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ENCAPSULATION PLANT PRELIMINARY DESIGN, PHASE 2 
Repository connected facility 

ABSTRACT

The disposal facility of the spent nuclear fuel will be located in Olkiluoto. The 

encapsulation plant is a part of the disposal facility. In this report, an independent 

encapsulation plant is located above the underground repository. 

In the encapsulation plant, the spent fuel is received and treated for disposal. In the fuel 

handling cell, the spent fuel assemblies are unloaded from the spent fuel transport casks 

and loaded into the disposal canisters. The gas atmosphere of the disposal canister is 

changed, the bolted inner canister lid is closed, and the electron beam welding method is 

used to close the lid of the outer copper canister. The disposal canisters are cleaned and 

transferred into the buffer store after the machining and inspection of the copper lid 

welds. From the buffer store, the disposal canisters are transferred into the repository 

spaces by help of the canister lift. All needed stages of operation are to be performed 

safely without any activity releases or remarkable personnel doses. 

The bentonite block interim storage is associated with the encapsulation plant. The 

bentonite blocks are made from bentonite powder. The bentonite blocks are used as 

buffer material around the disposal canister in the deposition hole.  

The average production rate of the encapsulation plant is 40 canisters per year. The 

nominal maximum production capacity is 100 canisters per year in one shift operation. 

Keywords: Encapsulation plant, disposal of spent nuclear fuel.



LOPPUSIJOITUSTILAAN KYTKETYN KAPSELOINTILAITOKSEN 
ESISUUNNITELMA, VAIHE 2 

TIIVISTELMÄ

Käytetyn ydinpolttoaineen loppusijoituslaitos rakennetaan Olkiluotoon. Kapselointilai-

tos on osa loppusijoituslaitosta. Tässä raportissa itsenäinen kapselointilaitos sijaitsee 

maanalaisten loppusijoitustilojen yläpuolella. 

Käytetty ydinpolttoaine vastaanotetaan ja käsitellään loppusijoitusta varten kapselointi-

laitoksella. Polttoaineniput puretaan polttoaineen kuljetussäiliöistä ja sijoitetaan loppusi-

joituskapseleihin. Loppusijoituskapselin kaasuatmosfääri vaihdetaan, kapselin pultattu 

sisäkansi suljetaan ja kuparisen ulkokapselin kansi hitsataan kiinni elektronisuihkuhit-

sauksella. Hitsin koneistuksen ja tarkistuksen jälkeen kapseli puhdistetaan ja siirretään 

puskurivarastoon odottamaan siirtoa loppusijoitustilaan. Polttoainekapselit siirretään 

kapselihissillä loppusijoitustilaan. Edellä esitetyt työvaiheet tehdään turvallisesti ilman 

päästöjä ja merkittäviä henkilöstöannoksia. 

Kapselointilaitoksen yhteyteen tulee bentoniittilohkojen välivarasto. Bentoniittilohkot 

valmistetaan bentoniittijauheesta ja lohkot toimivat loppusijoitusreikien eristemate-

riaalina.

Kapselointilaitoksen keskimääräinen tuotantoteho on 40 kapselia vuodessa. Suurin ni-

mellinen tuotantokapasiteetti on 100 kapselia vuodessa yksivuorotyöskentelyssä. 

Avainsanat: Kapselointilaitos, käytetyn ydinpolttoaineen loppusijoitus. 
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1 INTRODUCTION 

This report is updated version of the previous encapsulation description (Kukkola 

2002). Several detailed designs have been made since preceding design. These have 

been taken into account in this report. Mr. Paul-Erik Rönnqvist has continued as the 

designer in charge.

1.1 Plant location 

The disposal facility of the spent nuclear fuel will be located in Olkiluoto where ready 

infrastructure exists. The encapsulation plant is a part of the disposal facility, and, in 

this case, the encapsulation plant is an independent facility in the disposal site area, 

Figure 1.

Figure 1. Above ground disposal site area.

1.2 Spent fuel encapsulation 

The spent nuclear fuel is transferred from the operating nuclear power plants to the 

interim spent fuel stores at the plant sites in Loviisa and in Olkiluoto. The spent fuel is 

stored from 20 to 50 years. After storage, the spent fuel is transported to the 

encapsulation plant, which is located at the ground level in the disposal site area. The 

fuel assemblies are closed into fuel canisters, which are transferred into the repository at 

a depth of 500 meters in the bedrock. The fuel canisters are disposed of into deposition 

holes, which are lined with bentonite blocks. Finally, the repository spaces are closed 

permanently by filling the tunnels. 
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In the encapsulation plant, the spent fuel is received and treated for disposal. The fuel 

assemblies are lifted from the spent fuel transport casks and inserted into fuel canisters. 

The gas atmosphere of the canister void is changed to an inert gas, the inner canister lid 

is fastened and the outer canister’s copper lid is closed by electron beam (EB) welding. 

After the weld surface is machined, cleaned and inspected, the canister is transferred 

into the buffer store and, from there, into the repository with help of the canister lift. 

The bentonite block storage is also associated with the encapsulation plant.  The highly 

compacted bentonite blocks are made of bentonite powder. The blocks are used as 

buffer material between the fuel canisters and the rock surface of the deposition holes.  

The average production rate of the encapsulation plant is about 40 canisters per year. 

The planned maximum production capacity of the encapsulation plant is 100 canisters 

per year. At least seven persons are needed for the actual encapsulation work. Five 

persons are receiving and encapsulating the fuel; two persons are in the maintenance 

and control work. In addition, two persons are handling the bentonite blocks.

1.3 Changes to previous designs 

Major changes to the previous designs are given below: 

Since previous designs the construction decision of the plant unit to Olkiluoto has 

been made. The Olkiluoto 3 unit fuel is now taken into account. 

The bentonite block production is not any more integrated with the encapsulation 

plant. The shape and size of blocks are still unknown. However, the interim storage 

of the bentonite blocks is integrated with the encapsulation plant. 

The preliminary design of the fuel handling machine has been made. The 

consequence has been that the fuel handling cell height has been increased by 1.2 

meters.  

The classification report has been updated. The accesses routes and procedures have 

been changed. Fire safety has also been improved. 

Spent fuel is transported in water filled spent fuel casks. The fuel drying concept has 

been modified.  

The fuel canister transfer machine design has been re-evaluated. Design changes of 

the canister transfer corridor are made.  

The canister docking station design has been made. This has been caused changes in 

the spent fuel handling cell design. 

The encapsulation plant ventilation design report has been made. This improves the 

plant design.  

The canister lift shaft doesn’t anymore include the controlled area repository 

ventilation ducts. This has been taken into account in the encapsulation plant design. 

The safeguarding concept has been changed. The encapsulation plant receives 

inspected fuel; volumetric inspections for fuel assemblies are not anymore made in 

the encapsulation plant. 
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2 ENCAPSULATION PROCESS 

2.1 General 

The spent fuel transport casks are received and handled at the encapsulation plant. The 

spent fuel is unloaded from the spent fuel cask in the fuel handling cell. The fuel 

assemblies are enclosed into the fuel canister. The gas-atmosphere of the inner canister 

is changed, and the inner canister lid is closed with the gasket and the bolted joint. The 

copper canister lid is sealed by electron beam welding, the weld surface is machined, 

and the weld soundness is inspected. The fuel canister is cleaned and transferred into the 

canister buffer store. After storage the fuel canister is transferred into the repository 

with help of the canister shaft lift. 

The encapsulation process phases are shown in Figures 2 and 3. In Figure 2, the new 

canister store is on the left, the fuel handling cell in center, and, on the right from the 

fuel handling cell, there are the welding cell, canister inspection and cleaning stations. 

The canister buffer store is on the right behind the labyrinth wall. 

Figure 2. Encapsulation phases, longitudinal section.

The cross section of the fuel handling cell and the adjacent rooms is shown in Figure 3. 

The cask transport and receiving area is on the left, and the canister transfer corridor is 

on the right below the fuel handling cell. The fuel assemblies are removed from the 

spent fuel cask, inspected and inserted into the fuel canisters in the fuel handling cell.  

The spent fuel cask and the fuel canister are docked into their positions in Figure 3. 
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Figure 3. Encapsulation plant cross-section. The fuel handling cell is in center of fig-

ure. The spent fuel cask and the fuel canister are docked into the fuel handling cell. 

The component arrangement of the encapsulation plant below the ground level is shown 

in Figure 4. The ground level arrangements are shown in Figure 5. 
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Figure 4. Arrangement of the encapsulation plant bottom level. 

Figure 5. Encapsulation plant ground level arrangement. 
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2.2 Transporting, receiving and storing of spent fuel

2.2.1 Fuel transport from interim stores to the encapsulation plant 

The existing Castor TVO spent fuel transport cask can be used to transfer the spent fuel 

from the Olkiluoto KPA-store to the encapsulation plant. In transporting the existing 

transport trailer can also be used, if still available. No new arrangements are needed. 

The spent fuel transport cask is filled with water during the transfer. The water-filled 

spent fuel transport cask is then returned to the KPA-store. The fuel transport takes 

place inside the private industrial area, so it is question on the spent fuel transfer not the 

spent fuel transport.

