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1	 Introduction
101. Spent nuclear fuel assemblies removed from 
a nuclear reactor are highly radioactive, and they 
generate heat and contain nuclear materials and 
fission products. The safe handling and storage 
of nuclear fuel assemblies requires in particular 
that the integrity of the assemblies and the leak-
tightness of the nuclear fuel rods is ensured, that 
any leaking nuclear fuel assemblies are isolated, 
that effective radiation protection arrangements 
are applied, that the nuclear fuel is appropriately 
cooled, and that the formation of critical nuclear 
fuel configurations are prevented. The latter 
safety objective, in particular, also pertains to the 
storage of fresh nuclear fuel.

102. At nuclear power plants, spent nuclear fuel is 
initially kept in a water-filled storage pool inside 
the reactor building, from which it is moved in-
side a transfer cask into a separate interim stor-
age facility for spent nuclear fuel.

103. Under the Nuclear Energy Act, final disposal 
into underground disposal facilities deep inside 
the bedrock is, for all practical purposes, the 
only viable method for the management of spent 
nuclear fuel. For the purpose of final disposal, 
spent nuclear fuel assemblies are transferred 
into a facility (encapsulation plant) where they 
are inserted into metallic final disposal canis-
ters. Long-term safety requires that the final 
disposal canisters meet the specified quality 
requirements.

104. This Guide addresses the facilities and func-
tions referred to in paragraphs 102 and 103. 
Sections 3 and 4 of the Guide provide require-
ments pertaining to the design of the handling 
and storage facilities for spent nuclear fuel, sec-
tions 5 and 6 provide requirements pertaining to 
the commissioning and operation of such facili-
ties, and sections 7 and 8 outline the documents 
to be submitted to and the regulatory control 
exercised by STUK. The requirements are appli-
cable to both fresh and spent nuclear fuel except 
where they explicitly apply to spent nuclear fuel.

105. The basic requirements concerning the safe 
use of nuclear energy are set out in the Nuclear 

Energy Act (990/1987). The general principles for 
radiation protection and provisions concerning 
radiation work are set out in the Radiation Act 
(592/1991).

106. According to Section 7 h of the Nuclear 
Energy Act, the nuclear facility shall have the 
facilities, equipment, and other arrangements 
required to ensure the safe handling and storage 
of nuclear material required by the plant and 
any nuclear waste generated during operation. 
According to Section 4 of the Nuclear Energy 
Decree, the provisions set out in nuclear energy 
legislation on both nuclear material and nuclear 
waste are applicable to spent nuclear fuel.

107. The Government Decree on the Safety of 
Nuclear Power Plants (717/2013) applies to the 
handling and storage of nuclear fuel in spent 
nuclear fuel storage facilities in connection 
with a nuclear power plant. The Government 
Decree on the Safety of Disposal of Nuclear 
Waste (736/2008) applies to the encapsulation 
of spent nuclear fuel for final disposal. The 
Government Decrees on the Security in the Use 
of Nuclear Energy (734/2008) and on Emergency 
Response Arrangements at Nuclear Power Plants 
(716/2013) also apply to the handling, storage, 
and encapsulation of nuclear fuel where appli-
cable.

2	 Scope of application
201. This Guide addresses the following opera-
tions taking place at nuclear facilities and nu-
clear power plants:
a.	 the dry storage of fresh nuclear fuel, the stor-

age of fresh and spent nuclear fuel in storage 
pools adjacent to a reactor, and the storage of 
spent nuclear fuel in separate storage facili-
ties;

b.	 the transfers of nuclear fuel at the plant site 
and in connection with storage and encapsu-
lation, as well as the transfers of the transfer 
cask and the final disposal canister;

c.	 the encapsulation of spent nuclear fuel for 
final disposal; and

d.	 the planning, design, construction, and use of 
the aforementioned functions and the neces-
sary facilities and systems.
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202. This Guide is not applicable to the transport 
of nuclear fuel via public roads. The scope of this 
Guide is limited to encapsulation solutions in 
which nuclear fuel assemblies are, as such, in-
serted into final disposal canisters.

203. This Guide shall be complied with in the 
design, construction, and operation of a nuclear 
facility or a nuclear power plant.

204. The design requirements specified in Guide 
YVL B.1, Safety design of a nuclear power plant, 
shall apply to the design of safety systems for nu-
clear facilities referred to in this Guide. In Guide 
YVL D.3, safety function shall refer to functions 
important to safety the purpose of which is to 
manage transients, prevent the occurrence or 
escalation of accidents, or mitigate the conse-
quences of accidents.

205. In designing a nuclear facility, provisions 
shall also be made for nuclear safeguards as 
required under Guide YVL D.1, Regulatory con-
trol of nuclear safeguards. Transport of nuclear 
fuel is governed by Guide YVL D.2, Transport 
of nuclear materials and nuclear waste. The 
decommissioning and waste management of the 
facilities discussed in this Guide is subject to 
Guide YVL D.4, Predisposal management of low 
and intermediate level nuclear waste and decom-
missioning of a nuclear facility. The disposal of 
nuclear waste is governed by Guide YVL D.5, 
Disposal of nuclear waste.

206. Several other YVL Guides issued by STUK 
are also applicable to the handling, storage, and 
encapsulation of nuclear fuel. This Guide con-
tains references to the applicable Guides with 
the relevant paragraphs specified where prac-
ticable. The construction of nuclear facilities is 
addressed in Guide YVL A.5, Construction and 
commissioning of a nuclear facility. Nuclear secu-
rity and the management of information security 
shall be taken into account in designing a nucle-
ar facility. The requirements for the implementa-
tion of nuclear security are specified in Guide 
YVL A.11, Security of a nuclear facility, and the 
requirements for the management of informa-
tion security are specified in Guide YVL A.12, 
Information security management of a nuclear 

facility. The requirements pertaining to the de-
sign and implementation of hoisting and transfer 
equipment at nuclear facilities are specified in 
greater detail in Guide YVL E.11, Hoisting and 
transfer equipment of a nuclear facility. STUK 
will issue a separate decision as to the applicabil-
ity of Guide YVL A.6, Conduct of operations at a 
nuclear power plant, to the conduct of operations 
at nuclear facilities.

