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PRELIMINARY DESIGN FOR SPENT FUEL CANISTER HANDLING 
SYSTEMS IN A CANISTER TRANSFER AND INSTALLATION VEHICLE 
 
ABSTRACT 
 
The report presents a spent fuel canister transfer and installation vehicle. The vehicle is 

used for carrying the fuel canister into a disposal tunnel and installing it into a deposi-

tion hole. 

 

The report outlines basic requirements and a design for canister handling equipment 

used in a canister transfer and installation vehicle, a description regarding the operation 

and maintenance of the equipment, as well as a cost estimate. Specific vehicles will be 

manufactured for all canister types in order to minimize the height of the disposal tun-

nels. This report is only focused on a transfer and installation vehicle for OL1-2 fuel 

canisters. Detailed designing and selection of final components have not yet been car-

ried out. The report also describes the vehicle’s requirements for the structures of a re-

pository system, as well as actions in possible malfunction or fault situations. 

 

The spent fuel canister is brought from an encapsulation plant by a canister lift down to 

the repository level. The fuel canister is driven from the canister lift by an automated 

guided vehicle onto a canister hoist at a canister loading station. The canister transfer 

and installation vehicle is waiting for the canister with its radiation shield in an upright 

position above the canister hoist. The hoist carries the canister upward until the ve-

hicle’s own lifting means grab hold of the canister and raise it up into the vehicle’s radi-

ation shield. This is followed by turning the radiation shield to a transport position and 

by closing it in a radiation-proof manner against a rear radiation shield. The vehicle is 

driven along the central tunnel into the disposal tunnel and parked on top of the deposi-

tion hole. The vehicle’s radiation shield is turned to the upright position and the canister 

is lowered with the vehicle’s hydraulic winches into a bentonite-lined deposition hole. 

The radiation shield is turned back to the transport position and the vehicle can be dri-

ven out of the disposal tunnel. After this the bentonite top blocks can be laid on top of 

the spent fuel canister. The blocks act also as a radiation protection. 

 

The main dimensions of a tracked vehicle intended for fuel canister disposal are 7.9 m x 

2.9 m x 3.2 m during a transport operation and 9.6 m x 2.9 m x 4.0 m during an installa-

tion operation. The power unit comprises a 240 kW diesel engine with a hydraulic pow-

er transmission to the tracks. The payload is about 60 t and the vehicle’s mass is about 

20 t, resulting in a total weight of about 80 t. 

 

The total cost estimate, not including VAT, for completing the system came to 

1 500 000 euros, of which 400 000 euros were planning costs and 1 100 000 euros were 

installation as well as manufacturing costs. 

 

Keywords: Deposition of spent nuclear fuel, transfer and installation vehicle, deposi-

tion site, and spent fuel canister  

 



  

KAPSELIN SIIRTO- JA ASENNUSAJONEUVON KAPSELIN 
KÄSITTELYTEKNIIKAN ESISUUNNITELMA 
 
TIIVISTELMÄ 
 

Raportti esittelee suunnitelman loppusijoituskapselin siirto- ja asennusajoneuvosta. 

Ajoneuvolla loppusijoituskapseli siirretään loppusijoitustunneliin ja lasketaan alas lop-

pusijoitusreikään. 

 

Raportissa esitellään kapselin siirto- ja asennusajoneuvon kapselin käsittelylaitteiden 

perusvaatimukset ja suunnitelma, kuvaus laitteiden toiminnasta ja huollosta, sekä kus-

tannusarvio. Kaikille kapselityypeille valmistetaan omat ajoneuvot, jotta loppusijoitus-

tunnelin korkeus saadaan minimoiduksi. Tässä raportissa keskitytään vain OL1-2 polt-

toaineen kapseleiden siirto- ja asennusajoneuvoon. Laitteistolle ei ole suoritettu varsi-

naista detaljisuunnittelua eikä lopullisia komponenttivalintoja ole tehty. Raportissa ku-

vataan myös ajoneuvon vaikutus luolaston rakenteisiin sekä toimenpiteet mahdollisissa 

vikaantumis- tai virhetilanteissa. 

 

Loppusijoituskapseli tuodaan kapselointilaitoksesta kapselihissillä alas loppusijoitusti-

loihin. Kapselihissistä polttoainekapseli ajetaan vihivaunulla kapselin lastausasemassa 

olevaan kapselin nostohissiin. Kapselin siirto- ja asennusajoneuvo odottaa kapselia sä-

teilysuoja pystyasennossa kapselin nostohissin yläpuolella. Nostohissin avulla kapseli 

nostetaan ylös, kunnes ajoneuvon omat nostolaitteet tarttuvat kapseliin ja nostavat sen 

ylös ajoneuvon säteilysuojaan. Tämän jälkeen säteilysuoja käännetään kuljetusasentoon 

ja suljetaan säteilytiiviiksi takasäteilysuojaa vasten. Ajoneuvo ajetaan keskustunnelin 

kautta loppusijoitustunneliin ja paikoitetaan loppusijoitusreiän päälle. Ajoneuvon sätei-

lysuoja käännetään pystyasentoon ja kapseli lasketaan ajoneuvon hydraulivinsseillä ben-

toniitillä vuorattuun loppusijoitusreikään. Säteilysuoja käännetään takaisin kuljetusasen-

toon ja ajoneuvo voidaan ajaa ulos loppusijoitustunnelista. Loppusijoituskapselin päälle 

voidaan tämän jälkeen laskea säteilyltä suojaavat ylimmät bentoniittilohkot. 

 

Kapseleiden loppusijoitukseen tarkoitetun tela-ajoneuvon päämitat ovat 7,9 m x 2,9 m x 

3,2 m kuljetusvaiheessa ja 9,6 m x 2,9 m x 4,0 m asennusvaiheessa. Voimanlähteenä 

toimii 240 kW:n dieselmoottori, josta voima välitetään teloihin hydraulisesti. Hyöty-

kuorma on noin 60 t ja ajoneuvon massa noin 20 t, joka tekee yhteispainoksi noin 80 t.  

 

Järjestelmän valmistuksen arvonlisäverottomaksi kokonaiskustannusarvioksi muodostui 

1 500 000 euroa, josta 400 000 euroa suunnittelukustannuksia ja 1 100 000 euroa asen-

nus- sekä valmistuskustannuksia. 

 

Avainsanat: Käytetyn ydinpolttoaineen loppusijoittaminen, siirto- ja asennusajoneuvo, 

loppusijoitustila ja loppusijoituskapseli. 
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1 INTRODUCTION 
 

One of the most challenging operations in a final disposal process is the transportation 

of a spent fuel canister into a disposal tunnel and the installation into a deposition hole. 

These operations are carried out with a tracked-chassis vehicle, enabling a safe deposi-

tion of the radiating canister. A tracked-chassis vehicle offers certain benefits. Firstly, 

the loads applied to the ground by a massive vehicle can be maintained reasonable. Fur-

ther, the vehicle is better in terms of maneuverability and has a fire load which is consi-

derably lesser than that of a rubber wheel chassis. However, this report is mainly con-

cerned with actual equipment needed for canister handling, as well as with radiation 

shielding. 

 

According to the basic solution, the canister is brought down with a canister lift, loaded 

onto a canister transfer and installation vehicle, transported into a disposal tunnel and 

installed into a deposition hole. The vehicle’s design makes it capable of carrying a 

spent fuel canister down to a disposal site along an access tunnel (Kirkkomäki et al. 

2005). In principle, the vehicle is capable of returning the canister back to ground level, 

but in this case, due to a high total mass, the driving speed will be slower than in the 

downward drive. 

 

The vehicle’s radiation shield, within which the spent fuel canister is carried, lies nor-

mally in a horizontal position on top of a carriage in the vehicle’s rear part. The radia-

tion shield is designed to absorb the canister-emitted radiation so as to enable for exam-

ple maintenance work around the vehicle without protection equipment. Another func-

tion of the radiation shield is to protect the canister from external events, such as pieces 

of rock falling from the ceiling or walls of a cave. During the transport and deposition 

of a canister, all excess persons and vehicles must leave the vicinity. In the process of 

installing a canister in the deposition hole, the radiation level increases in the vicinity of 

the vehicle as the canister is partially exposed during the process. The shielding ele-

ments are nevertheless shaped in such a way that the amount of radiation scattering to 

the surrounding area is as small as possible. 

 

The work was focused on planning the canister handling systems for a vehicle carrying 

the fuel of OL1 and OL2 reactors. The spent fuel of Lo1-2 and OL3 reactors is con-

tained in canisters of different lengths and different weights, whose diameter is never-

theless the same. Specific vehicles are manufactured for all fuel canister types. This 

provides an optimization of costs as the size of a vehicle has a direct effect on the height 

of a disposal tunnel. The length of a spent fuel canister has an effect on the length of a 

radiation shield and a vehicle, and the larger mass has an effect on the structures of a 

vehicle and a handling gear. 
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2 BASIC REQUIREMENTS 
 

The general requirements in planning handling systems for a canister transfer and instal-

lation vehicle are as follows: 

 

1. It must be possible to turn the vehicle’s radiation shield to an upright 

position in the lowest possible tunnel height.  

2. The vehicle’s total length must be minimized for optimizing the turn-

ing radius. 

3. The elements critical from the standpoint of safety, such as for exam-

ple canister lifting and supporting equipment, must fulfill a single-

failure criterion. 

4. The vehicle’s radiation shield must be dimensioned so as to prevent 

the radiation from posing an environmental hazard and to make the 

unit approachable, whenever necessary, e.g. for maintenance work.  

5. The level of radiation scattering from the canister must be minimized 

during the disposal process. 

6. The amount of fire load should be maintained as low as possible. 

7. Turning the canister to an upright position must be enabled while the 

vehicle is immobile. 

8. The canister must be made movable also in a lateral direction with re-

spect to the disposal tunnel. 

9. The vehicle’s canister handling gear and radiation shield must not 

cause damage to the spent fuel canister. The vehicle’s equipment must 

not leak or release any stray materials either into the deposition hole or 

onto the canister.  

10. The vehicle’s cabin must be designed so that the radiation towards the 

driver is minimized. 

11. The unit must provide an option for a possible surface inspection of 

the canister as the canister leaves the radiation shield. 

12. The vehicle’s parking precision must be laterally ±50 mm and longitu-

dinally ±100 mm. 

13. The canister’s installation precision must be ±10 mm in lateral and 

longitudinal directions. 

14. The vehicle has a scheduled service life requirement of 30 years. 

15. The vehicle’s overall nuclear safety classification is 4 but the canister 

handling gear the radiation shield and the gripper are all in class 3. 



8 

 



9 

 

3 DESCRIPTION OF THE VEHICLE 
 

The spent fuel canister transfer and installation vehicle is used for carrying a spent fuel 

canister into a disposal tunnel and for installing the canister into a deposition hole. The 

vehicle is designed with a tracked chassis and on top of the body in its rear part is ar-

ranged a radiation shield, inside which the spent fuel canister is carried. The vehicle is 

shown in fig. 1. The radiation shield is movable along guide bars both longitudinally 

and laterally and capable of being turned to an upright position for rationally imple-

menting the installation of a canister into the deposition hole. The vehicle is operated 

manually the way of a normal heavy-duty work vehicle. It can also be operated in a re-

mote-controlled fashion but this is only a secondary alternative. Remote control is per-

formed from a control room through the intermediary of cameras and sensors. The ve-

hicle’s principal measurements in various stages of installation are presented in appen-

dix 1. 

 

All devices associated with the canister handling systems were planned for hydraulic 

operation. Hydraulics proved to be the best option, since several other pieces of equip-

ment of the vehicle also operate hydraulically. The selection of hydraulics was also fa-

vored by its high-grade accuracy, reliability in operation, as well as the magnitude of 

masses to be manipulated. All hydraulic oils used in power transmission and cylinders 

must consist of a non-combustible oil for making the vehicle’s fire load as low as possi-

ble. 