If the fuel is transported wet, the fuel temperature is kept low during the transport and 

transfer. Unnecessary temperature transients can be avoided, and thus a release of crud 

can be minimized. Time and work can be saved, when the fuel transport cask is not 

emptied of water. Opening of the lid of the spent fuel transport cask is facilitated, when 

the cask surface temperature is nearly the same as the ambient temperature. The 

radiation level is also lower, when the cask is full of water. Especially the neutron dose 

rate is lower because of the water’s neutron absorbing capability. The air cooling power 

of the hot cell can be lower, because there is no need to cool down the stored heat of the 

fuel. The hot cell air filtering efficiency may also be lower because the fuel leakage risk 

is not high at low temperatures. There is no need to relieve the cask overpressure before 

the cask is opened; thus the overpressure relief system is not needed. The temperature 

may reach 300 
o
C in the dry fuel transport, which means an about 1 bar overpressure. 

The Castor TVO transport cask for OL1-2 units has a capacity of 41 BWR assemblies, 

but in transporting the fuel to the encapsulation plant, only 36 fuel assemblies are 

loaded into the cask, because it is a multiple of 12 that is the capacity of a single fuel 

canister. For OL3 the spent fuel cask capacity is either 6 or 12 fuel assemblies. 

From the Loviisa plant, the fuel assemblies are brought to the encapsulation plant in 

casks that are licensed for public road transports. The fuel is transported in water-filled 

transport casks, i.e. wet transport is also applied to the Loviisa fuel. The fuel is 

transported, most frequently, once in two months in two casks. 

Spent fuel from the Loviisa plant is transported in CASTOR VVER-440/84 type casks, 

which has a transportation capacity of 84 PWR assemblies. A bridge crane with a 

capacity of 140 tons for cask handling is provided in the cask receiving area.

The Loviisa spent fuel transport cask internals will be washed, if necessary, in the 

Loviisa KPA-store (interim store), where the cleaning arrangements are available. 

Active crud may have fallen from the fuel assemblies into the transport cask.  

2.2.2 Spent fuel cask receiving and storing at the encapsulation plant  

The encapsulation plant is able to handle the fuel transport casks from both the Loviisa 

and Olkiluoto plants. The spent fuel casks from the Loviisa plant are received in the 

spent fuel receiving and storage area of the encapsulation plant. The transport casks can 
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also be used as buffer storage of spent fuel. Four storing positions are reserved for the 

Loviisa spent fuel casks. There is no need storing positions of the Olkiluoto spent fuel 

cask. The Loviisa casks can also be stored outdoors, if needed. The spent fuel receiving 

and storage area is shown in Figure 6. 

Figure 6. Spent fuel cask receiving and storage area. 

The spent fuel casks from the Loviisa plant are transported by road transport trailers, at 

least, the last leg of the journey. The road transport trailer is driven to the front of the 

spent fuel cask receiving area of the encapsulation plant, where the weather guard is 

rinsed and removed. Rinsing is performed with help of a pressure sprayer. The rinsing 

water is passed into the drainage system of the site area.  

The trailer is driven into the cask receiving area, through which one can drive. The 

chock absorbers of the transport cask are removed. The shock absorbers are stored at 

one end of the receiving area. The cradle on the transport trailer is used as the tilting 

frame, when the transport cask is lifted in vertical position.  

The radiation level measurement and the contamination measurement are performed on 

the spent fuel casks in the cask receiving area. If surface contamination exceeds the 

allowed limits, the cask is lowered into the cask transfer corridor at level –1.40 for 

rinsing. The rinsing water is treated as active water.

If the transport trailer has been contaminated during the journey, then the transport 

trailer will also be rinsed before being sent back. In such a case, the transport trailer is 
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washed in the cask receiving area, and the rinsing water is passed into the controlled 

area floor drainage system. 

The spent fuel cask is either stored in the interim cask storing area of the encapsulation 

plant, or the cask is lowered into the cask transfer corridor at level -1.40. 

The existing transport trailers can be used for Castor TVO cask transport from the KPA-

store to the encapsulation plant. The spent fuel cask handling is analogous with the 

Loviisa fuel cask handling at the encapsulation plant.

2.2.3 Spent fuel cask cooling 

When the spent fuel is transported in wet condition from Loviisa, the temperature inside 

the spent fuel cask will remain below 40 
o
C, according to experiences. Thus no cooling 

is required.  

The temperature of Castor TVO casks remains close to the temperature of the pool 

water in the KPA-store. No additional cooling is required. 

2.2.4 Spent fuel cask docking and opening of the cask lid 

The spent fuel transport cask is lowered into the cask transfer corridor on the rail trolley, 

which can be driven below the fuel handling cell. The walls and the floor of the cask 

transfer corridor are treated with decontamination-resistant paintings, and the corridor is 

equipped with decontamination equipment and with the discharged water cleaning 

system. The samples from the cask atmosphere will be taken in the cask transfer 

corridor, in order to verify that the fuel pins have remained intact during the transport.  

The outer lid is removed, and the bolts of the inner radiation protective lid of the cask 

are screwed out. Common docking position for both Olkiluoto and Loviisa casks is 

provided in the fuel handling cell of the encapsulation plant. 

The spent fuel cask is moved on rails under the fuel handling cell, lifted upwards and 

docked tightly into the docking position of the fuel handling cell. The cask is sealed 

with double expanding pressure air-operated gaskets into the fuel handling cell docking 

penetration. The internal covering hatch of the fuel handling cell is opened, and the 

radiation protection lid of the spent fuel cask is lifted inside the fuel handling cell with 

help of a specific portal crane.  

The fuel assemblies can be removed from the transport cask with the fuel-handling 

machine into the drying station. 

The inner radiation protective lid of the empty transport cask will be re-installed before 

the spent fuel transport cask is disconnected from the fuel handling cell. 

Decontamination of outer surface of the cask is performed in the cask transfer corridor, 

if needed. Only the inner lid of the spent fuel cask has been inside the fuel handling cell. 

Lifting the fuel handling cell covering plate in its place will close the fuel handling cell. 

The spent fuel cask can now be uncoupled from the docking. 
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In the fuel handling cell, the radiation protection lid of the spent fuel cask can be 

contaminated, regardless that a protective lid covers it. The contamination level of the 

radiation protection lid is measured. If contamination is identified, the radiation 

protection lid is decontaminated by rinsing the lid with water in the cask transfer 

corridor. The rinsing system is classified as one of the active systems. The same rinsing 

system will be used for rinsing the spent fuel transport cask, if the cask has been 

contaminated while transporting to the encapsulation plant.  

The bolts of the radiation protection lid of the transport cask are reassembled, and the 

bolts are tightened. The outer protective lid of the transport cask is reassembled, and the 

bolts are tightened. The transport cask is lifted to the cask receiving area. The transport 

cask is lifted on a trailer, the shock absorbers are fixed, and the weather guard is 

reassembled (only for the transport cask of the Loviisa plant). The transport cask is 

returned to the KPA-store, either in Loviisa or in Olkiluoto.  

2.3 Spent fuel handling in the fuel handling cell 

2.3.1 Fuel handling cell arrangement 

In the fuel handling cell, the fuel assemblies are handled with help of a fuel-handling 

machine. The view of arrangements in the fuel handling cell is shown in Figure 7.  The 

opened spent fuel transport cask can be seen in lower center of the figure. In the center 

of the fuel handling cell there are the drying stations for the spent fuel assemblies. The 

docking position of the fuel canister is on the top of the figure.

The fuel handling cell is completely lined with stainless steel. Provisions for possible 

operating incidents and accidents have been made. All equipment shall be designed to 

enable the maintenance and the repair.  

Fuel handling machine has two telescopic masts. The first mast is equipped with the 

gripper for fuel assemblies and the second is equipped with robotic arm for maintenance 

and for malfunction recovery (Kukkola and Rönnqvist 2006), Figure 8. 
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Figure 7. Spent fuel handling cell. 

Figure 8. Fuel handling machine. 
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2.3.2 Drying of fuel assemblies 

The fuel assemblies are loaded into the spent fuel cask in the water pool of the KPA-

store. Before shipment, the transport cask is not emptied of water. The leaking fuel 

assemblies can also contain water, because the fuel assemblies are stored in the water 

pools of the KPA-store. The fuel assemblies are to be dried at the encapsulation plant 

before encapsulation.

The fuel assembly is lifted from the spent fuel cask. Before transfer, the fuel assembly is 

left in its place above the spent fuel cask for preliminary drying and to let the droplets 

fall down back into the spent fuel cask instead of the fuel handling cell floor.  

The drying system of the fuel assemblies is based on vacuuming and the use of the 

condenser and the cold trap in the exhaust air. There is one fuel drying station for the 

Loviisa plant fuel and another one for the Olkiluoto plant fuel. One drying station has 

twelve positions for fuel assemblies. From the drying station, the fuel assemblies are 

transferred into the fuel canister.  

