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Introduction
In December 2012, Posiva Oy (Posiva) submitted the spent nuclear fuel encapsulation and
disposal facility construction licence application (CLA) to the Finnish Government and the
related technical documentation to Radiation and Nuclear Safety Authority of Finland (STUK).
Posiva has spent many years carrying out RD&D on the so-called KBS-3 concept for spent fuel
disposal and proposes to use this method and the engineered barriers that it comprises at the
Olkiluoto site. Part of Posiva’s RD&D has been the detailed investigation and characterisation
of the Olkiluoto site, including the construction of a major underground research and
characterisation facility (ONKALO), which now gives access to rock volumes at depth that are
proposed to be used for disposal. Posiva is thus now preparing to move to the next stage of its
project, which is to begin construction of the actual disposal facilities underground. An
important part of the CLA technical documentation is a post-closure safety case that includes a
demonstration of post-closure safety for up to 1 000 000 years after repository closure. A
safety case is a formal compilation of evidence, analyses and arguments that quantify and
substantiate a judgement that the repository will be safe.
Government Decree 736/2008 sets the safety target for geological repositories in Finland.
STUK’s Guide YVL D.5 sets the regulatory requirements for implementing the government
decree.
STUK has reviewed the safety case documentation and argumentation presented by Posiva and
reached conclusions on the adequacy and fitness of Posiva’s submission, considering the stage
at which the spent fuel disposal programme has currently reached. A specific focus of our
review has been to ensure that the safety case for the repository follows the structure and
intent of the regulatory requirements and is sufficiently developed and convincing to allow
construction of disposal facilities at Olkiluoto. At this stage, we need to be confident that it will
be feasible to construct the facility and that it will meet our safety requirements. It is expected
that Posiva will continue to develop its safety case, with an update to be presented to STUK in
several year time.
To assist in our review of the CLA safety case STUK has engaged several consultants with
expertise in various disciplines and formed three review areas: (1) Disposal site and natural
barrier, (2) Engineered barriers system (EBS) and (3) Safety assessment. A key consultant
from each area compiled a consolidated review report from each review area. The current
report presents STUK’s view on the above matters, based on review findings from STUK’s
personnel and supported by the consolidated review reports.
Posiva’s safety case consists of 14 TURVA-2012 portfolio main reports and 7 supporting
reports, together with and a much larger set of supporting references. STUK held workshops
with consultants during the review and some workshops also involved meeting with Posiva
staff aimed at obtaining clarifications on certain selected topics. Based on our findings during
the review STUK sent several request for additional information to Posiva.
Along with SKB in Sweden, Posiva is a forerunner in arguing that a repository for spent nuclear
fuel in crystalline basement rocks will be safe. Both organisations have adopted the same, KBS3 disposal concept (with much common development work), and both have compiled and
presented a post-closure safety case to their national regulatory authorities within a year of
each other. The two safety cases have many common features, but are by no means identical,
as significantly different approaches have been taken to several important topics. Both
organisations have been centrally involved in international efforts to develop the underlying
principles of safety cases for geological disposal, as well as common understanding of
appropriate terminology and methodologies.
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Based on our review, STUK concludes that Posiva provides, overall, a clear and credible case
that the proposed repository will be safe and will meet our regulatory requirements. The
safety case is also in accordance with international best practices. Posiva makes clear
presentation of the safety concept and the technical data and the analyses are, in general,
state-of-the-art. However, in STUK’s opinion there remains a need to develop safety
argumentation and methodologies further, and there is also a need to reduce some
uncertainties regarding performance of the barriers.
Posiva’s safety case should be forward-looking and further developed in each licensing phase.
As discussed in our overall recommendations, we expect the broad matters identified above to
be addressed, along with numerous matters of detail, in the safety case that Posiva will present
as part of its operating licence application, in several years time. This will have to be fully
compliant with all our requirements before a license can be granted to dispose of any spent
fuel.

2

Disposal concept and general principles

2.1
2.1.1

General principles
Safety strategy/concept
Government Decree 736/2008 and Guide YVL D.5 require that nuclear waste disposal shall
follow the principle of the multibarrier system which is an application of the defence-in-depth
principle in post closure safety field. YVL D.5 sets regulatory requirements for a disposal
method that would meet the safety expectation. According to YVL D.5 when planning the
disposal of radioactive waste and spent fuel, the waste matrix, waste package, buffer,
emplacement room backfill and disposal facility closure structures at least shall be considered
as engineered technical barriers. The bedrock surrounding emplacement rooms shall serve as
the natural barrier.
Posiva has described the safety principles and safety concept of spent fuel disposal in the
safety case synthesis (Posiva 2012-12). The principles involve the multibarrier system that is
composed of engineered barriers (canister, buffer, tunnel backfill and plugs and closure) and
host rock. Posiva has not included the spent nuclear fuel (SNF) as part of the barrier system
although the slow release rate from the spent fuel matrix is one part of the safety concept and
the dissolution rate of UO2 is one important feature in the safety assessment. Posiva has
however described the characteristics that SNF is expected to have. The role of SNF is
discussed in more detail in Section 3.1. The safety functions of the barriers are discussed in
Section 2.2 and the different barriers in Sections 3 and 4.
Posiva’s safety concept aims primarily for long-term isolation and containment of SNF and
secondarily for retention and retardation of radionuclides in case canisters leak. Containment
by the canister is anticipated to be the principal safety objective of the KBS-3 concept. The
long-term integrity of the canister, however, relies on the ability of the buffer to provide
protection for the canister, whose performance can in turn depend on the backfill and tunnel
plugs. The host rock has an important role in creating and maintaining favourable and
foreseeable bedrock and groundwater conditions. The host rock is also expected to retard
radionuclide transport to the surface environment. The depth of the disposal facility is chosen
to mitigate impacts from natural phenomena on the ground surface and human actions.
Posiva’s post colure safety case portfolio that contains the design basis, description of the
disposal system, description of features, events and processes (FEPs), performance
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assessment, formulation of radionuclide release scenarios, models and data for the repository
system, biosphere data basis and assessment of radionuclide release scenarios, biosphere
assessment, complementary considerations and synthesis of the safety case. In addition to this
Posiva has submitted to STUK a preliminary safety analysis report (PSAR) which describes
design, construction, operation, closure and operational safety of the encapsulation plant and
disposal facility.
Posiva’s safety case portfolio does not describe the safety of the low- and intermediate-level
(LILW) disposal vaults that are also planned to be part of SNF disposal facility. This is analysed
in a separate assessment of LILW disposal safety which Posiva has also submitted to STUK.
Conclusions
Posiva has followed a stepwise approach to implementation of nuclear waste disposal. Posiva
has also taken advantage of spent nuclear fuel activity decrease through interim storage.
Posiva has developed a safety concept that is in line with regulatory requirements. Posiva has
not defined spent nuclear fuel as a disposal barrier, but has otherwise considered the role of
spent fuel matrix in post closure safety.
Posiva has submitted a safety case portfolio that in general fulfils the regulatory requirements.
An integrated safety case, that takes into account both SNF and LILW disposal, should be
presented in the operating licence application documentation.
2.1.2

Phased implementation
Government Decree (736/2008) requires that the disposal of the nuclear waste shall be
implemented in stages, with particular attention given to post-closure safety. This means, for
example, reduction of spent nuclear fuel activity with interim storage and building up
knowledge for the step-wise development and progress of the disposal concept. The
regulatory Guide YVL D.5 describes the stages involved in the development and
implementation of nuclear waste disposal: selection of the disposal concept; selection and
characterisation of the disposal site, which may include the construction of an underground
research facility at the site; design of the disposal facility with related research and
development work; construction of the disposal facility; waste emplacement activities and
other operations of the disposal facility; backfilling and closure of emplacement rooms and
other underground rooms and post-closure monitoring measures where required.
Posiva has followed the government decision from 1983 in the development of spent fuel
disposal. The decision sets the policy of spent fuel management and gives the timeline for the
main steps in nuclear waste disposal, which were updated later with decisions by Ministry of
Employment and Economy (TEM, formerly KTM, Ministry of Trade and Industry). The first
main step was the Decision-in-Principle (DiP) which concluded that the proposed KBS-3
disposal concept and Olkiluoto as the disposal site would be suitable. After the DiP, Posiva
entered into more detailed site investigations. As required by safety requirements and
authorized by the DiP, construction of the underground rock characterisation facility (Onkalo)
was started in 2004. Posiva has taken cooling of SNF into account in facility design and has set
waste acceptance criteria for the SNF so that the minimum cooling time is 20 years and on
average the cooling time is 30-40 years.
Posiva has described in its construction licence application and in its safety case
documentation the principles for stepwise construction and operation of a disposal facility.
Posiva has plans to excavate emplacement rooms in sequences to minimize the potential
disturbance of the host rock. Also the disposal, backfilling and closure of emplacement rooms
are planned to be implemented so that the favourable rock characteristics to post-closure
safety are maintained.
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The procedures for disposal facility construction and SNF emplacement are given in PSAR,
which has been accepted by STUK (1/H42241/2012, 10.2.2015).
Conclusions
Posiva has followed a stepwise approach to implementation of nuclear waste disposal. The
stepwise implementation is followed in the main licensing steps, according to the Government
decision, and in disposal facility construction, emplacement activities and closure.
2.2

