductivity and radiation protection capacity, the material chosen for the can-
ister insert is cast iron. Its composition and manufacturing method are chosen to maxim-
ise its ductility and to minimise its shrinkage and deformation. The material of the insert 
is nodular graphite cast iron in order to achieve the above characteristics -above all, to 
achieve better casting properties and ductility.  
 
The bottom of the iron insert is cast as an integral part of the insert. The thickness of the 
insert bottom is 60 mm for OL1-2 inserts, 70 mm for LO1-2 inserts and 85 mm for OL3 
inserts. A separate top lid is manufactured of steel sheet for all fuel types; its thickness is 
50mm (Raiko et al. 2012). The inner lid is attached to the iron insert with one bolt (M30) 
in the middle of the cover (Raiko 2012). A circular gasket is inserted between the lid and 
the insert to ensure gas-tightness.  
 
The canister insert is totally surrounded by a 50mm thick copper overpack. The copper 
overpack and the iron insert form a leak-tight, corrosion-resistant and extremely durable 
cylindrical container with a long service life (Figure 34). 
 
The canister overpack is made of oxygen-free copper (Cu-OF) of stringent purity re-
quirements in order to ensure its corrosion resistance and leak-tightness. The copper is 
also microalloyed with phosphorus (30–100ppm) in order to improve its creep re-
sistance. (Raiko 2012). The plan is to use the pierce and draw method for manufacturing 
the copper overpack. This means the canister bottom is created as an integral part of the 
structure. The wall thickness has been chosen most conservatively in relation to the cor-
rosion speeds prevailing in the disposal conditions.  
 
The copper lid of the canister has a round lifting lug for hoisting gear. The lid is electron 
beam welded to the cylindrical part. The grain size of the copper must be less than 
360m so that the copper material can be assumed to display sufficient work hardening 
and so that sufficient resolution is achieved in the ultrasonic inspection of the weld be-
tween the canister and lid. The surfaces inside and outside of the seam area of the cop-
per overpack are machined by turning on a lathe. A detailed description of the canisters 
is available in the canister design report (Raiko 2012) and in the production line report 
(Raiko et al. 2012). 
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Figure 34. Components of the BWR canister: the copper overpack and its copper lid 
and the cast iron insert and its inner lid (Posiva Oy/Jussi Partanen).  
 
 
4.1.4 Encapsulation plant operations 
 
Reception of spent fuel 
 
When receiving the transport cask, the weather protection hood of the transport cask 
transportation vehicle is washed outdoors and removed before driving the vehicle into 
the encapsulation plant receiving area. The vehicle is driven into the receiving area 
where the shock absorbers are removed from the transport cask. The cask is lifted up-
right and transferred to either the storage of the receiving area or to the cask transfer 
corridor. The transport cask receiving area is of the drive-through type, even when there 
are transport casks in the storage area. The spent fuel receiving area is also used for the 
receiving of new empty canisters. 
 
The outer lid of the transport cask is opened in the cask transfer corridor, overpressure is 
let out and a gas sample is taken of the atmosphere inside the transport cask. The 
transport cask is docked on the fuel handling cell (Figure 35) and the protective cover of 
the fuel handling cell is opened. After that, the radiation protection lid of the transport 
cask is lifted to the fuel handling cell. (Kukkola 2012) 
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Figure 35. Fuel handling cell. The drying stations are seen by the wall on the left, the 
canister docking station is seen in the middle, with the transport cask docking station on 
the right. (Kukkola 2012) 
 
Drying of fuel assemblies 
 
The fuel transfer machine transfers the fuel assemblies from the transport cask to the 
fuel drying station (Figure 36). The fuel drying system is used for removing any residu-
al moisture in the fuel assemblies after interim storage and transportation before the 
assemblies are placed in the disposal canister. The drying equipment will be integrated 
with the fuel handling cell. Drying is performed as vacuum drying where moisture on 
the surface of the assemblies is vaporised and removed. (Suikki et al. 2007) 
 
There are two sets of drying equipment each in a separate chamber. One drying cham-
ber is equipped to receive fuel assemblies from LO1-2, and the other is equipped for 
fuel assemblies from OL1-2. The chambers are large enough to accommodate fuel as-
semblies from OL3 also, but this requires changing the chamber insert on which the 
assemblies to be dried are stacked.  
 
The drying chambers have closing covers located on the fuel handling cell side. The 
water vapour pumped from the chamber is collected in a controlled manner, first by 
condensing it in a heat exchanger. The vapour remaining after the heat exchanger is 
collected in a cold trap where it freezes on the cold surfaces of the trap (Figure 37). The 
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exhaust air from the vacuum pumps is led to the exhaust air system of the controlled 
area. Appropriate drying results are ensured using a low end pressure, about 100Pa, and 
sufficient drying time. The chamber is constructed so that it is easy to clean in the event 
that a fuel rod breaks during the drying process or when loading or unloading the cham-
ber.  
 

 
 

Figure 36. The fuel assemblies for one canister are stacked in the drying equipment 
rack for drying. 
 

 

Figure 37. Drying system components. On the left, the drying chamber for OL1-2 as-
semblies, with the condensation and vacuum equipment down below.  
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Canister transfer trolley 
 
The new, empty disposal canister is lowered to the transfer trolley into the transfer cor-
ridor through the floor hatch in the receiving area. The inner lid of the canister is in 
place, while the lid of the copper overpack is placed on a rack in the transfer trolley. 
 
In the course of the disposal process, the canister is transferred in a purpose-built trans-
fer trolley along the transfer corridor in the encapsulation plant. The transfer trolley 
transfers the canister through the encapsulation process. The trolley also serves as auxil-
iary equipment for the process equipment as it allows the canister to be rotated and its 
height from floor level to be adjusted. The transfer trolley has an open side to allow the 
transfer of the canisters without having to lift them up high (Figure 38). The transfer 
trolley operating along the transfer corridor has electric motor drives for the transfer and 
an electrical screw drive for lifting the canister. The canister transfer trolley plan is pre-
sented in a working report by Suikki (2011).  
 
The transfer trolley travels in the transfer corridor on rails, and it is docked at the work 
stations by means of station-specific positioning devices. The canister is accurately cen-
tred to facilitate the welding and inspection processes. The main systems of the equip-
ment are backed up in line with the redundancy principle.  
 

 
 
Figure 38. Canister transfer trolley in the transfer corridor (Suikki 2011). 
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The disposal canister sits unprotected in the canister transfer trolley. Because of the high 
level of radiation, the transfer trolley cannot be repaired with a canister loaded on it. 
The transfer mechanism of the trolley is backed up by a cable mechanism for the even-
tuality of a malfunction in the main drive mechanism. In such a case, the trolley can be 
towed by the aboveground canister storage, for example, and moved to the storage with 
the remote controlled mover for disposal canister transfer. After that, the transfer trolley 
can be repaired in the transfer corridor. (Suikki 2011) 
 
Encapsulation of spent fuel 
 
The canister transfer trolley is driven under the fuel handling cell. The fuel handling cell 
of the encapsulation plant includes docking stations for transport cask and for the canis-
ter, and spent fuel drying chambers and a transfer machine for manipulating the spent 
fuel (Figure 35). The transfer trolley lifts the disposal canister to the docking station in 
the fuel handling cell. The through hole is sealed and the lid to the fuel handling cell is 
opened. The inner lid of the canister is opened and moved aside with the gas exchange 
hood, after which a protective collar is fitted to protect the sealing faces of the canister. 
The canister docking station is shared by Loviisa and Olkiluoto spent fuel. (Kukkola 
2012)  
 
The purpose of the docking station is to position and seal the disposal canister in the 
through hole on the fuel handling cell and to provide the necessary tools for filling the 
canister and changing its atmosphere. The envisaged design of the docking station in-
cludes a docking ring, protective cone and atmosphere-changing cap, as well as the nec-
essary vacuum components and protective gas supply systems for gas exchange (Figure 
39). Most of the actuators of this equipment are located outside the fuel handling cell. 
 

 

Figure 39. Docking station components in the fuel handling cell. Gas atmosphere- 
changing cap is on left, covering hatch in center and protective cone on right. (Suikki 
2006)  
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After drying, the fuel assemblies are transferred, one by one, to the disposal canister by 
remote control. After the canister has been filled, the air inside the insert is replaced by 
inert gas under the gas atmosphere-changing cap, the lid of the canister insert is screwed 
on and the tightness of the canister insert is checked.  
 
The fuel is lifted and handled with the fuel handling machine that moves in the fuel 
handling cell on rails. The fuel handling machine is based on a bridge-type crane, and it 
can rotate the fuel assembly around the longitudinal axis in all possible angles. There 
are two masts in the fuel handling machine: the fixed mast is intended to move the fuel 
assemblies, and the telescopic mast has a manipulator arm for maintenance and cleaning 
operations.  
 
Sampling and cleaning of surface contamination is performed by mechanically wiping 
the canister surface with a purpose-built device. During the wiping operation, a station-
ary device wipes the canister, which is moved up and down and rotated by the transfer 
trolley. The device is located beneath the fuel handling cell in the canister transfer cor-
ridor. Sampling by rotation removes dust-like particles from the canister surface, thus 
cleaning the wiped area. 
 
Welding of the canister lid 
 
After encapsulation, the canister is moved to the copper lid welding station on the trans-
fer trolley. The welding system welds the copper lid to the cylindrical copper canister so 
that the weld seam has the same tightness and integrity as the canister itself. The system 
will be installed in the space above the canister transfer corridor at the encapsulation 
plant, next to the fuel handling cell. The welding process is the same for all three canis-
ter types (OL1-2, OL3, LO1-2) because they all have the same diameter. Only the 
height of lifting the canister from the transfer trolley to the welding station varies, but 
the top of the canister is held at the same position in each case.  
 
The copper canister cover is sealed by electron beam welding in a vacuum. Electron 
beam welding is a commonly used technique in the industry for demanding applications 
such as turbine blades and certain machine parts. This method allows producing pore-
free weld seams of up to 80mm thickness so that the changes taking place in material 
structure are insignificant. (Suikki & Wendelin 2008) 
 
The disposal canister cover welding station (the system) consists of two welding cham-
bers, canister docking equipment, electron beam welding equipment, vacuum equipment 
and the necessary ancillary equipment. The system components are located in the weld-
ing chamber, auxiliary equipment room, control room and transfer corridor ceiling (Fig-
ure 40). The other welding chamber is intended for performing test welds and for cali-
bration of welding parameters.  
 
The canister to be welded is docked, hermetically sealed, in the actual disposal canister 
welding chamber. Air is evacuated from the chamber, after which the copper lid of the 
canister is closed and welded. The cover is brought to the chamber before docking the 
canister, using the canister transfer trolley's lifting mechanism. The transfer trolley also 
lifts the canister and rotates it during the welding process. The welding chamber has 
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equipment for centering and installing the cover, as well as heaters for the top rim of the 
copper canister cylinder. They are used to ensure sufficient installation clearance be-
tween the cover and the cylinder.  
 