 

The vehicle’s power unit comprises a 240 kW diesel engine, which is placed under the 

cabin. Below and alongside the cabin are accommodations reserved also for a fuel tank 

and hydraulic systems, such as a pump, valves, and a oil cooler. The engine and the hy-

draulic systems are protected by housing. 

 

 
 

Figure 1. Canister installation vehicle. 
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3.1 Chassis of the vehicle 
 

The term chassis is used in reference to a vehicle’s body, tracks, and cabin. 

 

The selected chassis design for the vehicle is a tracked chassis. This provides a high 

load-carrying capacity and reduces the size of a vehicle. At the same time, it improves 

maneuverability, reduces a fire load, as well as reduces the surface pressure on the 

ground. The vehicle-induced surface pressure against the floor has significance, espe-

cially when the deposition hole is crossed by the vehicle. High surface pressures pose a 

risk of breaking off the edge of a deposition hole and dropping loose pieces of rock onto 

the bottom of the deposition hole. The tracked chassis has the suspension of its bearing 

wheels designed to operate hydropneumatically. This means that every supporting 

wheel of the track can be subjected to a constant load regardless of the driving situation. 

If necessary, the ground clearance or tilting of the chassis can also be changed. The sus-

pension improves the track characteristics on a hard foundation, such as the concrete 

floor of a central tunnel. A rigid track construction would not work well, because the 

hard driving path may include banked portions or bumps, at which, in a worst case sce-

nario, a rigid chassis may be left on just two supporting points. 

 

The track has its drive wheels located in the forward end of the chassis. Hence, they are 

set as close to the power unit as possible for a simpler power transmission. The idling 

wheels, on the other hand, are located in the trailing end of the chassis. This improves 

the characteristics of a vehicle when proceeding downward along an access tunnel as 

the tracks tighten against the drive wheel. 

 

Even though the canister lies in a radiation shield during the transport, the cabin must be 

protected from radiation. This is due to the radiation scattering during the canister load-

ing and installation process. The vehicle’s cabin is not exposed to direct radiation at any 

time. The cabin must also be fitted with adequate fresh air filters as the vehicle’s diesel 

engine produces a significant amount of emissions. 

 

The cabin, the engine, and the hydraulic gear are located in the forward end of the ve-

hicle on top of two 300 x 200 box beams. The cabin is not on the centre axis of the ve-

hicle, but on the right side for preventing the cabin from colliding with the disposal tun-

nel’s air duct. The transfer of a spent fuel canister into a disposal tunnel is performed by 

reversing. Although the speeds of motion with the vehicle are slow (less than 10 km/h), 

the masses and consequently also the kinetic energies become quite significant. This is 

why all corners of the vehicle are protected by massive bumpers, precluding damage to 

the vehicle in possible collisions. The vehicle’s chassis is shown in fig. 2. 
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Figure 2. The picture shows a canister installation vehicle’s chassis in a view obliquely 

from the rear. The radiation shield and the canister are missing from the picture. 

 

 

3.2 Radiation shield and handling equipment 
 

The spent fuel canister is placed in a radiation shield for the duration of the transfer. Its 

purpose is to shield the environment from the radiation of spent fuel and to protect the 

spent fuel canister from external events, such as pieces of rock falling from the ceiling 

or walls of a cave, and to maintain a clean canister surface. 

 

The radiation shield is itemized into four main components: handling equipment, a radi-

ation shield tube, a radiation shield end, and a rear radiation shield. The radiation shield 

is shown in fig. 3 without the handling equipment. 

 

 
 

Figure 3. Radiation shield in a side view. All other components, such as handling 

equipment and a vehicle body, are stripped away. 1 Rear radiation shield. 2 Radiation 

shield tube. 3 Radiation shield end. The handling equipment is shown in fig. 4. 
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The radiation shield is a steel tube with a thickness of 150 mm, inside which is addi-

tionally a 50 mm thick layer of boron-loaded polyethylene. The purpose of polyethylene 

is to provide a radiation shield against neutron radiation. The maximum radiation level 

on surface of the shield is 2 mSv/h (Kirkkomäki et al. 2005). All joints are located and 

designed in view of not allowing direct radiation to leak out. The joints are provided at 

both ends of the radiation shield in such a way that the spent fuel canister is not laying 

on any joints and it is contained over its entire extent inside an intact radiation shield. 

The radiation shield end and the rear radiation shield are also designed so as not to in-

clude straight joint surfaces in the direction of radiation. The joints are implemented by 

using a labyrinth assembly which blocks direct radiation leakage. 

 
3.2.1 Radiation shield handling equipment 

 

The turning and manipulation of a radiation shield on top of the chassis are performed 

by means of radiation shield handling equipment. The actuators consist of hydraulic 

motors and hydraulic cylinders capable of maneuvering the radiation shield upon a sup-

porting carriage and guide carriages. Aside from the supporting carriage, all pieces of 

handling equipment are doubled and the pieces of equipment are provided identically on 

either side of the radiation shield. Because of high diagonal loads, all of the motions 

cannot be executed in case one of the actuators is out of order. However, the doubling of 

handling equipment prevents uncontrolled motions in failure situations. The radiation 

shield handling equipment is shown in fig. 4 

 
 

Figure 4. The picture shows a vehicle cabin on the right. An equipment-housing is omit-

ted and the assemblies are identical on either side of the radiation shield. 1 Radiation 

shield. 2 Axle. 3 Transverse motion motor. 4 Guide carriage. 5 Upright cylinder. 6 Tip-

ping cylinder. 7 Lengthwise guide bars. 8 Supporting carriage. 9 Lengthwise motion 

screw. 10 Gearshift and lengthwise motion motor. 
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The radiation shield is mounted upon two guide carriages on a supporting carriage ca-

pable of being actuated in the vehicle’s direction along longitudinal guide bars. The 

mass movable along the guide bars is approximately 60 t. The supporting carriage is 

actuated by two hydraulic motors and the power is transmitted by a trapezoid screw. 

The hydraulic motors and gearshifts are mounted ahead of the supporting carriage and 

fixed to the vehicle’s chassis. The trapezoid screws are mounted on the supporting car-

riage at two points, one of which transmits the force (a trapezoid nut) and the other 

braces the screw (a guide bushing). Because of its length, the screw is also braced at its 

other end to the vehicle’s body. The supporting carriage has a traveling range of 1860 

mm and the carriage runs on slide blocks on top of the guide bars. 

 

Turning the radiation shield to an upright position is effected by levers operated by two 

hydraulic cylinders. The cylinders house a piston with a diameter of 160 mm and a 

stroke of 710 mm. These cylinders attach to brackets on the guide carriages and at the 

other end to attachment points present in the leading end of the supporting carriage. The 

guide carriages are provided with an axle, about which the radiation shield can be ro-

tated through 90°. The axles are extended through the supporting carriage’s bearing 

cups, to which is applied the entire mass of the radiation shield. The guide carriages, on 

the other hand, are mounted along either side of the radiation shield tube on slide bars. 

 

In the installation process of a spent fuel canister, the radiation shield is actuated also 

lengthwise of the canister. Provided for this purpose are upright cylinders, which are 

attached at one end directly to the radiation shield and at the other to the guide carriage. 

The radiation shield has a traveling distance of 550 mm lengthwise of the canister. The 

lengthwise motion is needed during the installation process as there is not enough space 

for tilting the canister directly into the deposition hole. The lowering distance of a canis-

ter is also shortened by bringing the radiation shield down into the deposition hole. The 

upright cylinders can also be used for sealing the joint between a rear radiation shield 

and a radiation shield tube by moving the tube against the rear radiation shield after lift-

ing the canister into the radiation shield and turning it to a transport position. 

 

The transverse motion motors are doubled and arranged on either side of the radiation 

shield above the bearing cups of supporting carriages. The motors enable a movement 

of the radiation shield in a transverse direction at the time the radiation shield has been 

turned over 20°-90° towards the upright position. While within an angular range of 0°-

20°, the radiation shield cannot be moved transversely as there is no room for the rear 

radiation shield to move crosswise of the vehicle. However, this is not a problem, be-

cause the radiation shield can be turned to an upright position prior to the transverse 

movement. This is facilitated by the deposition hole diameter, which is 280 mm larger 

than that of the radiation shield tube. The transverse motion motors are hydraulic and 

the transverse displacement is ±50 mm. The movement is effected by rotating a trapezo-

id nut around a threaded shaft. Thus, during a transverse motion, the radiation shield is 

pushed by one of the motors and pulled by the other. 

 

The radiation shield is locked to the transport position with a locking system. The pur-

pose of the system is to fix the radiation shield from its front end to the vehicle’s chassis 

and thus take off the weight of the radiation shield from the turning cylinders during 

transportation phase. The locking is accomplished with a spring-loaded pin, which is  
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Figure 5. The leading end of vehicle is cut away from the picture in a cross-direction 

along a tipping axle. 1 Transverse motion motor. 2 Tipping axle. 3 Upright cylinder. 4 

Spent fuel canister. 5 Radiation shield tube. 6 Radiation shield end. 

 

 

guided into a locking groove. The releasing is accomplished hydraulically by moving 

the spring-loaded pin away from the locking groove. 

 
3.2.2 Radiation shield tube 

 

The most massive of canister protecting structural elements is a radiation shield tube. It 

is an internally smooth-surfaced, open-ended tube, having its external surface shaped 

appropriately for the installation process. The tube is made of steel or cast iron and has 

its inside fitted with a polyethylene casing to absorb neutron radiation. The radiation 

shield tube is present on guide carriages movable in a longitudinal direction on top of a 

supporting carriage. Slide bars for the guide carriages are found in the middle part of the 

radiation shield tube. To the front of the tube attaches a radiation shield end and the 

back is sealed against a rear radiation shield. 
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Figure 6. The tube is shown in a view obliquely from the front. To the front attaches a 

radiation shield end and the back is sealed against a rear radiation shield. The radia-

tion shield tube is about 24 t in mass, about 5 m in length, and 1470 mm in external dia-

meter. 

 

When the rear radiation shield disengages from the radiation shield tube, there is radia-

tion from the disposal canister which is scattering from the internal surface of the rear 

radiation shield. The large “fin-shaped” objects visible in fig. 6 are intended to protect 

the environment just from this scattering radiation during a spent fuel canister lowering 

or lifting process. Another function of the “fins” is to stabilize the radiation shield at the 

time that the radiation shield isn’t carrying the mass of a rear radiation shield as the lat-

ter’s wheels are resting on the ground. 

 

The radiation shield tube has its rear end designed in such a way that the radiation shield 

can be tipped into a deposition hole in a space as low as possible. This leads to a lower 

height of the disposal tunnel and a smaller chamfer of the deposition hole. A significant 

amount of material is removed from top of the radiation shield’s rear end (Fig. 7). How-

ever, this does not affect the ability of a radiation shield to absorb radiation, because all 

of the material that was removed from the tube has been added to the rear radiation 

shield. Hence, the radiation shield retains a sufficient wall thickness over the entire 

length of a spent fuel canister. The function of a radiation shield tube’s rear end is dis-

played in fig. 8. 