Multibarrier system
Safety functions and performance targets of the barriers
According to para 11 of Government Decree (GD) 736/2008, post-closure safety shall be based
on safety functions achieved by mutually complementary barriers. Guide YVL D.5 defines
safety functions as factors preventing and limiting the release and migration of disposed
radioactive materials: that is, as factors contributing to the safety objectives of containment
and isolation. Safety functions shall effectively prevent release of disposed radioactive
materials into the bedrock for a certain period, the length of which depends on the duration of
the radioactivity hazard of the waste. For short-lived waste, this period shall be at least several
hundred years and, for long-lived waste, at least several thousand years. The safety functions
that should at least be considered are listed in paras. 406 and 408 of Guide YVL D.5.
STUK has reviewed Posiva’s documentation concerning safety functions and performance
targets. Posiva has defined the safety functions as the main roles that the barriers have in
establishing the required long-term safety of the disposal system (e.g., Posiva 2012-03). STUKPOSIVA-10115 (POS-016958, 11.11.2013) suggests that the way Posiva has defined the safety
functions is compliant with the requirements in Guide YVL D.5.
The safety functions defined by Posiva for the KBS-3 multibarrier system of canister, buffer,
backfill, closure and host rock are to:
Canister


Ensure a prolonged period of containment of the spent fuel. This safety function rests
first and foremost on the mechanical strength of the canister’s cast iron insert and the
corrosion resistance of the copper surrounding it.

Buffer


Contribute to mechanical, geochemical and hydrogeological conditions that are
predictable and favourable to the canister,



Protect canisters from external processes that could compromise the safety function of
complete containment of the spent nuclear fuel and associated radionuclides and



Limit and retard radionuclide releases in the event of canister failure.

Backfill


Contribute to favourable and predictable mechanical, geochemical and hydrogeological
conditions for the buffer and canisters,



Limit and retard radionuclide releases in the possible event of canister failure and



Contribute to the mechanical stability of the rock adjacent to the deposition tunnels.
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Host rock


Isolate the spent nuclear fuel repository from the surface environment and normal
habitats for humans, plants and animals and limit the possibility of human intrusion,
and isolate the repository from changing conditions at the ground surface,



Provide favourable and predictable mechanical, geochemical and hydrogeological
conditions for the engineered barriers and



Limit the transport and retard the migration of harmful substances that could be
released from the repository.

Closure


Prevent the underground openings from compromising the long-term isolation of the
repository from the surface environment and normal habitats for humans, plants and
animals,



Contribute to favourable and predictable geochemical and hydrogeological conditions
for the other engineered barriers by preventing the formation of significant water
conductive flow paths through the openings and



Limit and retard inflow to and release of harmful substances from the repository.

Posiva states that no safety function can be assigned to the spent nuclear fuel. According to
Posiva 2012-03 the reason for this is that the spent fuel is not “designed” in any way (e.g.
conditioned or reprocessed) before packing in canisters.
Posiva argues that safety functions are to be maintained at the times and to the extent they are
needed to ensure a required level of post-closure safety. This means that all the safety
functions of a barrier may not be fulfilled simultaneously. However, it is not clearly stated by
Posiva when each safety function is assumed to be fulfilled.
STUK considers Posiva’s safety functions as broad safety objectives similar to containment and
isolation. Containment for hundreds of thousands of years is considered by Posiva to be a
requirement.
Posiva’s safety functions and performance targets are discussed in more detail in Section 5.1.1
of this review report.
Conclusions
It is concluded that Posiva’s and STUK’s interpretations of a safety function differ from one
another. In future Posiva should redefine safety functions so that it is easier for STUK to
evaluate the performance of the barriers in relation to the fulfilment of the safety functions.
Despite the different interpretations of a safety function, the current formulation of the safety
case can be used satisfactorily to demonstrate an adequate level of post-closure safety.
Therefore, it can be concluded that Posiva has adequately described and defined the safety
functions at this licensing phase.

8

2.3

Monitoring
GD 736/2008 requires that planning of the construction, operation and closure of a disposal
facility shall take account of the need to ensure long-term safety via investigations and
monitoring. According to GD 736/2008 long-term performance of barriers shall be confirmed
by establishing an investigation and monitoring programme, to be implemented during the
operational period of the final disposal facility. YVL D.5 describes in more detail regulatory
requirements for investigations and the monitoring programme. During the construction and
operation of the disposal facility, a research, testing and monitoring programme shall be
executed to ensure that the site and the rock to be excavated are suitable for disposal, and to
collect supplementary information of the safety-relevant characteristics of the host rock and
the performance of the barriers.
According to YVL D.5 this programme shall include at least: characterisation of the rock
volumes intended to be excavated; monitoring of rock stresses, movements and deformations
in rock surrounding the emplacement rooms; hydrogeological monitoring of the host rock
surrounding the emplacement rooms; monitoring of groundwater chemistry; monitoring of
the performance of engineered barriers.

2.3.1

Investigation and monitoring programme
Posiva has considered the topic of monitoring in Posiva report 2012-01, which describes
Posiva’s plans for monitoring of rock mechanics, hydrology, hydrogeochemistry, surface
environment, foreign materials and the engineered barrier system (EBS) until 2018. Posiva
will update the monitoring programme in 2017 to cover the operational period. The report
also gives a generic description of each field of monitoring during the operation period. In
addition to being a description of the monitoring and investigation programme, Posiva
presents an extensive list of how monitoring data will be utilised in the planning and
construction of the disposal facility.
Posiva states that the results of geoscientific monitoring will be used mainly for validation of
existing models, with the exception of biosphere modelling, which uses the monitoring data in
the actual modelling work.
Posiva also states that, in the extreme case that site properties deviate from acceptable
conditions in a large rock volume, or over the entire planned disposal area, Posiva would
evaluate the possibility of changing its plans for final disposal or would revise the
requirements for the disposal site. As Posiva states, this kind of decision would have to be
justified by a new version of the safety analysis and would require fresh STUK regulatory
assessment and acceptance.

2.3.2

Monitoring of the disposal site
The geoscientific monitoring plans presented cover rock mechanics, hydrogeology and
hydrogeochemistry and are almost as extensive as those in Posiva’s prior monitoring
programme during 2004–2011, used for monitoring the effects of construction of Onkalo.
In the field of rock mechanics, Posiva has presented the effects of the monitoring results on
planning and construction, and the performance of the EBS. The re-activation of fractures,
tectonic movements, and seismicity are considered to have negligible effect on the initial data
for planning and construction. The performance of the EBS is determined to be unaffected by
the re-activation of fractures, spalling, tectonic movements and seismicity. Posiva has planned
to use two fractures penetrated by the Onkalo ramp for convergence measurements that
would be made twice a year. Some single fractures, representing normal and shear
displacements, will be monitored, if such fractures are found in the disposal rock volume.
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Posiva has not clearly explained the reasoning for the sufficiency of the proposed measuring
activities. The current monitoring programme does not include monitoring of redistribution of
rock stress, which Posiva considers to be part of the site investigations, rather than part of the
monitoring programme.
In the field of hydrogeology, the monitoring programme is considered to to cover conditions in
the deeper part of the bedrock in an adequate way. A large programme of monitoring of
surface hydrogeology and infiltration conditions is included in the monitoring plans for the
surface environment. Posiva plans to increase the number of measurements of waters
infiltratinginto the disposal facility, as an automatic measuring system will be installed in all
measuring weirs.
Monitoring of fractures with low transmissivities situated deep in the bedrock will be
increased, in order to gain data on groundwater salinities. On the other hand, Posiva may cease
Gefinex SAMPO measurements, because there are many disturbances due to construction
activities on the ground surface. Monitoring of the effects of the fresh surficial waters of the
Korvensuo reservoir on the deep groundwaters will be continued. The Korvensuo reservoir
waters originate from the River Eurajoki, representing very different hydrogeochemical
characteristics compared to the deep groundwaters of the Olkiluoto bedrock.
The 2012-2018 programme for monitoring of foreign materials is concise. According to Posiva,
the chemical composition of groundwaters flowing along in fractures around Onkalo does not
reflect any effects from foreign materials. However, the monitoring of Onkalo has only taken
place for about 10 years. This time may be too short for example for the small amounts of
organic additives of shotcrete to be seen in the hydrogeochemical monitoring. Shotcrete has
been used in large quantities in Onkalo. In its plan for the analysis programme Posiva indicates
that geomicrobes would only be studied with cultivation-based methods, not supported by
additional modern gene technology methods. Posiva acknowledges that foreign materials have
effects on the hydrogeochemical conditions but does not describe how the hydrogeochemical
monitoring programme can tell the difference between a change caused by foreign materials
and one caused by other factors.
Together with the hydrogeological monitoring programme, Posiva will pay special attention to
the hydrogeochemical properties of the fresh waters in the Korvensuo reservoir in the
hydrogeochemical monitoring, and the potential effects of the Korvensuo waters on
hydrogeochemical conditions in the Olkiluoto bedrock, especially at the planned repository
depth.
The monitoring programme for the surface environment is comprehensive. Posiva also uses
data from the environmental monitoring programme of TVO’s nuclear power plants. Posiva
has identified some development needs in the monitoring programme for the surface
environment. Posiva should put more emphasis on monitoring activities that could give
indications of the future evolution of Olkiluoto’s surface environment, which and would help to
improve models and confirm performance.
In the field of hydrogeology and hydrogeochemistry the monitoring programme is adequate as
well as the surface environment the monitoring programme. For rock mechanics, monitoring
the planned extensometer measurements, and convergence measurements seem to be limited
and Posiva has terminated the monitoring of redistribution of rock stress. Posiva needs to
provide arguments that the measurements remaining in the rock mechanics monitoring
programme will give a comprehensive view of changes in rock mechanics at the planned
repository depth and volume.
Regarding the disposal site the monitoring programme for 2012–2018 is practically an
updated version of the previous version, targeted at the monitoring of Onkalo’s construction
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and its possible effects on the bedrock at Olkiluoto. Monitoring of the EBS has been added and
the other programmes have been updated according to observations, new approaches and
priorities. Generally the number of annual observations has been decreased compared to the
previous monitoring programme. Should there be rapid changes; the current monitoring
programme may not be able to detect them.
2.3.3