3	 Nuclear and 
radiation safety
301. The handling and storage of nuclear fuel 
shall be designed so that the probability of dam-
age to the nuclear fuel is very small.

3.1	 Normal operation
302. In the handling and storage of nuclear fuel 
taking place at a nuclear power plant, the limit 
for the annual dose of an individual in the 
population, arising from the normal operation 
of the entire nuclear power plant, is 0.1  mSv 
(Government Decree 717/2013, Section 8). The 
encapsulation of spent nuclear fuel and the use of 
the encapsulation plant shall be designed so that 
the resulting release of radioactive substances 
into the environment remains insignificantly low 
(Government Decree 736/2008, Section 3).

303. Pursuant to the requirements set out in para 
302 and the optimisation principle of Section 2 
of the Radiation Act, the handling, storage, and 
encapsulation of spent nuclear fuel shall be de-
signed so that normal operation of the facility 
does not cause any significant increase in the 
normal annual dose to the most exposed indi-
viduals of the population.

3.2	 Operational occurrences and accidents
304. In the handling, storage, and encapsulation 
of nuclear fuel, the primary objective shall be 
the prevention of operational occurrences and 
accidents. In the handling, storage, and encap-
sulation of nuclear fuel, provisions shall be made 
for the management of operational occurrences 
and accidents and the mitigation of their conse-
quences (Nuclear Energy Act, Section 7 d).



GUIDE YVL D.3 / 15 November 2013	 S T U K

5

305. The annual dose to the most exposed indi-
viduals of the population arising as a result of 
an operational occurrence or an accident shall 
remain below the limit values indicated below 
(Government Decrees 717/2013 and 736/2008):
a.	 0.1 mSv as a result of an anticipated opera-

tional occurrence;
b.	 1 mSv in the event of a Class 1 postulated ac-

cident;
c.	 5 mSv in the event of a Class 2 postulated ac-

cident; and
d.	 insofar as spent nuclear fuel storage facilities 

are concerned, 20 mSv as a result of a design 
extension condition.

306. The anticipated operational occurrences to be 
considered shall be defined as events that have 
a high probability to occur during the lifetime 
of the facility (on average at least once over a 
span of one hundred operating years). At least 
the following shall be considered as operational 
occurrences:
a.	 a cladding failure of a nuclear fuel rod or sig-

nificant mechanical deformation of a nuclear 
fuel assembly;

b.	 a handling error of a transfer cask, nuclear 
fuel assembly, or final disposal canister;

c.	 a leak of cooling water due to, for example, 
degraded leak-tightness of the liner of a nu-
clear fuel storage pool, a pool gate, or piping 
connected to the pool;

d.	 a leak in a gas-tight transfer cask, storage 
container, or handling cell;

e.	 a component failure or malfunction and the 
resulting non-operability of a non-redundant 
system;

f.	 loss of power in a nuclear fuel handling sys-
tem or a related safety system; and

g.	 a contained fire in a safety-significant loca-
tion.

307. The postulated accidents to be considered 
shall be defined and classified based on their 
estimated probability so that a Class 1 accident 
may occur more frequently and a Class 2 acci-
dent less frequently than once over a span of one 
thousand years. At least the following shall be 
considered as postulated accidents:
a.	 dropping or other handling errors involving 

a nuclear fuel assembly or a transfer cask, 

storage container or final disposal canister 
containing fuel assemblies;

b.	 non-operability of a redundant system (e.g. 
the cooling system of a nuclear fuel stor-
age pool or the underpressure and filtration 
system of a handling cell) due to component 
failures or malfunctions; and

c.	 a significant external event, such as a design 
basis earthquake or a crash of a light aircraft.

308. At least the following shall be considered as 
design extension conditions for a spent nuclear 
fuel storage facility:
a.	 anticipated operational occurrences and Class 

1 postulated accidents that involve a common 
cause failure in the system designed for man-
aging the event concerned;

b.	 combinations of failures selected on the basis 
of a probabilistic risk assessment; and

c.	 rare external events that are unlikely but 
nevertheless considered possible, such as ex-
treme weather phenomena or a large-aircraft 
crash.

309. If the amount of nuclear fuel present in the en-
capsulation plant exceeds 100 tonnes of uranium, 
para 308 shall also be taken into account in connec-
tion with the encapsulation plant.

310. The dispersion analyses of radioactive re-
leases and the analyses of the radiation doses 
arising from the releases shall be conducted in 
compliance with Guide YVL C.4, Radiological 
monitoring of the environment of a nuclear facil-
ity. This applies to normal operational states, op-
erational occurrences, postulated accidents, and 
design extension conditions. Severe damage to 
spent nuclear fuel shall be practically eliminated 
in compliance with requirement 411.

4	 Safety design of the 
facility and functions
401. The designing of the measures for handling 
and storage of nuclear fuel shall follow the re-
quirements specified in section 3 of Guide YVL 
B.1 and, with regard to technical requirements, 
sections 4 and 5 of the Guide.
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4.1	 Management of design
402. The design of a nuclear facility shall be 
controlled and duly justified, and the design 
process shall proceed systematically as planned. 
Controlled design involves the verification of dif-
ferent design stages. The design outcomes shall 
be verifiable as being consistent with the design 
bases.

403. Requirements for the management of design 
are set out in section 3 of Guide YVL B.1. These 
requirements pertain to the licensee, the design 
process, documentation, verification, validation, 
qualification, and the justification for the choice of 
design solutions, among other things.