 

The radiation shield has an inner diameter of 1070 mm, which is determined by the in-

side diameter of bentonite rings. The spent fuel canister having an outer diameter of 

1050 mm, this means that, in a lifting or lowering process, there is only a clearance of 

10 mm between the canister and the radiation shield. Inside the rear end is also added a 

chamfer, which functions, when necessary, as a guiding surface in the process of lifting 

a canister into the radiation shield. 
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Inside the radiation shield tube are pilot wheels loaded by rigid springs. The wheels are 

disposed in front and rear parts of the tube over the entire circumference. The purpose 

of these wheels is to center the spent fuel canister in a lowering process and to eliminate 

a possible pendulum motion of the canister, which may result from moving the radiation 

shield in an upright position. When the radiation shield is turned to a transport position, 

the weight of a canister shall be carried by the radiation shield tube as the spring-loaded 

wheels sink inside the wall of the radiation shield. Thus, the spent fuel canister cannot 

be damaged by the wheels 

 

 

Figure 7. A tube shown from behind with the rear radiation shield removed. The picture 

shows material removal at the rear end of a radiation shield, as well as a canister guid-

ing chamfer. 
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Figure 8. Radiation shield tipped by 34° into a deposition hole in a canister installation 

process (rock is shown in section). With a lightened rear end, the canister tips in a low-

er space into a deposition hole. A chamfer visible in the deposition hole is also smaller. 

The orange part represents a spent fuel canister. Although the canister appears in the 

picture to be in an outermost position in the lowering process, it is the sides of the radi-

ation shield which in a possible collision situation come to contact with the walls of a 

deposition hole prior to the canister because of the roundness of the deposition hole.  

 

 
3.2.3 Rear radiation shield 

 

The rear radiation shield is made of steel (Fig. 10) and also has an added layer of boron-

loaded polyethylene on its internal surface. The rear radiation shield has a function of 

absorbing radiation in various stages of a final disposal process. During the transport of 

a spent fuel canister, it serves as ”a lid” which seals against the rear part of a radiation 

shield tube. In the canister installation stage, on the other hand, it settles near the ground 

on its wheels and the “steel skirts” work as a structure which protects the environment 

from scattering radiation. 

 

The rear radiation shield has a weight of about 6,5 t and is secured to the supporting car-

riage by means of attachment arms from its points of support located immediately be-

low the canister tipping axle (Fig. 9). This means that, as the radiation shield turns from 

a horizontal position to an upright position, the rear radiation shield opens at the same 

time in a longitudinal direction of the canister. The joint between a rear radiation shield  
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Figure 9. In the middle of the picture is shown a rear radiation shield’s attachment 

point to a supporting carriage. The attachment point is located directly below the radia-

tion shield tipping axle. 

 

 

and a radiation shield tube is designed to comprise a labyrinth configuration for provid-

ing an improved protection against radiation. The joint is arched in its side profile, such 

that the arc has its center on the radiation shield tipping axle. Thus, the radiation shield 

is capable of being turned to an upright position without a separate motion or an actua-

tor for opening the rear radiation shield. 

 

The rear radiation shield is provided with two wheels (Fig. 10), upon which it travels in 

a longitudinal direction on the floor of a disposal tunnel during a lowering process. The 

shield has its wheels making contact with the ground after tipping the canister by 10°. 

After that, the rear radiation shield remains resting on its wheels despite a continued 

turning of the radiation shield. 
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Figure 10. The rear radiation shield in a side view. By virtue of a diagonal cut of ”the 

skirt”, it is parallel with the floor as the rear radiation shield is resting on its wheels. 

 

 

The rear radiation shield can also be secured fixedly to the radiation shield with bolts. In 

this case, the attachment arms carrying the rear radiation shield can be removed and the 

entire radiation shield functions as a sort of stand-alone monolithic shield. After the 

supports have been removed, the radiation shield can be turned to an upright position 

with the rear radiation shield working as a stopper for the canister. Thus, the canister 

can be lifted upward away from the shield after removing the radiation shield end. 

However, this requires a space, which is large enough for the entire radiation shield to 

turn to an upright position and which contains a crane and a gripper intended for lifting 

a canister. Such a station could be located for example adjacent to a canister loading sta-

tion in the disposal facilities. The above-described action is needed, for example, when 

there is a malfunction in the canister hoist or if the gripper disengages from the canister 

during transport. 

 
3.2.4 Radiation shield end 

 

The radiation shield end (Fig. 11) attaches to the radiation shield tube’s forward end. Its 

purpose is to absorb forward-directed radiation. At the same time, it works as a protec-

tive housing for equipment involved in the lifting of a canister. The end has been shaped 

in view of adapting to the ceiling of a disposal tunnel in various stages of a tipping 

process. 

 

Winch mechanisms, rope pulleys, and a gripper are included in the radiation shield end. 

The end is attached to the radiation shield tube and to a flange present at its face with 

bolts, and the weight of the radiation shield end is about 4 t. By virtue of a bolt connec-

tion, it can be disengaged from the radiation shield tube in possible problem situations 

or for maintenance work. The winch mechanisms are located below the radiation shield 

end in order to enable making a chamfer in the upper part (Fig. 11). This enables pro-

viding a smaller turning radius for the radiation shield and thereby also a lower tunnel 

height. 
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The radiation shield end has its interior designed in such a way that rope pulleys, a grip-

per, and ropes have enough room to operate. The objective has been, however, to main-

tain the material thickness at a required value. Since the spent fuel canister can never be 

present in the radiation shield without having the gripper in engagement with its lid, it is 

possible, when considering the wall thickness of a radiation shield end, to take into ac-

count also the material thickness (about 100 mm) of a gripper. 

 

3.3 Canister lifting equipment 
 

The canister lifting equipment refers to devices used for lifting a canister into a radiation 

shield and lowering it into a deposition hole. These devices are divided into four com-

ponents: winches, a gripper, steel wire ropes, and a set of rope pulleys. The lifting 

equipment is included in the radiation shield end, from which it can be disengaged, as 

necessary, for example for maintenance work. At the same time, the radiation shield end 

functions as a mechanical protection. All critical pieces of equipment relevant to the lift-

ing process are doubled for preventing a fall of the canister in the case of a single device 

failure. 

 
3.3.1 Winches 

 

The canister is lifted with two hydraulic winches, which are mounted on the radiation 

shield end. At the radiation shield end, the winches turn along with the radiation shield. 

That is why the lowering and lifting distances of a canister remain equal with respect to 

the winches. This also enables the wire rope length to be optimized during all stages of 

the process. 

 

 

Figure 11. The picture shows a radiation shield end in side and bottom views. The 

winch housing is made transparent and the steel wire rope is shown in blue. The num-

ber of winches is two with just one turn of rope on their reels. The oppositely rotating 

winches travel in axial direction while rotating. Thus, the ropes keep in line with the 

tackle’s rope pulleys. 



21 

 

The hydraulic winches (for example Transmital Bonfiglioli 800 series) operate indepen-

dently of each other for the reason that, in the case of one of the winches failing, the ca-

nister can still be safely lowered down into a deposition hole. The winches have their 

hydraulic motors integrated within a hub of the winch for a more efficient use of the 

space. Both winches have a pulling capacity of 14 t and the drums are 500 mm in di-

ameter. The lifting device is provided with a tackle which doubles the pulling capacity 

of the winches. The winches have a modular construction, so that they can be modified 

as best suited to the vehicle. 

 

The winches are placed inside a protective housing for preventing oil from working its 

way into a deposition hole or into the ground as a result of a possible oil leak. At the 

same time, it also protects the winches and the steel wire ropes from dirt and external 

disturbances. The protective housing is designed to be as small as possible in order to 

prevent it from colliding, during a turning process, with a back wall of the vehicle’s ca-

bin. It also provides enough room for turning the radiation shield to a transport position 

on top of the vehicle’s body. 

 

The winches rotate in opposite directions and travel axially along their axles in such a 

way that, every time it completes a single rotation, the winch shifts by a rope thickness 

in axial direction. Hence, the ropes keep in line with the tackle’s rope pulleys without 

separate control. Since the lowering distance of a canister is about 5,5 m, each of the 

winches shall take up approximately 10 turns of steel wire rope. This means that the 

rope is present on the winch in a single layer, whereby the winch itself can have its reel 

machined for rope-guiding grooves. 

 
3.3.2 Gripper 

 

A three-jawed gripper (Fig. 12) is used for hoisting a spent fuel canister into the radia-

tion shield by a lifting slot present in a copper lid and for lowering the canister into the 

deposition hole. The gripper carries two rope pulleys, upon which it hangs on the hoist-

ing unit’s lifting ropes from the radiation shield end. The gripper’s operating principle is 

based on a previously prepared proposal (Seppälä 2003). 

 

The gripper is works by rotating a gear disc on top of it for moving the jaws to a clamp-

ing or unclamping position. The motion is executed by two electric motors. The energy 

is supplied along cables from the radiation shield end. The cables are maintained in con-

stant tension by means of spring-loaded reels for making them unable to interfere with 

the lifting or lowering process. The electric motors operate independently of each other, 

whereby, in the event of one failing, the unclamping action of the gripper can still be 

executed by the other electric motor. The electric motors have also a capability of being 

disconnected from the gripper unclamping mechanics. In the event of one electric motor 

jamming, the gripper can still be unclamped with the other electric motor. The purpose 

of this feature is to ensure that there is no chance for the gripper to become stuck at any 

point in the lifting slot of the canister’s lid. 

 

The gripper has its operating gear hinged to the rope pulleys so as to allow its free hang-

ing straight downward. The rope pulleys are placed as close to each other as possible on 

either side of the gripper’s center axis. This reduces the canister’s swinging motion in 
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the event of a possible rope failure. Consequently, the canister remains hanging straight 

downward held by the other steel rope, whereby the lowering process can be brought to 

a conclusion. If a rope failure occurs during the course of hoisting, the process shall be 

aborted and the canister lowered back onto the automated guided vehicle. 

 

The position of lifting jaws can be verified with sensors or visually with cameras in-

stalled inside the radiation shield end. The position must always be checked prior to 

turning a canister-loaded radiation shield to an upright position or prior to lifting a ca-

nister into the radiation shield. 

 

 

Figure 12. On the left, the gripper is in a clamped position and the jaws are shown in 

red. By a gearwheel visible in the middle of the gripper, the electric motor (shown in 

blue) executes unclamping and clamping motions. On the right, the gripper has been 

lowered on top of a canister’s lid and a clamping motion has been executed, whereby 

the lifting jaws have clamped in the lifting slot present in the canister’s lid. 

 

 
3.3.3 Steel wire ropes, rope pulleys, and tackles 

 

The steel wire ropes, rope pulleys, and tackles are placed in a radiation shield end (Fig. 

13). The radiation shield’s length is one of the factors to determine the height of a dis-

posal tunnel. This is why the components included in the radiation shield end are also 

designed in view of claiming as little space as possible. The components are also ar-

ranged in a manner that provides an ability to shape the radiation shield end for making 

it adaptable to the ceiling of a disposal tunnel in the canister installation process. 

 

One eligible steel rope is for example the CERTEX Dyform 8/8PI rope, which is used in 

cranes and excavators. The rope has a diameter of 26 mm and comprises 8 conditioned 

surface strands and a steel core with a bulk factor of 0.66. Between the surface strands 

and the steel core is a plastic layer for added durability and structural strength. In addi-

tion, the plastic layer provides protection against internal wearing, which is not neces-

sarily detectable from outside. There are 2 ropes running side by side and both have a 

tensile strength of 633 kN. When a double tackle of the hoisting gear is taken into ac-

count, the conclusion is that each rope alone is capable of lifting the canister mass with 

a safety factor of 5. 
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Figure 13. The sectional view shows a radiation shield in an upright position and a ca-

nister has been lifted up into the radiation shield. The steel wire rope is shown in blue 

and all sectioned surfaces are lighter. The picture shows also a surface of the radiation 

shield, against which the canister is lifted. 

 

 

The ropes are attached at one end to the winch and at the other end to the radiation 

shield end. The ropes are extended through holes present in the radiation shield end, and 

the point of attachment lies outside the radiation shield. This makes it possible that, in 

hoist malfunction incidents, the ropes be disengaged from outside the radiation shield 

and pulled away from the canister hoist. Thus, during possible trouble incidents, the 

ropes can be removed in order not to impede other actions such as, for example, a de-

tachment of the radiation shield end. 