Components that do not have to be in the welding chamber are located in the adjacent 
auxiliary equipment room for ease of maintenance and repair. The risk of welding sta-
tion contamination is small, but access to the welding chamber must be prohibited due 
to high radiation levels when the canister is inside the welding chamber. The test weld-
ing chamber has radiation protection, but it is only dimensioned on the basis of the X-
ray radiation level produced by the welding equipment. The system is controlled from 
the encapsulation process control room. (Suikki & Wendelin 2008) 
 

 
 
Figure 40.  Schematic illustration of the encapsulation plant at the welding station. The 
picture shows (1) the auxiliary equipment room, (2) the welding chamber, (3) the en-
capsulation process control room and (4) the canister transfer corridor. The picture 
shows the canister lifted up to the welding station. (Suikki & Wendelin 2008)  
 
Weld inspection 
 
When welding has been completed, the disposal canister is removed from the welding 
station. The weld seam of the canister is machined in the canister transfer corridor under 
remote control. During machining, the canister is rotated around its longitudinal axis. 
After machining, the transfer trolley takes the canister to the inspection station (Figure 
41). (Kukkola 2012) 
 
In addition to visual inspection, the canister lid welding seam is inspected using ultra-
sonic, eddy current and X-ray inspection methods. All NDT (Non-destructive testing) 
inspections are carried out at the same inspection station. During inspection, the canister 
is rotated around its vertical axis. (Suikki & Wendelin 2009) 
 
The measurement data from different inspection methods are recorded and analysed. 
Acceptance of the cover weld is based on the acceptance limits of individual inspection 
methods as well as on the combined acceptance limits of different inspection methods. 
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If the lid weld is not accepted, the canister is emptied and replaced with a new one. The 
copper lid of the canister is machined open, after which the canister is moved to the fuel 
handling cell for unloading it of fuel assemblies. The unloaded canister is handled like 
active radioactive waste, apart from the copper lid, which can be recycled.  
 

 
 
Figure 41. Weld inspection station (Suikki & Wendelin 2009). 
 
After the weld has been inspected and accepted, the canister is lowered back to the 
transfer corridor and taken to the end of the corridor. (Kukkola 2012) 
 
Remote controlled mover for disposal canister transfer 
 
After welding, the remote controlled mover takes the canister to the storage of the en-
capsulation plant, from where it is later taken to the disposal facility in the canister lift. 
Alternatively, the canister may be taken directly after the weld inspection to the canister 
lift and disposal facility.  
 
The short horizontal transfers of the disposal canisters in the encapsulation plant and in 
the disposal facility are performed using a remote controlled mover (Kukkola 2012). 
The remote controlled mover has one driving pair of wheels and a lifting device.  
 
The canister sits in a vertical position on the pallet of the remote controlled mover. The 
remote controlled mover drives under the canister resting on a pallet and lifts it a little 
for moving (Figure 42). The transfer pallet travels with the canister to the disposal facil-
ity. 
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Figure 42. The remote controlled mover and a canister resting on a pallet. 
 
Canister lift and canister drop shock absorber 
 
The disposal canisters are moved from ground level to the disposal facility in the canis-
ter lift travelling in the canister shaft. The canister shaft is connected to the encapsula-
tion plant at the ground level and to the canister reception station at the technical rooms 
in the disposal facility. (Kirkkomäki 2009b). The canister lift is also used for transport-
ing the pre-compacted bentonite buffer blocks to the disposal facility for emplacement 
in the deposition holes. 
 
The canister lift drive is a friction hoist equipped with a counterweight. The canister lift 
will have a loading capacity of 30,000 kg. The lift travels at a speed of 3 m/s, and it will 
be fitted with guide rails and a counterweight. In order to eliminate any malfunctions of 
the braking system, the lift will not have brakes using friction against the guide rails. 
The lift will be fitted with a 500 kW DC motor and backed-up disc brake and slow mo-
tion circuitry. The drive will have six steel cables of 38 mm diameter. The cable wheel 
will have a diameter of 2.8 m. (Saanio et al. 2012) 
 
Should the canister lift fail, the disposal canister would fall into the canister shaft. The 
maximum fall is about 450 metres. A mechanical drop shock absorber will be installed 
at the bottom of the shaft. A sufficiently thick layer of dampening material will be in-
stalled at the bottom of the shaft to serve as a shock absorber so that there is a high 
probability of the canister remaining intact in all situations.  
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The water level from inflow in the canister shaft should be kept low enough to stop the 
damper material from floating. If the layer is floating on water, the canister will fall 
through the damper layer and hit the bottom irrespective of the speed of impact. The 
performance of the shock absorber has been analysed by modelling and by smaller-scale 
tests for determining the dimensions of the damper layer (Kuutti et al. 2012) 
 
Control functions of the encapsulation process 
 
The encapsulation process will be controlled from the encapsulation process control 
room located adjacent to the fuel handling cell. There is a direct view from the control 
room to the fuel handling cell through lead glass windows.  
 
The requirements of Guide YVL D.1 (draft) regarding nuclear material safeguards are 
observed in the nuclear waste facilities. Safeguard controls take place using the national 
system of accounting for nuclear material as well as visual and technical control meth-
ods in all the phases of the encapsulation process (Kukkola 2012).  
 
4.1.5 Operation of the disposal facility 
 
Transfering the canister to the disposal facility 
 
The disposal canister is driven in the encapsulation plant to the canister lift with the 
remote controlled mover and out of the canister lift with another remote controlled 
mover to the reception station of the disposal facility (Kukkola 2012). The plan for the 
canister reception station is shown in Figure 43. The reception station has two floors. 
The canisters are offloaded from the lift at the lower level.  
 

 
 
Figure 43. Computer image of the underground canister storage, receiving and and 
loading stations (Kirkkomäki 2012). 
 
The canister is taken by the remote controlled mover from the lower level of the receiv-
ing station either to the underground canister storage for disposal canisters or to the can-
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ister loading station (Figure 44) from where it can be lifted inside the radiation shield of 
the canister transfer and installation vehicle located on the floor above. 
 
The canister transfer and installation vehicle waits for the canister, with its radiation 
shield in a vertical position, above the canister lifting mechanism. The canister is lifted 
onto the canister transfer and installation vehicle by the vehicle's own canister hoist 
(Figure 44). The lifting of the canister is accompanied by a hoist located in the canister 
loading station beneath the canister. This means the canister lifting operation is secured 
by two separate hoists. Once the canister has been lifted into the radiation shield of the 
transfer and installation vehicle, the radiation shield can be rotated into a horizontal po-
sition, which also automatically seals the canister's radiation shield. After this, the canis-
ter can be moved by the transfer and installation vehicle to the chosen deposition hole. 
 

 

Figure 44. Lifting of the disposal canister up into the radiation shield at the canister 
loading station. The radiation shield has been turned to an upright position at the floor 
opening, and the gripper mechanism has been lowered. The canister is brought to the 
accompanying canister hoist by the remote controlled mover and supported in its posi-
tion. The accompanying canister lifting mechanism lifts the canister along the guide 
rails until the gripping mechanism is locked on a lifting shoulder of the canister lid. The 
accompanying canister lifting mechanism continues lifting until the top of the canister is 
inside the radiation shield. The supporting brackets are opened and the canister is lifted 
up to the vehicle by a hoist (Wendelin & Suikki 2008).  
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Preparing the deposition hole for canister emplacement 
 
The disposal starts with the deposition hole at the end of the tunnel. The protective cov-
er of the deposition hole is removed, the hole surfaces are washed with a pressure wash-
er, the water is pumped away and the deposition hole is dried using a hot air blower. 
The deposition hole is washed and inspected by using a platform lowered into the hole. 
The parts required for fixing the moisture protection of the bentonite buffer and a water-
tight steel cover are fixed in the frame structure at the top of the hole. The steel cover 
attached to the same frame serves as fall protection and prevents water and other impu-
rities from entering the hole. All holes are cleaned, inspected and dried before installing 
the buffer blocks. After that, a copper plate is installed at the bottom of the hole for fix-
ing the moisture protection. (Saanio et al. 2012) The strict requirement of the vertical 
positioning of side buffer rings means that the bottom has to be level to a very high de-
gree of accuracy. The weight of the buffer rings and top buffer block rests on the bottom 
block, so if the bottom of the deposition hole is not completely level, there is a risk of 
the bottom block cracking. 
 
Bentonite buffer blocks and transporting them to the disposal facility 
 
The bentonite buffer blocks protecting the canister are moved from ground level to the 
disposal facility using the canister lift. The buffer blocks comprise cylindrical and ring-
shaped blocks made of compacted bentonite. The bentonite blocks to be placed at the 
bottom of the deposition hole and on the top of the disposal canister are disc-shaped, 
while the side blocks are ring-shaped. The gap between the bedrock face of the deposi-
tion hole and the bentonite blocks is 50mm, and it will be filled with bentonite pellets. 
The gap between the canister and bentonite buffer is 10mm. The external diameter of 
the bentonite block is about 1.7 m, its thickness is 0.3m and its bulk density with a wa-
ter content of about 17 % is 1,950–2,050 kg/m3. (Juvankoski et al. 2012) 
 
For storage and transportation, the bentonite blocks are packed in transport containers. 
The transport containers protect the bentonite blocks against mechanical impacts during 
their handling and transportation. The transport container consists of a gripper at the top 
and a transport protection at the bottom. The blocks can, for example, be moved using 
fork-lift trucks without the risk of breaking them. The transport container also keeps the 
blocks at a constant and even humidity and prevents them from drying up, chipping or 
becoming too wet. The air conditioning in the interim storage for bentonite buffer 
blocks in the encapsulation plant maintains constant air humidity. 
 
The bentonite buffer blocks are loaded onto the canister lift using a fork-lift truck. Sev-
eral packages can be stacked on top of each other in the lift. The bentonite buffer blocks 
are offloaded from the canister lift at the upper level of the receiving station (Figure 43). 
The upper level has a door to the canister shaft for this purpose. Radiation protection is 
arranged with a separate radiation protection wall that prevents the radiation from the 
canister shaft from entering the buffer block loading area. 
 
The bentonite blocks are moved from the receiving station to the storage hall in the 
technical rooms. The blocks for two deposition holes at a time are stored in the hall. The 
bentonite block transfer vehicle transports the buffer block in the transport container to 
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the bentonite block installation vehicle. The installation vehicle lifts the buffer blocks 
from the transport container and installs them in the deposition hole. The empty 
transport packages are returned for re-use. The bentonite blocks are kept at the disposal 
facility for as short a time as possible before their emplacement in the deposition holes. 
After unpacking from the transport packages, the blocks can be temporarily protected 
from moisture with plastic foil if required. (Saanio et al. 2012) 
 
A disc-shaped bottom block is first lowered into the deposition hole, followed by ring-
shaped side blocks up to the top edge of the canister (4 to 6 blocks depending on the 
canister type). The block installed at the bottom is 0.5 m thick, and the total thickness of 
blocks installed at the top is 2.5 m. The buffer emplacement plan for each canister type 
is illustrated in Figure 45. The sizes of the block components to be emplaced in the dep-
osition holes are shown in Table 4. 
 

 
 
Figure 45. Schematic illustration of the deposition holes, canisters and buffer blocks for 
spent fuel from the LO1-2, OL1-2 and OL3 units (Juvankoski et al. 2012). 
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Table 4. Buffer block components to be emplaced in the deposition holes (Juvankoski et 
al. 2012). 
 

Block properties LO1-2 OL1-2 OL3 
Height on top of the canister 
(mm) 

400+2*800+500=
2,500 

400+2*800+500
=2,500 

400+2*800+500=
2,500 

Height alongside the canis-
ter (mm) 

4*900 = 3,600 5*960 = 4,800 6*875 = 5,250 

Height underneath the can-
ister (mm) 

500 500 500 

Total height of the buffer 
blocks (mm) 

6,600 7,800 8,250 

Outside diameter of the 
blocks (mm) 

1,650 1,650 1,650 

Wall thickness of the ring 
blocks adjacent to the canis-
ter (mm) 

290 290 290 

Diameter of the hole in the 
buffer block (mm) 

1,070 1,070 1,070 

 
The buffer blocks will be manufactured using the isostatic compression method. In this 
method, pressure is exerted evenly on the mould from all sides, which results in an even 
density of the bentonite block blanks. The combination of correct moisture of bentonite 
and suitable pressure produces the desired density for the buffer.  
 