Monitoring of the EBS
According to Posiva, the necessary equipment and methods for EBS monitoring will be
planned, studied, developed and tested during the monitoring programme for 2012–2018.
Posiva gives a short generic description of engineered barriers monitoring during the
operational phase. The main principles of monitoring have been identified, and some priorities
are mentioned, although still at a general level.
Posiva has described plans for EBS monitoring development in the disposal concept
development programme (POS-018285, v.1). However the plan to use EBS and disposal system
tests and demonstrations in monitoring development is vague. STUK considers that Posiva’s
FISST test (Full scale In Situ System Test) would be a possible place to test monitoring
equipment.
Posiva is carrying out collaboration with SKB on EBS monitoring aiming to identify and screen
out measurable parameters and suitable monitoring methods.
Conclusions on monitoring
The monitoring programme presented in Posiva report 2012-01, is adequate at this licencing
phase and gives the monitoring plans and programmes for 2012–2018. For the operational
phase, the report gives a short generic description of each monitoring field.
Posiva needs to re-consider the measuring intervals in the different monitoring programmes.
In STUK’s opinion there is a risk that the longer measuring intervals compared to those used in
the previous monitoring programme in 2004–2011, might not capture possible rapid changes.
At the time when Posiva Report 2012-01 was published in 2012, the effects of the construction
of Onkalo were not so clear, compared to the observations Posiva reported in 2014.
The monitoring plan for the EBS is at a very early stage, and needs further work starting from
an overall strategy for EBS monitoring. The technical problems related to detection equipment
need to be solved.
Posiva has not included rock stresses as part of monitoring programme and this matter is
discussed in Section 4.2 of this report. In the other geoscientific fields, hydrogeology and
hydrogeochemistry monitoring plans are considered to put emphasis on the most critical
matters, considering post-closure safety.

3

Disposal site and barrier system

3.1
3.1.1

Spent nuclear fuel
Characterization of the spent nuclear fuel
Based on Guide YVL D.3 acceptance criteria shall be defined for any properties of spent nuclear
fuel (SNF) that have a bearing on the operational and the long-term safety of final disposal.
Records shall be prepared of each final disposal canister. Initial enrichment level, burn-up,
heat generation, activities of dominant nuclides, structural and material properties that have a
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bearing on the post-closure safety and potential leakage or damage to a nuclear fuel assembly
must be determined for individual assemblies and canisters from the records.
Posiva 2013-01 provides an overview of SNF characterization, which relies heavily on the
description provided in WR 2005-71. Posiva presents averaged fuel parameter values for
enrichment of the fresh fuel, burn-up, and decay heat. Such parameters provide some details of
the operational histories of the fuel. This information is sufficient to carry out the required
source term calculations based on defining a representative reference inventory that takes
account of the full range of SNF.
Posiva does not go into great detail about the structural properties of the SNF, other than a
short description in the context of radionuclide partitioning between the UO2 matrix and the
radial outer edge, or rim zone, of the fuel pellet, for the instant release fraction (IRF) model
assumptions. However, the description of different radionuclides in the different physical
components of the spent fuel is handled adequately. Posiva groups the gap and grain boundary
together, as a single phase to be considered as the IRF. This is adequate and reasonable,
assuming that Posiva equates the maximum percentage of noble gases (e.g., Xe, Kr isotopes)
found in the matrix-cladding gap to the percentage of other volatile radionuclides (e.g., Cs, I
isotopes) that are expected to be found in both the gap and grain boundaries. It is noteworthy
that Posiva identifies possible ‘exotic’ inventories of “… activation and fission products initially
adhering to the surfaces of spent nuclear fuel rods (crud).” These inventories (probably largely
C-14 from neutron activation of O-17 in H2O during reactor operations) are ‘exotic’ because
they do not show up in conventional ‘ORIGEN-type’ calculations of radionuclide inventories for
reactor fuel. The method for deriving the reference inventory from the activity calculations is
presented in appendix F of Posiva 2013-01. Posiva’s screening approach to select the key
safety-relevant radionuclides for analyses is described and is carried out in four steps. In the
fourth step Posiva uses ad hoc calculations and its experience from earlier safety analyses to
reduce the number of significant radionuclides further. This fourth step is not described in
sufficient detail.
Posiva appropriately sets up the source term according to different radionuclide inventories in
the SNF components, and different release (i.e., dissolution rate for UO2 matrix, corrosion rate
for cladding and structural steels) rates of these radionuclides into groundwater once the
containment is breached. Posiva’s approach is to combine the least favorable fuel nuclide
specific activities for each fuel type for the reference inventory, which provides confidence that
cautious data have been selected. It would further enhance confidence if more detailed data on
the similarity of the fuel types were available to support this approach, other than just noting
the burn-up and enrichment histories, and major difference between the other metal
components.
Posiva provides no detailed information or implied impacts on the source term relating to
possible leakage or damage in the fuel rod or bundle. However, Posiva has supplemented its
application regarding damaged fuel rods and bundles. Posiva considers that the release rates
and source term are conservative enough to include possible damaged fuel.
STUK requested additional information regarding the approach to selection of fuel bundles to
be encapsulated into each canister. Posiva provided more information in its response (POS0193860, 2.9.2014). Posiva states that criticality safety and residual heat production will be
taken into account when loading canisters. Loading curves for criticality safety will be
calculated and sufficient cooling times applied. Posiva is also planning SNF database to manage
fuel handling during the operational period.
Conclusions

12

Posiva has adequately characterized SNF and the source term and the requirements are
fulfilled at this phase of the licensing process.