 

All of the rope pulleys used in the lifting of a canister are 420 mm in diameter. The di-

ameters of rope pulleys are determined by the thickness of the wire rope. The radiation 

shield end has its interior designed in such a way that each rope pulley is assigned its 

specific “niche” and the rope is capable of running freely in all operations of the lifting 

or lowering process. The construction also prevents the rope from jumping off of the 

rope pulley. 

 

The tackle used in the lifting of a canister is a double unit. A more multiple tackle 

would enable the use of a thinner rope and smaller rope pulleys. However, a multiple 

tackle would claim considerably more space. If the tackle is a triple unit or even more 

than that, the tackle blocks must be set on top of each other. The tackle would have to 

be an 18-fold unit in order to fit it lengthwise of the canister in the same space as the 

present solution. However, a tackle of that size does not fit in the radiation shield end 

because of its width. In a double tackle, the rope pulleys need not be set on top of each 

other and the ropes can be placed near the middle of the gripper. When the rope pulleys 

are located as close as possible to the central axis of a canister, the canister swinging 

motion, resulting from a possible breakdown of the rope, shall be as insignificant as 

possible. 
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3.4 Control system 
 

All control motions, supervision, and checkups, which are needed for driving, canister 

handling and precise alignment, can be performed manually from the cabin or remote-

controlled from an operation control room. The vehicle’s cabin and the operation con-

trol room must be equipped with accurate display screens for readily monitoring the in-

formation coming from cameras and sensors. Most of the process control is performed 

by using cameras so a high-quality camera system is required. 

 

The control system consists of control and monitoring devices for the hydraulics of the 

vehicle and the handling equipment, a camera system, a supervision system, and teleme-

try. Hydraulic valves must be of a particularly high standard in order to carry out the 

precise and slow motions required by the apparatus. All motions must further be sub-

jected to a control which makes sure that normal loads and traveling paths are not ex-

ceeded at any time. The installation can also be automated, because installation cycles 

are identical. In either case, the progress of installation is monitored by independent su-

pervisor software which stops the process or delivers a warning in the event of possible 

anomalies. At the same time, the system documents the installation stages and stores 

e.g. the latest image samples indicating the quality of a canister’s surface. Telemetry 

enables real-time tracking and, if necessary, even steering of the apparatus to be carried 

out from ground level. 

 
3.4.1 Control system in a canister loading and lowering operation 

 

The loading of a spent fuel canister in normal circumstances takes place in a canister 

loading station. The rooms can be fitted with necessary cameras for enabling a vehicle 

loading process to be carried out in a controlled fashion despite possible visual hin-

drances. The lower canister loading room must also be fitted with cameras in order to 

keep track of the status of a canister-raising lift and the precise location of a canister. 

 

The vehicle is equipped with a camera system, by which the disposal process can be 

monitored reliably and in real time. Thus, the installation of temporary cameras in the 

disposal tunnel will be avoided. The control of a spent fuel canister lowering process 

requires five cameras. The cameras are mounted above and below the radiation shield’s 

rear end, in a middle position below the radiation shield, on the radiation shield end, as 

well as inside the latter (Fig. 14). The rear-end cameras (1 and 2) are observing, during 

the turning motion, the distance between the rear end of a radiation shield and the walls 

of a deposition hole. These cameras can also be used for checking the condition of a de-

position hole and to make sure that nothing undesired has been inadvertently dropped to 

the bottom of the hole prior to the lowering of a spent fuel canister. The camera, which 

has been mounted below the radiation shield in its mid-portion (3), is used for monitor-

ing the distance between the lower part of a radiation shield and the chamfer of a depo-

sition hole. This camera, or the second rear-end camera (2), can also be used for posi-

tioning the vehicle on top of a deposition hole. The camera (5), mounted on the radia-

tion shield end, is used for making sure that the top end of a radiation shield does not 

make contact with the ceiling or other structures of a disposal tunnel. The camera (4), 

present inside the radiation shield, is in turn capable of checking visually a status of the 

gripper before commencing a turning motion of the radiation shield to an upright posi-
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tion. The same camera can also be used for controlling the lifting process of a spent fuel 

canister into the vehicle’s radiation shield in the loading operation. The cameras (2 and 

3), positioned below the radiation shield, must be capable of being maneuvered in a re-

mote-controlled manner to make it possible to position the vehicle and to observe the 

walls of a deposition hole. 
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Figure 14. The pictures display camera positions and imaging directions at various 

stages of a canister lowering process. 
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The outer periphery of a radiation shield’s rear end can also be provided with five cam-

eras which can be used for carrying out the final inspection of a spent fuel canister’s 

surface while lowering it into a deposition hole. The number of cameras is explained by 

the necessity of positioning the cameras quite close to a spent fuel canister due to the 

shortage of space. Imaging the entire canister surface can be managed by 5 cameras, 

such that the cameras have their imaging cones overlapping by 100 mm. The system-

imaged information can be stored for documentation. 

 
3.4.2 Control system in a canister transfer operation 

 

The transfer distance refers to a distance traveled by the canister transfer and installation 

vehicle from a spent fuel canister loading point to a deposition hole. 

 

The vehicle’s front and rear bumpers can be fitted with range sensors or so-called ”park-

ing sensors”, commonly used in automobile industry. The sensors signal a warning if 

the vehicle is too close to a wall or some other obstacle. This is a useful feature, espe-

cially if the steering is performed from a remote operation control room. 

 

In central tunnels the vehicle travels normally with the cabin first, but into a disposal 

tunnel the vehicle is reversed. A reverse camera eliminates the need of rear-view mir-

rors, resulting also in a reduced width of the vehicle. 

 

The reversal can also be performed with laser assistance or by means of a ground-

embedded induction cable. In the case of laser-effected guidance, there is a laser trans-

mitter installed at the end of a tunnel, which marks the tunnel’s center line or the ve-

hicle’s desired traveling line. The vehicle, on the other hand, is fitted with two sensors, 

one on the cabin and the other on the rear. The sensors are capable of detecting the lat-

eral distance of a laser beam from the sensor head and also on which side of the beam 

the sensor is located at a given moment. With two sensors it’s possible to know the real-

time position of the vehicle in the tunnel. The further apart the vehicle-mounted sensors 

are from each other, the more accurately the vehicle’s position and traveling direction 

can be determined. An induction cable can be used in case the tunnels are not perfectly 

straight. Since the tunnel is planned with a cast concrete floor, it is a simple process to 

embed an induction cable within the floor even in its early manufacturing stage. The 

cable can be laid alongside a wall in order not to be damaged by the drilling of deposi-

tion holes. 

 

Even though the disposal tunnel is illuminated, the vehicle must have its own lighting 

for providing the cameras with sufficient visibility. The deposition hole, the bottom side 

of the radiation shield, as well as the interior of the radiation shield must be illuminated. 
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4 CANISTER TRANSFER AND INSTALLATION OPERATIONS 
 

The canister is normally brought down to disposal facilities by means of a canister lift 

(Tanskanen 2006). In exceptional conditions or in an access tunnel transport alternative, 

the canister can be carried by a spent fuel canister transfer and installation vehicle along 

an access tunnel, in which case the canister is loaded into a radiation shield while still 

on the ground in an encapsulation plant. In this case, the encapsulation plant must be 

provided with a loading station similar to that used in the lift transport option. The ve-

hicle is capable of bringing the canister also upward along the access tunnel, if such a 

procedure is needed. 

 

4.1 Hoisting a canister into the vehicle’s radiation shield 
 

Before the hoisting of a spent fuel canister, the canister transfer and installation vehicle 

has been positioned in the upper canister loading room. The vehicle’s support cylinders 

have been extended onto the ground and the vehicle has been leveled. The hoisting of a 

canister into the interior of a radiation shield cannot be managed if the vehicle is in-

clined. The radiation shield has been turned to an upright position into a hole present in 

the floor of a upper loading station room and brought as far down as possible by the 

upright cylinders. 

 

The canister is carried from the canister lift by an automated guided vehicle to the lower 

canister loading room to a position below the canister transfer and installation vehicle 

(Tanskanen 2006). The premise for planning the vehicle has been that the distance of 

lifting or lowering a canister shall not longer than what is required for installing the ca-

nister in a deposition hole (appr. 5.5 m). This enables minimizing the damage caused by 

a possible fall of the canister. The canister loading rooms are also designed for OL3 ca-

nisters, so the room heights unnecessarily exceeding what is needed for OL1 & OL2 

canisters. Hence, for this reason the canister must be raised up from the floor level clos-

er to the radiation shield by means of a hoisting gear designed for the purpose. In addi-

tion to the hoisting action, the apparatus positions the canister accurately and supports it 

at the same time, thus preventing its overturn or fall during the hoisting process. Figure 

15 shows an example of the canister hoisting process. 
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Figure 15. Hoisting of a spent fuel canister into a radiation shield at a spent fuel canis-

ter loading station (1). The radiation shield (2) has been turned to an upright position 

into a floor penetration and the gripper (3) has been brought down. The spent fuel ca-

nister (4) is delivered onto a canister hoist (7) by an automated guided vehicle (8) and 

clamped in place with support elements (6). The spent fuel canister is raised by the ca-

nister hoist along guide bars (5) until the gripper is clamped in the canister’s lifting 

slot. The hoisting is continued by the canister hoist until a top part of the canister is in-

side the radiation shield. The support elements are released and the canister is lifted by 

means of the vehicle’s lifting equipment. 

 

 

The radiation shield is centered with the canister. The alignment is effected by moving 

the radiation shield with hydraulic motors in a camera-assisted manner. The canister 

hoist lifts the spent fuel canister to such a height that the gripper is able to grab a hold of 

the canister. At this point, the gripping can be easily confirmed as the canister is still 

outside the radiation shield and the lid is in unobstructed view. The gripper is lowered 

on top of the lid, followed by a clamping motion with the jaws clamping in the lifting 

slot present in the lid of a spent fuel canister (Fig. 12). The clamping action of the grip-

per’s jaws is confirmed visually with cameras and with sensors mounted on the gripper. 

The canister hoist together with the vehicle’s winches keeps on lifting until the canister 

has its top end within the radiation shield. The support elements are not disengaged until 
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at this point, thus reducing the risk of a canister accidentally falling down. The canister 

is lifted into the radiation shield by the vehicle’s own lifting gear. The canister is lifted 

with winches until its top end makes a contact with the radiation shield’s rabbet (Fig. 

13). The contact is detected by loadcells present in the winches, by range detectors in-

cluded in the radiation shield, and by cameras. 

 

4.2 Turning the radiation shield to a transport position 
 

As soon as a spent fuel canister has been lifted up into the radiation shield, it can be 

turned to a horizontal position. In order to enable the radiation shield to be turned up 

from a canister loading station in the deposition space, it must be hoisted up by lifting 

cylinders, then turned over by tipping cylinders and at the same the supporting carriage 

must be displaced forward with a lengthwise motion motor. All these displacements are 

executed at slow motion speeds and the displacements are monitored by cameras. Turn-

ing of the radiation shield to a horizontal position is shown in figure 16. 

 

The radiation shield tends to tilt towards horizontal position, because its center of gravi-

ty lies ahead of the tipping axle. This is why the turning motion is held up by the tipping 

cylinders until the radiation shield tube’s rear part finds the rear radiation shield. At this 

point, with the tube at an angle of about 10°, the center of gravity shifts rearward of the 

tipping axle due to an extra mass supplied by the rear radiation shield. The final 10° 

turning motion is effected by the tipping cylinders applying a push on the guide carriag-

es’ brackets until the radiation shield clamps in place. Precise data regarding the radia-

tion shield’s position is supplied by sensors mounted on the cylinders or the tipping 

axle. 