2.3.3 Handling of leaking fuel assemblies 

The leaking fuel assemblies of the Loviisa plant are closed in hermetically sealed 

casings before the leaking fuel assemblies are shipped to the encapsulation plant. Each 

leaking fuel assembly is enclosed under water in a gas-tight casing. The problem is that 

the casings contain water, which must be minimized. The nitrogen injection technology 

to empty the casing from water should be developed. The fuel assembly having a gas 

tight casing is positioned at the encapsulation plant in the fuel canister, which has a 

special inner construction.

The leaking fuel pins of the Olkiluoto plant are assembled in gas tight tubes, which can 

be assembled into a structure similar to the fuel assemblies; thus no special structures of 

the inner canisters are needed. The problem of residual water still remains also for the 

leaking fuel of the Olkiluoto plant. 

If a fuel assembly starts leaking during the fuel shipment, it will be inserted into the fuel 

canister in a normal manner, because the provisions for the leaking fuel assemblies have 

been made in the encapsulation plant system design (Kukkola 2003).  

2.3.4 Handling of new canisters at the encapsulation plant 

Lo1-2 and OL1-2 fuel canisters have 12 positions for fuel assemblies; OL3 fuel canister 

has four assembly positions. The fuel canister sizes and masses are shown in Table 1 

and in Figure 9. 

The new canisters are manufactured, inspected and pre-assembled in the workshops. 

New, empty fuel canisters are received, stored and prepared in the same area as where 

the spent fuel casks are received. The canisters are stored in vertical position in a special 

transport cradle. There is storing space for 12 new Loviisa and 12 new Olkiluoto 

canisters.  
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Table 1. Dimensions of the fuel canisters. 

Measure Lo1-2 OL1-2 OL3

Outside diameter [m] 1.05 1.05 1.05

Total length [m] 3.60 4.80 5.25

Mass [kg] 18643 24337 29140

The new canisters are brought to the encapsulation plant by trucks. The new canisters 

are transported in a horizontal position. The supporting frame (cradle) is used for 

canister protection during the transport; the cradle is also needed for canister handling 

by crane, Figure 10. In the encapsulation plant, the canister is lifted in upright storing 

position with help of a crane. The truck can be used as a tilting base. The lid of the inner 

canister is transported separately. 

Figure 9. Lo1-2, OL1-2 and OL3 fuel canister (Raiko 2005). 

The new canister is lowered into the canister transfer corridor with its supporting frame. 

The new canister is positioned on a remote-controlled track-wheeled transfer trolley. 

The supporting frame is loosened from the canister and returned back to the workshop.  
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Figure 10. Canister transporting frame.

After the canister has been placed on the trolley, its copper lid is lowered onto the shelf 

of the canister transfer trolley beside the canister.  The canister transfer trolley is shown 

in Figure 11 and the transfer corridor in Figure 12. The design of the canister transfer 

trolley (Pietikäinen 2003a) has been updated by Mr. Suikki from Afore Oy. The canister 

transfer trolley has a lifting and lowering mechanism for the canister. The top shelf for 

the copper canister lid can be seen on the trolley. When new canisters are loaded onto 

the transfer trolley, the operating personnel can be in situ for manual operations and 

controls.
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Figure 11. Canister transfer trolley, canister pallets and automated guided vehicle. 

Figure 12. Canister transfer corridor. The contamination sampling system, the canister 

lid manipulator, the canister docking station, the welding chamber docking station, the 
ultrasonic inspection station, the X-ray inspection station and the canister gripper are 

shown in the roof of the canister transfer corridor, respectively. 
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2.3.5 Canister docking into the fuel handling cell 

The fuel handling cell has one common docking position for Loviisa and Olkiluoto fuel 

canisters, Figure 13 (Suikki 2006). The docking station has a covering hatch, an 

atmosphere-changing cap for changing the air inside the canister to inert gas (argon) and 

a protective cone, which protects the seals, bolts and the welding seam during the fuel 

loading. The atmosphere-changing cap also has electric screwdriver, which are used as a 

tool for screwing in and out the bolt of the inner canister steel lid.   

The canister transfer trolley is driven below the canister docking position. The fuel 

canister is lifted upwards and docked tightly into the fuel handling cell. In this phase, 

the fuel handling cell is closed with the covering hatch. The canister is sealed with 

double expanding sealing of the lower structure of the covering hatch.

After the tightness has been secured, the covering hatch is opened. The copper lid of the 

canister remains outside. Then the fuel canister internals and the fuel handling cell 

atmosphere are merged together. After that, the gas atmosphere-changing cap is lowered 

onto the canister. The cap houses nut tightening devices and a magnetic gripping device 

for the inner canister lid. 

The inner canister lid with its gasket is transported together with the canister. The inner 

lid and the gasket are pre-installed in the workshop; however, the lid bolt is not 

tightened yet in this phase. The inner lid will be lifted with help of sleeved bolt. When 

the bolt is unscrewed, the bolt's flange will lift the lid. The gas atmosphere-changing 

cap is penetrated only with the electric penetrations.  

The bolt will be opened with help of the electric driver. The bolt of the inner canister lid 

will be screwed out, and the inner lid will be lifted inside the gas atmosphere-changing 

cap on the storing place. 
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Figure 13. Canister docking station (Suikki 2006). Gas atmosphere- changing cup is on 

left, covering hatch in center and protective cone on right. 

It is necessary to protect the inner lid gasket surface, the welding seam of the copper 

canister, when the fuel assemblies are installed in the fuel canister. Thus a protective 

cone is turned above the fuel canister.  

If crud is fallen onto the cone, it can simply be swept down into the fuel positions of the 

fuel canister. 

2.3.6 Installing of fuel assemblies into the canister 

The fuel assemblies are installed, one by one, with help of the fuel-handling machine 

into the fuel canister. The fuel assemblies are identified, and their positions are 

registered. In practice, the fuel assembly can be more curved than expected, thus it can 

be jammed into the position of the inner structure. The fuel-handling machine can rotate 

the fuel assembly around the longitudinal axis in all possible angles. 

2.3.7 Gas changing and tightening of inner lid 

After all twelve fuel assemblies have been installed in the fuel canister, the protective 

cone is removed. The sealing surfaces and the welding seams are checked to be sure that 

they are clean and free of damages. If needed, sealing surfaces and welding seams can 

be vacuum cleaned. 

The gas atmosphere-changing cap is lowered on top of the canister. The expanding 

double sealing is used for tightening the canister in the cap.
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A vacuum is sucked into the canister. The vacuuming pipe is coming from outside the 

fuel handling cell, i.e. from the canister transfer corridor. After the canister has been 

vacuumed, the extracted gas is passed into the active ventilation system. The gas 

atmosphere-changing cap is loaded with a force of about 10 tons from outside because 

of air pressure.

The inner canister void (0.5 - 0.9 m
3
) is emptied of air and replaced with inert gas 

(Argon) before closing the steel lid. The inert gas pressure shall be equal to the 

atmospheric pressure. After the atmosphere change, the inner lid bolt is tightened.  

The inner lid inside the gas atmosphere-changing cap is lowered into its place, and bolt 

is tightened. The lid bolt is used for the inner lid alignment.  

The top of the bolt is at the same level as the upper surface of the inner lid. The bolt 

tenseness is checked by the torque moment (Suikki 2006).  

2.3.8 Tightness test of the inner canister 

The leak-tightness can be verified by vacuuming again the gas atmosphere-changing 

cap and by checking potential inert gas leakage into the cap. There are gas sniffers 

available that can identify very small concentrations of leaking gases. Another 

alternative for a leak test is to use the inner lid’s double seal by pressurizing the gap 

between the two gaskets and by following the constancy of overpressure. 

After the inner lid tightness has been verified, the gas atmosphere-changing cap is lifted 

away from top of the canister, and the covering hatch is lowered on top of the canister, 

and the seals are tightened against the docking penetration. 

After that, the canister sealing to the fuel handling cell docking penetration is loosened, 

and the canister can be lowered onto the canister transfer trolley.  

Contamination of the surfaces and seals are checked, and in case of contamination, 

decontamination is performed, Figure 12.  

2.3.9 Installation of the copper lid 

The copper lid is lifted from top of the fuel canister with help of the crane. After that, 

the canister radiation rate will be constant in all directions.  

The copper lid contains a groove for the gripping devices. The machined surfaces of the 

canister body align the lid to the correct position when installing the lid in its position 

on top of the copper cylinder.

The copper lid gripper and the cutting tool for canister head are shown in Figure 14. 
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Figure 14. Copper lid gripper and the cutting tool for canister head (Mikko Suikki 

Afore Oy).  

The fuel canister is transferred with help of the canister transfer trolley into the position 

of the welding chamber. 

2.4 Welding of the copper lid 

2.4.1 Welding chamber 

The EB-welding takes place in a vacuum chamber, which is a radiation-protected 

cylinder with lead glass windows, Figure 15. The welding chamber is not accessible 

during the canister lid welding. The welding chamber is a so-called gamma area, where 

no contamination should exist. The welding can be controlled with help of cameras. 

Test welding can be visually controlled through lead glass windows. 