3.1.2

Performance
According to YVL Guide D.5, the immobilization of radioactive substances in the waste matrix
shall be considered as a safety function provided by means of engineered barrier.
According to YVL Guide D.5 targets based on high quality scientific knowledge and expert
judgement shall be specified for the performance of each safety function. The potential
changes and events affecting the disposal conditions during each assessment period shall be
taken into account. Performance targets for the safety functions of engineered barriers shall be
specified taking account of the activity level of waste and the half-lives of dominant
radionuclides.
According to YVL Guide D.5 conceptual models shall be constructed to describe the underlying
events and processes, and conceptual models shall also be constructed to describe the safety
functions and the factors affecting them.
Posiva has not assigned any safety functions or set any performance targets for spent nuclear
fuel. Posiva states that, the properties of spent fuel have been considered when designing the
disposal concept and in the safety case. Furthermore, Posiva states that, in the KBS-3 safety
concept, radionuclides are not bound in the waste matrix by design: therefore, no performance
target can be set to the SNF.
Although Posiva has not set performance targets, the SNF needs to be characterized so that the
relevant waste acceptance criteria (WAC) can be defined. Posiva has characterized SNF but has
not defined unambiguous WAC. Posiva has supplemented PSAR Y7 and included WAC. Posiva
considers the selection of fuel assemblies for each canister as an optimization process, which
takes into account heat production (cooling time, enrichment, burn-up) and criticality safety
(enrichment, burn-up).
Posiva uses one conceptual model to describe the source term and applies it to all fuel types in
the inventory, irrespective of irradiation history. The radionuclide inventory used is described
as representative or bounding of the range of fuel types.
Posiva states that “Fuel dissolution is assumed to take place at a constant fractional rate, with
congruent release of radionuclides.” Posiva 2013-01 describes the conceptual model and key
controlling parameters that influence release from each component of the source term (UO 2
matrix, cladding and other metal components). For the UO2 matrix, the range in release rates is
described with a deterministic justification for selection of the 10-7/year rate, which is
sufficient and includes a clear statement of the cautious nature of this rate, followed by a clear
justification of the assumptions (i.e. congruent release) and an indication of ongoing work in
the REDUPP project to reduce uncertanties. The same release rate is considered to apply
release from damaged spent fuel (e.g. rock shear scenario) or from leaking fuel bundles.
The amount and behaviour of the instant release fraction (IRF) is well justified. Posiva refers
to recent research data and presents a number of arguments for the definition of IRF
behaviour and parameters. These are based on experimental observations, known correlations
with fission gas release (FGR) data (e.g. FGR-IRF leaching test results are provided to enhance
confidence for the selection of the input data) and feedback from assessments. This is used to
make informed decisions about the treatment of IRFs and other activities contributions from
crud in the reference and complementary calculation cases. The selection of the IRF data and
comparison with earlier Posiva values and SKB-10-52 data are well presented with an
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appropriate amount of justification and references. The ongoing work to reduce uncertainties
regarding the IRF is mentioned. Posiva is participating in the FIRST Nuclides project to
improve understanding in this area further.
For zircaloy and metal component release, Posiva provides a summary of source reference
data for metal corrosion rates to support a number of simplifications for the treatment of the
metal release fraction, which can be considered a cautious approach. However, Posiva assumes
zircaloy and steel parts, containing C-14 activation product, to dissolve in 1000 years, which is
most likely highly conservative and would over-emphasize the significance of C-14 in the base
scenario.
Conclusions
Posiva has not defined post-closure safety related criteria for SNF other than for heat
production and criticality safety. Posiva should consider the WAC regarding inventory of the
most significant nuclides and fuel alteration rate which are consistent with the analysis made
in the safety case.
According to Posiva’s probabilistic sensitivity analysis of the safety case, the fuel alteration
process is one of the most safety significant parameters. In its ongoing RD&D work, Posiva
should provide a stronger basis for the assumed 10-7/year dissolution rate value and reduce
uncertainties related to the IRF inventory, especially in Cl-36, I-129 and C-14.
Although Posiva has not set a performance target for SNF its description of the performance of
the spent nuclear fuel its handling in the safety case are considered to be adequate at this
phase of the licensing process.

3.1.3

Post-closure criticality safety
YVL Guide D.5 states that the SNF contained in a disposal canister shall remain subcritical,
including the long term. The design shall accommodate conditions where the leaktightness of
the container has been lost and the container has sustained mechanical or corrosion-induced
deformations. According to YVL Guide D.3, the disposal canisters 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 criticality safety are set out in Guide YVL B.4.
Posiva submitted a memorandum (TVO 144244) regarding the criticality safety of the disposal
canister. According to the memorandum, assuring subcriticality requires the application of
burn-up credit (BUC) for all canister types. With 5 % enrichment, the required minimum burnups are approximately 36 MWd/kgU for OL1/2, 36 MWd/kgU for LO1/2 and 51 MWd/kgU for
OL3 fuel assemblies.
100 % of OL1/2 fuel assemblies fulfill the criterion established in the loading curve with the
actinide-only BUC level.
Over 94 % of the LO1/2 fuel assemblies fulfill the criterion established in theloading curve
with the actinide-only BUC level and 99 % with the actinides+rare earth elements BUC level.
100 % of the OL3 fuel assemblies will fulfill the loading criterion if a 12 month equilibrium
cycle is used with the actinide-only BUC level. For 18 or 24 month cycles the application of the
actinides+rare earth elements BUC level is required. 100 % of the 18 month cycle will fulfill the
criterion established in the loadingcurve. With higher enrichment levels, the application of the
actinides+rare earth elements BUC levels are not enough.
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Certain fuel assemblies not fulfilling the loading criterion will require a new analysis and a
canister-specific loading design. Posiva states that these fuel assemblies can be loaded with
assemblies with high burn-up.
Considering long-term evolution of the canister, in the scenario where the fuel assembly and
the canister are destroyed, Posiva states that when fuel pellets are mixed with cladding and
sufficient amount of corrosion producst from the cast iron insert, subcriticality is maintained.
The sufficient amount of corrosion products from the cast iron insert is at least 50-60 % of the
particle volume. If the geometry is significantly different, (e.g. cast iron corrosion products
migrate away and mixing conditions do not hold so that 50-60 % comprises magnetite
particles), subcriticality might not be maintained. The porosity of the corrosion products
introduces some uncertainty to the long-term criticality calculations. The long-term canister
evolution thus needs further evaluation with respect to post-closure criticality.
Conclusions
Posiva applied burn-up credit to reach the conclusion of post-closure subcriticality. In STUK’s
opinion, this approach is adequately justified and STUK’s requirements are fulfilled at this
stage, although long-term canister evolution, especially possible changes in geometry, needs
further analysis. Future analysis before an operating licence application should consist of
considerations of possible changes in geometry causing criticality and evaluation of the
consequences of canister criticality as a bounding analysis.

3.2
3.2.1

Canister
Characterization
Based on the requirements in Guide YVL D.5, the properties of the canister materials shall be
characterized. Emphasis should be put on the properties that affect the long-term
performance, durability and mutual suitability of each material. Canister materials must not
jeopardize the performance of other barriers.
Posiva 2012-13 states that copper has been chosen for the shell material because it has wellknown properties, good thermal and mechanical properties, and resistance to corrosion in
reducing environments. Cast iron has been chosen for the insert to provide mechanical
strength, radiation shielding and to maintain the fuel assemblies in the required configuration.
According to Posiva 2012-13, the material for the copper components is phosphorus-alloyed,
oxygen-free copper with the following requirements: O < 5 ppm, P 30-100 ppm, H < 0.6 ppm, S
< 8 ppm. The purpose of phosphorus is to improve the creep strength and ductility of the
copper. The insert is made of nodular graphite cast iron. The material shall fulfil the standard
requirements in EN 1563:2010 grade EN-GJS-400-15U regarding mechanical properties. The
lid of the insert is made of a structural steel plate according to EN 10025 grade S355J2 or
similar grade with at least the same tensile strength and ductility, in the as hot-rolled or
normalized condition. Material for square tube cassettes shall fulfil the standard requirements
in EN 10219-1 grade S355J2H or EN 10210-1 grade S355J2H.
Posiva has set a safety function for the canister which is to “ensure a prolonged period of
containment of the spent nuclear fuel”. According to Posiva, this safety function rests on the
mechanical strength of the canister’s cast iron insert and the corrosion resistance of the
copper overpack. Posiva has stated that copper has resistance to corrosion in reducing
environments. Posiva 2012-11 presents evidence for the suitability of the canister materials.
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For copper, several archaeological and geological analogues are described. For iron
archaeological analogues are described. As a conclusion, Posiva states that both archaeological
and natural analogue studies suggest that the corrosion rates for copper and steel assumed in
the safety assessment are generally conservative.
Posiva has also stated that the cast iron insert provides good mechanical properties. Therefore
there is a relationship between canister material properties and safety functions. However,
Posiva does not consider the mechanical properties of the copper overpack within the safety
functions or performance targets, although it is clear that the copper overpack will be subject
to mechanical loads such as plastic strain and creep.
Posiva has chosen copper as the shell material for its well-known properties and resistance to
corrosion in reducing environment, which STUK considers to be appropriate. However, there
is an emerging issue regarding corrosion resistance of copper in oxygen-free pure water.
Hydrogen production has been detected during some laboratory experiments, but the
processes involved are not well understood at present. Posiva 2013-01 states that work on
clarifying the nature of the hydrogen generating process in such experiments will continue.
STUK will follow up these developments.
There is also an issue regarding the mechanical properties of copper. Posiva has stated that
adding phosphorous to copper improves creep strength and ductility. However, according to
STUK’s understanding, the longevity of the effects of incorporating phosphorous into copper
remains uncertain. The effect of phosphorus to enhance copper creep resistance is not fully
understood at the moment. The current scientific quality and amount of data, modelling and
assessment of possible slow-strain rate, creep ductility and failure of copper need further
confirmation. The concern is that creep ductility rupture could be a common-mode failure
process, by which many copper canisters might fail earlier than expected.
Conclusions
Posiva has characterized properties of canister materials and the majority of the critical
properties are well-undestood at the present. However, there are some topics (especially
copper creep and corrosion) that need further clarification.

