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Authorisation

By virtue of the below acts and regulations, the Radiation and Nuclear Safety

Authority (STUK) issues detailed regulations that apply to the safe use of

nuclear energy and to physical protection, emergency preparedness and safe-

guards:

= Section 55, paragraph 2, point 3 of the Nuclear Energy Act (990/1987)

= Section 29 of the Council of State Decision (395/1991) on the Safety of
Nuclear Power Plants

= Section 13 of the Council of State Decision (396/1991) on the Physical
Protection of Nuclear Power Plants

e Section 11 of the Council of State Decision (397/1991) on the Emergency
Preparedness of Nuclear Power Plants

= Section 8 of the Council of State Decision (398/1991) on the Safety of a
Disposal Facility for Reactor Waste

= Section 30 of the Council of State Decision (478/1999) on the Safety of
Disposal of Spent Nuclear Fuel.

Rules for application

The publication of a YVL guide does not, as such, alter any previous decisions
made by STUK. After having heard those concerned, STUK makes a separate
decision on how a new or revised YVL guide applies to operating nuclear power
plants, or to those under construction, and to licensees’ operational activities.
The guides apply as such to new nuclear facilities.

When considering how new safety requirements presented in YVL guides apply
to operating nuclear power plants, or to those under construction, STUK takes
into account section 27 of the Council of State Decision (395/1991), which
prescribes that for further safety enhancement, action shall be taken which can
be regarded as justified considering operating experience and the results of safety
research as well as the advancement of science and technology.

If deviations are made from the requirements of the YVL guides, STUK shall be

presented with some other acceptable procedure or solution by which the safety
level set forth in the YVL guides is achieved.

Translation. Original text in Finnish.
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1 General

This Guide specifies the requirements given in
the Government Decision (478/1999) (hereafter
called Government Decision) for the safety of
disposal of spent nuclear fuel. The Guide ad-
dresses disposal into a repository in crystalline
bedrock at the depth of several hundreds of
meters and covers the long-term safety of dis-
posal. The requirements concerning the opera-
tional safety of a disposal facility are given in
Guide YVL 8.5.

2 Radiation safety

2.1 General principle

In Sections 5 and 6 of the Government Decision,
long-term radiation protection objectives are
given for the design and implementation of a
disposal facility. In accordance with the optimi-
sation principle included in Section 2 of the
Radiation Act and the continuous safety im-
provement principle included in Section 12 of
the Government Decision, all practicable means
shall be adopted for further reduction of radia-
tion exposure, although the constraints were
met.

2.2 Application of the dose constraints

In accordance with Subsection 3 of Section 5 of
the Government Decision, in an assessment pe-
riod that is adequately predictable with respect
to assessments of human exposure but that shall
be extended to at least several thousands of
years:

1. the annual effective dose to the most exposed
members of the public shall remain below
0.1 mSv; and

2.the average annual effective doses to other
members of the public shall remain insignifi-
cantly low.

These constraints apply to radiation doses which
arise to members of the public as a consequence
of expected evolution scenarios and which are
reasonably predictable with regard to the chang-

es in the environment. Humans are assumed to

be exposed to radioactive substances released

from the repository, transported to near-surface

groundwater bodies and further to watercourses

above ground. At least the following potential

exposure pathways shall be considered:

= use of contaminated water as household wa-
ter

= use of contaminated water for irrigation of
plants and for watering animals

= use of contaminated watercourses and relic-
tions.

Changes in the environment to be considered in
applying the dose constraints include at least
those arising from land uplift. The climate type
as well as the human habits, nutritional needs
and metabolism can be assumed to be similar to
the current ones.

The constraint for the most exposed individuals,
effective dose of 0,1 mSv per year, applies to a
self-sustaining family or small village communi-
ty living in the vicinity of the disposal site,
where the highest radiation exposure arises
through the pathways discussed above. In the
environs of the community, a small lake and a
shallow water well is assumed to exist.