The EB welding cannon is in vertical position. The cannon is fixed, and the fuel canister 

is rotated. The electron beam welding cannon is at about half a meter’s distance from 

the welded joint.  

It is assumed that a lot of test welds have to be made. In the welding chamber, the 

provisions for test welds comprise, among other things, good accessibility into the 

welding chamber. The vacuum system and the electric systems of the electron beam-

welding machine are located in the room adjacent to the welding chamber. 
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Figure 15. Canister lid welding chamber. 

2.4.2 Welding operation 

The canister is lifted with help of the canister transfer trolley into the vacuum chamber 

so that the canister top is inside the vacuum chamber. The canister is sealed to the 

vacuum chamber penetration with help of expanding double sealing.  

The clearance of the copper lid and the copper cylinder are checked. (No dead band is 

accepted). A tag weld is used so that the welding seam is not opened during welding.  

The air is evacuated from the vacuum chamber. The volume of the vacuum chamber is 

minimized, thus vacuum can be created as fast as possible. The vacuum chamber 

pressure during the welding is about 10
-4

 mbar. The copper lid is lightly grooved so that 

vacuum can also be created between the copper cylinder and the nodular cast iron insert. 

Another alternative is to lift the copper lid during vacuuming. The vacuuming system is 

connected to the controlled ventilation system for safety reasons, despite the fact that 

the tightness of the inner canister was confirmed earlier. 

During welding, the canister is heated and thermally expanded. Positioning of the elec-

tron beam will compensate this thermal movement. Before the actual welding, tag welds 

are made, by which the lid will be partially welded onto the copper cylinder. This pro-

cedure will prevent thermal distortion caused by heating during the actual welding. The 

electron beam is steered with help of the copper lid guidance. The dial indicator is 
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aligned along the copper lid, and the position information is electrically transmitted for 

the control of the electron beam. The actual welding of the lid takes less than one hour. 

The first visual inspection of the weld can be made during the actual welding by camera 

in the vacuum chamber. (Test welding can be observed through the lead glass 

windows.) In the visual inspection, the correct position of a weld is checked and also 

that no craters or any other visible imperfections are allowed. If defects are identified, 

repair welding will be performed directly. 

After welding, the vacuum is inflated, the vacuum chamber sealing is unsealed, and the 

canister is lowered with the canister transfer trolley. 

2.5 Canister weld treatment 

The canister transfer corridor has two stations. In the first station, the canister weld 

surface is machined, the weld is cleaned and an ultrasonic inspection is performed. 

After the ultrasonic inspection, the canister is moved to the X-ray inspection station. 

This method produces a strong radiation field.  

2.5.1 Weld machining  

The welding surface is machined with help of a face-milling cutter. The milling 

machine is fixed in the roof of the canister transfer corridor. The cutter head is moved in 

horizontally and the canister is rotated around its vertical axis. Milling is performed 

remote-controlled. Milling is used instead of grinding, because milling chips are easier 

to clean than grinding dust. During the machining, the chips are removed from the 

canister lid groove by vacuuming. The required surface roughness of the machined 

surface is Ra 12.5. The outside surface roughness of the canister cylinder is generally 

set to be Ra 12.5. The machining device of the canister weld is shown in Figure 16. 
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Figure 16. Machining device of the canister weld (Mikko Suikki, Afore Oy). 

2.5.2 Ultrasonic inspection 

The canister welding is inspected with help of the ultrasonic inspection method. This 

inspection phase will take place at the inspection station.  

The ultrasonic inspection is performed as follows. The water-filled sleeve structure is 

fixed on upper part of the canister. The canister is rotated, and the ultrasonic PA-probes 

(Phased Array - method) in the sleeve scan the canister weld from the side. As an 

acoustic coupling water path between PA-probe and copper cylinder is used. If defects 

exceeding acceptance criteria are identified, the canister is not yet returned for weld 

repair. After the inspection, the sleeve is drained and removed.  

2.5.3 Volumetric inspection of weld with X-ray  

The canister is lifted with help of the canister transfer trolley into the X-ray inspection 

cell. The canister is rotated around its vertical axis. The linear accelerator of 9 MeV re-

quires in the direction of the beam a 2.5 meter-thick concrete slab for radiation protec-

tion. The X-ray beam is oriented to the back wall of the cell. The beam is fixed, and the 

canister is rotated in order to minimize the volume of the radiation protection structures. 
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The electric and electronic cubicles of the X-ray inspection machine are located at the 

same level +7.00, but in a separate room. The X-ray inspection device is shown in Fig-

ure 17. After the inspection, the canister is lowered back onto the canister transfer trol-

ley, which is then driven into close to the canister buffer store.  

Figure 17. X-ray inspection device. 

2.5.4 Handling of defected welds 

If the canister lid welding does not pass the inspection, the canister is returned for repair 

welding.  The canister is moved to the electron beam welding station, and, with a 

welding device, local re-melting is done in the area of defect welds. After re-welding, 

the inspections are repeated.  

2.5.5 Canister disassembly in case of rejected welds 

The canister will be returned into the encapsulation line, if the weld cannot be repaired. 

By cutting, the copper cylinder reopens the outer copper lid of the canister from the side 

just below the bottom of the copper lid, Figure 14. The milling machine is fixed on the 

roof of the canister transfer corridor. The gripping device is fastened to the lid with the 

upper part of the canister cut off. The sealing position of the canister docking station is 

located low enough so that the canister can be sealed to the fuel handling cell 

penetration despite the fact that the upper part of the canister has been cut off. The 

copper canister lid is lifted aside, and the canister is docked again with the fuel handling 

cell, and the fuel loading operations are repeated but in the opposite direction.
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The canister is tightened in the fuel handling cell, and the covering hatch of the fuel 

handling cell is opened. The gas atmosphere-changing cap is lifted on the canister, and 

the inner lid nuts are opened. The inner lid is lifted up, and the gas atmosphere-changing 

cap is turned away. The inner lid is inside the cap. The fuel assemblies can now be 

removed with help of the fuel-handling machine. 

After removing the fuel assemblies, the demolished canister can be treated as active 

waste, except for the outer copper lid, which can be recycled. It may be cost effective to 

decontaminate the whole canister and to recycle it. 

2.5.6 Canister cleaning  

The dust and dirt on the canister surface are washed away at the end of the canister 

transfer corridor, Figure 18. Desalinated water is used as the washing medium. Similar 

techniques can be used as in car wash except for detergents. Vacuuming will clean the 

lid groove. In canister cleaning, it is not a question of actual decontamination, because 

the copper cylinder surface cannot be contaminated in any normal working phase.  

2.6 Handling of the ready fuel canisters 

2.6.1 Canister transfer into the buffer store 

After the canisters have passed inspections, the accepted canisters are transferred into 

the canister buffer store for waiting to be transferred into the repository. The automated 

guided vehicle (Pietikäinen 2003b) transfers the canisters from the canister transfer 

corridor to the buffer store and further to the canister lift trolley through labyrinths. The 

end side of the canister transfer trolley is open so that the canisters can be transferred 

from the trolley without any high lifting, Figure 11.

The canister transfer trolley is equipped with electric driven screw machinery for 

canister lifting and gable driven mechanism for trolley transfer. All trolley systems can 

withstand the single failure.

The canister transfer corridor is accessible, when the fuel canister is moved to the 

canister buffer store, Figure 18.  
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Figure 18. Canister buffer store. 

2.6.2 Canister transfer from the buffer store into the canister lift 

The fuel canister will be transferred in vertical position through the labyrinth from the 

canister buffer store into the canister lift car with help of the automated guided vehicle. 

The canister is lowered with help of the canister lift to the underground repository. 

The payload of the canister lift including the lift car is minimized. The weight of the 

loaded fuel canister together with the automated guided vehicle is about 35 tons. 

The canister lift car is of the single-storied and drive-through type. In the encapsulation 

plant, and, at the repository level, there are two lift stops. In the encapsulation plant, the 

bentonite blocks are loaded in at the upper lift stop on the ground level. 

The automated guided vehicle is driven in the lift car with the fuel canister on it. At the 

repository level, the canister is driven out to the canister docking station, where the 

canister transfer vehicle can pick up the fuel canister.  
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3 ENCAPSULATION PLANT 

The disposal facility consists of many buildings (encapsulation plant, operating 

building, ventilation shaft building, research building, storage, building for tunnel 

technology, etc.). The encapsulation plant and the ventilation shaft building have not 

many operational connections; therefore they may be located quite apart (several 

hundred meters) from each other. The encapsulation plant is the only building where 

nuclear material is handled. The encapsulation plant is the most important building of 

the disposal facility. The encapsulation plant determines the location of the other 

buildings. The encapsulation plant and the repository will be physically separated from 

the other plant buildings because nuclear fuel is handled there. The encapsulation plant 

and the repository are classified as a nuclear facility (Nieminen 2006b). 