3.2.2

Manufacturing and inspection of the canister components
GD 736/2008 and YVL guides set requirements for canister properties, quality, manufacturing
and inspection. The properties of the waste packages and a description of the packaging
methods shall be presented. Quality specifications necessary in terms of the operational safety
of the nuclear waste facility and the post-closure safety of disposal shall be defined. The quality
level of the classified object and the inspections and testing for verifying the quality shall be
adequate as regards the significance of the object in terms of safety.
Canister manufacturing and inspection methods are described in Posiva 2012-16, Posiva
2012-35, Posiva 2010-04 and Posiva 2009-03. Copper components are manufactured from
copper billet by hot forming techniques; the pierce and draw method (Posiva’s reference
method), and extrusion. The insert is manufactured by casting. Some components for the
insert are manufactured from steel; the lid, the lid fixing screw and the tube cassette for the
fuel assemblies.
Canister manufacturing methods are described in the above reports, which state that copper
canister components that fulfil Posiva’s requirements (e.g., mechanical properties, grain size)
can be fabricated. Manufacturing demonstrations of the insert have confirmed its acceptable
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fracture resistance only for the BWR type of insert. Posiva should thus carry outfurther
development of the casting process. Posiva should improve the manufacturing process for
VVER-440 and EPR inserts in order to achieve similar mechanical material properties to those
of the BWR insert. In accordance with YVL Guide D.5 manufacturing methods shall be qualified
before components are fabricated. Posiva has presented a qualification plan and schedule.
The earlier the reference sealing method for the canister was EBW (Electron Beam Welding)
and Posiva’s documentation regarding the canister sealing is mainly related to EBW. In March
2014 Posiva made a decision to change the reference sealing method from EBW to Friction Stir
Welding (FSW). SKB has also chosen FSW for its canister sealing method. As part of the
additional information POSIVA-STUK-10226, Posiva delivered to STUK two state of the art
reports for EBW (WR 2014-22) and FSW (WR 2014-21).
Posiva 2012-13 presents preliminary allowable weld defects both for EBW and FSW including
defect types that are not allowed in high quality (class b or c) weldments. According to
theadditional information provided to STUK, Posiva will continue its development work for
FSW with SKB. Based on this work defect types and sizes will be considered in more detail in
the future.
Posiva has also delivered to STUK a document (Posiva-STUK-10215) “Disposal concept
development programme / Loppusijoituskonseptin kehitysohjelma”, which contains detailed
information regarding the development work for FSW.
Posiva aims to carry out quality and integrity control of the canister components using several
non-destructive methods: visual testing, penetrant testing, eddy current testing, ultrasonic
testing and x-ray testing. According to Posiva 2012-16, the final inspections are based on the
qualified inspections, which follow ENIQ requirements.
Posiva has set preliminary acceptance criteria for the canister components, which are
presented in Posiva 2010-04, Posiva 2012-13 and Posiva 2012-35. Posiva states that the
master requirement for the acceptance criteria of canister components and weld is an intact
wall thickness of 35 mm in 100 % of the canisters and 40 mm in 99 % of the canisters. This
master requirement is based on the corrosion allowance of the copper overpack.
Acceptance criteria for the insert are related to its load carrying safety function and are
presented in Posiva 2012-35.
As mentioned, Posiva is developing several methods for the NDT of the canister components
and weld. According to the YVL Guide NDT-methods shall be qualified. Posiva has presented a
qualification plan and schedule.
Conclusions
Posiva’s general description of the manufacturing methods for the canister components fulfils
the STUK’s requirement at this stage as does its general description of the inspections methods
for the canister components.
Posiva has presented manufacturing methods for the canister components and qualification
plans for the methods and STUK’s requirements are fulfilled at this stage. However, Posiva
should perform further development of the casting process for the cast iron insert.
Posiva has presented non-destructive testing methods for the canister components and
qualification plans for the NDT-methods that fulfil STUK’s requirements at this stage.
STUK will follow-up Posiva’s manufacturing and welding development work as part of the
STUK’s inspection programme for the construction phase.
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3.2.3

Performance
According to YVL Guide D.5, performance targets based on high-quality scientific knowledge
and expert judgement shall be specified for each safety function. The potential changes and
events affecting the disposal conditions during each assessment period shall be taken into
account. Performance targets for the safety functions of engineered barriers shall be specified
taking account of the activity level of the waste and the half-lives of dominating radionuclides.
According to YVL Guide D.5 conceptual models shall be constructed to describe the underlying
events and processes, and conceptual models shall also be constructed to describe the safety
functions and the factors affecting them.
Performance targets for the canister are presented in Posiva 2012-03. According to Posiva the
performance targets have been set so that individual deviations or deficiencies will not
endanger long-term safety. In the case of the canister Posiva states that incidental deviations
refer to manufacturing defects and operating errors that may reduce the lifetime for a few
canisters. Posiva considers any defect will most likely be in the weld (Posiva 2012-12).
Posiva’s base scenario addresses the most likely lines of evolution, but takes into consideration
the possibility of one or a few canisters with one initial undetected penetrating defect.
Posiva 2012-04 states that the design and manufacturing of the canister must satisfy the
performance target: “the canister shall initially be intact when leaving the encapsulation plant
for disposal except for incidental deviations”, (L3-CAN-4), and also that, in the expected
repository conditions, the canister shall remain intact for hundreds of thousands of years,
except for incidental deviations (L3-CAN-5).
Posiva 2012-04 states that the canister shall have sufficient mechanical strength to ensure
minimal probability of collapse for isostatic pressures up to 45 MPa, it shall withstand
expected dynamic mechanical loads and it shall have sufficient mechanical strength to ensure
its rupture limit exceeds the maximum shear stress on the canister, corresponding to a 5 cm
displacement in any direction across the deposition hole. Posiva has performed shear load
analysis only for the reference canister (BWR) at this stage.
Posiva has determined acceptance criteria for the insert of the reference canister (BWR),
which are presented in Posiva 2012-13 and Posiva 2012-35 and state that the reference
canister can withstand the specified loads with a sufficient safety margin even if the material
has allowable defects.
Posiva 2013-01 presents the copper creep model, which consists of three components; a) base
material strain model; b) base material creep rupture model; c) electron beam weld strength
factor and strain model.
WR 2014-22 states that the creep properties of friction stir welds are almost the same as for
the base material. The main reasons for these results are that variation in the microstructure
between the weld and the base material is small and matches previous studies as in grain size.
Creep ductility of copper is a function of creep/strain rate, which is controlled by the evolution
of the external pressure on the canister. Posiva’s copper creep model does not take into
account possible large variation in strain rate caused by possible large variation in buffer resaturation time. A possible implication arising from delayed saturation is creep-ductility
failure of the copper canister. More studies to confirm current interpretations of this issue
should be conducted by Posiva.
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Posiva’s base scenario takes into consideration the possibility of one or a few canisters with an
initial undetected penetrating defect. An initial, undetected 1 mm diameter pinhole on the
weld of the copper canister is assumed. Posiva states that the potential for this defect type is
due to the use of electron beam welding. In March 2014, Posiva made a decision to change its
reference sealing method to FSW, although Posiva’s additional information (POSIVA-STUK10226) states this change does not affect its base scenario. WR 2014-22 presents typical weld
defects for FS-weld and preliminary acceptance criteria for a FS-weld. This weld defect type
list does not contain a pinhole, such as the defect assumed in the base scenario. STUK thus
considers that Posiva’s decision to change the reference sealing method to FSW requires a
reassessment of the type and properties of a potential undetected defect in the weld.
Posiva has reported that the demo canister has withstood an isostatic pressure of up to 138
MPa. Based on this it seems that the safety factor is around three (138/44) in the case of
isostatic loading.
Posiva 2013-01 states that one objective of the Models and Data report is to describe the
conceptual models used and their main assumptions. However, Sections 6.12 – 6.27.3 in Posiva
2013-01 do not describe a conceptual model for the safety function of the canister. On the
other hand, Posiva presents models describing relevant processes.
WR 2014-22 states that FSW provides better corrosion resistance than EBW, because of the
lower residual stresses, the minimal grain growth and the absence of any resultant
concentration of impurities at the grain boundaries: FSW is closer to the base material
properties.
Posiva 2012-04 states that “The canister shall withstand corrosion in the expected repository
conditions” which corresponds to performance target L3-CAN-7. According to Posiva, this
performance target is met when the minimum initial intact wall thickness is more than 35 mm
and remains more than zero for hundreds of thousands of years. Posiva takes into account
different corrosion processes and chemical loads, but the corrosion depth due to different
corrosion processes remains unclear. However, Posiva has considered and documented
corrosion depths during different phases of final disposal, such as the operational phase, and
corrosion during and after buffer re-saturation. Posiva 2011-01 presents realistic and
conservative values for corrosion depths during different phases but does not provide a
quantitative value of corrosion rate that will ensure a minimum overpack thickness of 0 mm
over the assessment period of 1 Ma. The chemical integrity of the copper overpack is highly
dependent on the performance of the buffer and on sulphide concentration in the
groundwater, although there are numerous aggressive species or processes that can affect the
corrosion rate of the copper overpack, such as oxygen, chloride, nitrogen compounds, acetates,
ammonia, radiation, microbes, etc. The bentonite buffer is expected to limit the transport of
aggressive species towards the canister, which is the most important assumption regarding
chemical integrity of the copper overpack.
Features, Events and Processes (FEPs) regarding corrosion of copper overpack are presented
in Posiva 2012-07. The report does not describe all relevant FEPs in sufficient detail. In Posiva
2013-01, corrosion processes are described comprehensively. Posiva 2012-04 justifies the
evolution described in the base scenario and describes some variant scenarios, such as
corrosion as a consequence of buffer erosion. Posiva 2011-01 and Posiva 2013-01 present the
relevant corrosion models that are used to evaluate relevant parameters. The key models are
Copper Corrosion Model (CCM), Copper Sulphide Model (CSM) and Microbially Induced
Copper Corrosion Model (CCM-MIC). The performance of the CCM-MIC model has not been
confirmed with experimental data.
Posiva’s approach for evaluating general corrosion is based on thermodynamic and masstransport-limited approaches and kinetic models. The longest phase or period of time is the
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anoxic phase, after oxygen has been consumed, and buffer re-saturation, when corrosion is
expected to be caused only by sulphide and chloride. Posiva conducts conservative scoping
calculations with high sulphide concentrations, which indicate that general corrosion is not the
determining factor when designing canister wall thickness.
Regarding localized corrosion processes, Posiva rules out pitting, crevice corrosion and stress
corrosion cracking (SCC). In Posiva 2011-01 Posiva makes a clear position statement that the
canister is not subject to pitting in the classical sense of the term. Instead, the canister is
expected to be subject to surface roughening. Posiva considers different forms of pitting in
Posiva 2011-01 and uses a pitting factor (PF) to evaluate possible depth of pits. PF can be
chosen in a conservative manner and Posiva has also considered conservative values for PF.
Crevice corrosion is expected to stop by itself; the reasoning for this is restricted mass-transfer
to the tip of the crevice.
Posiva applies a decision-tree approach in evaluating SCC, in which there are three prerequisites that must occur simultaneously, adequate tensile stress, high enough corrosion
potential and relevant aggressive species concentration. Using this model, Posiva concludes
that the threat of pitting corrosion is relevant only during the oxic phase and, even then, it is
unlikely owing to the low amounts of aggressive species in the ground water and the high
temperature. There is an additional possibility of residues from explosives during construction
forming nitrogen compounds and which can cause SCC.
The key uncertainties regarding corrosion of copper are thus in processes such as corrosion in
oxygen-free water, microbially induced corrosion and SCC caused by explosive residues. There
has also been discussion about hydrogen embrittlement of copper, radiation induced corrosion
of copper and SCC caused by sulphides. Together with SKB, Posiva has examined adsorption of
hydrogen in metallic copper and radiation induced corrosion, as well as corrosion in oxygenfree water. Posiva has also recognized the following processes subject to further research in its
RD&D programme:
1) copper corrosion in oxygen-free water
2) enhancement of CSM
3) copper corrosion in high chloride concentrations
4) effect of explosive residues to SCC, and
5) microbially induced corrosion of copper.
STUK will follow Posiva’s progress in its RD&D work regarding these issues.
Posiva states that the general corrosion rate of the cast iron insert will be similar to that of
carbon steel, which is around 0.1-1 µm/a. Posiva uses a mass-balance model to assess the
depth of the internal corrosion due to water initially present in the canister. Posiva calculates
that the depth of corrosion is approximately 40 µm with an assumption that there is initially
600 g of water inside the canister. Posiva recognizes that subsequent anaerobic corrosion of
the cast-iron insert will lead to hydrogen generation. Such corrosion products will have much
larger molar volumes than the uncorroded cast iron, so their formation might lead to widening
of the initial defect in the case of an initially defective canister.
One uncertainty that Posiva mentions is microbial activity inside an initially penetrated
canister. Microbial activity, however, is assumed to be unlikely by Posiva, because the ingress
of water to the canister is slow and the radiation inside the canister should suppress the
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microbial activity. On the other hand, the number of initially defective canisters is assumed to
be small.
Posiva excludes SCC of cast iron because the corrosion environment is different, compared to
environments where SCC of cast iron has been observed.
Conclusions
Posiva has described and justified the performance of the canister adequately at this phase.
However, there will remain uncertainties regarding performance of the canister that shall
need further RD&D work before an operating licence application. The most safety significant
uncertainties are related to copper corrosion and creep ductility. Posiva has submitted a
development plan of the disposal concept where it has recognized the following subjects for
further research: copper corrosion in oxygen-free water; enhancement of CSM; copper
corrosion in high chloride concentrations; effect of explosive residues on SCC; microbially
induced corrosion of copper and creep ductility. STUK will follow the progress of Posiva’s
RD&D work on these issues.
3.3
3.3.1