In addition, assessment of safety shall address
the average effective annual doses to larger
groups of people, who are living at a regional
lake or at a coastal site and are exposed to the
radioactive substances transported into these
watercourses. The acceptability of these doses
depend on the number of exposed people, but
they shall not be more than one hundredth...one
tenth of the constraint for the most exposed
individuals.

2.3 Application of the activity release
constraints

In accordance with Section 5 of the Government
Decision, the average quantities of radioactive
substances over long time periods, released from
the disposed waste and migrated to the environ-
ment, shall remain below the nuclide specific



STUK

Guide YVL 8.4

constraints defined by the Radiation and Nucle-

ar Safety Authority. These constraints shall be

defined so that:

1.at their maximum, the radiation impacts
arising from disposal can be comparable to
those arising from natural radioactive sub-
stances; and

2.on a large scale, the radiation impacts remain
insignificantly low.

The nuclide specific constraints for the activity
releases to the environment are as follows:
= 0.03 GBqg/a for the long-lived, alpha emitting
radium, thorium, protactinium, plutonium,
americium and curium isotopes
= 0.1 GBqg/a for the nuclides Se-79, 1-129 and
Np-237
= 0.3 GBg/a for the nuclides C-14, CI-36 and
Cs-135 and for the long-lived uranium iso-
topes
= 1 GBg/a for Nb-94 and Sn-126
= 3 GBg/a for the nuclide Tc-99
= 10 GBg/a for the nuclide Zr-93
= 30 GBg/a for the nuclide Ni-59
= 100 GBg/a for the nuclides Pd-107 and
Sm-151.

These constraints apply to activity releases
which arise from the expected evolution scenari-
os and which may enter the environment not
until after several thousands of years. These
activity releases can be averaged over 1000
years at the most. The sum of the ratios between
the nuclide specific activity releases and the
respective constraints shall be less than one.

2.4 Consideration of unlikely events

In accordance with Section 6 of the Government
Decision, the importance to long-term safety of
unlikely disruptive events impairing long-term
safety shall be assessed and, whenever practica-
ble, the acceptability of the consequences and
expectancies of radiation impacts caused by such
events shall be evaluated in relation to the dose
and release rate constraints specified in Section
5 [of the Government Decision].

The unlikely disruptive events impairing long-
term safety, referred to above, shall include at
least
= boring a deep water well at the disposal site
= core-drilling hitting a waste canister
= asubstantial rock movement occurring in the
environs of the repository.

The importance to safety of any such incidental
event shall be assessed and whenever practica-
ble, the resulting annual radiation dose or activi-
ty release shall be calculated and multiplied by
the estimated probability of its occurence. The
expectation value shall be below the radiation
dose or activity release constraints referred to in
Chapters 2.2 and 2.3. If, however, the resulting
individual dose might imply deterministic radia-
tion impacts (dose above 0,5 Sv), the order of
magnitude estimate for its annual probability of
occurrence shall be 10-¢ at the most.

2.5 Consideration of protection of
other living nature

Disposal of spent fuel shall not affect detrimen-
tally to species of fauna and flora. This shall be
demonstrated by assessing the typical radiation
exposures of terrestrial and aquatic populations
in the disposal site environment, assuming the
present kind of living populations. These expo-
sures shall remain clearly below the levels
which, on the basis of the best available scientif-
ic knowledge, would cause decline in biodiversity
or other significant detriment to any living pop-
ulation. Moreover, rare animals and plants as
well as domestic animals shall not be exposed
detrimentally as individuals.

3 Design principles for
disposal

3.1 Way of implementation and
scheduling

In accordance with Section 7 of the Government
Decision, the implementation of disposal, as a
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whole, shall be planned with due regard to
safety. The planning shall take account of the
decrease of the activity of spent fuel by interim
storage and the utilisation of best available tech-
nology and scientific knowledge. However, the
implementation of disposal shall not be unneces-
sarily delayed.