3.1 Building location and dimensions 

The maximum length of the encapsulation plant is 65.3 meters and the maximum width 

is 35.8 meters. The bottom level of the building is at -5.00 meters and the highest floor 

level is at +16.60. The roof height is at +21.40. The ground is at level +7.00. The 

ventilation stack top is at the level +30. The building volume of the encapsulation plant 

is 41,000 m
3
 and the building area is 2,340 m

2
. The encapsulation plant will follow the 

uniform architecture of the disposal facility, see Figure 19. 

Figure 19. General view of the encapsulation plant. The encapsulation plant is on left 

and the operating building on right. 
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3.2 Building levels and content 

The plant will have six levels: -5.00, -1.40, +2.80, +7.00, +11.80 and +16.60. Midlevels 

+2.80 and +11.80 do not extend over the whole building area. The level +16.60 contains 

only the facilities for air conditioning and the decontamination center and the workshop. 

A compilation of the floor plans of the different levels is in Table 3. 

3.2.1 Level –5.00 

The collector tanks of the clean and the controlled floor drainage systems are located at 

level -5.00 in order to enable the use of gravity based draining. The floor drainage 

system room contains the drainage water tanks and pumps. At the bottom level, there 

are also the water filtration system rooms and the necessary auxiliary and store rooms. 

A drawing of the floor plan is shown in Figure 20. 

3.2.2 Level -1.40 

The most important encapsulation works phases are performed at level –1.40. The spent 

fuel cask is lowered from the cask receiving area into the cask transfer corridor. The 

protective cover of the spent fuel cask is opened. The samples are taken from the spent 

fuel cask. The provisions for the outer surface washing of the spent fuel cask are 

provided at this level. The floors and the walls of the spent fuel cask transfer corridor 

are handled with decontamination-resisting paintings. 

The fuel canister is transferred from one working position into another with help of a 

canister transfer trolley, which moves along the rails in the cask transfer corridor. The 

canister transfer trolley has a lifting mechanism so that the canister can be docked with 

the fuel handling cell and with the welding chamber above.  

The fuel assemblies are lifted from the spent fuel cask into the fuel handling cell. Before 

installation into the fuel canister, the fuel assemblies are dried in the in drying station, 

which can also be used as an interim store of fuel assemblies in the fuel handling cell. 

The rooms for the auxiliary systems of the drying station are below the fuel handling 

cell. There is an own drying station for both the Olkiluoto and the Loviisa fuel. 

At one inspection station of the canister transfer corridor, the volumetric inspection of 

the canister lid weld is made with help of an X-ray device. An about 2.5 meters thick 

concrete protection is needed for protection in the X-ray beam direction. This is the 

reason why the canister is rotating, and the X-ray beam is fixed. 

In the canister buffer store, the canisters are waiting for the transfer into the repository. 

The buffer store is behind the labyrinth protection wall in relation to the canister transfer 

corridor. The buffer store capacity is for twelve canisters. The canister is transferred 

with help of the automatic guided vehicle into the canister lift and further into the 

repository. A drawing of the floor plan is shown in Figure 21. 
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Figure 20. Level -5.00. Plan drawing.
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Figure 21. Level -1.40. Plan drawing. 
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3.2.3 Level +2.80 

Level +2.80 is an interim level, which covers only a part of the building area. The 

maintenance corridor at that level belongs to the non-controlled area. In that 

maintenance corridor, the visitors can follow the encapsulation work process through 

lead glass windows. The cable rooms are also located at that level. The section drawing 

from the fuel handling cell is shown in Figure 22. A drawing of the floor plan is shown 

in Figure 23. 

Figure 22. Section 1 - 1. 
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Figure 23. Level +2.80. Plan drawing. 
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3.2.4 Level +7.00 

The spent fuel casks are received and stored in the spent fuel cask receiving area. Four 

storing positions for the Loviisa spent fuel casks are reserved. The receiving area is 

provided with a bridge crane with a lifting capacity of 140 tons for spent fuel cask 

lifting and transfers.  

The new fuel canisters are received and stored in the spent fuel cask receiving area. 

There is room for 24 new canisters. The new canisters are lowered with help of a bridge 

crane through a floor opening direct onto the canister transfer trolley of the canister 

transfer corridor. 

The most demanding work phases are carried out in the ground level rooms, in the fuel 

handling cell and in the welding chamber. The fuel handling cell is provided with a fuel-

loading machine that can be used for discharging the fuel assemblies from the spent fuel 

cask and for transferring the fuel assemblies into the drying station and into the fuel 

canister. 

In the fuel handling cell, there is a docking station for the fuel canister, where fuel 

assemblies are loaded into the canister, the gas atmosphere of the inner canister is 

changed, the inner lid of the fuel canister is tightened, and the tightness of the inner 

canister is checked. The actuators of the canister docking station are located outside the 

fuel handling cell in a maintainable room. 

The fuel handling cell is completely lined with austenitic stainless steel. The fuel 

handling cell is provided with a vacuum ventilation system and an active particle 

filtration system. The vacuuming system of the fuel handling cell can be used for 

gathering the crud, fuel fractions or loose particles, which are then inserted into the fuel 

assembly positions of the fuel canister. 

The control corridor of the encapsulation process is behind the fuel handling cell wall. 

The operators have direct visibility from the control corridor into the fuel handling cell 

through the lead glass windows.

The welding chamber is above the canister transfer corridor rails, so that the fuel 

canister can be docked with the welding vacuum chamber. The copper lid of the fuel 

canister is welded in the vacuum chamber with help of an electron beam welding 

device. The auxiliary systems of the electron beam welding system are located in the 

room adjacent to the welding chamber. The X-ray inspection device machinery is 

located adjacent to welding chamber. 

The liquid waste solidification plant is located at the ground level as well as the active 

workshop, the electric power supply system rooms and the store and reserve rooms. 

The bentonite block interim storage is at one end of the encapsulation plant. The 

completed bentonite blocks are transferred into the repository with help of the canister 

lift. The bentonite blocks are packed on the body of the platform, which is transferred 

by a forklift truck into the canister lift. A drawing of the floor plan is shown in Figure 

24.
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Figure 24. Level +7.00. Plan drawing. 
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3.2.5 Level +11.80 

Level +11.80 is a mid-level, which does not cover the whole building area. The control 

room and the instrumentation and control (I&C) cubicles room of the encapsulation 

plant are at that level. The fuel handling cell air cooling and filtration room is located 

adjacent to the fuel handling cell. The vacuuming system center of the controlled area is 

also located at that level. 

The maintenance corridor at level +11.80 surrounds the fuel handling cell. Visitors can 

follow the work in the fuel handling cell through the lead glass windows. From the 

maintenance corridor, there is also a view to the spent fuel cask receiving area.  

The controlled area ventilation equipment of the repository are located close to the 

canister shaft, thus the ventilation ducts can be conducted directly to the ventilation 

compartments without penetrating the structures horizontally. The non-controlled area 

and the controlled area will have their specific rooms for the ventilation equipment. 

The ventilation system equipment for controlled repository is located at level +11.80 as 

well as the canister lift machinery rooms. 

A drawing of the floor plan is shown in Figure 25. 
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Figure 25. Level +11.80. Plan drawing. 
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3.2.6 Level +16.60 

The fuel handling cell decontamination center and the active workshop are located at 

level +16.60. The fuel handling cell components to be repaired or to be replaced will be 

first brought into the decontamination center and, after that, to the active workshop, 

unless they are sent directly to the repository. There are lifting devices provided for that 

procedure.

Also ventilation equipment for controlled area is located at that level. A drawing of the 

floor plan is shown in Figure 26. The longitudinal section drawing from the 

encapsulation plant is shown in Figure 27. 
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Figure 26. Level +16.60. Plan drawing. 
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Figure 27. Section A- A. 



40

3.3 Provisions for visitors 

The principle is that the non-controlled area can be walked around and the work of the 

controlled area can be followed directly through lead glass windows or through video 

monitors without disturbing the encapsulation process.

3.4 Connections  

3.4.1 Personnel connections 

The controlled area is entered via an underground passage tunnel from the operating 

building. The personnel and dosimeter checkpoints are in the operating building.

Access to the non-controlled area takes place from the operating building at the ground 

level. The entrance hall is on the canister lift side of the building. The staircases close to 

the entrance hall as well as the maintenance corridors are within the non-controlled area. 

Visitors have access to the service corridors at levels +2.80 and + 11.80, where they can 

follow the different stages of the encapsulation process through radiation protected 

windows.

The canister lift of the encapsulation plant is not used for personnel traffic to the 

underground repository. Persons enter the non-controlled area in the underground 

repository through a ventilation shaft area. Access to the controlled area takes place 

through the personnel shaft, which is located in the operating building. 

3.4.2 Material connections  

Heavy material transports will take place on the ground level. Materials are brought in 

through doors opening directly outdoors.

The spent fuel casks are brought in with help of a heavy transport trailer. The spent fuel 

receiving area can be driven through. The new fuel canisters are brought with help of 

trucks. The workshop has a door, which opens directly outdoors. The bentonite blocks 

are brought in with help of trucks.  

Fuel canisters and bentonite blocks are moved to the underground repository using the 

canister lift, whose payload is 30 tons. The fuel canister is driven into the lift car with 

help of a trolley, and the same trolley is used for driving the canister out from the lift at 

the repository level. The canister lift will also be used for the bentonite block 

transportation.  