Buffer
Characterization and suitability
Based on Guide YVL D.5 Posiva should identify the relevant properties of each buffer material
to be characterized. Emphasis in the characterization should be on properties affecting the
long-term performance, longevity and mutual compatibility of each (buffer/barrier) material.
A buffer material must be sufficiently stable in repository conditions to ensure the
performance (i.e. to fulfil the performance targets) of the buffer.
A buffer material must not jeopardize the performance of other barriers, e.g. the canister and
backfill. This means that it should not contain concentrations of materials that could directly or
indirectly affect other barriers such as iron, organic material, nitrogen compounds, oxidizing
compounds and whose hydroxide ions and their maximum concentrations need to be
established.
Posiva should describe how a buffer material can be changed without compromising the
performance of the buffer. In addition, Posiva should identify a list of favourable conditions for
other barriers that can be adversely affected by harmful chemical materials contained in the
buffer components.
Posiva has considered the topic of buffer material characterization in various safety case
reports, e.g., Posiva 2012-05 and 2012-17.
Posiva 2012-17 (table 3-1) presents the reference, MX-80 type, material design specifications,
lower-upper limits or maximum values, as follows: montmorillonite content 75-90 wt%; total
sulphur content <1 wt%; sulphide content <0.5 wt%; organic carbon content <1 wt%. Methods
to be used in the testing are also suggested by Posiva for each parameter.
Posiva has a material characterization scheme for the buffer, which STUK considers to be
currently lacking in depth. Posiva’s current approach concentrates on a few chemical
properties (sulphur content <1 wt%, organics content <1 wt%, sulphide content <0.5 wt% and
montmorillonite content 30-38 wt% for Friedland clay and 75-90 wt% for bentonites). If these
requirements are satisfied, Posiva considers a bentonite material suitable for the buffer and
directly exchangeable with the reference material. STUK considers that this approach might
not give sufficient consideration to all material properties affecting performance.

21

The reasoning of how Posiva has arrived at the limits presented for total sulphur, sulphide,
iron and organic content is not transparently presented in the safety case.
Posiva’s approach does not explain the material properties from which performance (swelling
pressure, low permeability) of the buffer originates from. For example the layer charge of the
montmorillonite may dominate the swelling properties of the bentonite clay, but is not
currently included in the characterized properties. According to additional information
submitted to STUK (POSIVA-STUK-10351), Posiva has not yet found a relationship between
layer charge and performance (swelling pressure, permeability), but will continue to study the
topic.
The range of acceptable montmorillonite contents in a buffer material has been defined by
Posiva using an empirical approach. The relation between the empirical expression and
theoretical concepts governing the swelling behaviour of clay-based materials has not been
evaluated. Uncertainties in the parameter range obtained from the empirical approach have
not been evaluated.
Posiva has not presented a description of how the characteristic properties of the buffer
(chemical, mineralogical, hydraulic, mechanical and microbiological) will evolve with time.
Repository conditions have the potential to significantly change material properties of the
buffer and backfill. Changes in material properties could result from differences in
temperature and groundwater chemistry between the repository near-field environment and
the environment from which the raw buffer and backfill materials were originally extracted.
Reactions involving accessory minerals in the bentonite could play an important role in
controlling the chemistry of pore waters in the buffer and backfill.
In its disposal concept development programme, Posiva has acknowledged the shortcomings
in its characterization procedures and has explicit plans to deal with the topic (project
acronyms ECCA, DEMPA). STUK intends to monitor this work closely. Posiva also describes in
the development programme a procedure, on general level, by which Posiva is going to test
and compare various bentonite clays and Friedland clay in order to find a suitable material for
backfill blocks for the full-scale test in ONKALO.
Posiva has indicated that the substitution of the current reference bentonite with different
montmorillonitic bentonites is possible if future circumstances so require. It is sensible to
make such contingency plans, but any new buffer or backfill material may require substantial
testing and associated modelling of behaviour to confirm the suitability of such a substitution.
The relationships between bentonite density, swelling pressure and swelling capacity have not
been presented nor discussed thoroughly by Posiva although swelling capacity has been
utilized by Posiva in the design. Swelling capacity is the factor that contributes to the design
requirement stating that “the buffer shall be designed to be self-sealing after installation and
self-healing after any hydraulic or mechanical disturbances” (L4-BUF-16) so a good
understanding of swelling capacity and the factors that affect it, such as density, temperature
and porewater chemistry is required. Swelling capacity contributes to the attainment of some
of the performance targets but can also be a limiting factor as bentonite does not swell beyond
its capacity in repository conditions, which may be beneficial in some circumstances.
Posiva 2012-11 argues for the long-term stability of bentonite and backfill materials under
repository conditions and deals with several open safety-relevant issues. However, Posiva
states that only a few of these issues are truly amenable to natural analogue studies and so few
data exist.
Conclusions
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For this licensing phase, Posiva’s characterization approach does not need to be fully
developed as long as Posiva is aware of the shortcomings involved and is carrying out
dedicated research work to improve the understanding of the properties affecting on the
behaviour of the bentonite materials. STUK considers it sufficient to identify a programme of
work to ensure that a scheme is in place at the appropriate time. Clearly, this programme will
need to take account of the issues identified above and Posiva will need to carry out more
work to ensure that the scheme is comprehensive. The currently documented understanding
of material properties affecting the performance of the clay/bentonite barrier is mainly
empirical and fairly limited. Posiva has acknowledged this situation and has plans
(Development programme, project ECCA) to improve understanding and to study the
relationships between the material properties and the performance further. While STUK
considers that the understanding is sufficient at this licensing phase it requires more work to
be completed before an operating licence application.
It is likely that any future decision to replace MX-80 by another type of bentonite may require
significant additional, material-specific data and associated modelling of behaviour to confirm
the suitability of such a substitution.