Emplacement of bentonite blocks 
 
The bentonite blocks are transported for emplacement using a purpose-built transfer and 
installation vehicle (Figure 46). The vehicle consists of a buffer block installation de-
vice and a buffer block transport device. The bottom blocks are installed first, followed 
by side blocks up to the level of the disposal canister cover. After that, the buffer trans-
fer and installation vehicle is driven away from the deposition tunnel so that the canister 
transfer and installation vehicle can emplace the canister into the deposition hole. After 
that, the rest of the bentonite blocks are emplaced and the gap between the buffer and 
the bedrock is filled with bentonite pellets. The moisture protection of the buffer must 
be removed before inserting the pellets. (Saanio et al. 2012) 
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Figure 46. Bentonite block transfer and installation vehicle (Saanio et al. 2012). 
 
Emplacement of canisters into the deposition hole 
 
The canister is emplaced into the deposition hole using the canister transfer and installa-
tion vehicle (Figure 47). The vehicle consists of trailer towing the canister installation 
equipment. A heavy duty tractor equipped with a traction plate with a sufficient load-
bearing capacity can be used as the traction vehicle, for example. The plan is to con-
struct dedicated towed canister installation equipment for each canister type.  
 

 
 
Figure 47. Canister transfer and installation vehicle. The vehicle consists of a traction 
vehicle and a trailer-type canister handling wagon. (Cadring Oy) 
 
The emplacement of canisters begins at the remote end of the deposition tunnel. The 
vehicle is reversed from the central tunnel to the end of the deposition tunnel. If a 
manned vehicle is used, the driver cannot be caught between the radiating canister and 
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the tunnel end in case of malfunction. Reversing the vehicle also allows placing the first 
deposition hole closer to the tunnel end.  
 
When reversing in the deposition tunnel, the vehicle has to travel over bored deposition 
holes. To assist in reversing the vehicle and determining its exact position in relation to 
tunnel walls, cameras and a laser positioning system are provided. (Wendelin & Suikki, 
2008) 
 
The vehicle is parked in the correct place above the deposition hole. After this, the vehi-
cle is lifted to rest on its struts and levelled. The exact positioning of the canister above 
the deposition hole utilises cameras and a laser positioning system. Positioning is car-
ried out in relation to the bentonite buffer rings emplaced in the deposition hole. When 
the vehicle is in place, the radiation shield can be rotated to a vertical position, opening 
the back end of the radiation shield. The emplacement steps are shown in Figure 48.  
 
When the radiation shield is in a totally vertical position, the lowering of the canister 
can begin. The lowering process can be monitored using several cameras in order to 
ensure that the process is successful and that the canister does not collide with the 
bentonite buffer rings placed in the hole. Once the canister has been lowered to the bot-
tom of the hole, the gripping mechanism can be removed from the canister lid shoulder 
and lifted back inside the radiation shield. After this, the radiation shield can be rotated 
back to a horizontal position and the vehicle can be driven out of the deposition tunnel. 
(Wendelin & Suikki 2008). The handling equipment for OL1-2 spent fuel canisters is 
11m long, 3m wide and 3.4 m high. The canister handling equipment is actuated by an elec-
trically powered or a diesel-powered hydraulic system. 
 

 
 
Figure 48. Emplacement of canisters into the deposition hole (Saanio et al. 2012). 
 
Emplacement of bentonite blocks on top of the canisters 
 
Immediately after the emplacement of the disposal canister, the buffer installation de-
vice is brought over the deposition hole, and it emplaces four disk-shaped bentonite 
cover blocks in the deposition hole on top of the disposal canister. After the emplace-
ment process, the operation of the water pumps keeping the deposition holes dry is veri-
fied, and the tight steel cover protecting the deposition hole is closed. The steel cover 
and the moisture protection installed for the buffer are removed before backfilling the 
deposition tunnel. After that, the gap between the bedrock and the buffer blocks is filled 
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with bentonite pellets. Finally, the chamfering above the deposition hole is filled with 
purpose-designed bentonite blocks. The purpose of the chamfering is to make the em-
placement of longer OL1-2 and OL3 spent fuel canister easier. The final inspections on 
the quality of the buffer emplacement can also be carried out at that time. After the 
buffer components have been installed, the frame structure is removed from the top of 
the deposition hole. As the last step, the dents by the buffer are filled all the way to the 
bedrock surface with material having the same properties as the bentonite buffer. 
(Saanio et al. 2012) 
 
The bentonite block installation device is driven close to the deposition tunnel before 
the arrival of the disposal canister transfer and installation vehicle so that the covering 
blocks of bentonite can be installed immediately following the emplacement of the dis-
posal canister. The time the canister spends in the deposition hole without covering 
blocks of bentonite must be minimised because the uncovered canister will emit strong 
radiation which is further scattered from the tunnel ceiling to a larger area. After that, 
the cycle begins again with the preparation of the next deposition hole preceding the 
emplacement of bentonite blocks. 
 
Actions preceding the backfilling of deposition tunnels 
 
The main phases of backfilling the deposition tunnel are as follows: removal of concrete 
flooring and fittings from the tunnel section to be backfilled, placing the foundation 
layer to the tunnel floor, emplacement of blocks and introduction of bentonite pellets to 
fill the space between the blocks and the tunnel walls/ceiling. The logistics of materials 
and machines as well as quality control of the backfilling operation must also fit in with 
the above operations. 
 
After the canister and buffer materials have been emplaced, the boundary of the con-
trolled area is moved so that the deposition tunnel becomes part of the uncontrolled area 
(regarding radiation protection) for the duration of the backfill operation. The move 
does not affect nuclear safeguards. 
 
The concrete flooring of the tunnel is removed from the section that will be backfilled. 
It is done by chiselling the concrete casting at the cutting joints that have no steel rein-
forcements. The crushed rock material on the floor, ventilation channels, lamps, elec-
tricity supply bus bars as well as water and compressed air pipes are dismantled and 
taken away from the tunnel section to be backfilled. The tunnel roof and walls are 
scaled and cleaned—for example, using a vacuum cleaner similar to the one planned for 
use in connection with the deposition hole boring (Autio & Kirkkomäki 1996a and 
1996b). Occupational safety aspects may restrict the removal of different support struc-
tures from the deposition tunnels. At least the ends of the rock bolts will be left in place 
(Saanio et al. 2012). 
 
The floor of the deposition tunnel must be straight and even enough and have the re-
quired load-bearing capacity to allow the stacking the backfill blocks in the deposition 
tunnel with the desired accuracy. The floor must not have any permanent water-
conducting zones after the deposition tunnel is sealed off and the backfill is saturated. In 
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the basic case, the tunnel is backfilled in five-metre sections. In dry conditions, the floor 
may be laid in longer sections. (Saanio et al. 2012) 
 
Material of the foundation layer is coarse-grained raw bentonite, or bentonite granules 
(Keto et al. 2012). The material is compacted on the deposition tunnel floor with a vi-
brating roller equipped with automatic monitoring of the degree of compaction. The 
minimum thickness of the foundation layer required is 150 mm (the top of the levelling 
layer is 150–550 mm above the theoretical excavation surface). The maximum thickness 
of the layer depends on the degree of over-excavation (the actual volume of the tunnel 
compared with the theoretical excavation volume) and the proportion of over-
excavation present in the floor. The assumption is that the maximum thickness of the 
layer is 550 mm and the average thickness is 350 mm. The material will be installed and 
compacted in 1–4 layers. The laying of the floor foundation layer is expected to take 
about one working shift for each five-metre section. A mixture (50:50) of bentonite and 
crushed rock as well as bentonite pellets have also been tested as alternative material 
choice. (Saanio et al. 2012) 
 
Installation of the backfill material into the deposition tunnel 
 
The main components of the backfill are shown in Figure 49. They consist of backfill 
blocks, the foundation layer and pellets. 
 

 
 
Figure 49. Main components of the backfill of deposition tunnels. The inner dashed line 
denotes the theoretical excavation profile of the tunnel, while the outer dashed line 
shows the excavation tolerances. (Keto et al. 2012). Original picture courtesy of 
Piirtopalvelu Raunio. 
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The backfill blocks will be installed using a robotic method. Table 5 shows the dimen-
sions and mass of the backfill blocks and their variation. The backfill blocks will be 
made of swelling clay (e.g. Friedland clay) using the uniaxial compression method. Ta-
ble 5 shows the dimensions and weights of backfill blocks. The variation ranges are 
created by the production tolerance of the backfill block dimensions (-1/+2 mm), the 
variation range of dry density (+/-40 kg/m3) and the variation range of water content 
(+/-0.5 %). The main dimensions of the backfill blocks are also shown in Figure 50. 
(Keto et al. 2012). The finished blocks will be stacked in transport packages at the place 
of their production. The blocks in their transport package are transported to the disposal 
level by trucks and offloaded in the central tunnel or in an adjacent deposition tunnel for 
interim storage. 
 
Table 5. Dimensions of backfill blocks and their variation ranges (Keto et al. 2012). 
 

  Minimum Average Maximum

Volume (m3) 0.0847 0.0853 0.0865 

Dry density (kg/m3) 1,990 2,030 2,070 
Dry weight (kg) 169 173 179 
Water content (%) 8.5 9 9.5 
Weight including water (kg) 183 189 196 

 
 

 
 
Figure 50. Main dimensions of the backfill block (Keto et al. 2012). 
 
The transportation package into which the backfill block has been packed during its 
production is moved from the central tunnel to the end of the deposition tunnel using a 
trailer combination. At that stage, the blocks are mechanically unloaded from the 
transport packages and moved behind the robot on a platform. The robot grips the block 
from the platform with a suction cup and transfers it to the desired location (Figure 51). 
The blocks are stagged on top of each others so that no direct gaps from floor to ceiling 
are formed between them. The installation of one block takes less than a minute. There 
are about 720 blocks in each five-metre section, so their installation will take approxi-
mately 8 to 10 hours. (Keto et al. 2012) 
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Figure 51. Backfill block installation device at work. The same device can also be used 
for installing pellets. 
 
The space between the backfill blocks and the deposition tunnel walls and roof is filled 
up with bentonite pellets. After installation, the dry density of pellet filling will be about 
0.9–1.1 t/m3 (Wimelius & Pusch 2008). The pellets can be installed using dry spraying 
techniques: for example, with the same device that is used for installing blocks (Keto et 
al. 2012). Water must be sprayed simultaneously from the adjacent nozzle to increase 
the water content by about 10 % (Saanio et al. 2012). This will significantly reduce the 
generation of dust otherwise inherent with the installation process. According to the 
tests carried out at the Äspö rock laboratory, the pellets can be installed at a rate of 
about 5m3/h (Wimelius & Pusch 2008). 
 
The final density achieved in the deposition tunnel depends on the extent of the tunnel 
that can be filled with pre-compacted blocks and what is the proportion of pellets and 
foundation layers materials of the total volume. Taking into account the masses of 
blocks (Friedland clay), pellets and foundation layer material, the average dry density of 
the completed backfill will be about 1,760 kg/m3 (Keto et al. 2012) (when the degree of 
over-excavation is 18–19 % compared with the theoretical cross-section of the tunnel).  
 