 

As soon as the radiation shield has been turned to a horizontal position, a joint between 

the rear radiation shield and the radiation shield tube is sealed by pushing the radiation 

shield tube against the rear radiation shield by means of upright cylinders. After that the 

radiation shield is moved as far forward as possible to a transport position by means of 

lengthwise motion motors and the rear radiation shield is in a protected position ahead 

of the vehicle’s rear bumpers. 

 

    
 

Figure 16. Turning the radiation shield from vertical to horizontal position in a spent 

fuel canister loading procedure. The vehicle remains immobile through the whole oper-

ation. 
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The radiation shield is securely locked in the transport position after the turning opera-

tion. The support cylinders are lifted up and the vehicle is ready to carry the canister 

into a disposal tunnel and to install the canister into a deposition hole. 

 

4.3 Transport into a disposal tunnel 
 

The disposal tunnel and the deposition holes are totally completed prior to the disposal 

of a first canister. Likewise, all actions needed for the disposal, such as the washing of a 

deposition hole and the installation of bentonite blocks, have been completed prior to 

bringing a canister into the disposal tunnel.  The disposal process is begun at the far end 

of the tunnel, so the vehicle is forced to travel across all vacant deposition holes. The 

holes are not necessarily located in the tunnel exactly along its mid-line and at equal 

distances, but rather in places with no cracks and with solid rock (Saanio et al. 2006). 

 

After the canister loading has been completed, the vehicle proceeds forward with its ca-

bin first along the central tunnel to an intersection with the disposal tunnel. Here, the 

vehicle is turned around and begins reversing into the disposal tunnel. If the vehicle is 

operated from the cabin, it is desirable that the driver is not trapped between the radiat-

ing spent fuel canister and the disposal tunnel’s back wall. As the vehicle has its nose 

toward the central tunnel, there is always a clear way out for the driver in case of a poss-

ible malfunction or accident. Reversing into the disposal tunnel enables a deposition 

hole to be located closer to the disposal tunnel’s far end wall, since no space is needed 

for the vehicle between the deposition hole and the disposal tunnel’s far end wall. This 

also reduces the hazard of a presently filled deposition hole breaking off at its edge and 

the risk of objects falling into the deposition hole as the vehicle does not cross the hole 

over its entire length. Other holes, which the vehicle is forced to travel across, shall be 

prepared and cleaned for a disposal process at a later stage. These deposition holes can 

also be protected with covers. 

 

4.4 Positioning the vehicle on a deposition hole 
 

Positioning the vehicle must be started well in advance upon approaching the deposition 

hole, because the vehicle is not capable of lateral movement relative to the tunnel. When 

the vehicle proceeds in the middle of a tunnel, there is a clearance of about 300 mm be-

tween the bumpers and the walls on either side. This means that steering actions of the 

vehicle must be extremely minimal, because, even in the best case scenario, it can only 

be diverted by about 4,5° before the front and rear bumpers make contact with the walls 

of a disposal tunnel. 

 

The vehicle can be positioned transversely of a tunnel by means of the same laser beam 

method which is also used for tracking progress of the vehicle (paragraph 3.4.2). As the 

disposal tunnels are straight, the entire tunnel distance can be covered with a single la-

ser. The laser transmitter can be installed in a central tunnel in a perpendicular disposal 

tunnel beyond it. Since the deposition holes are not always perfectly aligned in the mid-

dle of a tunnel, it is necessary to have accurate knowledge regarding the distance of 

their centers from the center line of the disposal tunnel. The laser allows a precise ap-

proach towards a deposition hole and accurate positioning of the vehicle in lateral direc-

tion. 
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The only precise reference point for a disposal process is provided by bentonite rings, 

because the edges of a deposition hole may be broken off or damaged. For this reason, 

the positioning in the longitudinal direction of a tunnel is performed in a camera-

assisted manner from the bentonite rings. The positioning can be effected by the same 

camera (Fig. 14) which is used in the process of turning the radiation shield into a depo-

sition hole. The camera is located below a rear part of the radiation shield and, if neces-

sary, the lens can be provided with a scale consistent with an internal surface of the ben-

tonite rings for facilitating the positioning process. The vehicle is reversed by making 

use of the above-mentioned laser beam until the bentonite rings are visible in the camera 

at a correct spot. 

 

Between an internal surface of the bentonite rings and a spent fuel canister exists an air 

gap of 10 mm in nominal size, determining the installation tolerance for a spent fuel ca-

nister. It has been an objective to keep all air gaps remaining in a deposition hole as 

small as possible in order to maintain the density of expanding bentonite at a sufficient-

ly high level (Saanio et al. 2006). 

 

The vehicle itself does not need such a pinpoint positioning, because the radiation shield 

and the spent fuel canister can be moved in every direction by means of the radiation 

shield’s longitudinal and lateral motion motors. 

 

The deposition hole has a diameter of 1750 mm and the vehicle has a track gauge of 

1800 mm. The space remaining between the track and the edge of a deposition hole is 

just 25 mm. However, the vehicle’s tracks allow for a little bit of crossing, although this 

is not advisable as it may lead to an increased breaking hazard of the edge and pieces of 

rock may fall into the deposition hole. The fallen pieces of rock make it impossible to 

continue a disposal process, constituting a hazard of damaging the bottom of a canister 

if the canister is lowered on top of such pieces of rock. 

 

When the vehicle has been parked with adequate precision (laterally ±50 mm and longi-

tudinally ±100 mm), the support cylinders are lowered to the ground. The cylinders 

have a function of preventing the vehicle from swaying or shifting after parking during 

transfers of the large-mass radiation shield. The support cylinders also carry some of the 

weight of the vehicle, because, with the radiation shield in an upright position, the mass 

of almost the entire load would be applied to a few rearmost wheels of the tracks. The 

vehicle is leveled by adjusting the support cylinders and the hydropneumatic suspension 

of the vehicle’s tracks. 

 

4.5 Installation of a canister in a deposition hole 
 

Since the vehicle is parked in a fixed position with respect to the bentonite rings, the 

installation process can always be carried out the same way. The first step comprises a 

precise alignment of the radiation shield for a lowering process starting position and a 

release of the apparatus from its transport locking. The errors in the vehicle’s running 

accuracy are corrected by shifting the installation gear to its proper position by lateral 

and longitudinal motions, making use of a camera focused on the bentonite rings. When 

the position-fixing is completed, the lowering gear can be automated to turn to an 

upright position. However, the displacements must be sufficiently slow for allowing the 
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process to be monitored with cameras for the duration of the entire execution. The lo-

wering process may also be totally manual, in which case the vehicle’s operator per-

forms necessary steering procedures from the vehicle’s cabin or from an operation con-

trol room. The automated process should be preferred, so that human control errors 

would be avoided. If, for some reason, the automated process should fail to operate, the 

manual control would nevertheless be available. 

 

Having been turned to an upright position, the radiation shield is still further positioned 

precisely in the middle above the opening of bentonite rings by means of hydraulic mo-

tors included in the handling gear. The positioning accuracy must be more precise than 

±10 mm, which is the size of an air gap between a spent fuel canister and bentonite 

rings. The radiation shield and the bentonite rings must be in a parallel relationship with 

each other, because the spent fuel canister is simultaneously present inside the bentonite 

rings and the radiation shield during a lowering operation. The actual lowering of a ca-

nister is performed with manual control. The lowering speed is controlled by a rotating 

speed of the hydraulic winches. The lowering must be done with slow motion speeds, 

especially at the point when the canister’s bottom end reaches the first bentonite ring. At 

a later stage, as well, the lowering speed must be monitored in order to prevent the flow 

of exhaust air displaced by the canister from causing problems. Such problems could 

include, for example, a displacement of the bentonite rings or swaying of the canister in 

response to the air flow. 

 

After the lowering process has been completed, it is possible to use cameras for con-

firming that the canister’s top surface is at the same level with the bentonite rings. It can 

also be verified from the winch’s loadcells that the canister is standing on its own 

weight. This can be followed by releasing the gripper from the canister’s lid and by rais-

ing it up into the radiation shield. The gripper is tightened by winches against the rabbet 

of the radiation shield end for locking it in place. Thus, it cannot sustain damage as the 

vehicle is moving and, likewise, the polyethylene layer of the radiation shield tube’s 

internal surface remains intact. 

 

The radiation shield is turned back to a transport position over the same traveling path 

along which it was turned to an upright position as well. The radiation shield is secured 

to its transport position, whereafter the support cylinders are raised and the vehicle can 

be driven with its nose first out of the disposal tunnel. Immediately after the canister 

installation vehicle has left, top bentonite blocks will be lowered into the deposition 

hole for dampen the radiation into the disposal tunnel (Saanio et al. 2006). 
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5 STRUCTURAL STRENGTH AND LOADING CONSIDERATIONS 
 

The chapter deals with forces applied to structures of the vehicle, the radiation shield, 

and the handling equipment at various stages of installing a spent fuel canister. The stu-

died conditions have included those in which the forces are at their maximum or in 

which the structures are subjected to a maximum stress. In this report, the vehicle’s 

chassis has not been subjected to a comprehensive strength analysis. 

 

5.1 Chassis 
 

The chassis has a body which comprises a flexurally and torsionally rigid box-type 

structure. Both tracks find a support for themselves in a robust box beam, which rein-

forces the vehicle’s chassis. In the future, the chassis shall be designed and dimensioned 

more accurately for finding out total deflections caused by driving and lowering 

processes. The deflections allowed by the canister handling gear for the vehicle’s body 

are slight, but, if necessary, the bearing mechanism can be planned on top of the chassis 

on a separate floating structure. 

 

An idling wheel of the tracks is mounted in a rear end of the tracks and a drive wheel is 

in a forward end. A result of this is that, in an alternative ramp transport option, upon 

proceeding downhill along an access tunnel, the tracks tighten against the drive wheels. 

On the other hand, upon proceeding uphill, the tracks tighten against the idling wheel. 

Therefore, the tensioning force of idling wheels must be higher than the force required 

for climbing multiplied by two (tackle effect) in order to maintain the track in a tight 

condition (Pietikäinen 2004). During a normal deposition process the tracks tighten 

more often against the drive wheel because the vehicle is driven uphill into the disposal 

tunnel rear first. 

 

5.2 Radiation shield and handling equipment 
 

In addition to the dimensioning of actuators for the radiation shield, one of the focal 

areas in planning was to examine the magnitudes of forces applied to a tipping axle and 

guide carriages. An objective in this respect was to clarify not only the basic configura-

tion but also the material thicknesses and masses of components. 

 

The radiation shield is fastened by two axles to a supporting carriage. By way of these 

two axles of 180 mm diameters, the entire mass of a radiation shield is distributed, dur-

ing a turning motion of the radiation shield, through the supporting carriage onto the 

vehicle’s body. A total mass of 69 t is carried by the turning axles at the early stage of a 

radiation shield turning motion (34.5 t/axle) with a canister loaded in the radiation 

shield. The turning axle’s slide bearings are designed to be as large as possible in the 

supporting carriage in order to maintain a surface pressure from the radiation shield 

mass at a reasonable value. 

 

The radiation shield has a location of its center of mass varying during a disposal 

process. In a transport stage, with a spent fuel canister present in the radiation shield, its 

center of mass is located 120 mm rearward of the turning axle and without a canister it 

is 80 mm rearward of the axle. The reason for this is that the radiation shield tube is 
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supporting the rear radiation shield during transport. This is why the radiation shield is 

locked in a horizontal position for the duration of transport. Locking the radiation shield 

in place serves also to ensure its stability in the event of possible mechanical failures or 

accidents. 