3.4.3 Cable connections  

The power to the encapsulation plant power supply center is led from the power supply 

center in the ventilation shaft building at 20 kV voltage, the principles are shown in 

reference (Kanerva 2006).

The diesel-secured back-up power is supplied for the fuel handling devices and for the 

HVAC system of the fuel handling cell and the controlled area. 
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3.5 Loadings 

3.5.1 External loadings 

The encapsulation plant will be dimensioned against small-sized airplane crash and 

against earthquake, in which the maximum ground level horizontal acceleration is 0.1 g. 

3.5.2 Internal loadings 

The general floor design load is 2.5 kN/m
2
.

In the spent fuel cask receiving area, in the canister transfer corridor, in the bentonite 

container store and in the ground level workshop, the general floor load is 25 kN/m
2
.  In 

the fuel cask receiving area, the vehicle driving line will be dimensioned against the 

axle load. 

In the cask receiving area, four storing positions are reserved for the Loviisa casks and 

one for the Olkiluoto cask. The weight of the cask is 140 tons or less. 

The provision against a spent fuel cask drop accident is made. The dropping accident 

can take place, when the spent fuel cask is lifted with the bridge crane of the cask 

receiving area. The cask can be dropped from level +7.00 down to level -1.40. The floor 

structure of the cask transfer corridor at the point of the lifting opening will be made 

shock absorbing in such a way that it will guarantee the cask tightness even in case of a 

cask drop accident.

The rail system of the canister transfer corridor will be dimensioned for a weight of 35 

tons.

In the spent fuel cask receiving area and in the buffer store of the ready fuel canisters, 

each canister storing position is loaded with a weight of 35 tons. In the fuel handling 

cell, the storing position for the spent fuel cask lid is reserved. The weight of the 

radiation protection lid is about 10 tons.

The weight of the vacuum chamber for EB-welding is about 20 tons. In addition, the 

load caused by vacuum shall be taken into account.  

3.6 Ventilation and floor drainage systems 

3.6.1 Ventilation systems 

The encapsulation plant is provided with ventilation systems (Nieminen 2006c). The 

allowable temperature range is +18 … +27
o
C.

A separate room for the ventilation equipment of the non-controlled area is reserved. 

The general dimensioning base is that air is changed once in two hours and that the 

temperature is kept at 20 
o
C. There are no considerable heat loads in the non-controlled 

area.
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The ventilation equipment of the controlled area is located in a separate compartment. 

The controlled area ventilation is provided with an exhaust air filter system. A slight 

vacuum is maintained in the controlled area.  

In the fuel handling cell, a maximum continuous heat load is caused by the Loviisa 

spent fuel cask of 10.5 kW. The canister buffer store heat load is maximum 20 kW. 

Those heat loads may affect simultaneously. 

The fuel drying stations are provided with their specific filter systems, and the exhaust 

air is connected into the controlled area ventilation system.  

The encapsulation plant houses the ventilation equipment for the controlled area of the 

repository space. The inlet and the outlet ventilation fans and heat exchangers are 

located in their specific compartments.  

3.6.2 Floor drainage systems 

The controlled area floor drainage system is a closed system. Floor drainage waters are 

controlled from the point of view of activity and purified before becoming released into 

the non-controlled floor drainage system of the encapsulation plant. The non-controlled 

drainage waters are passed into the sewage system of the disposal facility. 
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4 STORING AND HANDLING OF BENTONITE BLOCKS 

The bentonite blocks are used as buffer material between the deposition holes and the 

fuel canisters. The bentonite blocks are produced from bentonite powder at the 

bentonite block production plant. The bentonite blocks are transported into the 

repository via the canister shaft.  

The bentonite blocks are packed on pallets that are piled on the body of the platform. 

The canister lift is used for transporting the platform bodies to the repository, where the 

buffer store for the bentonite blocks is located.

The bentonite blocks are loaded into the canister lift. The platform body is first mounted 

on the lift and, after that; the pallets are piled on the platform body with help of a 

forklift truck. 

The bentonite blocks are transported into the repository spaces via the canister shaft. 

This is one reason why the storage is integrated in the encapsulation plant because 

unnecessary transportation can be avoided.

Earlier the bentonite block production plant was planned to be associated with the 

encapsulation plant. Today the idea is to purchase the bentonite blocks from vendors 

with a feasible price. In this case, only the buffer store for the bentonite blocks is needed 

above ground. The size need of the buffer store is about the same as the size of the 

planned bentonite production plant. 
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5 CONTROL, MONITORING AND COMMUNICATION SYSTEMS 

5.1 General principles 

Continuous surveillance of the encapsulation plant and the repository is necessary when 

handling nuclear material. The control room of the encapsulation plant is not necessary 

to be manned continuously, because surveillance can be carried out also from the central 

control point in the operating building, where all control and monitoring activities are 

centralized. Radiation, activity release and dose monitoring can be performed in the 

operating building as well as guarding.

In the operation of the encapsulation plant, YVL Guide 6.1 is followed. The safeguards 

control consists of bookkeeping of the nuclear material. Both visual and technical 

monitoring is performed in all phases of the encapsulation process.

If the process is completely automated, then only monitoring takes place in the control 

room. If the process is controlled from the control room, then the control room is also 

the control center.

It is the intention to purchase the complete apparatus together with their control 

systems. The electron beam welding device, the milling machine of copper lid weld, the 

welding inspection devices and the fuel handling machine in the fuel handling cell are 

examples of this kind of equipment.  

5.2 Monitoring systems 

Control activities can be divided into production control, process control, safeguards 

control, radiation monitoring, release and dose control and access control.  

5.2.1 Control room of the encapsulation plant  

The control room of the encapsulation plant is not manned continuously.  

The encapsulation plant control room is principally used for monitoring only, because 

production is controlled in situ close to the operation point. For example, the 

encapsulation is controlled from the process control corridor just behind of the wall of 

the fuel handling cell and the canister transfer corridor.  

Monitoring of the fuel handling cell docking stations is also performed from the control 

room. Messages and alarms are conducted to the control room, for example, the state of 

sealing in the fuel handling cell docking stations.

The intention is to automate the processes as extensively as possible. The most 

extensive process systems at the encapsulation plant are the ventilation systems, whose 

functions are monitored from the control room. Also the power supply systems are 

automated, and their functions are monitored from the control room.  
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The control room monitors can be used for watching, for example, the material transfer 

from the fuel handling cell to the decontamination center and the work in the decon-

tamination center.  

The operations at the repository can also be followed from the encapsulation plant 

control room.  

5.2.2 Nuclear non-proliferation control (Safeguards)  

The spent fuel is sent to the encapsulation plant from the Loviisa KPA-store and the 

Olkiluoto KPA-store.  

A partial defect measurement is performed before the fuel assemblies are transferred 

from the Olkiluoto KPA-store to the fuel handling cell. The Passive High-Energy 

Gamma Emission Tomography (PHEGET) can be used for the partial defect 

measurement. The PHEGET is mounted to the storage pool wall of the KPA-store. The 

Dual Containment and Surveillance (Dual C/S) shall be applied after the partial defect 

measurement is performed. This means that all measurements shall be verified against 

some other measurements. Calorimetric measurements are not performed. 

When the fuel is sent from the Loviisa plant, the Dual C/S principle is applied, i.e. the 

verification of the partial defect level measurement is performed in Loviisa KPA-store. 

Two transport casks are prepared for shipping. One-month time is reserved for the 

IAEA inspectors, before the casks are shipped to the encapsulation plant. The spent fuel 

transport cask is sealed up, and the shipping is traced by GPS (Global Positioning 

System).  

The lid sealing of the Loviisa spent fuel casks is checked in the spent fuel cask transfer 

corridor. Checking is verified by camera control.  

The spent fuel cask is docked with the fuel handling cell. After the fuel assemblies are 

removed from the spent fuel cask, the gamma scanning measurement is used to verify 

that the cask is empty, before the cask is undocked from the fuel handling cell. The 

intention is to verify that the fuel is not taken out from the encapsulation plant.  

The fuel assemblies are lifted from the docked spent fuel cask into the fuel drying 

station and further into the spent fuel canister. The fuel assemblies are loaded according 

to the preliminary plans so that the canister heat load is optimal. This work phase is 

controlled by camera and by identifying the fuel assembly markings.  

The fixing of the inner fuel canister lid is verified by camera. The identification marking 

is engraved on the lifting edge of the lid. A camera reads the markings. 

In principle, the fuel assemblies can be lifted out from the fuel handling cell through a 

roof gate into the decontamination center. Thus the fuel handling cell roof gate requires 

gamma monitoring.  
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In the canister transfer corridor, the copper lid is installed on top of the fuel canister. 

The identification marking is read by camera.  

The electron beam welding method seals the copper lid. After welding, the welding 

seam is machined. The weld is inspected by ultrasound and by X-ray. The weld data is 

saved. The fuel canister is transferred to the buffer store or directly into the repository.  