After the deposition tunnel has been backfilled, care must be taken to ensure that the 
blocks remain stable and that the water leaks through the block wall are collected by 
pumping (Saanio et al. 2012). There should not be any loose zones with better water 
conductivity than specified between the block filling and the tunnel walls/ceiling. As the 
density of bentonite pellets is insufficient immediately after installation, the backfill 
blocks must swell, as a result of saturation, by an estimated 5–12 % while simultaneous-
ly compacting the pellet backfill. (Keto et al. 2012) 
 
The assumption is made in the operating plan for the disposal facility that each tunnel 
will be backfilled in turns with installing the buffer so that first four canisters are em-
placed with their buffers, after which a section of about 40 metres of the tunnel is back-
filled. The speed of the backfill operation will be about 5 metres per day, including the 
placement of foundation layer, installation of blocks and pellets and the related quality 
control. (Saanio et al. 2012) 
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Posiva's reference backfill block material is Friedland clay with an average content of 
swelling materials of about 30 %. However, it has been found that alternatives for the 
Friedland clay must be assessed for reasons of reliability of supply. They must also 
comply with the requirements set out for backfill. Friedland clay is estimated to meet all 
the requirements set for it if the filling rate with blocks is about 70 % or more (Keto et 
al. 2012). 
 
The quality assurance of the deposition tunnel backfilling process includes, among other 
things, measurements of density and water content from the compacted foundation lay-
er, the measurement of actual tunnel dimensions, weighing and recording the masses 
brought to the tunnel, as well as calculation of the average density on the basis of this 
information. In addition, the integrity, location and number of blocks in the wall of 
blocks must be checked at installation. (Saanio et al. 2012) 
 
Closing the deposition tunnel 
 
After the deposition tunnel has been totally backfilled, a plug structure is constructed at 
its connection to the central tunnel. In addition to steel-reinforced concrete parts, the 
plug also has a sealing layer and a filtering layer, both of bentonite in Posiva reference 
design. During the operating phase, the plug will constitute a water- and pressure-
resistant structure that prevents the deposition tunnel backfill material from entering the 
central tunnel while at the same time maintaining the water pressure inside the deposi-
tion tunnel. The chemical composition of the plug must not significantly impair the per-
formance of the backfill material or the buffer. The construction of deposition tunnel 
plugs is shown in Figure 52. The concrete used for the plug has a low pH value, and it 
must be watertight after installation. The angled slot of the deposition tunnel plug can 
either be produced by sawing, hydraulic cracking or careful excavation. 
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Figure 52. Structure of the plug to be constructed at the mouth of the deposition tunnel, 
first seen from the top (top left), then from the side (top right) and finally from the front 
(bottom) (Keto et al. 2012). 
 
The plug will be dimensioned to withstand a pressure of 7.5MPa that is made up of the 
hydrostatic pressure of groundwater and the swelling pressure of the backfill material 
(Keto et al. 2012). The stresses exerted on the plug are smaller than the smaller main 
stress present in the bedrock, which means that the plug dimensioning process does not 
have to focus on the stresses caused by the bedrock surrounding the plug or the perma-
nence of the bedrock. The stresses caused by excavation and emplacement are more 
relevant for the bedrock stability. The cross-sectional area of the tunnel will decrease as 
a result of a long-term increase in temperature, resulting in significant additional stress-
es on the plug. The plug is also subjected to horizontal compression forces and a junc-
tion pressure at the concrete-rock interface. 
 
Several alternatives have been analysed in order to investigate the plug shape that would 
be best suited for the purpose. The factors supporting the choice of a wedge-shaped plug 
instead of a dome-shaped plug are the three-axial stress created in it, more efficient 
wedging into the bedrock as the backfill pressure increases, less stringent excavation 
tolerance requirements, the longer travel route for water to pass the plug, and the small-
er quantity of construction materials required. 
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The stresses induced by changes in temperature are best controlled by choosing the right 
value for the distance between the deposition holes and the plug. The stresses induced 
by changes in temperature decrease rapidly as the distance from the deposition hole 
increases. The deposition tunnels will be excavated parallel to the main stresses in the 
bedrock, which is why they do not always join the central tunnel at a perpendicular an-
gle. The smaller the angle between the deposition tunnel and the central tunnel, the fur-
ther away from the central tunnel the plug will be located. 
 
4.1.6 Implementation in stages 
 
The disposal operations will begin around 2020, and the current opinion is that they will 
end in the 2110s. The implementation of disposal operations in stages will be taken into 
account when designing the layout of repository. The investments can be divided over a 
longer period of time by constructing the repository in stages. This approach also reduc-
es the number of underground openings remaining open at any one time, which in turn 
affects the volumes of inflow water entering the facilities and the ventilation require-
ments. The implementation of the disposal facility in stages is explained in more detail 
in a working report by Kirkkomäki (2012).  
 
When planning the implementation of facilities in stages, care must be taken not to al-
low the excavation work to disturb other activities in the disposal facility. When the 
deposition tunnel being excavated is located by the same central tunnel as the deposition 
tunnel where disposal operations are in progress, the distance between the mouths of 
these two tunnels in the central tunnel must be at least 100 metres, for both technical 
and safety reasons. A minimum protective distance of 50 metres must be left from all 
installed disposal canisters due to excavation-induced vibration. (Kirkkomäki 2012) 
 
The first construction phase of the disposal facility following the ONKALO construc-
tion phase must be completed before disposal operations commence. This phase is 
called the preparation phase for construction and excavation of the disposal facility. 
This phase involves completing the canister shaft and the second exhaust air shaft (no 2) 
together with the shaft connections required for their construction from the access tun-
nel, the canister receiving and loading stations at the technical rooms and the disposal 
and central tunnels required for the first disposal phase. The shafts are excavated by 
raise boring in several parts, utilising the shaft connections established from the access 
tunnel to the shaft. The assumption is that the shafts, shaft connections and the canister 
receiving and loading stations will be excavated in parallel to the excavation work tak-
ing place at the disposal level. Therefore, the factor determining the total duration of the 
preparatory phase will be the speed at which the central and deposition tunnels are ex-
cavated. The maximum excavation rate of the deposition tunnels has been estimated to 
be 100 metres per month. The average excavation rate of the central tunnels has been 
estimated to be 165 metres per month. This assumes that excavation work is carried out 
in two shifts. Both estimates are based on the excavation experience gained in 
ONKALO. (Saanio et al. 2012) 
 
During the operating phase of the disposal facility, the facilities will be further expand-
ed. Continuous excavation of deposition tunnels was chosen as the basis of the plan for 
construction in stages. This means that the deposition tunnels will be excavated as re-
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quired by the progress of disposal operations. In contrast, the central tunnel network 
will be excavated in campaigns. The exception to this will be situations where disposal 
moves to a new deposition panel; in these cases, the first deposition tunnels will be ex-
cavated in parallel with excavating the central tunnels.  
 
Figure 53 shows how the excavation of disposal facility progresses at ten-year intervals. 
After the first disposal area (a), the repository will be expanded north and north-east of 
the technical rooms (b–g). After that, excavation continues on the western side of tech-
nical rooms, and finally, the repository will be excavated north-west of the technical 
rooms (h–j). According to the plan, the maximum volume of fthe underground openings 
open at any one time will be about 787,000 m3, most of which being part of the uncon-
trolled area. The maximum volumes of controlled and uncontrolled areas during the 
operating phase will be 286,000 m3 and 625,000 m3, respectively. The volumes of dis-
posal facility are shown in Table 6. 
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Figure 53. Disposal facility at the disposal depth a) at the beginning of disposal opera-
tions, b)–i) at ten-year intervals during the disposal operations and j) at the end of dis-
posal operations (Kirkkomäki 2012). 
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Table 6. Excavation volumes of the disposal facility, excluding the volumes of deposi-
tion holes (Saanio et al. 2012). 
 

DISPOSAL FACILITY  

Volume excluding deposition holes (m3)   
- total 1,317,000
- open at any one time, maximum 787,000
- open at any one time, minimum 575,000
- open at any one time, average 739,000
- controlled area, maximum 286,000
- uncontrolled area, maximum 625,000

Tunnel length (m)  
- deposition tunnels 35,000
- central tunnels 7,000

  
All the excavation and construction work is always carried out in the uncontrolled area. 
Canister emplacement operations may continue as usual during construction work, but 
canisters will not be transferred or emplaced during rock blasting operations. 
 
4.1.7 Closure of the disposal facility 
 
At the end of the actual operational phase, the disposal facility will be closed. Part of the 
disposal facility will already be sealed off during the operational phase so that the min-
imum number of underground openings are open at the same time. When the operation-
al phase ends, the auxiliary facilities and deep boreholes will be sealed first, followed by 
other tunnels at the disposal depth and the access routes to the surface, i.e. the access 
tunnel and the shafts will be the last to be sealed. The most important functional re-
quirements in the sealing process are to prevent the creation of flow paths between the 
surface and the disposal facility as well as inadvertent entry to the facilities. (Posiva 
2009). The closure operation includes the tunnel backfill and closure structures, i.e., the 
plugs outside the central tunnels and their end plugs (Saanio et al. 2012). 
 
A schematic illustration of backfilling the access routes to ground level and of the seal-
ing structures is shown in Figure 54. The sealing-off solutions are based on the backfills 
having a similar hydraulic conductivity as the surrounding rock. Higher hydraulic con-
ductivity can be permitted if hydraulically conductive structures can be isolated with 
sealing structures and routes between hydraulically conductive structures can be avoid-
ed. The reference plan for closure is presented in a production line report by Sievänen et 
al. (2012). The closure reference plan presented in the report is based on the geological 
and hydrogeological conditions of the disposal site as well as on assumptions regarding 
the depth of the eventual permafrost.  
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Figure 54. Schematic illustration of sealing the surface access routes (Sievänen et al. 
2012). 
 
Three different types of plug and sealing structures are required for the closure and seal-
ing of the disposal facility (Sievänen et al. 2012): 

1. Mechanical plugs in the repository. Mechanical plugs will be used to support and 
protect the installed deposition tunnel backfill during the operating phase, 

2. Long-term [hydraulic] plugs that prevent hydraulic flows in the disposal facility. 
The plugs consist of several different parts, each having its own functional purpose; 
concrete structures support the backfill and clay core, whereas the clay core re-
stricts the flow of water. The other layers are required for constructing the plug.  

3. Long-term plugs that prevent intrusion into the disposal facility. These permanent 
plugs are used at the top of the access tunnels and shafts. The plugs consist of large 
blocks of rock on which a layer of concrete is cast.  

 
The plan is to backfill the central tunnels, central tunnel connections and vehicle access 
connections between the central tunnels and technical rooms (-420...-455 m) with an in 
situ installation of clay blocks and bentonite pellets. The technical rooms and bottom 
sections of the shafts will be backfilled with crushed rock that issupplemented, as re-
quired, with clay blocks and pellets. The water conducting HZ20 structure in the bed-
rock restricts the closure methods in the access tunnel and shafts. Below this water-
conducting structure, the access tunnel will be backfilled with an in situ installation of a 
mixture of clay and crushed rock. The HZ20 structure will be isolated from the access 
tunnel with long-term hydraulic plugs. Above the water-conducting layer, the access 
tunnel and shafts will be backfilled using a mixture of clay and crushed rock up to a 
depth of -200 m. After that, the shafts and the access tunnel will be backfilled with 
compacted crushed rock all the way to the plugs intended for making access into the 
facility more difficult. (Saanio et al. 2012) 
 
The brief description shown below of the in situ backfill method is based on the method 
tested in large-scale field tests in Äspö where a mixture of bentonite and crushed rock is 
compacted in slanted layers using a vibrating plate. The mixture of bentonite and 
crushed rock will be prepared above ground, after which the mix is transported to the 
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tunnel in a tank vehicle or dump truck designed for use in mining. The mix is spread as 
a slanted layer and then compacted using a vibrating plate on an excavator's arm. A vi-
brating plate with smaller dimensions is used near the ceiling and walls as required. The 
degree of compaction achieved will depend on the material used. When assessing the 
results, the working conditions (such as water leaks and tunnel geometry) must also be 
taken into account, together with variations in the water content of material, which in 
practice has a significant effect on the operability of working methods and the achieved 
density. The in situ backfill method is shown in Figure 55. 
 