Disposal shall be planned so that no monitoring
of the disposal site is required for ensuring long-
term safety and so that retrievability of the waste
canisters is maintained to provide for such devel-
opment of technology that makes it a preferred
option.

Subsequent to the selection of a disposal site,

implementation of spent fuel disposal includes

the following phases:

= construction and operation of an under-
ground research facility and other necessary
research, development and planning work

= construction of the disposal facility (encapsu-
lation facility, repository and auxiliary facili-
ties)

= encapsulation of spent fuel bundles and
transfer of waste canisters into their deposi-
tion positions

= closure of emplacement rooms and other un-
derground rooms

= post-closure monitoring, if required.

These phases, which can be partly parallel, shall

be scheduled and implemented with due regard

to long-term safety. In doing so, i.a. the following

aspects are considered:

= reduction of the activity and heat generation
in waste prior to disposal

= introduction of the best available technique
or a technique that is becoming available

= acquisition of adequate experimental knowl-
edge of the disposal site and other factors
affecting long-term safety

= potential surveillance actions related to en-
suring the long-term safety or to non-prolifer-
ation of nuclear materials

= need for preserving the retrievability of the
disposed waste canisters

= aim of preserving the natural features of the
host rock and other favourable conditions in
the repository

= aim of limiting the hazards and other bur-
dens to future generations due to long-term
storage of waste.

In the post-closure phase, retrieval of the waste
canisters from the repository shall be feasible
during the period in which the engineered barri-
ers are required to provide practically complete
containment for the disposed radioactive sub-
stances. The disposal facility shall be designed
so that retrieval of waste canisters, if needed, is
feasible with the technology available at the
time of disposal and with reasonable resources.
Facilitation of retrievability or potential post-
closure surveillance actions shall not impair the
long-term safety.

On the basis of primary records and verification
measurements, adequate inventory data of the
nuclear materials and nuclear wastes to be dis-
posed of, shall be obtained during the operation-
al period of the disposal facility for long-term
deposition. The disposal facility shall be de-
signed so that, in the post-closure period, it is
feasible to implement arrangements for discov-
ering and precluding actions on the repository
which would jeopardise the long-term safety or
involve breach of the treaties concerning nuclear
materials’ security.

Implementation of disposal and related research,
development and safety assesment work shall be
based on an appropriate quality management
system that shall be extended to all organisa-
tions contributing significantly to the long-term
safety.

3.2 Barriers

In accordance with Section 8 of the Government
Decision, the long-term safety of disposal shall
be based on redundant barriers so that deficien-
cy in one of the barriers or a predictable geologi-
cal change does not jeopardise the long-term
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safety. The barriers shall effectively hinder the
release of disposed radioactive substances into
the host rock for several thousands of years.

Engineered barriers may consist of

= hermetic, corrosion resistant and mechani-
cally strong container, where the fuel bundles
are enclosed

= uranium matrix of low solubility, where most
of the radioactive substances are incorporat-
ed

= the chemical environment of waste canisters,
which limits the dissolution and migration of
radioactive substances

= the backfilling material (the buffer) around
waste canisters, which provides containment
and yields minor rock movements

= the backfilling materials and sealing struc-
tures, which limit transport of radioactive
substances through excavated rooms.

Natural barriers may consist of

= the intact rock around the disposal tunnels,
which limits groundwater flow around waste
canisters

= the host rock where low groundwater flow,
reducing and even otherwise favourable
groundwater chemistry and retardation of
dissolved substances in rock limit the mobili-
ty of radionuclides

= the containment provided by the host rock
against natural phenomena and human ac-
tions.

Targets for the long-term performance of each
barrier, shall be determined based on best avail-
able experimental knowledge and expert judge-
ment. The performance of a barrier may diverge
from the respective target value due to rare
incidental deviations such as manufacturing or
installation failures of engineered barriers, ran-
dom variations in the characteristics of the nat-
ural barriers or erroneous determination of the
characteristics. However, the performance tar-
gets for the system of barriers as a whole shall
be set so that the safety requirements are met
notwithstanding the deviations referred to
above.