4.2	 Radiation safety
404. The radiation protection planning of a spent 
nuclear fuel storage, encapsulation plant, and 
the operations conducted therein shall take into 
account the following considerations:
a.	 The facility shall have in place a classifica-

tion of radiation protection areas and zones 
as provided for in Guide YVL C.2, Radiation 
protection and exposure monitoring of nuclear 
facility workers.

b.	 The layout design and the design of systems 
and components shall comply with the re-
quirements of Guide YVL C.1, Structural ra-
diation safety at a nuclear facility.

c.	 The facility shall have radiation monitoring 
systems in place as specified in Guide YVL 
C.6.

d.	 The limitation and monitoring of potential ra-
dioactive releases shall be conducted in com-
pliance with the requirements of Guide YVL 
C.3, Limitation and monitoring of radioactive 
releases from a nuclear facility.

405. The transfers of spent nuclear fuel assem-
blies and casks or canisters containing them 
shall be conducted in a radiation-shielded man-
ner and by remote control so as to ensure that 
the exposure of workers remains as low as is 
practically achievable. The design of the radia-
tion protection measures shall be based on the 
assumption that the maximum allowed amount 
of spent nuclear fuel is present in the area to 
be shielded. The spent nuclear fuel shall be as-
sumed to have the highest possible burnup and 

the shortest possible cooling time. The design 
of radiation shields shall provide for scattered 
radiation and the possibility for local radiation 
beams through penetrations and openings.

406. The storage pool in which spent nuclear fuel 
is handled or stored shall be equipped with a 
pool water radioactivity monitoring system and 
a purification system. The purification system 
shall recover any radioactive substances released 
into the cooling water. Such materials are to be 
treated as radioactive waste. The surface materi-
als of the pools shall be readily decontaminable.

4.3	 Design of structures and systems

4.3.1	 General design principles
407. The systems performing safety functions at 
nuclear facilities shall operate reliably. Section 
4.1 of Guide YVL B.1 discusses the general de-
sign principles and requirements. The systems, 
structures and components of a nuclear facility 
shall be designed so as to ensure that they per-
form reliably under design-basis environmental 
conditions. Any auxiliary system of a system per-
forming a safety function shall fulfil the same re-
quirements as the system performing the safety 
function.

408. Provisions shall be made for the testing and 
accessibility for inspections of safety systems 
already at the design stage. Provisions shall be 
made for the renewal and replaceability of tech-
nologies in the design solutions. Provisions shall 
be made at the design stage for the future waste 
management and decommissioning of the facil-
ity. The amount of radioactive waste generated 
due to them shall be kept to a minimum to the 
extent practicable. A nuclear facility shall have 
sufficient arrangements in place for the han-
dling and, where necessary, storage of radioactive 
waste.

4.3.2	 Defence in depth safety principle
409. The safety of a nuclear facility shall be en-
sured by means of successive levels of protection 
independent of each other (safety principle of 
defence-in-depth). This principle shall extend to 
the operational and structural safety of the plant  
(Section 7 b of the Nuclear Energy Act 990/1987).
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410. The defence in depth safety principle is dis-
cussed in section 4.3 of Guide YVL B.1. According 
to the principle, the defence of the safety func-
tions of a nuclear facility is divided into suc-
cessive levels. The safety functions of the first 
two levels prevent accidents from occurring. The 
safety functions of the next levels protect the 
facility, its operators, and the environment from 
the adverse effects of an accident. As regards a 
spent nuclear fuel storage facility and encapsula-
tion plant, the first three levels of the defence in 
depth safety principle outlined in section 4.3 of 
Guide YVL B.1 are applied.

411. Events to be practically eliminated are speci-
fied in requirements 423–424 of Guide YVL B.1. 
The event to be practically eliminated with re-
gard to a spent nuclear fuel storage facility is, as 
referred to in item 4) of para 424, a loss of cooling 
resulting in severe damage to spent nuclear fuel.

412. The events to be practically eliminated shall 
be identified using methods based on determin-
istic analyses, probabilistic reliability analyses, 
and expert assessments. Practical elimination 
cannot be solely based on compliance with a 
probabilistic limit value. Even if the probability 
of an event is very low, any additional reasonably 
practicable design features shall be implemented 
for reducing the risk.

4.3.3	 Independence and strength of 
the defence in depth levels
413. According to Section 12 of Government 
Decree 717/2013 the levels of defence required 
under the defence-in-depth principle shall be 
as independent of one another as is reasonably 
achievable. The loss of any single level of defence 
may not impair the performance of the other lev-
els of defence. The independence of the defence in 
depth levels is discussed in section 4.3.1 of Guide 
YVL B.1. The outlined principles shall be com-
plied with in the design of a spent nuclear fuel 
storage facility and encapsulation plant.

414. The requirements pertaining to the strength 
of individual defence in depth levels are set out 
in section 4.3.2 of Guide YVL B.1 as follows: No 
single anticipated failure or spurious action of 
an active component taking place during normal 

plant operation shall lead to a situation requir-
ing intervention by systems designed to manage 
postulated accidents.

415. To make the defence in depth levels suffi-
ciently strong, provisions shall be made for fail-
ures so that systems performing a safety func-
tion consist of two or more redundant parallel 
systems or system components in order to enable 
the performance of the safety function even in 
case of inoperability of any of these.

416. The redundancy principle shall be applied 
to the complete train of systems consisting of 
the safety system and all auxiliary systems or 
functions necessary for performing the safety 
function.

417. The strength of the applicable redundancy 
principle depends on the importance of the safety 
function concerned. In the handling and storage 
of nuclear fuel, (N+1) is a sufficient strength for 
the redundancy principle (= failure criterion). 
This means that it must be possible to perform 
the safety function even in the event of a failure 
of any single component or system.

418. Below are some examples of safety functions 
in respect of which the (N+1) failure criterion 
must be applied.

Integrity of nuclear fuel rods
419. The integrity of nuclear fuel rods shall be 
secured in the handling, storage, and encapsula-
tion of nuclear fuel. To this end, the mechanical 
and thermal stress imposed on nuclear fuel shall 
be kept to a minimum. Mechanical stress here 
refers to denting or dropping the nuclear fuel as-
sembly. Thermal stress refers to the overheating 
of nuclear fuel.