 
Figure 55. The in situ method where the tunnels are backfilled by compacting different 
clay mixtures (Sievänen et al. 2012). 
 
Closure begins with the dismantling of structures and systems so that harmful quantities 
of material are not left in the facilities. All structures and systems utilised during the 
operation of the disposal facility will be dismantled. These include concrete slabs as 
well as HVAC1 and electrical systems. It is also technically possible to dismantle fixed 
concrete structures, such as shotcreted layers, if this is deemed appropriate. 
 
The access routes to the ground level can, in principle, develop a direct connection from 
the disposal facility to ground level, and therefore it is important that any potential con-
nections are cut off using a sufficient number of correctly placed sealing structures. The 
plug structures can, for example, be placed on both sides of a tunnel section where the 
tunnel cuts through water-conducting fracture zone. In order to prevent any flows paral-
lel to the tunnels or shafts, the plug structures should be placed in locations that are as 
intact and dry as possible. The plugs are excavated into angled slots to the desired shape 
so that the surrounding bedrock remains sufficiently intact considering the excavation 
work and redistribution of stresses so that the desired plugging effect can be achieved. 
 

                                                 
1 Heating, ventilation and airconditioning   
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The boreholes in the area will be sealed off as part of the process of closing down the 
disposal facility. Different types of bentonite-based solutions have been planned for 
deep and low boreholes' sealing (Pusch & Ramqvist 2008). 
 
Materials to be left in the disposal facility 
 
Estimates have been produced regarding the stray materials to be left in the disposal 
facility after its closure (Hjerpe 2003; Hagros 2007 and Karvonen 2011). In most esti-
mates, the quantities of stray materials are based on the actual results from ONKALO 
and on updated plans regarding excavation, construction, final disposal and closure. 
 
The largest quantities of stray materials to be left behind in the disposal facility are the 
carbonates, iron oxides, pyrite, gypsum and titanium oxides present in the clay material 
used for the backfill, plugs and closure. The cement used for grouting and shotcreting is 
the most abundant single type of material to be left in the disposal facility. Other signif-
icant material residues will include steel and silica. (Karvonen 2011.) 
 
The analyses are used as the basis for assessing the impact of material residues on the 
long-term safety of disposal. It may later prove appropriate to reduce the quantities of 
certain materials. In that case, alternative techniques or methods will be investigated for 
replacing materials deemed harmful. Among other things, the current plans involve re-
inforcing the deposition tunnels with removable steel wire mesh instead of shotcreting. 
(Saanio et al. 2012). The streay materials used in the construction work of ONKALO 
have been documented from the very beginning of the construction work. 
 
4.2 Auxiliary functions 
 
4.2.1 Research activities during the operating phase 
 
During the operating phase, research activities will mainly be concentrated on the bed-
rock of the disposal facility and Olkiluoto site. The long-term monitoring of the bedrock 
already commenced in good time right after the selection of the site for the disposal 
facility was confirmed. The impacts of the ONKALO construction work, as well as 
those of other activities on the soil or bedrockare compared with the base line descrip-
tion obtained from the site investigations. The properties of the bedrock and groundwa-
ter are monitored with different measurements and sampling from the deep boreholes, 
as well as by making accurate observations utilising, for example, satellite positioning 
and the network of micro-seismic stations. 
 
The suitable bedrock volumes for the excavation of the deposition tunnels must be de-
termined. The characteristics of the bedrock are investigated and the suitabilility of the 
bedrock for disposal is classified (RSC) by using criteria developed for the purpose.  
The bedrock characteristics mapped during the tunnel excavation operations will be 
documented. Hence, the locations of canister deposition holes will be selected on the 
criteria. 
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The geological model of the disposal area is maintained on the basis of geological in-
vestigation results, which also produce information for maintaining the documents de-
scribing the fulfilment of safety requirements.  
 
Research activities produce necessary information for the needs of quality assurance 
activities regarding construction and operation. Research is also the vehicle for collec-
tion information for the needs of nuclear non-proliferation control—for example, for 
establishing the fact that the disposal facility does not include any undocumented un-
derground openings.  
 
4.2.2 Procurement 
 
The canister 
 
The procurement of canisters plays a major role in the accrual of operating costs of the 
disposal facility. The strategic procurement alternatives are either the procurement of 
finished canisters from sub-suppliers or the establishment of Posiva's own canister man-
ufacturing plant, either alone or as a joint venture. The alternative also includes the pos-
sibility of procuring a part of the canister components from subconstractors. The basis 
of the current procurement strategy is that the canisters will be bought as  
fullyassembled canisters, relying on at least two suppliers. The canister procurement 
and manufacturing process is presented in a production line report by Raiko et al. 
(2012). 
 
SKB in Sweden is planning to purchase the canister components from subcontractor and 
then machine and inspect them itself. Posiva is studying, jointly with SKB, the alterna-
tives for canister procurement and inspection.  
 
Bentonite buffer 
 
The reference bentonite for buffer blocks is MX-802 sodium bentonite from North 
America, which has also been used in manufacturing tests and material tests. The 
bentonite blocks will either be produced in Posiva's own clay component production 
plant or purchased complete from external suppliers. The reference solution in Facility 
Description 2012 is the production of bentonite blocks in a production plant located in 
Olkiluoto. The raw material of bentonite buffer blocks will be brought to Olkiluoto by 
sea. After offloading at the harbour, the bentonite containers will be stored outdoors 
near the facility area. The bentonite procurement and manufacturing process is present-
ed in the buffer production line report by Juvankoski et al. (2012). 
 
First in the process, the water content of the bentonite material is adjusted to the desired 
level. After that, the material is left in the storage for a while. This ensures that the 
moisture is evenly distributed. The ready bentonite powder is dosed in a flexible mould 
which is then taken to the compression chamber. The reference plan regarding the man-
ufacturing technology is isostatic compression (Juvankoski et al. 2012) where the mate-
rial is compacted into a solid form under a high pressure with the help of a liquid medi-

                                                 
2 trademark 
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um. After the compression, the bentonite block slabs are removed from the moulds and 
machined into their final shape. (Saanio et al. 2012) 
 
In all, about 28,500 bentonite blocks will be required for the final disposal of fuel from 
the LO1-2, OL1-2 and OL3 plant units. A total of some 84,000 tonnes of bentonite 
blocks and pellets will be produced. (Juvankoski et al. 2012) 
 
The manufacturing of bentonite pellets is a well-known technique. The pellets used in 
Posiva's tests were obtained from commercial pellet suppliers. The in-house manufac-
ture of pellets has not been considered. 
 
Backfill blocks 
 
In the reference plan of Facility Description 2012, the backfill blocks are produced in 
the clay component production plant in Olkiluoto. Posiva will probably order the raw 
material from its supplier prior the material is excavated so that the requirements con-
cerning the material properties can be met already during the excavation phase. The raw 
material for backfill blocks will be shipped to the Olkiluoto harbour from where it is 
transported to the component production plant. The backfill block procurement and 
manufacturing process is presented in the Backfill production line report by Keto et al. 
(2012).  
 
Water is mixed with the clay, which is then left in the silo until it has the right moisture 
content. After that, the clay is compacted uniaxially under a pressure of 25–50 MPa. 
The final dimensions of the blocks are defined during the compression stage. The com-
pacted backfill blocks are inspected and packed in watertight transport packages for 
storage. (Keto et al. 2012) 
 
4.2.3  Controlling the disposal facility - general principles 
 
The boundary between the controlled and uncontrolled area in the disposal facility is a 
more closely defined concept in the radiation protection sense than in connection with 
the nuclear power plants. In the context of the disposal facility, the issue is mainly that 
of controlling the movements of personnel and being able to measure the radiation dos-
es they are exposed to. 
 
The controlled area at the disposal level consists of part of the technical rooms and the 
network of central tunnels, as well as of those deposition tunnels in the repository where 
fuel canisters are being emplaced. The technical rooms forming a permanent part of the 
controlled area include the receiving and loading station for canisters and bentonite 
blocks, the underground canister storage, the electrical room of the controlled area, the 
lower level of the personnel shaft yard, the rescue chamber of the controlled area as well 
as the rooms for vehicles used in the controlled area. The boundary of the controlled 
area in the central and deposition tunnels will be moved with the progress of the dispos-
al process. The controlled area also includes the repository for low-and intermediate-
level waste by the access tunnel at the depth of -180 m. (Saanio et al. 2012) 
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The l canisters are the only sources of radiation in the disposal facility. This means that 
the spent fuel canister's transfer route constitutes an area where people and their move-
ments are registered and their radiation doses are measured. In practice, an area like this 
is separated as a closed, controlled area, accessed via one checkpoint, the shoe bounda-
ry. The shoe boundary is located in the hoist building (Saanio et al. 2012). The canisters 
emit direct radiation, mainly gamma radiation, and also some neutron radiation but no 
alpha or beta particles. Therefore, having separate ventilation systems for the uncon-
trolled and controlled areas serves no practical purpose regarding radiation protection 
under normal operating conditions. The controlled area is necessary in an accident situa-
tion because it must be possible to isolate the area and prevent any spread of activity 
(Saanio et al. 2012). Exposure to radon is controlled by monitoring radon contents and 
adjusting ventilation everywhere in the disposal facility. 
 
Separate power supply lines are not foreseen for the controlled and uncontrolled areas. 
The sewage/drainage system will not be partitioned. The controlled and uncontrolled 
areas share the same floor drainage system. However, for reasons pertaining to fire 
compartmentalisation, the central tunnel drainage cannot be arranged using open chan-
nels. Instead, the inflow waters have to be collected into pipes, and the floor drains must 
have drain traps. 
 
Ventilation of the controlled area is separated from the ventilation of the uncontrolled 
area in order to ensure that the handling and installation conditions of fuel canisters re-
main uncontaminated. The radioactivity of exhaust air in the controlled area is meas-
ured, although in normal operation conditions it is not filtered. The boundary of the con-
trolled area in the ventilation channel is moved with the progress of the disposal opera-
tions. The controlled area is separated by walls at its boundary. The boundary is moved 
by changing the locking key status of doors. 
 
The purpose of access control is to keep track of who enters the controlled and uncon-
trolled areas and who is working in the disposal facility at any given moment.  
 
Guarding and surveillance of the disposal facility are centralised in the hoist building. 
This guard room is manned at all times, so it is the logical point for controlling access to 
the controlled area of the disposal facility. The disposal facility itself does not need an 
additional access control point because the access to the controlled area is through the 
personnel hoist from the hoist building. Therefore, the access to the two different areas 
is already separated at the ground level, and the personnel hoist has dedicated compart-
ments for the controlled and uncontrolled areas. 
 
Access to the uncontrolled area is also through the access tunnel in addition to the per-
sonnel shaft. There are no radiation protection-related reasons for controlling access to 
the uncontrolled area. There is no normally available access route from the uncontrolled 
area to the controlled area in the disposal facility; such a route is only available in emer-
gency situations. However, it is possible to establish an access point in the technical 
rooms between the controlled and uncontrolled area where the crossing of the boundary 
between the two areas is possible. (Saanio et al. 2012) 
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In order to enable the measurement of radiation doses received by personnel: 
- the personnel must enter and leave the controlled area through the same access 

point. 
- radiation dosimeters must be carried on at all times when working in the controlled 

area.  
- In the case of a group of visitors, at least one person must carry a dosimeter. 