 

During the course of a spent fuel canister installation process, the radiation shield has its 

center of gravity shifting in a longitudinal direction of the vehicle. Although the dis-

tance of the center of mass from the turning axle is not more than 380 mm at any time, 

this nevertheless results in a major moment on the turning axle because of the large 

mass. The center of mass is at a maximum distance from the turning axle at the time 

when an empty radiation shield has been turned by 10° and the wheels of the massive 

rear radiation shield begin to carry weight. The moment is at its maximum, because the 

mass of a canister is not there to stabilize the condition. At this point, the distance of the 

center of mass from the axle applies, during the course of a spent fuel canister installa-

tion process, a torsion moment of about 70 kNm on the turning axle. 
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6 MAINTENANCE 
 

The maintenance of the vehicle and the canister handling equipment is aimed at prec-

luding mechanical failures during a spent fuel canister installation process. Most of the 

equipment used in the vehicle, such as hydraulic cylinders and motors, are in general 

use in industry and hence, the maintenance procedures are in line with normal vehicular 

maintenance. 

 

It has been determined in previous proposals that the final disposal rate of spent nuclear 

fuel is roughly one canister a week (Kukkola 2006). This means that maintenance work 

on the vehicle and condition surveillance of the devices can be performed at a sufficient 

frequency without slowing down the actual disposal process. It is also possible to carry 

out major repair processes, because the spent fuel canisters can wait for final disposal in 

buffer storage of the encapsulation plant (Kukkola 2006). 

 

Every installation of a canister is preceded by visually inspecting the condition of the 

vehicle and actuators. The inspection can be performed for example in the upper canis-

ter loading room. The radiation shield’s internal surface is inspected and, if necessary, 

cleaned. Prior the delivery of a canister to a canister loading station all pieces of equip-

ment needed in the disposal of a canister are tested.. 

 

6.1 Maintenance of the canister handling equipment 
 

All pieces of the canister handling equipment, such as hydraulic motors and cylinders, 

are arranged for easy maintenance or replacement. The pieces of handling equipment 

located along the sides of a radiation shield are protected by a housing that can be 

opened or lifted out of the way of maintenance operations. 

 

The winches, ropes, and rope pulleys are also removable and easy to maintain. These 

are all accommodated in the radiation shield end, which is secured to the radiation 

shield tube by bolts. Thus, if necessary, the mechanism present in the radiation shield 

end can be lifted away as a single unit from the top of the vehicle. 

 

6.2 Maintenance of the vehicular equipment 
 

The term vehicular equipment refers to equipment needed for operating and maneuver-

ing the chassis, such as an engine, a power transmission, crawler tracks, as well as steer-

ing devices. 

 

The power unit comprises a traditional 240 kW diesel engine, which is content with 

maintenance procedures conducted at a normal maintenance cycle. The engine and ca-

bin air filters must be inspected and replaced at a sufficient frequency. The significance 

of filters is pronounced as the vehicle is operated at certain times in tight tunnels whose 

ventilation may be shut down during the transport of a canister. 

 

The condition of tracks is subject to continuous visual surveillance and, if abrasions or 

damages are detected, the tracks are replaced. The tracks are subjected to a fairly high 

stress, especially if the vehicle is turned around on the spot (Pietikäinen 2004). The 
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tightness of tracks must also be monitored for preventing the dislodging in any situa-

tion. The condition monitoring is very important as the facilities for maintenance proce-

dures may be extremely tight in case the track breaks or becomes dislodged in a dispos-

al tunnel. In this case, the only remaining alternative may be towing the vehicle away 

from the disposal tunnel and conducting the repair measures in the central tunnel. 
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7 FAILURE AND FAULT SITUATIONS 
 

The canister installation process involves precise handling of fairly high-mass compo-

nents and, thus, there are plenty of theoretical fault possibilities. The most critical of 

these operations are canister loading and installation processes as the canister is not 

within its radiation shield at those times. Failures during the turning of a radiation shield 

could be troublesome to deal with, because the vehicle is not able to move when the 

radiation shield is even partly within a deposition hole. The lowering operation also re-

quires special accuracy as the canister presents very small tolerances in the process of 

installing it in a deposition hole 

 

The vehicle’s operating processes were examined in a simplified risk analysis 

(PFMEA), in which the risk factors and solutions of the process were systematically 

studied. The analysis is presented in appendix 2. 

 

7.1 Problems during loading process 
 

In a loading process, problems may result from the operator’s errors or mechanical fail-

ures as the canister is being hoisted or the radiation shield is being turned to a transport 

position. The vehicle’s radiation shield is turned to a loading position before the canister 

is brought down into final disposal facilities. For this reason, all problems relating to 

positioning the vehicle at the canister loading station in a disposal facility can be han-

dled on site. The canister will not be delivered to the loading site before the vehicle is 

precisely positioned and everything is set. 

 

The canister is hoisted into the radiation shield every time at the same canister loading 

station. Therefore, the loading station can be provided with sufficient camera and sensor 

systems for avoiding problem situations with more certainty. Due to a high level of rad-

iation the canister loading rooms may not be entered when the canister is still outside 

the radiation shield or when the radiation shield has not yet been turned to a transport 

position. 

 

It is an objective to preclude mechanical failures occurring during a loading process by 

subjecting the apparatus to continuous maintenance and condition monitoring. Nonethe-

less, all critical devices relevant to a hoisting process are designed in such a manner 

that, in the event of a single device failure, the process can be cancelled or aborted in a 

controlled fashion. For example, in the event of a winch or rope becoming damaged, the 

canister can be lowered back onto the hoist by means of a second winch and carried 

back into the canister lift by means of an automated guided vehicle. After this, the load-

ing station can be entered again for conducting necessary maintenance operations. 

 

It is an electrically operated gripper which lifts the canister into the vehicle’s radiation 

shield. In the event of a possible power failure, the canister is nevertheless prevented 

from falling down by virtue of a self-locking mechanism of the gripper. The canister 

mass is not carried by electric motors which only effect opening and closing motions of 

the gripper. The closing motion is further confirmed by cameras and sensors for making 

sure that all three jaws of the gripper have been securely clamped in the canister lid’s 

lifting slot. 
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7.2 Problems during transfer process 
 

Possible problems during a transfer process consist mainly of mechanical failures or 

collisions. 

 

All pieces of equipment relevant to the handling of a canister, with the exception of a 

gripper and tackles, are located outside the canister’s radiation shield. This enables han-

dling equipment repair operations to be carried out as normal, even if the spent fuel ca-

nister is stored in the radiation shield and the radiation level is slightly elevated. In a 

transport stage, the radiation shield is locked in place on top of the supporting carriage 

so as not to have its mass carried by the actuators. This allows for the replacement or 

maintenance of faulty components. 

 

The vehicle repair procedures may be hard to accomplish because of the occasionally 

tight tunnels of a disposal site. For example, in the process of reversing into a disposal 

tunnel, the clearance left on either side of the vehicle will be no more than about 300 

mm provided that the vehicle is in the middle of the tunnel. This is why the devices re-

levant to the vehicle’s mobility, such as for example the engine and hydraulic systems, 

are aimed at being assembled in a forward part of the vehicle for an easier access. There 

is plenty of room ahead of the cabin and the risk of being exposed to radiation during 

repairs is less also in other phases of canister disposal operations. 

 

The vehicle can also be towed. Such a situation may arise for example in the event that 

the tracks or power transmission develop problems in a tight disposal tunnel. The ve-

hicle can be pulled into the central tunnel with more space for maintenance work. If ne-

cessary, the tracked vehicle can also be towed upon bogie wheels if the crawler track 

has broken or jumped off. 

 

Although the vehicle moves slowly and although it is equipped with comprehensive 

steering systems, there is always a possibility of collision. Therefore, the vehicle’s lead-

ing and trailing ends are provided with specially designed bumpers intended for reduc-

ing damage sustained by the vehicle. The bumpers are mounted on the vehicle’s struc-

tures in a way to transmit the collision force to the vehicle’s framework instead of its 

radiation shield or control equipment. During the course of transporting a spent fuel ca-

nister, the vehicle may collide not only with the structures of a disposal site but also 

with other working vehicles. This must be precluded by administrative arrangements, 

such that the vehicle’s traveling route cannot have other traffic or parked vehicles dur-

ing the transport of a canister. This action also serves to reduce an unnecessary fire load 

in the vicinity of a spent fuel canister. 

 

7.3 Problems during installation process 
 

The installation of a canister into a deposition hole is perhaps one of the most challeng-

ing operations in the entire disposal process. It takes place in a tight disposal tunnel, al-

ways into a different deposition hole, so the building of any process-facilitating struc-

tures there is not cost effective. Also the clearances between the walls of a deposition 

hole and the radiation shield are small. That requires a high precision from the appara-
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tus. The installation process may involve operational errors by the driver or the devices 

may develop malfunctions or suffer from external events. 

 

Installation errors refer to mistakes made by the driver, regarding for example position-

ing the vehicle, turning the radiation shield or lowering the spent fuel canister. As a re-

sult of a driving or positioning error, it is possible that, during the installation process, 

the radiation shield hits either the walls of a deposition hole or the ceiling of a radiation 

shield. An objective is to eliminate these problems by automating the lowering process, 

by slow motion speeds, as well as by monitoring systems. Turning the radiation shield 

to an upright position can be implemented in a logic-controlled manner as the turning 

motions are always identical, provided that the vehicle is positioned correctly. Even if 

the turning motion was to proceed automatically, it will nevertheless be under conti-

nuous monitoring by cameras, range sensors and a tracking system, installed in the radi-

ation shield. 

 

External interferences, such as pieces of rock falling from the ceiling or walls, water or 

the edge of a deposition hole breaking off, do not constitute a hazard to the spent fuel 

canister. They may, however, cause damage to the apparatus or interrupt the installation 

process, for example when pieces of rock have fallen onto the bottom of a deposition 

hole or if bentonite has become swelled. 

 

In the event that a malfunction of the equipment occurs during a canister installation 

process, the maintenance work will be quite difficult. When the spent fuel canister is out 

of the radiation shield or as soon as the radiation shield has been opened, radiation scat-

tering from the deposition hole will enter the disposal tunnel. At no time shall the dis-

posal tunnel receive direct radiation, but scattered radiation may arrive by way of one or 

two reflections. The actuators needed for manipulating the radiation shield are located 

along the sides of the vehicle in the vicinity of a radiation shield tipping axle. This 

means that, when the canister is in an upright position, said actuators are close to a de-

position hole and hence also more exposed to radiation scattering from the hole. How-

ever, radiation is absorbed to such an extent by the radiation shield and other structures 

of the vehicle that momentary maintenance procedures can be performed on the vehicle 

and the canister handling equipment in exceptional circumstances. 

 

The tight conditions of a disposal tunnel being their own difficulties into the repair of 

mechanical faults. 

 

7.4 Fire 
 

The cause of fire can be for example a collision, a mechanical failure or external factors. 

Although the risk of fire is low, it calls for thorough precautions because fires deep un-

derground are always dangerous. The extinction may also be difficult because of the 

tight conditions of a disposal tunnel and the reflection of thermal radiation from the 

walls. 

 

Components such as the engine and winches, which may constitute a source of fire, are 

isolated by means of protective housings and provided with a vehicle-specific extin-

guishing system. The extinguishing system can be either automatic or it can be manual-
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ly switched on from the cabin or in a remote-controlled fashion from an operation con-

trol room. The vehicle’s cabin must carry necessary hand-held fire extinguishers for the 

manual extinction of minor external fires. 

 

In designing the vehicle, it has been an objective to keep the fire load as small as possi-

ble. If the vehicle was using wheels, it would need many of those because of the ve-

hicle’s large mass. Although rubber-coated, the vehicle’s tracks carry a lot less fire load 

than rubber wheels. The employed hydraulic oil must also be nonflammable oil. Com-

bustible material shall also be present in the vehicle’s fuel tank. Therefore, the fuel tank 

must be isolated thoroughly from other components and designed to be fireproof. The 

amount of fuel held in the vehicle’s fuel tank is limited for not constituting an extra fire 

load. 