3.3.2

QC
According to the YVL Guide B.2 requirements Posiva should classify the barriers as systems
and structures contributing to safety and further to inspection classes, where applicable.
Posiva should also determine the relationship between the system, structure or device and the
inspection class and testing procedure, and in addition, develope the necessary guides,
instructions and system-specific quality manuals in order to carry out the QA/QC procedures
properly. The QC procedure covers the fabrication (material, conditions, devices, personnel,
documentation) and emplacement phases (compliance with the requirements,
documentation).
Posiva has considered the quality control procedures in Posiva 2012-17 and 2012-18. In these
reports QC is embedded in all phases from material selection/approval and manufacturing of
components to emplacement of buffer and backfill, ending up with the verification of
compliance with the requirements. The QC chain is continuous for the whole process
described. This is also essential to shorten the time needed for a process.
System level safety and testing classification is documented in Posiva’s suggestion for
classification document (POSIVA-STUK-10315, POS-014690, version 2 and POS-014313,
version 5). Although the QC is described in a comprehensive way in various parts of the
production line reports, a combined description of all QC activities is missing. A description of
all the activities will eventually be needed. Posiva has not yet described the methods of quality
verification for the structures of the barrier system. For example, the way to verify compliance
with the requirements of the lower and upper part of a buffer or a backfilling sequence has not
been presented and the need for instant availability of the results to enable the necessary
decision making process is not discussed. Posiva has plans to produce the necessary QC
documentation, but has not described clearly how and when the instructions, manuals, method
and process descriptions, needed to handle the QC process, are to be developed.
Posiva will inevitably need to produce a set of testing procedures to enable the testing of
various materials and structures to be carried out in a correct manner. Posiva has planned
such a project (Development programme, DEMPA) partly in co-operation with SKB.
Conclusions
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STUK considers that the route to a sound QC system is understood by Posiva and the eventual
QC programme is likely to utilize well-developed quality system methodologies. Because QC
activities for the buffer will not come into play for some time (allowing adequate time to
prepare them), Posiva’s description of QC activities in connection with producing systems like
the buffer and backfill are considered sufficient at this phase of licensing. There is clearly work
to be done in producing both the technology and the necessary documentation for various
parts of the process.