The determination of the performance targets
for the barriers shall be based on an assumption
that, due to some unpredicted phenomenon, the
performance of a single barrier as a whole may
be significantly lower than the respective target
value. The safety requirements shall be met
even in such case.

The determination of the performance of barri-
ers shall take account of changes and events
that may occur in various assessment periods.
The characteristics of the host rock can be as-
sumed to remain in their present state up to an
assessment period of several thousands of years.
However, the effects of predictable processes,
such as land uplift and disturbances due to the
excavations and the disposed waste, shall be
taken into account. The performance targets for
the engineered barriers shall be set so that there
will be no releases of radioactive substances into
the host rock during the assessment period of
several thousands of years.

3.3 Disposal site and the repository

In accordance with Section 9 of the Government
Decision, the geological characteristics of the
disposal site shall, as a whole, be favourable for
the isolation of the disposed radioactive sub-
stances from the environment. An area having a
feature that is substantially adverse to long-term
safety shall not be selected as the disposal site.

In accordance with Section 10 of the Govern-
ment Decision, the repository shall be located at
a sufficient depth in order to mitigate the im-
pacts of above-ground events, actions and envi-
ronmental changes on the long-term safety and
to render inadvertent human intrusion to the
repository very difficult.

The characteristics of the host rock shall be such
that it adequately acts as a natural barrier, as
specified in Chapter 3.2. Besides that, the char-
acteristics of the host rock shall be favourable
with respect to the long-term performance of
engineered barriers. Such conditions in the host
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rock as are of importance to long-term safety,
shall be stable or predictable up to at least
several thousands of years. The range of geologi-
cal changes which occur thereafter due to e.g.
the large scale climate changes, shall be estima-
ble and be considered in the determination of
the performance targets for the barriers.

Factors indicating unsuitability of a disposal site

may include

= proximity of exploitable natural resources

= abnormally high rock stresses

= predictable anomalously high seismic or tec-
tonic activity

= exceptionally adverse groundwater charac-
teristics, such as lack of reducing buffering
capacity and high concentrations of substanc-
es which might substantially impair the per-
formance of barriers.

The location of the repository shall be favourable
with regard to the groundwater flow regime at
the disposal site.

The disposal depth shall be selected with due

regard to long-term safety, taking into account

at least

= the geological structures and
properties of the host rock

= the trends in rock stress, temperature and
groundwater flow rate with depth.

lithological

To ensure that the effects of above ground natu-
ral phenomena, such as glaciation, and human
activities will be adequately mitigated, the re-
pository shall be located at the depth of several
hundreds of meters.

The structures of the host rock of importance to
groundwater flow, rock movements or other factors
relevant to long-term safety, shall be defined and
classified. The waste canisters shall be emplaced
in the repository so that adequate distance re-
mains to such major structures of the host rock
which might constitute fast transport pathways
for the disposed radioactive substances or other-
wise impair the performance of barriers.

The methods adopted for the construction, oper-
ation and closure of the repository shall be
selected with due regard to preserving the natu-
ral barrier characteristics of the host rock. The
transport into the repository of substances which
are adverse to long-term safety, such as organic
or oxidising substances, shall be limited to the
minimum.

4 Demonstration of
compliance with the
safety requirements

4.1 General approach

In accordance with Section 28 of the Govern-
ment Decision, compliance with the long-term
radiation protection objectives as well as the
suitability of the disposal concept and site shall be
justified by means of a safety analysis that ad-
dresses both the expected evolutions and unlikely
disruptive events impairing long-term safety.