420. Mechanical stress shall be kept to a mini-
mum by keeping the transfer routes short and 
hoisting heights low. The transfer equipment 
shall have limitations in place for preventing the 
nuclear fuel assembly from departing from the 
allowed transfer route. The grabs of the hoisting 
device units involved in the transfer of nuclear 
fuel shall be designed so that any loosening or 
disengagement of the attached load is prevented 
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by two independent ways and that the grabs 
remain in a safe position in the event of a loss of 
power supply (electricity, vacuum, etc.). The de-
tection of the position of a nuclear fuel assembly 
shall be secured by means of instrumentation 
and visually. It must be possible to transfer the 
nuclear fuel assembly into a safe position by 
means of manual control where necessary.

421. If the equipment transferring a transfer cask 
or final disposal canister cannot prevent drop-
ping, the transfer cask or final disposal canister 
shall be able to retain its leak-tightness in the 
postulated drop.

422. The thermal load shall be kept to a minimum 
by ensuring the cooling of nuclear fuel. Nuclear 
fuel storage pools shall have sufficient water vol-
ume. The water volume and the fuel pool cooling 
system shall be designed so as to ensure that:
a.	 they are sufficient to cool the maximum 

amount of nuclear fuel generating the maxi-
mum decay heat;

b.	 the temperature of the pool water in normal 
operational conditions and anticipated opera-
tional occurrences does not impose a thermal 
load on the pool structures; and

c.	 the environmental conditions inside a storage 
pool room remain within the defined limits.

423. To prevent the loss of pool water in a nuclear 
fuel storage pool, the storage pools shall be de-
signed so that:
a.	 the storage pools do not contain any pipe fit-

tings that, if broken, would lower the water 
level to a point that would compromise cooling 
or the radiation shield of the nuclear fuel;

b.	 the gates of the pools are so designed that 
they retain their leak-tightness even if any 
one of the pools in the storage system con-
cerned is drained of water;

c.	 any loss of coolant water in a storage pool due 
to an operational occurrence is compensated 
for by a make-up water system;

d.	 water can be fed into the storage pools from 
external sources;

e.	 measurement data on the water level and 
temperature of the storage pool is constantly 
available; and

f.	 the storage pools are equipped with leak de-
tection.

Functions used for securing 
safety functions
Below are some examples of functions that are 
used for securing safety functions to which the 
redundancy principle is applied.

424. The atmosphere of a handling cell in which 
spent nuclear fuel is handled shall have under-
pressure compared to the surrounding rooms 
whenever it is used for handling spent nuclear 
fuel that is not enclosed in a hermetic container.

425. The handling rooms for nuclear fuel assem-
blies shall have radiation measurements in place 
for the monitoring and control of operational oc-
currences and accidents.

A rare external event and the 
loss of off-site power supply
426. Requirements regarding rare external events 
and the loss of off-site power supply are set out 
in para 452 of Guide YVL B.1. The spent nuclear 
fuel storage facilities shall have the necessary 
arrangements in place for ensuring sufficient 
cooling of the spent nuclear fuel in fuel storage 
facilities in the event of rare external events. 
These arrangements shall enable the monitor-
ing of the water level in nuclear fuel storage 
pools containing spent nuclear fuel for at least 
eight hours without recharging the DC batter-
ies. Additionally, reliable capability shall exist 
to keep the spent nuclear fuel underwater in the 
event of the loss of the facility’s AC power distri-
bution systems and their permanently installed 
on-site and off-site power sources.

427. Furthermore, a sufficient inventory of water 
and fuel and capability to recharge the DC bat-
teries shall exist at the plant site in order to en-
able these arrangements for a period of 72 hours.

4.4	 Safety classification
428. The systems, structures, and components of 
a nuclear fuel storage facility and encapsulation 
plant shall be classified according to their func-
tional and structural importance to safety. The 
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classification shall be based not only on the safe-
ty of the facility but also on the long-term safety 
of final disposal. The safety class shall be consid-
ered when setting requirements for the design, 
fabrication, installation, testing, and inspection 
of the item being classified. The classifications 
related to the operation of a nuclear fuel storage 
facility and encapsulation plant shall comply 
with Guide YVL B.2, Classification of systems, 
structures and components of a nuclear facility.

429. Any structures, systems, and components 
with a major bearing on the prevention of a criti-
cality accident, cooling of nuclear fuel, isolation 
of radioactive substances, radiation shielding, 
preventing mechanical damage to or corrosion 
of nuclear fuel assemblies, or fire safety shall be 
classified in terms of the safety of the nuclear 
fuel storage facility and encapsulation plant.

430. The relevant structures and functions to be 
considered in the classification in terms of long-
term safety include the final disposal canister 
and its fabrication, sealing, and inspection.

431. The structures and components of a nuclear 
fuel storage facility and encapsulation plant 
shall be classified according to their earthquake 
resistance as specified in Guide YVL B.2.

4.5	 Ensuring the subcriticality of nuclear fuel
432. The subcriticality of nuclear fuel shall be 
ensured by means of structural design solutions.

433. The transfer casks, storage racks, handling 
equipment, and final disposal canisters for nu-
clear fuel assemblies shall be designed so as 
to ensure criticality safety (the exclusion of a 
chain reaction sustained by neutrons) in planned 
operational conditions and in the event of an 
anticipated operational occurrence or postulated 
accident. The requirements pertaining to critical-
ity safety are set out in Guide YVL B.4, Nuclear 
fuel and reactor.

434. The criticality analyses related to the storage 
of spent nuclear fuel shall be based on the place-
ment of nuclear fuel assemblies in accordance 
with the Operational Limits and Conditions. 

Furthermore, the chances for placing the nuclear 
fuel assemblies in incorrect storage locations 
due to identification errors, for example, shall be 
taken into account in the considerations.

4.6	 Operational safety
435. The handling operations at a nuclear fuel 
storage facility and encapsulation plant shall be 
designed so that the transfers of heavy or oth-
erwise dangerous objects are avoided in areas 
where a dropped load or a malfunction would 
damage the nuclear fuel or a component or struc-
ture important to safety.