The group must also have a host who ensures that the group stays together. 
- It must be checked that every person entering the controlled area also returns from 

there. 
- The radiation dose received by radiation workers must be registered and recorded 

at regular intervals. 
 

4.2.4 Nuclear material safeguards 
 
The use of nuclear energy in compliance with the Nuclear Energy Act (11.12.1987/990) 
is conditional to ensuring the implementation of nuclear material safeguards, the safety 
of use of nuclear energy and safeguarding it against illegal use, as well as looking after 
nuclear waste management. According to YVL Guide D.1 (draft), the objective of nu-
clear material safeguards is to ensure that nuclear energy is used in compliance with the 
declarations and that the operations do not promote the proliferation of nuclear weap-
ons. Nuclear material safeguards concern nuclear materials and other materials, equip-
ment, installations, data material, agreements and operations, which may be significant 
to the proliferation of nuclear weapons.   
 
The safeguards are based on legislation governing nuclear energy and radiation protec-
tion, the regulations issued pursuant to this legislation, Government decisions taken 
pursuant to nuclear energy legislation as well as on international treaties signed by Fin-
land or inter-governmental agreement arrangements. The national authority responsible 
for regulatory control is STUK. The parties exercising international control include the 
International Atomic Energy Agency IAEA and the European Commission (Euratom).  
 
The nuclear non-proliferation control protocol drawn up in Posiva has been updated to 
cover the transition period upto receiving the construction licence. The construction 
licence application is accompanied with a plan, compliant with section 35 of the Nucle-
ar Energy Decree, regarding the organisation of nuclear material safeguards. The plan 
also describes the nuclear material safeguards during the operating phase.  
 
Nuclear materials accounting 
 
The nuclear materials accounts kept during the operating phase must show the location 
of nuclear materials at the nuclear facilities at all times. The European Commission de-
termines the details of accounting in specific control rules based on basic technical de-
tails. The accounting and reporting of nuclear materials will be administered using a 
spent fuel database developed for the purpose. The needs of nuclear material safeguards 
and the aspects related to nuclear waste accounting and the production of safety anal-
yses are taken into account as the design bases for the data system. The instructions for 
the accounts and reports for which Posiva is responsible are provided in the nuclear ma-



120 
 

terial safeguards manual that will be introduced during the operating licence period at 
the latest.  
 
The initial data for nuclear material accounting is obtained from the nuclear power plant 
operator dispatching the spent fuel. The identification and location details of each fuel 
assembly to be disposed of will be verified and recorded at each spent fuel handling and 
processing stage from the interim spent fuel storages of the NPPs to the deposition hole. 
The encapsulation plant and the disposal facility will probably both constitute their own 
material balance area including storage locations, such as the spent fuel receiving area, 
fuel handling cell, canister storages for disposal canisters and the repository. Up-to-date 
storage maps are maintained of all canister storage locations. The canister storage maps 
show the location of each fuel assembly or canister in the material balance area. The 
identifiers required for the canister storage maps are the assembly number and the canis-
ter ID. Identifiers are also required for the canister storage locations in the different can-
ister storages and the repository (location, deposition tunnel and deposition hole).  
 
Physical stocktaking is performed annually by counting and identifying all lots in the 
material balance area. At the disposal facility, counting and identification takes place in 
the underground canister storage. The disposal canisters already emplaced intothe re-
pository cannot be counted or identified.  
 
Verification of spent fuel 
 
The fuel assemblies and canisters must be identifiable during the different stages of pro-
cessing. The identification will be based on reading fuel assembly identifier and canister 
IDs with a camera. An ID, identifiable with a camera, is engraved and the canister refer-
ence point is marked in the lifting shoulder of the copper lid. Identification of the canis-
ter is primarily based on the ID on the lifting shoulder. The canister could also be identi-
fied using a so-called fingerprint identifier, based either on the visual, eddy current or 
X-ray inspection of the weld.  
 
Before the fuel assemblies are inserted into the canisters, they are subjected to a 
verification measurement performed by authorities for the purpose of ensuring that the 
nuclear material is as reported and that the fuel assembly is intact (complete) for the 
purposes of nuclear material safeguards. The measurement method and the sample size 
have not been decided yet. National and international authorities will have a common 
measuring instrument which operates as automatically as possible. Posiva must provide 
the required conditions for the equipment developed by authorities.  
 
Control at the disposal facility 
 
In Posiva's nuclear waste facility complex, the areas are divided into controlled and un-
controlled areas. The purpose of this arrangement is to ensure the safety of employees 
and reliably measure the radiation doses received by them. In this context, the term con-
trolled area refers to radiation safety. The facility complex is also subject to security 
surveillance and nuclear material safeguards. Separation of the controlled area from 
other disposal facility areas also makes nuclear material safeguards easier. Nuclear ma-
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terial safeguards utilise the information collected at the access points to the controlled 
area.  
 
The safeguards area starts at the controlled area boundary of the hoist building and in-
cludes the personnel shaft and personnel hoist, the controlled area of the encapsulation 
plant, the canister shaft and canister lift, the underground rooms near the bottom of the 
lift shaft, and the central tunnel and the deposition tunnels up to those tunnels where 
disposal operations are in progress. 
 
In the receiving and loading stations on the lower level of the canister lift, the disposal 
canister is taken out of the lift and loaded in the canister transfer and installation vehi-
cle. The vehicle is equipped with a recording video camera. The vehicle driver utilises 
the camera for positioning the vehicle over the deposition hole. The video recording is 
stored as evidence of canister emplacement together with the identification and position 
data of the canister. After the emplacement operation, when the vehicle is back at the 
loading station by the lower level of the canister lift, the video recording is downloaded 
and stored in a database. 
 
The disposal facility has video surveillance covering the rooms surrounding the receiv-
ing station on the lower level of the canister lift and the central tunnel all the way to the 
boundary of the controlled area. The permanent video surveillance does not extend to 
the deposition tunnels.  
 
Figure 56 shows the boundaries of the radiation control area and nuclear material safe-
guards area in thedisposal facility during different phases of the disposal operation. Two 
deposition tunnels at the time that are used for the disposal operations are separated 
from both directions, from the controlled area and from the uncontrolled area with parti-
tioning walls in the central tunnel. This wall has a double door. Access through these 
doors is controlled by means of a recording video camera and radiation monitoring gate. 
 
The outer door of the controlled area is kept locked when the canisters are being em-
placed and the deposition holes are being covered with bentonite buffer blocks. One of 
the safeguards verifying that the canister remains emplaced is the radiation monitoring 
gate at the inner door; which detects when the canister vehicle is carrying a canister or 
when not. 
 
After canisters have been emplaced into the deposition holes and the holes have been 
covered with bentonite buffer blocks, the door on the controlled area side is closed and 
the door on the uncontrolled area side is opened for backfilling the tunnel. The radiation 
monitoring gate and the surveillance camera at the boundary of the uncontrolled area 
remain active in order to ensure that emplacedd canisters are not taken outside the con-
trolled area in conjunction with the deposition tunnel backfill operation. 
 
When the two deposition tunnels are completely backfilled and closed, the walls in the 
central tunnel are removed and a new pair of tunnels is deployed for disposal use. 
 
When a canister is emplaced and covered with buffer blocks, the entire operation takes 
place in the radiation control area. The boundary of the controlled area has to be moved 
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back and forth between the two walls with doors (gates 1 and 2) during the process. 
Both doors can be fitted with continuously operating radiation monitoring devices in 
order to ensure that the canister stays within the planned disposal area.  
 
When the canister has been emplaced in a vacant deposition hole and the hole has been 
covered with buffer blocks, the boundary of the radiation control area has to be moved 
to the other wall with a door (gate 1) for the deposition tunnel backfill operation. When 
the tunnel section containing the previous deposition hole has been backfilled, the con-
trolled area door is switched back to gate 2 so that the emplacement of the next canister 
can take place in the controlled area. 
 
When an individual deposition tunnel has been completely backfilled and sealed, the 
partition walls in the central tunnel (gates 1 and 2) are moved one step forward and a 
new deposition tunnel is available for disposal use.  
 
 

 
 
Figure 56. The boundaries of the radiation control area and nuclear material safe-
guards area in the repository during different phases of operation (Saanio et al. 2012).  
 
 
4.2.5 Nuclear waste management at the encapsulation plant 
 
Posiva's activities only produce nuclear waste, i.e., radioactive waste produced by a 
nuclear facility, at the encapsulation plant. Radioactive waste is produced when radioac-
tive elements from the fuel assemblies contaminate the structures and components of the 
plant. During normal operation, radioactive waste is only produced in the fuel handling 
cell, the decontamination unit of the fuel handling cell workshop, the fuel handling cell 
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air conditioning filters and the transport cask transfer corridor in cases where the surface 
of the transport cask is contaminated. 
 
Only minute amounts of radioactive waste may accumulate as a result of washing the 
outside of the spent fuel transport cask because, in practice, only the radiation shield of 
the transport cask may become contaminated while in the fuel handling cell. Similarly, 
small amounts of radioactive waste may be produced when cleaning the canister in the 
canister transfer corridor. The filter in the air cooling system of the fuel handling cell 
gradually turns into radioactive waste. 
 
Radioactive waste is produced in the servicing and maintenance operations of the en-
capsulation plant, primarily when dealing with the fuel handling cell, when components 
and systems are repaired and replaced. The repairs and replacements require decontami-
nation and cleaning to be performed, and radioactive waste is produced as a result of 
these operations. A large part of the decontamination and repair work is performed in 
the active workshop located near the encapsulation plant fuel handling cell.  
 
The last phase in the life cycle of the encapsulation plant that produces radioactive 
waste is its decommissioning. 
 
The principle is that radioactive waste is not stored at the encapsulation plant for long 
periods. Radioactive waste in liquid form will be solidified by drying into metal drums 
before disposal. Solid low-and intermediate-level waste is processed and packed before 
final disposal. Any high-level waste possibly falling off fuel assemblies is to be placed 
in vacant positions in the canisters and emplaced together with the spent fuel.  
 
The repository for low- and intermediate-level waste will be constructed as part of the 
actual disposal facility. The current plan entails establishing this LILW repository in a 
separate hall located along the access tunnel at a depth of about 180 metres. The radio-
active waste packages will be transported to the repository via the canister shaft. The 
space requirement of the low- and intermediate-level waste repository is about 1,500 m3 
(Paunonen et al. 2012). 
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5 ALTERNATIVE DISPOSAL FACILITY DESIGNS 
 
5.1 Horizontal disposal system design KBS-3H 
 
The horizontal disposal system, or KBS-3H, is an alternative application of the KBS-3 
method for the geological disposal of spent nuclear fuel (Figure 57). The KBS-3H alter-
native deploys a construction different from the basic KBS-3V design, an assembled 
waste package termed “supercontainer”. The supercontainer consists of a perforated 
cylinder made of titanium with a bentonite buffer and copper canister installed inside it. 
The supercontainers are assembled prior to disposal and emplaced, several 
supercontainers in a row, inside deposition drifts with a maximum length of 300 metres, 
which are finally sealed off using purpose-built titanium plugs. The deposition drifts are 
divided into two 150-metre compartments, which are separated from each other by a 
partitioning plug made of titanium.  
 