Because the loaded fuel canister can, in principle, be transported out through the roof 

gate, gamma monitoring is required for new canisters by the new canister’s floor gate. 

The canister identification code is read by camera, when the fuel canister is transferred 

from the buffer store to the canister lift.  

Because the loaded fuel canister lift can be driven at the ground level, and the fuel 

canister can be taken out from the canister lift, gamma monitoring is required by the lift 

entrance door at the ground level. 

5.2.3 Radiation monitoring 

At the encapsulation plant and in the environment, the external dose rate and airborne 

radioactivity are controlled. The exhaust air activity is monitored continuously. In 

certain compartments, the direct radiation level is continuously measured and, in some 

cases, if needed only. 

The contamination level will be regularly measured in order to determine, whether the 

material is active or not.  

Activity of liquids is measured by taking samples and analyzing them in the laboratory. 

Samples are taken, for example, of floor drainage water tanks. 

5.2.4 Access control 

The personnel are accessed into the encapsulation plant through the central access 

control in the operating building. Persons are entering into the encapsulation plant 

controlled area along an underground tunnel. Persons are entered into the non-controlled 

area along the route across the courtyard.

Different kinds of doors locking, the use of identification control cards and TV-

monitoring are the used access control methods. 

5.3 Communication systems 

The communication systems consist of a wired telephone network, a loudspeaker 

system, and GSM-base portable phones. More detailed the communication systems are 

described in the report of the electric power system (Kanerva 2006). The 

communication system is not allowed to disturb the instrumentation and control system 

functions.
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A local area network (LAN) and the Intranet are provided for the whole disposal 

facility. The extensive use of multimedia computers is promoted. WEB-cameras 

together with computers provide a possibility to the LAN TV-phones.  

5.4 Production and process control systems 

The control systems can be divided into the production control and the process control. 

The only production system is the encapsulation production. The process systems can 

be divided into ventilation systems, water systems and other systems. 

5.4.1 Fuel canister production control 

The major part of the encapsulation production can be controlled manually in situ. For 

example, local control is applied to the crane control in the spent fuel cask receiving 

area.

The fuel handling cell manipulators are manually controlled, because maximal 

flexibility is needed, for example, something has to be picked up from fuel handling cell 

floor, vacuuming should be made, etc.  

The fuel assemblies are removed from the spent fuel cask and placed into the fuel 

canister with help of the fuel handling machine, which has a local automation system 

with all pre-programmed co-ordinates of the important positions. Handing of the fuel 

assemblies in the fuel handling cell is manually controlled from the adjacent control 

corridor, from where there is a direct view to the fuel handling cell through lead glass 

windows. The visual control is completed with help of TV-cameras and monitors, which 

can be placed alongside the windows. Monitor views are also passed into the monitors 

of the control room, where operations can be recorded, but not directly controlled.  

The local automation and control of the electron beam welding device, the milling 

machine of the copper lid weld, and the inspection devices for welds will be purchased 

together with the apparatus itself. The local automation of the fuel-handling machine, 

the portal crane in the fuel handling cell, and the power manipulator in the fuel handling 

cell also belong within the scopes of delivery. 

5.4.2 Ventilation system control 

The major part of the process automation is related to the ventilation systems.  

The compartment pressure differences in the encapsulation plant are maintained. The 

lowest sub-atmospheric pressure is kept in the fuel handling cell and in the 

decontamination center, the next to lowest pressure in the controlled area outside those 

areas.

The plant controlled area exhaust ventilation can be filtered. Evidently, in normal 

operation, the filters are by-passed. If airborne activity is identified, the filtration is 

connected on. Exhaust air activity will be monitored continuously.  



49

The need for air-cooling will depend on how much spent fuel is stored at the plant. On 

average, air will be changed once in an hour (Nieminen 2006c). 

The change of air in the controlled area of the repository spaces will be controlled from 

the encapsulation plant control room, as well as the inlet air heating and the exhaust air 

heat recovery (Nieminen 2006a). 

5.4.3 Control of water processes  

The non-controlled area floor drainage water tank is emptied, when the surface 

measurement gives a signal of a high level of water in the tank. The pumps are started 

remote controlled from the control room. From the tank, water is passed into the 

disposal site area sewage. 

The floor drainage water tank of the controlled area is provided with a tank surface 

measurement. When the water level reaches an alarming level, samples of the tank 

water are taken, and the samples are analyzed in the laboratory. If water is identified 

clean, it is then passed into the general sewage water network through the floor drainage 

water tank in the non-controlled area. This is the normal case. If activity is identified, 

water will be passed into purification.  

The decontamination process is manually controlled. The system is evidently less 

frequently needed. 

Washing of the transport trailer weather guard, of the spent fuel cask and the fuel 

canister is manually controlled. 

5.4.4 Control of other processes  

The automation of the liquid waste solidification plant is estimated to be included in the 

scope of delivery. The solidification plant is operated from the local control point. 

Vacuuming of the fuel handling cell and the controlled area spaces is performed 

manually.  
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6 ACTIVE WASTE MANAGEMENT AND DISPOSAL 

Active waste management and disposal from the encapsulation plant is considered 

relatively long time ago (Kukkola 2000). Since then Olkiluoto has been selected as the 

disposal facility site, the operating life of existing nuclear power plant have been 

extended and a new plant unit in Olkiluoto is under construction. However, they will not 

have very big impact on waste management of the encapsulation process. 

6.1 General principles 

All active waste are solidified and packed so that they can be disposed in the repository, 

which is located close to the lower end of the canister shaft. 

Waste packages are transported into the repository with help of the canister lift. 

The fuel handling cell is completely decontaminated in every five years. This is the 

main source for liquid waste production. 

It is assumed that major accident will take place during the operating phase. This means 

that the consequences of accident are not taken into account in the waste production. 

The decommissioning waste of encapsulation is dealt by the same manner as the 

operating waste.

6.2 Waste production 

The encapsulation process may produce both solid and liquid active waste.

In principle, the only places where active waste can be produced are the fuel handling 

cell, the decontamination center and the spent fuel transport cask transfer corridor. 

The most active solid waste is produced in the fuel handling cell. Some crud, deposit 

and, possibly, detached fuel fractions may be loosened. Most part of the crud from fuel 

is evidently deposited into the fuel drying tanks. The fuel handling cell may be vacuum 

cleaned and, ultimately, particles are shed into empty positions of the fuel canister.  

Liquid active waste is produced in decontamination operations either in the fuel 

handling cell or in the decontamination center where the removed components from the 

fuel handling cell are cleaned for maintenance or for replacement. Liquid waste may 

also be formed in decontamination of the spent fuel transport cask 

Solid waste either the spent filters from active air-conditioning or the replaced 

components from the fuel handling cell.  

Most part of the waste is generated in the decommissioning of the encapsulation plant. 

All fuel handling cell components are disposed into the repository. The stainless steel 

linings of the fuel handling cell will be decontaminated but not dismantled. 
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6.3 Waste treatment 

All liquid wastes are solidified in the solidification plant which is associated to the 

encapsulation plant. Solidification method is concreting. 

Solid components are packed in drums and transported to the repository. 

Used filters are solidified into concrete and deposited into the repository. 

Decontamination waste e.g. rags are placed into barrels, which are deposited into the 

repository.

6.4 Waste repository 

A waste cavern close to the canister shaft bottom is reserved for the active waste 

coming from the encapsulation plant operation and from the decommissioning. 

Estimated waste repository space need is 5000 m
3
, Table 2. 

Table 2. Need of active waste repository volume. 

Waste type m
3

Volume of operating waste 1500

Volume of decommissioning waste 500

Total 2000

Volume increase coefficient for repository 2.5 5000
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7 LIST OF ROOMS AND TABLES OF COMPONENTS 

Table 3. Encapsulation plant rooms list. 

Designation Area

m
2

Height

m

Volume

m
3

Level Contr. 

“c”

No

floors

Heat

kW 

Level -5.00 slab 379 0.6 227 -5.00    

Tank room 20 2.8 56 -5.00 c   

Pump room 25 2.8 70 -5.00 c   

Pipe corridor 60 2.8 168 -5.00 c   

Corridor 86 2.8 241 -5.00 c   

Stairs 14 2.8 39 -5.00 c   

Tank room 19 2.8 53 -5.00 c   

Pump room 10 2.8 28 -5.00 c   

Pump room 16 2.8 45 -5.00 c   

Tank room 19 2.8 53 -5.00 c   

Instrumentation room 9 2.8 25 -5.00 c   

Lift 9 2.8 24 -5.00 c   

Stairs 15 2.8 41 -5.00 c  

Canister lift 14 2.8 39 -5.00 c x  

Level -1.40 slab 1027 0.8 822 -1.40    

Corridor 190 3.8 722 -1.40 c    

Cask transfer corridor 110 3.8 418 -1.40 c  10.5

Auxiliary systems room 20 3.8 76 -1.40 c    

Drying station room 11 3.8 42 -1.40 c  10 

Drying station room 11 3.8 42 -1.40 c    

Auxiliary systems room 23 3.8 87 -1.40 c    

Canister transfer corridor 147 3.8 559 -1.40 c  1.8

Corridor 60 3.8 228 -1.40 c    

Stairs 14 3.8 53 -1.40 c x   

Auxiliary systems room 21 3.8 80 -1.40 c    

Auxiliary systems room 18 3.8 68 -1.40 c    

Canister buffer storage 80 3.8 303 -1.40 c  21.6

Canister monitoring station 18 3.8 68 -1.40 c    

Canister lift 10 3.8 38 -1.40 c x   

Lift 9 3.8 33 -1.40 c x   

Stairs 15 3.8 55 -1.40 c x  

Storage 9 3.8 34 -1.40 c   

Pipe raise 4 3.8 17 -1.40 c x   

Level 2.80 slab 1481 0.4 592 2.80    

Stairs 14 3.4 48 2.80  x   

Visitors corridor 212 3.4 721 2.80     

Cask transfer corridor 120 3.4 408 2.80 c x   

Auxiliary systems room 20 3.4 68 2.80 c    

Drying station room 11 3.4 37 2.80 c x   

Drying station room 11 3.4 37 2.80 c x   

Auxiliary systems room 23 3.4 78 2.80 c    
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Designation Area

m
2

Height

m

Volume

m
3

Level Contr. 