436. The spent nuclear fuel storage facility and 
encapsulation plant shall have sufficient ar-
rangements in place for ensuring the proper 
handling of nuclear fuel assemblies that are 
impaired, damaged, or stuck in their storage 
locations. It shall be possible to seal any nuclear 
fuel assemblies or rods from which radioactive 
substances are leaking in the spent nuclear fuel 
storage facility into a gas-tight canister or con-
tainer for storage.

437. The spent nuclear fuel storage facility shall 
have the rooms and equipment necessary for the 
condition monitoring of nuclear fuel assemblies.

438. The storage facilities for nuclear fuel and 
their use shall be planned so that any storage 
pool or the reactor core can be emptied of nuclear 
fuel for the purpose of repair work.

439. The spent nuclear fuel storage facility and 
encapsulation plant shall have the rooms and 
equipment necessary for decontaminating the 
shipping or transfer casks used at the facility 
and other contaminated objects.

440. The encapsulation plant for spent nuclear 
fuel shall be designed so that any handling room 
can be decontaminated for the purpose of mainte-
nance and repair work.

441. The encapsulation plant for spent nuclear 
fuel shall have arrangements in place for the 
repair of a sealed final disposal canister or the 
re-encapsulation of nuclear fuel.
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4.7	 Acceptance of nuclear 
fuel for encapsulation
442. Acceptance criteria shall be defined for any 
properties of nuclear fuel for final disposal that 
have a bearing on operational safety and the long-
term safety of final disposal. When defining the 
criteria, at least the information specified in para 
705 shall be considered. A plan shall be prepared 
for the encapsulation of nuclear fuel assemblies 
which deviate from the design bases of the final 
disposal canister, such as mechanically deformed 
assemblies.

4.8	 Encapsulation
443. Acceptance criteria shall be defined for the 
properties of the final disposal canister that have 
a bearing on the long-term safety of final dis-
posal. Only final disposal canisters that satisfy 
the acceptance criteria may be transferred to the 
final disposal facility. In order to ascertain that 
the acceptance criteria are duly satisfied, the 
licensee shall:
a.	 prepare construction plans pertaining to each 

final disposal canister type in accordance with 
section 7 of Guide YVL E.3, Pressure vessels 
and piping of a nuclear facility, where appli-
cable;

b.	 qualify the instructions and methods used in 
the fabrication of the final disposal canister 
in accordance with section 8.4.3 of Guide YVL 
E.3;

c.	 oversee the fabrication of the final disposal 
canister structures to a sufficient extent;

d.	 conduct a receiving inspection for the final 
disposal canister structures delivered to the 
encapsulation plant during which the quality 
inspection records are reviewed and control 
tests are carried out; and

e.	 conduct a final inspection following the seal-
ing of the final disposal canister in order to 
ascertain the acceptability of the welding and 
ensure that the final disposal canister has not 
sustained any damage during the encapsula-
tion process.

4.9	 Other design considerations
444. The storage conditions of spent nuclear fuel 
shall be designed so that the condition of nuclear 
fuel assemblies, fuel racks, or storage pools will 
not significantly deteriorate during the storage 
period. By controlling the choice of materials and 
the chemical properties of the cooling water, cor-
rosion of nuclear fuel assemblies, storage racks, 
and storage pool liners shall be kept as low as 
reasonably achievable.

445. When the handling, storage, and encapsu-
lation processes for nuclear fuel are designed, 
priority shall be given to simple and inherently 
safe concepts.

446. A nuclear fuel storage facility and encapsu-
lation plant shall have appropriate rooms and 
equipment for conducting inspections of nuclear 
fuel. The control pursuant to Guide YVL D.1 
shall be provided for in the design of the encap-
sulation plant.

447. The requirements specified in section 5.3 of 
Guide YVL B.1 shall be complied with, where ap-
plicable, in the control rooms for the spent nucle-
ar fuel storage facility and encapsulation plant.

448. Any rooms where a fire could cause substan-
tial radioactive releases shall be equipped with 
fire alarm and extinguishing systems. Detailed 
requirements pertaining to fire alarm and extin-
guishing systems are specified in Guide YVL B.8, 
Fire protection at a nuclear facility.

449. The transfer cask for spent nuclear fuel 
shall meet the strength and leak-tightness re-
quirements for a BF-type packaging set out 
in the transport regulations for dangerous 
goods (Decree of the Ministry of Transport and 
Communications on the Transport of Dangerous 
Goods by Road (369/2011)).
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5	 Transporting nuclear 
fuel into the facility and 
commencing its operation
501. Before any spent nuclear fuel is transported 
into the nuclear facility, the licensee shall ascer-
tain that the systems and components related 
to the safe handling, storage, and monitoring of 
nuclear fuel are operable and that the radiation 
protection, nuclear security, and emergency pre-
paredness arrangements necessary for the use of 
nuclear material are in place. This requirement 
applies to the transport of spent nuclear fuel into 
the spent nuclear fuel storage facility and encap-
sulation plant.

502. The commissioning of a spent nuclear fuel 
storage facility and encapsulation plant is de-
fined in para 339 of Guide YVL A.1, Regulatory 
oversight of safety in the use of nuclear energy.

503. Prior to commissioning, pre-operational test-
ing of a spent nuclear fuel storage facility or en-
capsulation plant shall be carried out in compli-
ance with Guide YVL A.5.

6	 Operation of the facility
601. The holder of an operating licence for a 
spent nuclear fuel storage facility or encap-
sulation plant shall have the documents ap-
proved by STUK as required under Section 
36 of the Nuclear Energy Decree and the rel-
evant Government Decree (Sections 23–26 of 
Government Decree 717/2013 or Section 18 of 
Government Decree 736/2008). These documents 
shall be kept up-to-date at all times so as to re-
flect the current structure and state of the facil-
ity.