  

 
 
Figure 57. Basic principles of the KBS-3V (top left) and KBS-3H (in the middle at the 
top) disposal designs and detailed images of a KBS-3H deposition drift (at the bottom) 
and a supercontainer (top right) (Autio et al. 2008). 
 
Bentonite distance blocks isolate the supercontainers from each other in the long deposi-
tion drift. Collectively, the bentonite inside the supercontainer and in the distance blocks 
forms the buffer structure. Furthermore, backfill plugs may be used in those sections of 
the deposition drift, which do not fulfil the requirements for safe disposal (e.g. excessive 
flow rate of groundwater seeping into the deposition drift).  
 
The general plan of a KBS-3H disposal facility is shown in Figure 58. The filled and 
sealed disposal canister is brought to the reloading station either along the canister shaft 
or the access tunnel for the final assembly of the supercontainer. After that, the 



126 
 

supercontainer is taken to the deposition niche where the disposal equipment, deposition 
machine and transport shielding tube are located. 
 

 
 
Figure 58. General view of KBS-3H (at the top), reloading station (on the right) and the 
disposal area: central tunnel, deposition niches and deposition drifts (on the left). The 
distance between deposition drifts is 25 m. (Autio et al. 2008) 
 
Generally speaking, the differences between KBS-3H and KBS-3V are not that big. The 
same official requirements apply to both disposal alternatives, and the decisions-in-
principle allow both alternatives. In both solutions, the engineered barrier system is 
based on mechanically and chemically stable bedrock, a canister having a long service 
life and a buffer that together ensure long-term protection against detrimental mechani-
cal, hydraulic and chemical impacts. The migration of radionuclides released as a con-
sequence of the possible failure of the canister will be slowed down by both the buffer 
and the bedrock. The factors limiting the release of radionuclides also include the stable 
fuel matrix and the low solubility of many radionuclides in the chemical conditions ex-
pected to prevail inside a damaged canister. 
 
In spite of their similarities, the alternative solutions differ significantly with respect to 
their construction and operation. The KBS-3H alternative does not use deposition tun-
nels, which is why the tunnel volume to be backfilled is smaller. The differences in can-
ister installation procedures are considerable. Posiva and SKB have both been working 
on a few slightly differing horizontal disposal alternatives.  
 
The supercontainer will be assembled at a canister reloading station located at the dis-
posal depth. The copper canister is brought in a canister lift down to the reloading sta-
tion (Figure 59), where the following operations are to be performed: 
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- preliminary assembly of the supercontainer (shell, bentonite blocks and rings) in-
side the transport shield, 

- placement of the transport shield in a recess below the main floor level of the re-
loading station, 

- transfer of the copper canister with a remote controlled mover from the canister lift 
to the reloading station, 

- transfer of the canisters with a bridge-type crane inside the supercontainer in the 
transport shield, 

- installation of the last bentonite block of the supercontainer and the end piece 
made of perforated metal and welding of the end piece, 

- installation of the radiation protection gate of the transport shield, and 
- transfer of the transfer shield containing the supercontainer from the reloading sta-

tion to the deposition niche for disposal using the deposition machine. 
 
Preliminary assembly of the supercontainer takes place in the reloading station, but out-
side the shielded area. After the assembly, the supercontainer is taken to the shielded 
part of the reloading station where the installation of the copper canister and final as-
sembly take place. (Posiva 2009) 
 

 
 
Figure 59. Canister reloading station (Kirkkomäki & Rönnqvist 2010)). 
 
 
5.2 Expandability  
 
The disposal facility can be expanded when the amount of fuel to be disposed possibly 
increases. The expansion can take place eastwards from the repository described in this 
report, or to different depths. It is technically feasible to expand the disposal facility 
under the sea northwards or southwards if the concept of depositing fuel under the sea-
bed is otherwise deemed acceptable. However, investigating the bedrock under the sea-
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bed through surveys carried out on ground level is more cumbersome. Arranging venti-
lation to the extended underground openings also poses its own challenges. 
 
The disposal facility is located at the approximate level of -420 m. Expansion of the 
disposal facility could be done by extending the facility eastwards at level -420. Exten-
sion of the facility will require geological investigations, characterisation and classifica-
tion of the target area. Expanding the facility to the eastern area will require at least one 
pair of central tunnels to be excavated. Canister transfers, ventilation and other traffic 
connections to the eastern area will require two central tunnels, one of which will be 
part of the controlled area and the other part of the uncontrolled area when canisters are 
being emplaced. If the disposal facility is expanded far enough eastwards, new ventila-
tion shafts may also have to be provided in the eastern area.  
 
The starting points of central tunnels towards the eastern area are located near the tech-
nical rooms so that power supply and other utilities can be routed from the technical 
rooms without excessively long conduits. The controlled and uncontrolled areas in the 
central tunnels leading to the eastern area can be changed just as in the other central 
tunnel pairs. (Kirkkomäki 2009a) 
 
In principle, it is also possible to expand the disposal facility downwards. However, this 
solution would require analysing the impacts of increasing bedrock stress and ground-
water salinity on the repository. 
 
The disposal facility has been designed so that canisters can be deposited at two differ-
ent depths. Disposal will begin at a depth of about 420 metres, but a lower level can 
later be deployed if required—for example, at a depth of 520 metres. In that case, the 
access tunnel and shafts will be extended to the lower level. Maintenance tunnels will 
be excavated at the bottom of the shafts. This allows extending the shafts and lifts dur-
ing the operating phase without disturbing other activities in the technical rooms if the 
two-level solution is deployed. (Kirkkomäki 2009b) 
 
In the two-level alternative, a separate canister receiving station can be built at the lower 
level, or the canisters can be lowered by lift to the technical rooms at the upper level and 
transported via the access tunnel to the lower level. In such a case, the part of the access 
tunnel leading from the technical rooms to the lower level will be annexed as part of the 
controlled area for the duration of the transport. (Kirkkomäki 2009a) 
 
The order and schedule of filling the different levels of the two-level solution being 
considered as an alternative must be analysed during the planning process because 
scheduling will affect the thermal interaction between the levels. The two levels will 
heat each other, increasing the canister temperature, which is in any event a critical pa-
rameter for dimensioning. If decades have elapsed since disposal operations began at 
the first level before they begin at the lower level, the bedrock at the latter level has al-
ready had time to heat up so that the maximum temperature of canisters would, if the 
same distances between deposition holes were used, rise several degrees higher 20 years 
after their disposal. This increase, together with the natural increase of 1.5 degrees due 
to the additional depth of 100 metres, must be compensated for at the later deployed 
level by increasing the distances between canisters. 
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The increase in the maximum temperatures of the canisters deposited at the later de-
ployed level will depend on the scheduling of operations as shown in Table 7. In other 
words, it will depend on how much later the second level is deployed at the same hori-
zontal location. The table also indicates the required increases in distances between can-
isters in order to compensate for the increased heating effect. In practice, the two-level 
solution would have to be implemented so that the two layers in the same horizontal 
location are deployed as simultaneously as practicable because compensating for the 
additional heating effect by increasing the distances between canisters will substantially 
increase the cost of excavation and backfilling the tunnels. (Saanio et al. 2012) 
 
Table 7. The degree of temperature increase in the second level at the time the canister 
temperature peaks out (20 years from its disposal) in the two-level solution as a func-
tion of the time elapsed between disposals at the two levels. The total increase in tem-
perature will be another 1.5 °C bigger as a result of the higher natural temperature at 
the deeper level. The increase in canister distances at the lower level, required for com-
pensating for the increased heating effect, was estimated on the basis of Figure 43 in 
the report by Ikonen (2003). 
 
Time differential 
(y) 

Increase in temperature 
(°C) 

Increase in canister distances 
(m) 

0 0.1+1.5=1.6 0.7 
10 0.9+1.5=2.4 1.1 
20 2.0+1.5=3.5 1.8 
30 3.2+1.5=4.7 2.6 
40 4.7+1.5=6.2 4 
50 6.1+1.5=7.6 5 
 
 
5.3 Factors affecting the overall schedule of disposal operations 
 
The underlying factor having the biggest impact on the time schedule of disposal opera-
tions is the service life of nuclear power plants and possible new NPP unit investments. 
The planned service life of OL3 is 60 years, which means that the operation of the plant 
unit would end in 2073. After that, the fuel must have time to cool down sufficiently 
before disposal.  
 
In addition to the service life of nuclear power plants, the burnup of fuel also has a ma-
jor impact on the disposal schedule. The higher the discharge burnup, the longer the 
minimum cooling time for fuel assemblies in order to keep the radiation and residual 
decay heat at reasonable levels. The longer cooling time means that the time schedule 
for disposal operations is prolonged, with the annual volume of disposed of fuel de-
creasing correspondingly. 
 
It has been suggested, as an alternative to extending the schedules, that the thermal 
power of canisters is reduced by reducing the number of fuel assemblies placed in each 
canister. This would increase the canister costs as more canisters would be required, but 
the time schedule of disposal operations could be somewhat shortened. 
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If the operation of the disposal facility is to be conducted in phases (by suspending op-
erations for a certain period of time), the best time for such a suspension would be in the 
2060s. The disposal facility could also be overhauled/modernised at that time. At that 
time, all spent fuel from the Loviisa power plant will have been disposed of, but the fuel 
from OL3 will still need cooling in the interim storage, and its disposal cannot com-
mence. After the possible suspension of operations and the required cooling time, all 
remaining spent fuel from the Olkiluoto plant units can be disposed of at an increased 
efficiency compared to the situation where the facility is kept in continuous operation.  
 
5.4 Alternative transport methods for spent fuel from the Loviisa power 

plant 
 
The transport of fuel by rail or by sea are alternatives to road transport.  
 
The route for the train transportation option would consist of a railroad section and road 
sections between Loviisa and Olkiluoto. Transportation from the power plant to the rail-
road and from the railroad to the encapsulation plant requires the same equipment, es-
cort and security measures as road transportation.  
 
Spent nuclear fuel can also be transported from Loviisa to Olkiluoto by sea (Figure 60). 
Two optional routes have been considered in the Gulf of Finland. An alternative to the 
route through the archipelago is a route around the Åland Islands. The port of departure 
is the Valko Harbour in Loviisa, or possibly a new harbour to be built in the Loviisa 
power plant site. The destination port would be either Rauma or the harbour of 
Olkiluoto. The use of Olkiluoto harbour requires that it is reconditioned. The route for 
the sea transportation option also consists of a combination of different forms of trans-
portation because of connecting traffic (road-sea-road). (Suolanen & Rossi 2012) 
 

 
 
Figure 60. Optional routes considered for the sea transport of spent nuclear fuel from 
Loviisa to Olkiluoto (shown in black on the map).  
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Sea transportation can be implemented using a ship such as M/S Sigyn owned by SKB, 
the company responsible for nuclear waste management in Sweden. M/S Sigyn has been 
built for nuclear waste transportation. SKB has also ordered a new vessel, m/s Sigrid, 
for its nuclear waste transports. She is scheduled for completion in 2013. (Koskivirta 
2012) 
 
5.5 Retrieveability during operation and after closing the disposal 

facility 
 
The disposal facility has been designed so that disposal will not cause any encumbranc-
es on future generations. Retrieval of the canisters from the repository to ground level is 
possible at every stage of the project. The plan for the disposal facility contains features 
that make it easier to subsequently retrieve the canisters. The spent nuclear fuel will be 
encapsulated in copper canisters with an iron insert. This makes the canisters mechani-
cally strong and gives them a very long service life. The disposal facility will be con-
structed by excavation into rock, which, according to experience, makes it very long-
lasting, and the subsequent opening of the facilities will be technically possible (Saanio 
& Raiko 1999). 
 