A safety analysis shall include

= description of the disposal system (waste can-
ister, backfilling materials and sealing struc-
tures, excavated rooms, characteristics of host
rock, groundwater and the disposal site) and
definition of the barriers

= analysis of the potential future evolutions of
the disposal system (scenarios analysis)

= definition of the performance targets for the
barriers

= functional description of the disposal system
by means of conceptual and mathematical
modelling and the determination of the input
data needed in these models

= analysis of the activity releases and resulting
doses from radionuclides which are released
from the waste, penetrate the barriers and
enter to the biosphere

= whenever practicable, estimation of the prob-
abilities of activity releases and radiation
doses arising from unlikely disruptive events
impairing long-term safety
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e uncertainty and sensitivity analyses and
complementary discussions on the signifi-
cance of such phenomena and events which
cannot be assessed quantitatively

= comparison of the outcome of analyses with
the safety requirements

= documentation of the safety analysis.

The various phases of the safety analysis shall

be carefully documented. Documentation shall

target to

= transparency, so that the approaches, meth-
ods, results and the coupling to the entirety
in each part of the analysis can easily be
discovered

= traceability, so that justifications for the
adopted assumptions, input data and models
can easily by found in the safety assessment
report or its reference reports.

A safety analysis shall be included in the deci-
sion-in-principle application, preliminary safety
analysis report, final safety analysis report and
final closure plan. Furthermore, the safety anal-
ysis shall be updated in case that any new
information has emerged which might crucially
affect the outcome of the analysis in relation to
the safety requirements.

4.2 Analysis of scenarios

A scenario analysis shall cover both the expected
evolutions of the disposal system and unlikely
disruptive events affecting long-term safety. The
scenarios shall be composed systematically from
features, events and processes, which are poten-
tially significant to long-term safety and may
arise from
= mechanical, thermal, hydrological and chemi-
cal processes and interactions occurring in-
side the disposal system
= external events and processes, such as cli-
mate changes, geological processes and hu-
man actions.

The base scenario shall assume the performance
targets defined for each barrier, taking account
of the incidental deviations from the target val-

ues. The influence of the declined overall per-
formance of a single barrier or, in case of cou-
pling between barriers, the combined effect of
the declined performance of more than one bar-
riers, shall be analysed by means of variant
scenarios. Disturbance scenarios shall be de-
fined for the analysis of unlikely disruptive
events affecting long-term safety.

4.3 Modelling and input data

In accordance with Section 29 of the Govern-
ment Decision, the computational methods shall
be selected on the basis that the results of the
safety analysis, with high degree of certainty,
overestimate the radiation exposure or radioac-
tive release likely to occur.

In order to assess the release and transport of
disposed radioactive substances, conceptual
models shall first be drawn up to describe the
physical phenomena and processes affecting the
performance of each barrier. Besides the model-
ling of release and transports processes, models
are needed to describe the circumstances affect-
ing the performance of barriers. From the con-
ceptual models, the respective calculational mod-
els are derived, normally with simplifications.
Simplification of the models as well as the deter-
mination of input data for them shall be based
on the principle that the performance of any
barrier will not be overestimated but neither
overly underestimated.

The modelling and determination of input data
shall be based on the best available experimen-
tal knowledge and expert judgement obtained
through laboratory experiments, geological in-
vestigations and evidence from natural ana-
logues. The models and input data shall be
appropriate to the scenario, assessment period
and disposal system of interest. The various
models and input data shall be mutually consist-
ent, apart from cases where just the simplifica-
tions in modelling or the aim of avoiding the
overestimation of the performance of barriers
implies apparent inconsistency.
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4.4 Complementary considerations

The importance to safety of such scenarios that
cannot reasonably be assessed by means of quan-
titative analyses, shall be examined by means of
complementary considerations. They may in-
clude e.g. bounding analyses by simplified meth-
ods, comparisons with natural analogues or ob-
servations of the geological history of the dispos-
al site. The significance of such considerations

grows as the assessment period of interest in-
creases, and the judgement of safety beyond one
million years can mainly be based on the com-
plementary considerations.

Complementary considerations shall also be ap-
plied parallel to the actual safety analysis in
order to enhance the confidence in results of the
whole analysis or a part of it.
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