602. The requirements pertaining to operational 
documents are set out in section 7 of Guide 
YVL A.6. Examples of operational documents 
include operating instructions of systems, op-
erating procedures for operational occurrences 
and accidents, and the Operational Limits and 
Conditions. With regard to spent nuclear fuel 
storage facilities and encapsulation plants, the 

requirements of Guide YVL A.6 shall be complied 
with as decreed in the applicability decision re-
ferred to in para 206.

603. The operating procedures shall define the 
functions performed on nuclear fuel, the precon-
ditions for performing such functions, the respec-
tive measures, responsibilities, and records.

604. The holder of an operating licence for a spent 
nuclear fuel storage facility shall have a STUK-
approved monitoring programme in place for 
tracking the changes in the properties and stor-
age conditions of nuclear fuel assemblies. The 
programme shall define the extent and frequency 
of the periodic inspections of nuclear fuel and 
its storage conditions, as well as the inspection 
methods and equipment to be used. The monitor-
ing programme shall be submitted to STUK for 
approval in connection with the application for 
an operating licence.

605. The results of the inspections under the mon-
itoring programme referred to in para 604 shall 
be submitted to STUK for information within six 
months of the date of the inspection. Any abnor-
mal observations of s shall be reported to STUK 
without delay.

606. The spent nuclear fuel storage and handling 
systems and the related equipment shall have a 
periodic testing programme in place for ensuring 
the reliable operation and condition of structures, 
systems, and components related to safety. The 
requirements pertaining to the periodic testing 
programme of nuclear power plants are speci-
fied in section 5.3 of Guide YVL A.6, Conduct of 
operations at a nuclear power plant.

607. The holder of an operating licence for a spent 
nuclear fuel storage facility or encapsulation 
plant shall have an operating experience feed-
back programme in place for systematic collec-
tion, analysis, and reporting of operating experi-
ences and events at the facility and other equiva-
lent facilities and for following safety research. 
Based on the monitoring of feedback, the oppor-
tunities for enhancing safety shall be considered 
and any improvement measures deemed justified 
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shall be implemented. The monitoring of the 
feedback from operating experience shall comply 
with the requirements of Guide YVL A.10.

608. Each nuclear fuel assembly in the spent nu-
clear fuel storage facility shall be identified on 
the basis of the markings made on it prior to its 
transfer into the encapsulation plant and at the 
encapsulation plant before it is sealed in a final 
disposal canister. Correspondingly, the final dis-
posal canisters shall be identified on the basis of 
the markings made on them prior to their trans-
fer into the final disposal facility. The radioactiv-
ity and nuclear material information pertaining 
to nuclear fuel assemblies shall be verified using 
the methods set forth in Guide YVL D.1 and com-
plemented, where necessary, by representative 
measurements.

609. If the licensee, following the commission-
ing of the facility concerned, wishes to modify 
any system, structure, component, or mode of 
operation of the facility that STUK has previ-
ously approved, the licensee shall seek STUK’s 
approval for the modification plan as provided 
for in Section 112 of the Nuclear Energy Decree 
prior to its implementation. Plant modifications 
shall comply with the requirements laid down in 
Guide YVL A.5.

610. A spent nuclear fuel storage facility and 
encapsulation plant shall have emergency pre-
paredness arrangements in place the extent of 
which shall be commensurate with accidents con-
sidered possible and the planning of which shall, 
where applicable, be based on the Government 
Decree on Emergency Response Arrangements at 
Nuclear Power Plants (716/2013) and Guide YVL 
C.5, Emergency preparedness arrangements of a 
nuclear power plant.

611. Under Section 7 k of the Nuclear Energy Act, 
the licensee shall appoint a responsible manager 
and his or her deputy for the nuclear facility. The 
holder of an operating licence for a nuclear fuel 
storage facility or encapsulation plant shall also 
specify the other positions important for safety 
and define the required qualifications according 
to section A27 of Guide YVL A.1.

612. The licensee shall verify the qualifications 
of the individuals working in the positions re-
ferred to in para 611 prior to the commissioning 
of the facility as provided for in Section 20 of 
the Nuclear Energy Act and prepare training 
programmes for developing and maintaining the 
competence of the personnel. Detailed require-
ments on the verification of qualifications for 
positions important to safety are presented in 
section 3.4 of Guide YVL A.4, Organisation and 
personnel of a nuclear facility.

7	 Documentation to be 
submitted to STUK
701. The due fulfilment of the safety requirements 
pertaining to the nuclear facility concerned shall 
be demonstrated by means of documents submit-
ted to STUK at different stages of the nuclear 
facility licensing process (Nuclear Energy Decree 
161/1988). Guide YVL A.1 sets out the general 
licensing procedures for a nuclear facility. More 
detailed requirements pertaining to the docu-
ments to be submitted at different stages are set 
out in section 6 of Guide YVL B.1. The reporting 
obligations related to spent nuclear fuel are also 
specified in Guide YVL A.9, Regular reporting on 
the operation of a nuclear facility. Below are ad-
ditional requirements supplementing those set 
out in section 6 of Guide YVL B.1 that are to be 
considered in the storage and encapsulation of 
nuclear fuel.

702. The licensee shall submit to STUK a prelimi-
nary safety assessment report in connection with 
the construction licence application for a nuclear 
facility. Para 612 of Guide YVL B.1 stipulates 
that the ability of the plant and its systems to 
perform the assigned safety functions shall be 
demonstrated by means of deterministic analy-
ses of anticipated operational occurrences and 
accidents, which shall be presented in the pre-
liminary safety analysis report. Guide YVL B.3, 
Deterministic safety analyses for a nuclear pow-
er plant, sets out more detailed requirements for 
the safety analyses. STUK will issue a decision 
on the applicability of Guide YVL  B.3 to other 
nuclear facilities.
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703. Paras 606–612 and 617–623 of Guide YVL 
B.1 set out the requirements pertaining to the 
content of the preliminary and final safety as-
sessment report. In addition to said require-
ments, the safety assessment reports concern-
ing the encapsulation plant shall describe the 
fabrication method, properties, and acceptance 
criteria for the final disposal canister.