The retrieval of canisters has been successfully tested at the Äspö rock laboratory in 
Sweden (Nirvin 2007). 
 
The retrieval techniques used in three different situations are described below. All other 
situations during the life cycle of canisters and repository can be derived from these 
situations, and the retrieval technique will correspond to one of the techniques de-
scribed. 
 
Retrieval before sealing the deposition hole 
 
Consider a situation where the canister is in the process of being transported to the dep-
osition hole, and it is in the canister lift or at the lower level in the canister transfer and 
installation vehicle. The canister may also have already been lowered into the deposi-
tion hole and the gripping mechanism has let go of the canister when it is discovered, 
for example, that the hole is unfit for the purpose or the bentonite in the hole has not 
been correctly inserted. The assumption in this situation is that the bentonite in the hole 
has not swollen yet or attached to the canister. 
 
If the decision is taken to return the canister to ground level before closing the deposi-
tion hole, the canister is transported on the canister transfer and installation vehicle to 
the lift in the canister shaft and lifted back to the encapsulation plant. The steps in re-
trieving the canister are the same as those for installing it, but they are done in the re-
verse order. The fuel assemblies can be installed in another canister or fuel transfer con-
tainer in the fuel handling cell of the encapsulation plant. (Saanio et al. 2012) 
 
Retrieval after sealing the deposition tunnel 
 
During the operating phase of the facilities, the deposition tunnels are filled and disposal 
canisters are deposited in the deposition holes starting from the end of the tunnel. When 
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all canisters destined for a certain deposition tunnel have been emplaced and the tunnel 
has been backfilled, a plug structure of reinforced concrete is built at its mouth. The 
operating phase of the facilities will continue for a long time after the first tunnel has 
been sealed—up to about 100 years. This means that the facilities are in operation and 
the central tunnel remains open. 
 
If the decision to retrieve the canisters is taken during the operating phase of the facili-
ties after some deposition tunnels have already been sealed, the retrieval operation will 
involve opening the deposition tunnels, opening the deposition holes and removing the 
canisters. The concrete sealing structure at the mouth of the deposition tunnel is demol-
ished after which the operation of emptying the tunnel progresses in steps by only re-
moving the backfill material one deposition hole distance at a time. After that, the hole 
is opened and the disposal canister removed. Then the operation continues with the re-
moval of backfill material up to the next deposition hole, and so on. 
 
Methods commonly used for demolishing concrete structures, such as hydraulic chisel-
ling, can be used for dismantling the sealing structure. The tunnel backfill material will 
be removed using conventional excavators. The activity of air and backfill material will 
be constantly monitored while the deposition tunnel is being opened up. A technique 
based on dissolving by salt water, for example, can be used for removing the bentonite 
from deposition holes. The canister is lifted up from the hole using the same canister 
transfer and installation vehicle as it was emplaced with, and lifted to the encapsulation 
plant in the lift. 
 
Retrieval after closing all facilities 
 
When all canisters have been disposed of, the tunnels and shafts are backfilled and 
sealed. Sealing structures of steel-reinforced concrete are built at the bottom and top 
ends of the routes to ground level. 
 
If required, the canisters can be retrieved to ground level even after the disposal facility 
has been sealed. A plant will be constructed above ground for processing the canisters. 
The disposal facility is opened up by using mostly the same methods that were used 
when constructing them. Instead of excavating the facilities, the shafts and tunnels are 
now opened by excavating the backfill material and removing it and by dismantling the 
constructed sealing structures. The access tunnel, shafts and central tunnels are dug 
open, after which the necessary structures are constructed and necessary systems are 
installed. The structures and systems correspond to those used when the disposal opera-
tions were in progress. When the facility has been completed, the deposition tunnels are 
opened and disposal canisters removed using the same techniques that would be used if 
the canisters were retrieved during the operating phase of the facility. When the canis-
ters have been brought back to ground level, they can be inserted in radiation shields 
suitable for road transport and taken to the desired location for further processing. Al-
ternatively, the canisters can be opened and the fuel assemblies moved one by one to 
transport casks. The transport casks can be similar to those used for transporting fuel 
from power plants to the disposal site. 
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6 SUMMARY 
 
The responsibility for nuclear waste management lies with the nuclear power compa-
nies, who must take care of the measures associated with the management of the nuclear 
waste they have generated, and bear the costs of these measures. According to the Finn-
ish Nuclear Energy Act, all nuclear waste must be treated, stored and disposed of within 
Finnish borders, and no nuclear waste from other countries shall be imported into Fin-
land. Teollisuuden Voima Oyj and Fortum Power and Heat Oy established Posiva Oy in 
order to take care of the research and practical measures relating to the final disposal of 
spent nuclear fuel generated in their nuclear power plants.  
 
Before the disposal of spent nuclear fuel can commence, three different decisions of 
licences compliant with the Nuclear Energy Act are required: the decision-in-principle, 
the construction licence and the operating licence. In addition, permits and procedures 
other than those prescribed in the Nuclear Energy Act are required, including an 
amendment of the local plan and municipal building permits. The construction licence 
application for the encapsulation plant and the disposal facility was submitted in 2012, 
and the operating licence application will be submitted after the construction phase. The 
intention is to start disposal operations in the early 2020s after obtaining the operating 
licence. 
 
The operating phase of disposal operations is currently expected to last for about 100 
years. The most important factor affecting the final disposal schedule is the lengthy 
cooling-down period of the fuel. The fuel has to be cooled down for several decades 
before final disposal. The possible completion of new power plant units would not sig-
nificantly affect the final disposal schedule, as their spent nuclear fuel could be disposed 
of simultaneously with the fuel from OL3. There is a valid decision-in-principle regard-
ing the final disposal of the spent nuclear fuel from the sixth nuclear power plant unit 
(OL4). 
 
The most important factor in final disposal of spent nuclear fuel is the safety of the solu-
tion. Final disposal must not pose a threat to people or the environment. The suitability 
of the Olkiluoto bedrock for final disposal and the functioning of the technical solution 
are demonstrated with a so-called safety case. The Safety Case consists of a group of 
separate reports presenting the starting points of the safety assessment, the models and 
initial data used, the assessment methods, the assessment results, and related insecurities 
and conclusions of the safety inspections and their reliability. The Safety Case is part of 
the construction licence application. 
 
The disposal facility is located in Olkiluoto, Eurajoki, and the final disposal will be im-
plemented using the KBS-3 concept. Final disposal is based on long-term isolation and 
on several release barriers complementing each other. The multiple release barriers are 
used to ensure that no nuclear waste will be released into living nature or become acces-
sible to people. Any defect in one barrier or a predictable geological or other event will 
not compromise the performance of the isolation system. The release barriers include 
the canister, bentonite buffer, deposition tunnel backfill and intact bedrock around the 
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repository. Furthermore, the state of the spent nuclear fuel will restrict the release of 
radionuclides. 
 
Spent nuclear fuel is currently stored in interim storages for spent nuclear fuel at the 
Fortum plant site in Hästholmen, Loviisa, and at the TVO plant site in Olkiluoto, 
Eurajoki. The plan is that the spent nuclear fuel from Loviisa will be transported to 
Olkiluoto by road; however, railway and sea transport and their combinations have also 
been considered as alternative transport methods. The fuel is transported from the nu-
clear power plants to the encapsulation plant in special-purpose casks as special 
transport.  
 
Spent nuclear fuel is received and packed in canisters at the encapsulation plant. After 
encapsulation, the canisters are transported down to the disposal facility in a canister 
lift. The canisters are emplaced in bentonite-lined vertical holes, after which the deposi-
tion tunnel is backfilled. The disposal facility will be excavated in stages as the operat-
ing phase progresses. At the end of the actual operational phase, the facilities, shafts and 
access tunnel will be closed and sealed. 
 
Even though the spent nuclear fuel is deposited deep inside the bedrock and the disposal 
facility is subsequently sealed, the spent nuclear fuel can nevertheless be retrieved back 
to ground level if required. Retrievability will provide future generations with the possi-
bility of assessing the solution on the basis of the knowledge available to them.  
 
The plans for the encapsulation plant and the disposal facility are far advanced, and the 
systems of the nuclear facilities have been described in the construction licence applica-
tion. The ONKALO access tunnel and most of the technical rooms at level -437m have 
been excavated by the end of 2012. During 2012–2015, the work will concentrate on 
designing and manufacturing equipment prototypes, as well as on more detailed design 
of the systems and equipment to be installed in the encapsulation plant and the disposal 
facility equipment in order to provide initial data for the structural design of the encap-
sulation plant, for example. Construction of the encapsulation plant and the disposal 
facility will commence once the construction licence has been obtained.  
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APPENDIX 1: TECHNICAL SPECIFICATIONS 
 
THE POWER PLANTS AND FUEL 

 OL1-2 OL3 LO1-2 Total 

Planned operating life (a) 60 60 50 - 

Forecast accumulation of fuel as-
semblies (pcs) 

14,034 3,816 7,752 25,602 

Corresponding tonnage (tU) 2,460 2,030 950 5,440 

Average burnup of all fuel assem-
blies (MWd/kgU) 

39.5 45.0 40.6 41.7 

Maximum burnup (MWd/kgU) 55 55 57 - 

The required cooling period for fuel 
assemblies (a) 

33 42 30 - 

 
FINAL DISPOSAL 

 OL1-2 OL3 LO1-2 

Year of commencement of disposal 2020 2075 2020 

Year of ending disposal operations 2074 2107 2065 

Duration of the disposal phase (a) 55 33 46 

Number of canisters required (pcs) 1,170 954 646 

Encapsulation capacity (pcs/a) 21 29 14 

 
CANISTERS 

 OL1-2 OL3 LO1-2 

Outside diameter (m) 1.05 1.05 1.05 

Total length (m) 4.75 5.22 3.55 

Total volume (m3) 4.1 4.5 3.0 

Number of assemblies (pcs) 12 4 12 

Amount of fuel (tU) 2.2 2.1 1.4 

Total weight (t) 24.5 29.0 18.8 
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REPOSITORY  

Volume excluding deposition holes (m3)   

total 1,317,000

open at any one time, maximum 787,000

open at any one time, minimum 575,000

open at any one time, average 739,000

controlled area, maximum 286,000

uncontrolled area, maximum 625,000

Tunnel length (m)  

deposition tunnels 35,000

central tunnels 7,000

 
DEPOSITION HOLES AND BENTONITE BLOCKS 

 OL1-2 OL3 LO1-2 

Depth of the deposition hole (m) 7.83 8.28 6.63 
Diameter of the deposition hole 
(m) 

1.75 1.75 1.75 

Outside diameter of the bentonite 
block (m) 

1.65 1.65 1.65 

Diameter of the hole in the buffer 
block (m) 

1.07 1.07 1.07 

Wall thickness of the ring blocks 
adjacent to the canister (m) 

0.29 0.29 0.29 

Bottom blocks (pcs) 1 1 1 

Height of the bottom block (m) 0.5 0.5 0.5 

Side blocks (pcs) 5 6 4 
Height of the side blocks 
adjacent to the canister (m) 

5*0.96  
= 4.80 

6*0.875  
= 5.25 

4*0.90  
= 3.60 

Top blocks (pcs) 4 4 4 

Height of the top blocks (m) 
0.4+2*0.8+0.5 

= 2.50 
0.4+2*0.8+0.5 

= 2.50 
0.4+2*0.8+0.5 

= 2.50 
Total no. of blocks 10 11 9 

Height of the block stack (m) 7.80 8.25 6.60 

 
 