“c”

No

floors

Heat

kW 

Canister transfer corridor 147 3.4 500 2.80 c x   

Cable room 48 3.4 163 2.80     

Cable room 50 3.4 170 2.80     

Cable room 72 3.4 245 2.80     

Stairs 14 3.4 47 2.80  x   

Corridor 60 3.4 204 2.80 c    

Stairs 14 3.4 48 2.80 c x   

Auxiliary systems room 21 3.4 71 2.80 c    

Auxiliary systems room 18 3.4 61 2.80 c    

Canister buffer storage 80 3.4 271 2.80 c x   

Canister monitoring station 18 3.4 61 2.80 c x   

Canister lift 10 3.4 34 2.80 c x   

Corridor 152 3.4 517 2.80 c    

Corridor 14 3.4 48 2.80 c    

Corridor 28 3.4 95 2.80 c    

Lift 9 3.4 29 2.80 c x   

Stairs 15 3.4 50 2.80 c x   

Storage 9 3.4 31 2.80 c   

Pipe raise 5 3.4 17 2.80  c x   

Level 7.00 slab 2337 0.8 1870 7.00

Cask rec. and new canister store 408 4.0 1632 7.00 c  21 

Stairs 14 4.0 56 7.00  x   

Corridor 13 4.0 52 7.00     

Diesel room 35 4.0 140 7.00   15 

Power supply cabinet 50 4.0 200 7.00   10 

Power supply cabinet 58 4.0 232 7.00   10 

Corridor 13 4.0 52 7.00     

Stairs 14 4.0 55 7.00  x   

Bentonite block storage 199 4.0 796 7.00     

Corridor 93 4.0 372 7.00    

Canister lift power supply 47 4.0 188 7.00     

Fuel handling cell 115 4.0 458 7.00 c  10.5

Corridor 199 4.0 796 7.00 c    

Outlet air center of repository 92 4.0 368 7.00 c  5 

Wash room 8 4.0 32 7.00 c    

Monitoring room 16 4.0 64 7.00 c    

Wash room 12 4.0 48 7.00 c    

Dressing room 14 4.0 56 7.00 c    

Docking station actuator room 18 4.0 72 7.00 c    

Operation control room 38 4.0 152 7.00 c    

Stairs 14 4.0 56 7.00 c x   

EB welding operation room 33 4.0 132 7.00 c    

X-ray operation room 19 4.0 76 7.00 c    

Welding chamber room 34 4.0 136 7.00 c  7.5

Weld inspection room 27 4.0 108 7.00 c  7.5

Canister lift 10 4.0 40 7.00 c x   
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Designation Area

m
2

Height

m

Volume

m
3

Level Contr. 

“c”

No

floors

Heat

kW 

Canister lift entrance 65 4.0 260 7.00 c    

Stairs 9 4.0 36 7.00  x   

Workshop 85 4.0 340 7.00 c    

Entrance 9 4.0 36 7.00     

Lift 9 4.0 34 7.00 c x   

Stairs 15 4.0 58 7.00 c x   

Pipe and valve room 9 4.0 36 7.00 c    

Solidification plant control room 13 4.0 52 7.00 c    

Solidification line 29 4.0 116 7.00 c    

Empty drum storage 42 4.0 168 7.00     

Solidified waste storage 55 4.0 220 7.00 c    

Inlet air center for repository 121 4.0 484 7.00      5 

Level 11.80 slab 2337 0.8 1870 11.80

Cask rec. and new canister store 408 4.0 1632 11.80 c x   

Stairs 14 4.0 56 11.80  x   

Automation cubicles room 48 4.0 192 11.80   10 

Corridor 16 4.0 64 11.80     

Control room 33 4.0 132 11.80     

Corridor 16 4.0 64 11.80     

Automation cubicles room 55 4.0 220 11.80    10

Stairs 14 4.0 56 11.80  x   

Bentonite block storage 199 4.0 796 11.80  x   

Corridor 93 4.0 372 11.80     

Fuel handling cell auxiliaries 54 4.0 216 11.80 c    

Fuel handling cell 111 4.0 444 11.80 c x   

Fuel handling cell vent. room 46 4.0 184 11.80 c    

Corridor 171 4.0 684 11.80 c 

Repository outlet air center 128 4.0 512 11.80 c  5 

Storage 47 4.0 188 11.80 c    

Stairs 14 4.0 56 11.80 c x   

Auxiliary systems room 31 4.0 124 11.80 c    

Ventilation equipment room 50 4.0 200 11.80 c 

Auxiliary systems room 58 4.0 232 11.80 c 

Canister lift machine room 93 4.0 372 11.80 c  10 

Stairs 9 4.0 36 11.80 c x   

Handling cell auxiliary system 25 4.0 100 11.80 c   

Workshop 85 4.0 340 11.80 c x  

Lift 9 4.0 34 11.80 c x  

Stairs 15 4.0 58 11.80 c x  

Solidification tank room 9 4.0 36 11.80 c   

Solidification tank room 130 4.0 522 11.80 c   

Solidification plant 54 4.0 216 11.80 c x  

Inlet air center for repository 121 4.0 484 11.80     5 

Level 16.60 slab 1237 0.8 990 16.60

Cask rec. and new canister store 409 1.7 695 16.60 c x   

Stairs 14 4.0 56 16.60  x   



56

Designation Area

m
2

Height

m

Volume

m
3

Level Contr. 

“c”

No

floors

Heat

kW 

Corridor 66 4.0 264 16.60     

Ventilation equipment room 44 4.0 176 16.60     

Ventilation equipment room 44 4.0 176 16.60     

Women’s washroom  8 4.0 32 16.60 c    

Dose monitoring room 11 4.0 44 16.60 c    

Storage 7 4.0 28 16.60 c    

Women’s dressing room  10 4.0 40 16.60 c   

Corridor 94 4.0 376 16.60 c   

Stairs 14 4.0 56 16.60 c x  

Auxiliary systems room 63 4.0 252 16.60 c 

Decont. centre and workshop 219 4.0 876 16.60 c   

Men’s washroom  8 4.0 32 16.60 c   

Dose monitoring room 11 4.0 44 16.60 c   

Storage 7 4.0 28 16.60 c   

Men’s dressing room  10 4.0 40 16.60 c   

Ventilation equipment room 70 4.0 280 16.60 c 

Lift 9 4.0 34 16.60 c x  

Stairs 15 4.0 58 16.60 c x  

Roof 21.40 slab 811 0.8 649 21.40      

Floor area total 7619 m
2

Room volume total 28285 m
3

Building volume total 41049 m
3

Concrete volume 11261 m
3

Relation 0.27

Controlled floor area total 5501 m
2

Controlled area room volume 20108 m
3

Legend:

Area comprises the room inside walls.  

Height is distance from one floor to second floor. 

Volume is calculated by multiplying the area and the height. 

Contr "c" means that the room belongs within the controlled area. 

No floors means the room is higher than one storey. 

Heat kW means heat load in the room. 

Building volume comprises the space within the building's outer walls, the outer 

surface of the base slab and the roof slab. 
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Table 4. Lifts and cranes. 

Designation Capacity 

tons

Bridge crane of the fuel receiving area 140/32 

Portal crane for the fuel cask lid in the fuel handling cell 15 

Bridge crane of the decontamination center 15 

Copper lid crane 0.5 

Bridge crane of the welding chamber 10 

Bridge crane of the workshop  5 

Bridge crane of the canister lift machinery room 5 

Service lift of the encapsulation plant 5 

Canister lift 35 

Table 5. Transfer trolleys. 

Designation Capacity 

tons

Transfer trolley of the spent fuel cask corridor 140 

Canister transfer trolley in the transfer corridor 35 

Table 6. Manipulators.

Designation Tons 

Power manipulator of the fuel handling cell 2 

Fuel handling cell manipulator, 2 pcs 0.5 

Canister docking equipment 0.5 
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