704. The safety assessment reports concerning the 
nuclear fuel handling facility shall describe the 
properties of the types of nuclear fuel assemblies 
being handled. Acceptance criteria shall be pre-
pared for the types of nuclear fuel being handled, 
and plans shall be drawn up for the handling, 
storage, and final disposal of nuclear fuel assem-
blies that deviate from the acceptance criteria.

705. Records shall be prepared of the spent nu-
clear fuel transferred to the encapsulation plant 
and of each final disposal canister, based on 
which the following data can be determined to an 
accuracy of an individual assembly and canister:
a.	 the initial enrichment level, burnup, and heat 

generation of the nuclear fuel;
b.	 the activities of dominant radionuclides, in-

cluding the activation products of structural 
parts;

c.	 the structural and material properties that 
have a bearing on the long-term safety of en-
capsulation or final disposal; and

d.	 the potential leak of nuclear fuel or damage to 
a nuclear fuel assembly.

706. The safety assessment reports shall be kept 
up-to-date as specified in Guide YVL A.1. In ad-
dition to any plant modifications, the updates to 
the safety assessment reports shall address any 
changes in the properties or handling and stor-
age conditions of nuclear fuel assemblies that 
may have a bearing on safety.

707. The safety assessment reports shall be sup-
plemented with topical reports the purpose of 
which is to clarify on what kind of experimental 
studies and theoretical analyses the design and 
planning of the facility are based. The topical re-
ports shall, in particular, address any events and 
functions important to safety.

708. The licensee shall submit to STUK the proba-
bilistic risk assessment of the design stage in con-
nection with the construction licence application 
for a nuclear facility and the probabilistic risk 
assessment in connection with the application for 
an operating licence. The requirements concern-
ing the probabilistic risk assessment of a nuclear 
fuel storage facility are specified in Guide YVL 
A.7, Probabilistic risk assessment and risk man-
agement of a nuclear power plant. The methods 
used in the risk analysis of a spent nuclear fuel 
encapsulation plant shall be selected and applied 
commensurate with the risks associated with 
the different stages of the encapsulation process. 
Qualitative methods can be applied in the proba-
bilistic risk assessment of the encapsulation plant, 
supplemented by quantitative analyses where 
necessary.

709. STUK shall be provided with an opportunity 
to access the records prepared on nuclear fuel 
and final disposal canisters, which STUK shall 
record in a permanent manner as stipulated in 
Section 9 of Government Decree 736/2008.

710. The operating procedures specified in para 
602 shall be submitted to STUK for information 
prior to the commissioning inspection as stipu-
lated in section 4.6 of Guide YVL A.1.

711. The monitoring programme referred to in re-
quirement 604 shall be submitted to STUK for 
approval in connection with the application for an 
operating licence. Any updates to the monitoring 
programme shall be submitted to STUK for ap-
proval.

8	 Regulatory oversight 
by the Radiation and 
Nuclear Safety Authority
801. A separate storage facility for spent nuclear 
fuel or encapsulation plant is a nuclear facil-
ity of considerable general significance (Nuclear 
Energy Act, Section 11; Nuclear Energy Decree, 
Section 7), the construction of which is subject to 
a Government decision-in-principle. Section 24 



S TU  K 	 GUIDE YVL D.3 / 15 November 2013

14

of the Nuclear Energy Decree specifies the docu-
ments concerning a planned nuclear facility that 
shall be submitted as enclosures to the applica-
tion for a decision-in-principle.

802. STUK will process the applications related 
to the licensing of a spent nuclear fuel storage 
facility or encapsulation plant as provided for in 
section 7 of Guide YVL B.1.

803. STUK oversees the construction, commis-
sioning, and operation of the nuclear fuel storage 
facility and encapsulation plant in accordance 
with Guides YVL A.1, YVL A.5, and YVL A.6.

804. STUK oversees the implementation of encap-
sulation to the extent it considers necessary. The 
implementation of encapsulation comprises the 
verification of the fulfilment of the acceptance 
criteria set for the canister and nuclear fuel and 
the follow-up of the records kept of the canisters 
and nuclear fuel.

805. As part of their international nuclear safe-
guards activities, the IAEA and the European 
Commission conduct on-site inspections in order 
to verify the accuracy of the information provided 
by the operators as provided in Guide YVL D.1.

Definitions

System
System shall refer to a combination of compo-
nents and structures that performs a specific 
function.

Encapsulation
Encapsulation shall refer to the operations 
related to spent nuclear fuel to be enclosed in 
a final disposal canister at an encapsulation 
plant.

Encapsulation plant
Encapsulation plant shall refer to a nuclear 
facility that is used to encapsulate spent nu-
clear fuel for final disposal.

Qualification (systems and components)
Qualification shall refer to a process to dem-
onstrate the ability to fulfil specified require-
ments (corresponds to the qualification pro-
cess of the ISO 9000 standard).

Validation
Validation shall refer to confirmation, through 
the provision of objective evidence, that the 
requirements for a specific intended use or ap-
plication have been fulfilled. (ISO 9000)

Corrosion
Corrosion shall refer to a physical and chemi-
cal reaction between metal and its environ-
ment that introduces changes to the metal's 
properties and may lead to a significant re-
duction in the functionality of the metal, its 
environment, or the technical system of which 
they are part.

Criticality
Criticality shall refer to a state where the out-
put and loss of neutrons, created in nuclear 
fission and maintaining a chain reaction, are 
in equilibrium so that a steady chain reaction 
continues. (Government Decree 717/2013)

Spent nuclear fuel
Spent nuclear fuel shall refer to nuclear ma-
terial that has been used as nuclear fuel for 
the production of nuclear energy and that 
contains significant amounts of nuclear waste. 
(Nuclear Energy Decree 161/1988)

Operational event
Operational event shall refer to a failure, flaw 
or non-conformity in safety functions, systems, 
components, structures or an organisation's 
activities that has a bearing on radiation 
safety or nuclear safety. Operational events 
also include emergencies and disturbances as 
well as events compromising radiation safety. 
Operational events also include events taking 
place during the construction phase.