 

The spent fuel canister has been subjected to a variety of simulated fires with the PA-

SULA program at various stages of a disposal process (Lautkaski et al. 2003). It was 

verified in the simulations that a vehicle with rubber wheels was burning about 60 mi-

nutes at a temperature of 1000-1200°C. The temperature rises inside the radiation shield 

to critical figures (570°C) within about three hours. What has not been considered in the 

report is the effect of heat on the durability of vehicle supporting structures or tunnel 

structures at high temperatures. The simulations were conducted on a rubber-wheeled 

vehicle, which has a neutron shield of polyethylene outside the radiation shield. The 

present model employs crawler tracks, which makes the vehicle’s fire load considerably 

smaller. The combustible neutron shield is also protectively disposed inside the radia-

tion shield. 

 

Fuelling the vehicle is conducted in a prescribed washing and fuelling space near a fuel 

container facility (Posiva 2007). The space is located within the disposal site, but the 

risk of fire during the course of fuelling has been observed by isolating the fuelling 

space from the rest of the disposal site with fireproof doors. The vehicle is fuelled while 

there is no canister inside the radiation shield. 

 

Another consideration in design and various process stages is personal safety. The ve-

hicle is reversed into a disposal tunnel, providing an exit route as convenient as possible 

from the vehicle’s cabin to the central tunnel. The cabin’s door opens rearward, thus not 

blocking the way. In addition, the door provides protection for the driver against heat or 

radiation possibly coming from behind. 
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8 DISPOSAL REQUIREMENTS FOR THE STRUCTURES OF THE CAVE 
SYSTEM 

 

The transfer and lowering of a spent fuel canister to and into a deposition hole imposes 

specific requirements for a disposal tunnel system and a deposition hole. Designing a 

vehicle and a tunnel system must be conducted with the consideration of safety dis-

tances to the tunnel’s walls and ceiling. 

 

The transfer of a canister onto a deposition hole imposes requirements for the walls, 

ceiling and floor of central and disposal tunnels. The ceiling and walls are coated and 

reinforced for making it unlikely that loose pieces of rock would fall on the vehicle or 

its traveling path. Even though all of the vehicle’s vital and delicate components are 

protected, the fall of loose pieces of rock may cause damage to the vehicle’s equipment 

and thereby delay or even abort the disposal process. The height of a ceiling is not of a 

major importance at the transport stage, because the height of a vehicle remains constant 

throughout the transport stage. It should be noted, however, that the vehicle’s height in a 

transport condition is about 3.1 m. 

 

The floor is subject to reasonably strict requirements. Its surface should be flat and 

smooth for implementing safely the transfer and installation of a spent fuel canister. The 

grade variations of a floor and the upward gradients over the vehicle’s entire operating 

range should be gentle, because the vehicle’s nose extends far ahead of the tracks and is 

located at a fairly low level. This means that the change of a slope’s steepness cannot be 

more than 5° over the distance of three meters. If this is exceeded, the vehicle’s nose 

may collide with the floor. 

 

With its tracks, the disposal vehicle is able to turn around on the spot, the turning radius 

being about 8.5 m. The central tunnel is 6 m in width, the disposal tunnel is 3,5 m, and 

the intersections thereof are planned to have bevels of 3.5 x 3.5 m (Posiva 2007). Thus, 

the vehicle is afforded plenty of space to make a turn into the disposal tunnel (Fig. 17). 

 

                
 

Figure 17. The picture shows a vehicle turning from a central tunnel into a disposal 

tunnel with its rear end first. A tracked vehicle can also turn on the spot, but that sub-

jects the tracks and the chassis to a more severe stress. 
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In the designing process, it is mandatory that between the radiation shield and the ceil-

ing of a disposal tunnel be left a safety margin of at least 100 mm on top of the nominal 

dimensions. The radiation shield end shall not be allowed to end up closer than this to 

the disposal tunnel’s ceiling or its structures at any point of installation. 

 

The installation of a spent fuel canister into a deposition hole requires a chamfer at a top 

end of the hole in order to provide room for the radiation shield to turn into the deposi-

tion hole. The chamfer has been earlier defined to be 520 mm in depth and 350 mm in 

length (at an angle of 34°). Since, in the process of turning a radiation shield into a de-

position hole, there is throughout the turning motion a clearance of at least 50 mm, there 

will be a resulting vacant space of at least 350 mm left between the radiation shield’s 

top end and the disposal tunnel’s ceiling. Accordingly, the height of a disposal tunnel 

could be theoretically lowered by 250 mm. The turning process was studied along a 

theoretical “ideal path”, which is difficult to define in reality.  

 

A minimum distance between the walls of a deposition hole and the radiation shield has 

not been defined earlier. If the radiation shield was allowed to touch the walls of a de-

position hole, there would be left 650 mm of air between the radiation shield’s top end 

and the disposal tunnel’s ceiling with the present chamfer of the hole. This means, on 

the other hand, that the turning would be managed without a chamfer, provided that the 

radiation shield were allowed to touch the deposition hole’s walls during the turning 

process. In this case, there would be a space of about 60 mm left between the disposal 

tunnel’s ceiling and the radiation shield end. In practice, it is likely that the contact can-

not be allowed as the result of this is an increased risk of e.g. rock coming loose. How-

ever, the optimization of an operating clearance has technically a major significance in 

terms of cost efficiency as a contributor to the height of a tunnel or the size of a cham-

fer. 

 

The quality of a deposition hole’s top end must be inspected before the installation ve-

hicle is driven across the hole. Even though the vehicle is equipped with crawler tracks, 

the floor shall be subjected to a fairly high surface pressure. Even in the best case scena-

rio, the clearance between a crawler track and a deposition hole will be only 25 mm. 

Even the tiniest pieces of rock dropped into the deposition hole may abort the disposal 

process. 
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9 COST ESTIMATE 
 

The cost estimate for a canister transfer and installation vehicle has been worked out at 

the price level of early 2008, judging experimentally the degree of difficulty for con-

structing the equipment. Appendix 3 shows a more detailed breakdown of cost bases. 

Inquiries have made regarding current sale prices of the most expensive purchase com-

ponents. All components mentioned in appendix 3 are tentative options and alternative 

suppliers are also available. The cost estimate does not include a value added tax. 

 

The cost estimate includes also vehicle designing and installation costs to the extent re-

garding the actual vehicle. It has been presumed that the disposal site encompasses both 

a canister loading station with its cameras and power inputs and deposition holes with 

their chamfers. Another presumption has been that a possible remote running control 

and an operation control room are not included in the costs of a vehicle. Design costs 

are increased by approval rounds relevant to the design of a nuclear technological appa-

ratus, as well as by the amount of documentation. Likewise, various technical systems 

of the vehicle increase the number of design interfaces, which typically results in more 

designing rounds as various technologies are focusing side by side as the planning work 

progresses. 

 

Finding suitable subcontractors shall also constitute a major factor regarding the cost 

structure. Although manufacturing the vehicle basically involves normal machine shop 

technology in terms of both working margins and materials, the making of certain com-

ponents shall require sufficiently large-scale and high-precision working tools. The 

planning stage is also greatly benefitted by previous experiences from dynamic vehicu-

lar loads or from crawler track, control and hydraulic systems. The most beneficial al-

ternative would be to find a suitable commercial chassis structure, on top of which the 

installation gear could be assembled. The required rearward open body structure may 

constitute a major problem in this alternative. 

 

The vehicle testing, test run and approval costs have not been included in this cost esti-

mate, either. 

 

Radiation shield 320 000 € 

Radiation shield handling equipment 205 000 € 

Canister lifting gear  77 000 € 

Control system for canister handling 

Vehicle’s chassis 

156 000 € 

735 000 € 

Total cost  1 493 000 € 



46 

 



47 

 

10 SUMMARY 
 

The report presents a preliminary design regarding the canister handling technique for a 

spent fuel canister transfer and installation vehicle. The spent fuel canister is lifted into 

the installation vehicle at a canister loading station, transported along a transfer tunnel 

to a disposal tunnel, and installed into a deposition hole. During transport, the canister is 

in a horizontal position within a radiation shield, which blocks the access of radiation to 

the environment and protects the canister from external factors. 

 

The design process is aimed at providing simple solutions and equipment with a high 

operating reliability and low maintenance. The canister transfer and installation vehicle 

is used for handling the average of 40 canisters a year, so it has a low degree of utiliza-

tion. The actuators of a spent fuel canister installation vehicle, such as an engine, canis-

ter handling equipment, winches and rope pulleys, are located in view of having an easy 

access for maintenance or repair at every stage of the installation process. At the trans-

port stage, the spent fuel canister lies in the radiation shield, where possible repairs of 

the equipment can be managed without special protective outfits. 

 

The apparatus was subjected to a risk analysis (PFMEA) regarding its operation. The 

analysis charted reasons, consequences and solutions for possible problem situations 

during a canister disposal process. The most critical occasion is the spent fuel canister 

installation process as the radiation shield is in an upright position in the deposition 

hole. Thus, the radiation shield blocks a movement of the vehicle away from the deposi-

tion hole and repair procedures are difficult to perform because of the open radiation 

shield and a lack of space in the disposal tunnel. The dropping distance for a canister is 

also at its maximum at this point. However, when the actual installation gear operates 

normally, the canister can be returned basically from all process stages into its radiation 

shield in the event that the installation process is disrupted by some external factor. 

 

The work was intended for carrying out a preliminary planning process for the canister 

handling equipment of a canister transfer and installation vehicle, so all of the most 

minute details have not been worked out. Nonetheless, the 3D design process and com-

ponent selections extended quite far in certain aspects. The next worthwhile objective 

would be to narrow down the planning as far as the vehicle’s chassis is concerned. This 

would warrant finding a suitable subcontractor with knowledge about tracked-chassis 

vehicles and about how to build them. In terms of the overall project, it would be best if 

both the chassis and the handling equipment were designed and manufactured by one 

supplier. Suitable partners could be located amongst mining machine suppliers or ve-

hicle suppliers for arms industry. 

 

The price of a spent fuel canister transfer and installation vehicle is estimated at 

1 500 000 euros as per the cost level of early 2008. 
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APPENDICES 
 

Appendix 1: Principal dimensions of the vehicle. 

- 1. Vehicle from behind during canister transfer. 

- 2. Vehicle from behind during canister installation. 

- 3. Vehicle from above during canister transfer. 

- 4. Vehicle from above during canister installation. 

 

Appendix 2: Risk analysis (PFMEA). 