Final disposal canister
Final disposal canister shall refer to a her-
metic, corrosion resistant and mechanically 
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strong container where spent nuclear fuel is 
enclosed.

Licensee
Licensee shall refer to the holder of a licence 
entitling to the use of nuclear energy. The use 
of nuclear energy refers to the operations laid 
down in Sections 2(1) and 2(2) of the Nuclear 
Energy Act. 

Redundancy
Redundancy shall refer to the use of alterna-
tive (identical or diverse) structures, systems 
or system components, so that any one of 
them can perform the required function re-
gardless of the state of operation or failure of 
any other.

Normal operation (DBC 1)
Normal operation (DBC 1) shall refer to 
the planned operation of a nuclear power 
plant according to the Operational Limits 
and Conditions and operational procedures in 
place. These also include testing, plant start-
up and shutdown, maintenance and refuel-
ling. As far as other nuclear facilities are con-
cerned, normal operation shall refer to similar 
plant operation.

Anticipated operational occurrence (DBC 
2)

Anticipated operational occurrence (DBC 2) 
shall refer to such a deviation from normal 
operation that can be expected to occur once 
or several times during any period of a hun-
dred operating years. (Government Decree 
717/2013)

Postulated accident
Postulated accident shall refer to a deviation 
from normal operation which is assumed to 
occur less frequently than once over a span 
of one hundred operating years, excluding 
design extension conditions; and which the 
nuclear power plant is required to withstand 
without sustaining severe fuel failure, even if 
individual components of systems important 
to safety are rendered out of operation due to 
servicing or faults. Postulated accidents are 
grouped into two classes on the basis of the 

frequency of their initiating events: a) Class 
1 postulated accidents (DBC 3), which can be 
assumed to occur less frequently than once 
over a span of one hundred operating years, 
but at least once over a span of one thousand 
operating years; b) Class 2 postulated acci-
dents (DBC 4), which can be assumed to oc-
cur less frequently than once during any one 
thousand operating years.

Design extension condition (DEC)
Design extension condition (DEC) shall refer 
to: 
a.	 an accident where an anticipated opera-

tional occurrence or class 1 postulated ac-
cident involves a common cause failure in a 
system required to execute a safety function 
(DEC A); 

b.	 an accident caused by a combination of 
failures identified as significant on the ba-
sis of a probabilistic risk assessment (DEC 
B); or

c.	 an accident caused by a rare external 
event and which the facility is required 
to withstand without severe fuel failure 
(DEC C).

Accident
Accident shall refer to postulated accidents, 
design extension conditions and severe acci-
dents (Government Decree 717/2013).

Long-term safety
Long-term safety shall refer to the safety 
of disposal after the operational period of 
a disposal facility, taking account of radio-
logical impacts on man and the environment 
(Government Decree 736/2008).

Construction plan
Construction plan shall refer to the design 
documentation compiled for the purpose of 
pre-inspection conducted by STUK or an au-
thorised inspection body.

Transfer cask
Transfer cask shall refer to a container in 
which spent nuclear fuel is transported with-
in the plant site.
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Design basis
Design bases shall refer to all requirements, 
definitions and bases for normal operational 
conditions and accidents that pertain to the 
design and operation of a plant, system and 
component.

Probabilistic risk assessment (PRA)
Probabilistic risk assessment (PRA) shall re-
fer to a quantitative assessment of hazards, 
probabilities of event sequences and adverse 
effects influencing the safety of a nuclear 
power plant. (Government Decree 717/2013)

Verification
Verification shall refer to confirmation, 
through the provision of objective evidence, 
that set requirements have been fulfilled.

Auxiliary system
Auxiliary system shall refer to a system re-
quired to actuate, control, cool or operate a 
system executing a safety function, or other-
wise maintain the conditions required by the 
operational prerequisites of the safety func-
tion.

Safety system
Safety system shall refer to a system that has 
been designed to execute safety functions.

Operational Limits and Conditions (OLC)
The Operational Limits and Conditions (OLC) 
set out the technical and administrative re-
quirements for ensuring the plant’s opera-
tion in compliance with the design bases and 
safety analyses; the requirements for ensur-
ing the operability of systems, structures and 
components important to safety; and the limi-
tations that must be observed in the event of 
component failure.

External events
External events shall refer to exceptional 
situations or incidents occurring in the vicin-
ity of a nuclear power plant that could have a 
detrimental effect on the safety or operation 
of the plant.

Emergency arrangements
Emergency arrangements shall refer to ad-
vance preparation for accidents or events 
impairing safety at the nuclear facility or in 
its site area or other places or vehicles where 
nuclear energy is used. (Nuclear Energy Act 
990/1987)

Storage container
Storage container shall refer to a container 
used in the dry storage of spent nuclear fuel.

Failure criterion (N+1)
(N+1) failure criterion shall mean that it must 
be possible to perform a safety function even 
if any single component designed for the func-
tion fails.

Annual dose
Annual dose shall refer to the sum of the ef-
fective dose arising from external radiation 
within the period of one year, and of the com-
mitted effective dose from the intake of radio-
active substances within the same period of 
time. (Government Decree 717/2013)

Nuclear material
Nuclear material shall refer to special fission-
able materials or source materials, such as 
uranium, thorium and plutonium, suited for 
obtaining nuclear energy. (Nuclear Energy Act 
990/1987)

Nuclear safeguards
Nuclear safeguards shall refer to regulatory 
control preventing the proliferation of nuclear 
weapons to ensure that the nuclear materials 
and nuclear energy are used peacefully as de-
fined in international treaties, and to ensure 
that they or any technology related to them 
is not used to promote the proliferation of nu-
clear weapons.

Common cause failure
Common cause failure shall refer to a failure 
of two or more structures, systems and compo-
nents due to the same single event or cause.
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