 

Appendix 3: Cost estimate. 
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APPENDIX 2 

RISK ANALYSIS 

POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS (PFMEA) 

 
 Process Function 

/Description 

Potential Failure 

Mode 

Potential Ef-

fect(s) of 

Failure 

Potential 

Cause(s)/ 

Mechanism(s) of 

Failure 

Current Process 

Controls 

Recom-

mended 

Action(s) 

1 Lifting the canis-

ter to the radia-

tion shield  

Gripper cannot 

make grip to the 

canister 

Lifting process 

interrupted 

Canister not in the 

right position 

Positioning system in 

the canister lifting 

device 

 

    Gripper malfunc-

tion 

Gripper contains 2 

electric motors and a 

self locking system, 

visual inspection, 

sensors 

 

  Insufficient locking 

of the gripper 

Damage in ca-

nister or gripper 

Mechanical ob-

stacle 

Visual inspection, 

sensors 

Force sensor 

to monitor 

the opening 

force 

    Gripper malfunc-

tion 

Gripper contains 2 

electric motors and a 

self locking mechan-

ism, visual inspec-

tion, sensors 

 

  Collision to the 

canister lifting de-

vice 

Damage in the 

canister or ca-

nister lifting 

device 

Failure in the ve-

hicle’s support 

cylinders 

Maintenance and 

testing before the 

lifting process, con-

struction design 

 

  Collision to the 

radiation shield 

Damage in the 

canister or radi-

ation shield 

Horizontal 

movement of the 

canister, friction 

in pulleys 

Chamfer in the radia-

tion shield, visual 

confirmation, lifting 

force sensors in 

winches 

 

    Vehicle not le-

veled correctly 

Sensors monitoring 

the position of the 

radiation shield 

 

  Lifting failure Process is inter-

rupted, damage 

in canister or 

radiation shield 

Mechanical ob-

stacle in the radia-

tion shield 

Visual confirmation  

    Failure in the hy-

draulic system 

Maintenance and 

testing before the 

lifting process, canis-

ter can be lowered 

down and detached 

from the vehicle 

 

    Failure in the 

gripper’s cable 

spring withdraw 

system 

Lifting process is 

monitored with cam-

eras inside the radia-

tion shield 

 

    Winch malfunc-

tion during lifting 

process 

Lifting system con-

tains 2 winches and 

canister can be lo-

wered down using 

only 1 winch 

 

  Canister falling Damage in ca- Winch malfunc- Lifting system con-  
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 Process Function 

/Description 

Potential Failure 

Mode 

Potential Ef-

fect(s) of 

Failure 

Potential 

Cause(s)/ 

Mechanism(s) of 

Failure 

Current Process 

Controls 

Recom-

mended 

Action(s) 

nister or canister 

lifting device 

tion tains 2 winches and 

each of them  is able 

to lift the canister 

    Gripper malfunc-

tion 

Self locking mechan-

ism 

 

    Failure in the hy-

draulic system 

Automated breaking 

systems in hydraulic 

winches 

 

2 Turning the rad-

iation shield to 

transfer position 

Collision to the 

docking station 

Damage in ca-

nister or dock-

ing station 

Canister partially 

outside from the 

radiation shield 

Sensors in winches, 

visual confirmation 

 

   Damage in radi-

ation shield or 

docking station 

Failure in the hy-

draulic system 

Controlled excess 

flow check valves in 

hydraulic cylinders, 

maintenance and test-

ing before lifting 

process 

 

    Misuse Slow movement 

speeds, logic control 

Optional 

monitoring 

system 

  Turning not possi-

ble 

Process inter-

rupted 

Malfunction in 

the radiation 

shield’s turning 

system 

Canister is lowered 

down and detached 

from the vehicle and 

the radiation shield 

can be turned to 

transfer position with 

an auxiliary system 

Crane in the 

canister 

loading sta-

tion 

    Failure in the hy-

draulic system 

Canister is lowered 

down and detached 

from the vehicle and 

the radiation shield 

can be turned to 

transfer position with 

an auxiliary system 

Crane in the 

canister 

loading sta-

tion 

  Jamming of the rear 

radiation shield 

Damage in rear 

hatch or radia-

tion shield tube 

Mechanical ob-

stacle between 

rear radiation 

shield and radia-

tion shield tube 

Visual confirmation Construction 

designed so 

that no ob-

stacle can 

stay in criti-

cal places 

3 Canister transfer Collision to the 

tunnel structure 

Fire, damage in 

vehicle or tun-

nel systems 

Failure in the ve-

hicle steering sys-

tem 

Buffers, slow move-

ment speed, canister 

in the radiation shield 

safe from collision 

and fire, reliable 

steering system (laser 

or induction cable) 

No other 

tasks close 

to the canis-

ter transfer 

route while 

canister 

transfer 

    Misuse Buffers, slow move-

ment speed, canister 

in the radiation shield 

safe from collision 

and fire, reliable 

steering system (laser 

No other 

tasks close 

to the canis-

ter transfer 

route while 

canister 
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 Process Function 

/Description 

Potential Failure 

Mode 

Potential Ef-

fect(s) of 

Failure 

Potential 

Cause(s)/ 

Mechanism(s) of 

Failure 

Current Process 

Controls 

Recom-

mended 

Action(s) 

or induction cable) transfer 

   

Canister transfer is 

not possible 

Transfer inter-

rupted 

Failure in ve-

hicle’s systems 

Maintenance possible 

on the spot 

 

  Canister is detached 

from the gripper 

during transfer 

Process is inter-

rupted 

Failure in the 

gripper 

Detachable rear rad-

iation shield arms, 

lockable rear radia-

tion shield and after 

this it works like a 

plug for the canister 

A space 

where radia-

tion shield 

can be 

turned to 

installation 

position and 

the canister  

is lifted out 

of the radia-

tion shield 

4 Turning the rad-

iation shield to 

installation posi-

tion 

Radiation shield 

cannot be turned 

Process inter-

rupted 

Failure in the 

turning system 

Maintenance possible 

on the spot 

 

    Malfunction in 

the locking sys-

tem during trans-

fer phase 

Maintenance possible 

on the spot 

 

  Radiation shield 

stuck during turning 

phase 

Process inter-

rupted 

Failure in the 

turning system 

Radiation shield is 

turned back to safe 

position using its own 

weight, Maintenance 

possible on the spot 

 

  Collision to the 

deposition hole 

Damage in radi-

ation shield or 

deposition hole 

Fault in radiation 

shield or vehicle 

positioning 

Visual follow-up, 

slow movement 

speeds, logic control 

 

    Failure in the rad-

iation shield’s 

turning system 

Controlled excess 

flow check valves in 

hydraulic cylinders, 

so fast and unin-

tended movement 

cannot occur 

 

    Misuse Slow movement 

speeds, logic control 

 

  Leveling the ve-

hicle not possible 

Installation 

process inter-

rupted 

Failure in the ve-

hicle’s support 

cylinder 

Anticipatory main-

tenance, vehicle can 

be driven away and 

fixed 

 

5 Lowering the 

canister 

Collision to the 

bentonite blocks 

Damage in the 

bentonite block 

Obstacle in the 

deposition hole 

Visual confirmation, 

earlier procedures 

 

    Bentonite blocks 

not correctly as-

sembled 

Visual confirmation, 

earlier procedures 

 

    Vehicle not le-

veled correctly 

Sensors monitoring 

the position of the 

radiation shield 

 

    Unlocking the 

gripper before the 

Force sensors in 

winches, visual con-
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 Process Function 

/Description 

Potential Failure 

Mode 

Potential Ef-

fect(s) of 

Failure 

Potential 

Cause(s)/ 

Mechanism(s) of 

Failure 

Current Process 

Controls 

Recom-

mended 

Action(s) 

canister is com-

pletely lowered to 

the bottom 

firmation 

  Insufficient lower-

ing length 

Damage in ben-

tonite blocks or 

canister 

Obstacle on the 

bottom of the de-

position hole 

Visual confirmation 

before the beginning 

of canister installa-

tion 

 

   Lowering 

process inter-

rupted 

Failure in winch 

systems 

One winch can be set 

to lose while the ca-

nister is lowered us-

ing only 1 winch 

 

  Gripper is stuck 

under the canister 

lifting shoulder 

Process is inter-

rupted 

Mechanical ob-

stacle 

Construction of the 

gripper prevents most 

mechanical obstacles 

Gripper and 

radiation 

shield end 

properly 

checked 

during main-

tenances 

    Failure in the 

gripper’s electric 

motor 

Gripper contains 2 

electric motors in 

separated systems 

 

    No energy in 

gripper 

Vehicle contains 2 

separated electric 

systems 

 

6 Turning the 

empty radiation 

shield to transfer 

position 

Cannot turn the 

radiation shield 

Vehicle cannot 

move 

Malfunction in 

the radiation 

shield’s turning 

system 

Radiation shield turns 

up from the deposi-

tion hole using its 

own weight 

 

    Malfunction in 

the radiation 

shield’s longitu-

dinal movement  

system 

Longitudinal move-

ment is made by 

moving the vehicle 

 

  Collision to the 

deposition hole 

Damage in the 

deposition hole 

or radiation 

shield 

Malfunction in 

the radiation 

shield’s turning 

system 

Controlled excess 

flow check valves in 

hydraulic cylinders, 

so fast and unin-

tended movement 

cannot occur 

 

    Misuse Slow movement 

speeds, logic control 

 

  Material falling into 

the deposition hole 

Damage in ca-

nister, installa-

tion process 

interrupted 

Oil leak in the 

hydraulic system 

Hydraulic compo-

nents are enclosed, 

hydraulic systems has 

excess flow check 

valves 

 

    Cleavage in the 

deposition hole 

Visual confirmation, 

earlier checks and 

preparations, wide 

tracks 

 

    Material falling 

from the vehicle 

Regular maintenance, 

cleaning and repair 

 

7 Vehicle moving Material falling to Damage in ca- Cleavage in the Visual confirmation,  
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 Process Function 

/Description 

Potential Failure 

Mode 

Potential Ef-

fect(s) of 

Failure 

Potential 

Cause(s)/ 

Mechanism(s) of 

Failure 

Current Process 

Controls 

Recom-

mended 

Action(s) 

away from the 

deposition hole 

the deposition hole nister, next 

working phase 

prevented 

deposition hole earlier checks and 

preparations, vehicle 

does not drive over 

the deposition hole in 

full length 

    Leak in hydraulic 

systems 

Hydraulic compo-

nents are enclosed, 

hydraulic systems has 

excess flow check 

valves 

 

  Moving away from 

the deposition hole 

is prevented 

Vehicle is im-

mobilized close 

to the canister 

Failure in the ve-

hicle’s support 

cylinders 

Support cylinder can 

be manually lifted 

 

    Malfunction in 

the steering sys-

tem 

Vehicle can be towed  

 



62 

 



63 

 

APPENDIX 3 

 

Estimate of cost for canister transfer and installation vehicle 
 

Description  quantity/unit  unit price  total 

 

Radiation shield     

Tube, end and rear hatch  35 000 kg 8 €/kg 280 000 € 

Design 500 h  60 €/h 30 000 € 

Assembly 200 h 50 €/h 10 000 € 

   320 000 € 

Radiation shield’s handling devices    

Steel structure (Support sledge, support pieces, 

etc.) 6 000 kg  10 €/kg 60 000 € 

Accessories (4 x hydraulic motor, 4 x hydraulic 

cylinder, rails, bearings etc.) 1 as a whole 30 000 € 30 000 € 

Design 1 500 h 60 €/h 90 000 € 

Assembly 500 h 50 €/h 25 000 € 

   205 000 € 

Canister lifting equipment     

Steel structure 600 kg  20 €/kg  12 000 € 

Winch (Transmital Bonfiglioli 800-series) 2 pcs 6 000 €  12 000 € 

Gripper 1 pcs  12 000 € 12 000 € 

Steel cables (CERTEX Dyform 8/8PI) 40 m   25 €/m 1 000 € 

Accessories (pulleys, electric motors etc.) 1 as a whole  5 000 € 5 000 € 

Design 500 h 60 €/h 30 000 € 

Assembly 100 h 50 €/h 5 000 € 

Control system for canister handling devices   

77 000 € 

 

Including PLC, sensors, cabling and control 

devices with monitors  1 as a whole  50 000 € 50 000 € 

Installation camera system: 5 fixed and 2 turn 

able 1 as a whole 20 000 € 20 000 € 

Design 700 h 80 €/h 56 000 € 

Assembly 500 h 60 €/h 30 000 € 

   156 000 € 
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Description  quantity/unit  unit price  total 

 

Vehicle platform 

Body 20 000 kg 10 €/kg 200 000 € 

Motor (Sisu diesel 240 kW) 1 as a whole  30 000 € 30 000 € 

Transmission 1 as a whole 80 000 € 80 000 € 

Tracks and roll coaters 1 as a whole 20 000 € 20 000 € 

Accessories 1 as a whole 50 000 € 50 000 € 

Control system 1 as a whole 100 000 € 100 000 € 

Design 3000 h 60 €/h 180 000 € 

Assembly 1500 h 50 €/h 75 000 € 

   735 000 € 

       

TOTAL Manufacturing  962 000 € 

 Design  386 000 € 

 Assembly   145 000 € 

   1 493 000 € 
 

 
 