3.3.3

Performance
Guide YVL D.5 requires that performance targets be specified for each safety function based on
high-quality scientific knowledge and expert judgement. In doing so, account shall be taken of
the factors affecting the disposal conditions during each assessment period as well as their
combined effects. In defining performance targets for the safety functions provided the buffer,
account shall also be taken of the quantities and half-lives of radioactive materials. Conceptual
models shall be constructed to describe the safety functions of the buffer and the factors
affecting them.
Posiva 2012-07 presents the description of each factor (FEP) considered by Posiva to be
reasonable likely to affect the development of the disposal system. Such descriptions are
intended to address relevant interactions between a specific factor and all the other factors
influencing it. As such they serve the purpose of providing the basis for conceptual models
constructed to describe the safety functions and the factors affecting them. The objective of
Posiva 2013-01 is to describe the conceptual models used and their main assumptions. A
conceptual model constructed on the basis of a FEP description has a central role in credibly
setting a performance-target criterion, arguing for the assumed extent of declined
performance of a safety function, and decreasing the uncertainty in a safety function beyond
the criterion. Mathematical and computational models derived from conceptual models can be
used to support the specification of the performance-target criteria and to gain an improved
understanding of the extent to which safety functions can be impaired beyond these criteria.
Presentation of the reasoning and rationale for the derivation of the performance targets is a
key aspect of Posiva 2012-03. Posiva’s assessment of the fulfilment of the performance targets
is presented in Posiva 2012-04. The reasoning behind the specification of the performance
targets is elucidated further in Posiva’s response to STUK’s request for additional information,
POSIVA-STUK-10115 (POS-016958, 11.11.2013).
Most of the performance targets for the buffer lack an associated criterion which makes
assessment of their fulfilment in relation to the performance assessment reported in Posiva
2012-04 difficult. Many of them also lack apparent correspondence with Posiva 2012-07, do
not meet the requirements of Guide YVL D.5 as they are not a measurable or assessable
characteristic of the buffer, or do not have a conceptual model to support their unambiguous
definition.
According to performance target L3-BUF-21, the amount of substances in the buffer that could
adversely affect the canister, backfill or rock shall be limited. It is stated in POSIVA-STUK10115 that the corresponding performance-target criteria are found in the design
specifications L5-BUF-10 and L5-BUF-11. These specifications are derived from design
requirements which further clarify and provide more details about the performance targets.
They are used in design, construction and manufacturing to ensure a desired initial state for
the barrier and therefore are not considered as performance-target criteria. In L5-BUF-10,
Posiva states that the sulphur content shall be less than 1 wt%, with sulphides making, at
most, half of this in the initial state of the barrier. The sulphur content measured in the buffer
should be below the design requirement. Posiva 2012-04 makes assumptions of the sulphide
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fluxes to the buffer and to the canister from the buffer. Posiva also states that the sulphide
concentration in the bentonite porewater is foreseen to remain in the same range as prevailing
in the surrounding groundwater. In L5-BUF-11, Posiva states that the organics content in the
buffer shall be lower than 1 wt% initially. In addition to the substances mentioned in L5-BUF10 and L5-BUF-11, Posiva 2012-03 states that ironhas the potential to affect bentonite
detrimentally. In POSIVA-STUK-10248/10.6.2014, Posiva does not present a criterion for the
iron concentration in the bufferand states, in POSIVA-STUK-10248, that there is no need to set
such a criterion. Although it appears that the concentrations of substances mentioned in the
performance target will remain such that they do not affect the canister, backfill or rock
adversely, uncertainties remain in the development of sulphur (incl. sulphide), organics and
iron in the buffer over the assessment period of 1 Ma, especially given the significant
uncertainties involved during the early evolution phase of the repository.
Performance target L3-BUF-6 states that the buffer shall transfer heat from the canister
efficiently enough to keep the buffer temperature below 100 C. It is stated in POSIVA-STUK10115 that this design limit for the buffer temperature is not a threshold value specifically for
chemical changes in bentonite, but a round design number that is clearly safe. Posiva 2012-04
presents the target temperature as being based on a suitable thermal conductivity of the
buffer.
In Posiva 2012-04, the temperature criterion is shown to be met with a reasonable margin
based on model calculations which assume that the gap between the canister and buffer
remains open and that the effective thermal conductivity of the buffer is 1.0 W/m/K. However,
Posiva has not considered the possibility that the buffer would desiccate to the extent that its
effective thermal conductivity would drop markedly below this value in its analyses.
Consequently, uncertainties remain with respect to showing that the buffer temperature will
stay below 100 C and, according to independent model calculations by STUK’s external
experts this temperature criterion could be exceeded. Posiva needs to present further
arguments on why this temperature limit is not a threshold value specifically for chemical
changes in bentonite, as this is contrary to a statement in Posiva 2013-01.
According to the performance target L3-BUF-19, the buffer shall allow gases to pass through it
without causing damage to the repository system. The only damage to the repository system
by gas pressure build-up is suggested (POSIVA-STUK-10248), to be formation of cracks in the
buffer, in case that gases dissolved in the pore water cannot penetrate through the buffer
effectively. In such circumstances, the gases will discharge along these cracks. The fulfilment of
this target is not supported by Posiva’s performance analysis.
However, it is stated in POSIVA-STUK-10115 that, although no specific criterion is given, the
fulfilment of the performance target will be checked for candidate buffer materials with
specific densities. It is unclear if such checking will be done for a buffer comprising
montmorillonite in calcium-exchanged form and at the elevated temperatures foreseen to
prevail during the early evolution phase of the repository. Posiva needs to present further
arguments for the fulfilment of this performance target as it is stated in Posiva 2012-07 that
significant uncertainties remain about the gas transport in the buffer, related to mechanistic
understanding, system modelling and data.
According to performance target L3-BUF-8, the buffer shall limit microbial activity. POSIVASTUK-10115 states that the corresponding performance-target criterion is found in design
specification L5-BUF-9, which requires the minimum saturated density of the buffer to be
1950 kg/m3. However, as this specification is used to ensure a desired initial state for the
buffer, it is not considered as a performance-target criterion.
Posiva’s conception of limited microbial activity within the buffer is supported by
experimental evidence referred to in Posiva 2012-04. It is stated in POSIVA-STUK-10248 that
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microbial activity will be limited in the buffer, the pore space of which is assumed to be well
homogenized and be constituted by inter-laminar openings of 1–2 nm. Posiva has not referred
to any studies of microbial activity in compacted calcium bentonite, (a cation form into which
the buffer is expected to evolve), which may sustain microbial activity owing to its more
inhomogeneous pore structure compared to the predominantly sodium form. SKB reports R11-22 and P-13-16 consider the possibility of microbially mediated sulphate reduction on the
canister surface under conditions similar to those in a KBS-3 disposal facility, and the SKB
document 1292468 (06.09.2011) states that there might not be a clear cut-off value for
microbial activity with respect to swelling pressure/density. Despite the conclusions made in
SKB R-11-22, P-13-16 and SKB document 1292468 regarding the possibility of microbial
activity in the buffer, Posiva does not present plans for further studies in POSIVA-STUK-10248.
Posiva needs to improve its argumentation regarding microbial activity within the buffer and
its effects on post-closure safety.
According to performance target L3-BUF-10, the buffer shall mitigate the impact of rock shear
on the canister. A conservative premise for the performance target is the assumption that the
buffer will turn predominantly into calcium form in the repository. Such material is known to
exhibit greater stiffness and strength than the sodium form and, as a result, to be inferior in its
performance against rock shear. A saturated density of ≤2050 kg/m3 for the buffer is stated to
ensure protection of a canister against a shear displacement of less than 5 cm.
According to SKB report TR-10-34, which Posiva refers to in the response to STUK’s request
for additional information POSIVA-STUK-10262, there are uncertainties regarding the material
models of the unaffected buffer, the prime ones being in the model of calcium bentonite. Such
material models are used to assess the impact of rock shear on the canister numerically. The
current material model is based on the knowledge of sodium bentonite and a limited amount
of tests on calcium bentonite. Consequently, Posiva needs to improve its understanding of the
relationshipo between the properties of the buffer and the characteristics of a shear
displacement, including a revision of the material model of bentonite, to reinforce the
argument for the performance target.
Performance target L3-BUF-12 states, that the buffer shall be impermeable enough to limit the
transport of radionuclides from the canisters into the bedrock. According to design
requirement L4-BUF-9, a hydraulic conductivity of less than 10–12 m/s for the buffer is
sufficient to meet this target and to make diffusion the dominant transport mechanism for
solutes. POSIVA-STUK-10115 states that the hydraulic properties of the buffer are maintained
for dry densities that exceed 1400 kg/m3 and, even for dry densities of 1000–1400 kg/m3, the
conditions remain largely non-advective. The risk of advective conditions is stated to increase
if the dry density approaches 1000 kg/m3.
The criterion for the hydraulic conductivity to ensure diffusion-dominated transport in the
buffer is certainly credible. Also, the design density of the buffer (L5-BUF-9) is specified with a
good margin in relation to the criterion, which is shown in e.g. POSIVA-STUK-10332. However,
it remains unclear which analyses the actual selection of this specific value is based on. In
Posiva’s TKS-2009 programme, a hydraulic conductivity of less than 10–10 m/s for the backfill
(see L4-BAC-5) was considered to make transport diffusion dominated while in the
construction licence application this value was justified on the basis of limiting advective flow.
As the basis for L3-BUF-12 and L3-BAC-8 (L4-BAC-5) appears to be more or less the same,
Posiva is should present arguments for how the difference of two orders of magnitude in
hydraulic conductivity for the buffer and the backfill derives from the expected performance of
these barriers. It is also unclear why this performance target has been specified given it is
stated in POSIVA-STUK-10332 to be redundant in relation to the swelling pressure, for which
no performance target has been specified.
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According to performance target L3-BUF-13, the buffer shall be impermeable enough to limit
the transport of corroding substances from the rock onto the canister surface. According to
POSIVA-STUK-10115, this performance target is largely redundant, owing to its similarity to
L3-BUF-12. It remains unclear why this performance target has been specified, because one
and the same design requirement L4-BUF-9 applies to both L3-BUF-12 and L3-BUF-13.
Performance target L3-BUF-14 states that the buffer shall limit the transport of radiocolloids
to the rock. It is stated in Posiva 2012-17 that above the saturated density of 1650 kg/m3 for
the buffer, transport of colloids will be limited in the buffer to such an extent that it can be
neglected.
This target is considered unnecessary until such time as radiocolloids might be released from a
breached canister into the buffer. POSIVA-STUK-10115 states that, above a dry density of
about 600 kg/m3, diffusion of colloids through bentonite is effectively hindered by physical
filtration due to the compact microstructure of the material. It is also stated that the effects of
the formation of relatively stronger complexes of radionuclides with organic colloids in
bentonite remain an open question. POSIVA-STUK-10248 states that the pore structure in fully
saturated buffer is constituted only of interlaminar openings of 1–2 nm size. If this is the case,
colloids larger than 2 nm in size should be filtered from the buffer. However, lignosulfonate
and humic colloids up to five times larger than 2 nm have been found to diffuse through
compacted bentonite regardless of the dry density (up to 1800 kg/m3) and ionic strength of
the equilibrating aqueous solution (Wold, S. & Eriksen, T. Appl. Clay Sci. 23 (2003) 43–50; Phys.
Chem. Earth 32 (2007) 477–484). Neither of the studies was carried out with calcium
bentonite which is anticipated to exhibit larger pores than the sodium form and, consequently,
is more likely to sustain radiocolloid transport.
Posiva should provide clearer arguments for the minimum density required for the buffer to
limit radiocolloid transport to the extent that it can be neglected with due consideration of the
factors that have the potential to affect colloid transport (Posiva 2012-07).
Performance target L3-BUF-17 states that the buffer shall be able to keep the canister in the
correct position, i.e., to prevent sinking and tilting. According to POSIVA-STUK-10115, this
target is assumed to be met if the buffer is manufactured to comply with design requirements
L5-BUF-3 and L5-BUF-5. Based on model calculations by SKB, POSIVA-STUK-10115 states that
canister sinking is assumed to be less than 2 cm for a swelling pressure of 0.2 MPa. Analyses
with reduced swelling pressure, corresponding to reduced density or reduced friction angle,
are stated to show that long-term canister sinking is insensitive to consolidation and creep.
STUK notes that this is the result from a single modelling exercise, rather than experimental
data. It remains unclear, from the performance point of view, why specifically 2 cm is
considered as the maximum displacement to fulfil the performance target. The minimum
swelling pressure of 0.2 MPa is redundant in relation to the target swelling pressure of 2–15
MPa for the buffer after the attainment of a swelling pressure of at least 2 MPa. The fulfilment
of L3-BUF-17 is not supported by Posiva’s performance analysis. STUK considers the rationale
for the performance target to require further development. Posiva needs to provide futher
arguments for the fulfilment of the performance target especially as regards the buffer’s ability
to prevent canister tilting. In doing so, Posiva needs to quantify the extent of canister tilting
that would result in the performance target not being met.
It is stated in performance target L3-ROC-14 that groundwater at the repository level shall
initially have sufficiently high ionic strength to reduce the likelihood of chemical erosion of the
buffer or backfill. To meet this target, Posiva suggests that the total charge equivalent of
cations in the groundwater shall initially be higher than 4 mM. Based on the current
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knowledge of the site and numerical modelling, POSIVA-STUK-10115 states that the criterion
will be fulfilled both initially and in the long term.
Posiva argues for the low likelihood of chemical erosion of the buffer and backfill based mainly
on SKB report TR-09-34. In POSIVA-STUK-10337, the performance target is defined to be valid
over the whole assessment period of 1 Ma and not just initially as indicated by L3-ROC-14.
Posiva provides arguments in POSIVA-STUK-10115 why the groundwater salinity at Olkiluoto
is expected to exceed the 4 mM limit.
Despite the uncertainties in colloid formation from montmorillonite and their subsequent
erosion, and the fact that chemical erosion of the tunnel backfill materials has not been
investigated experimentally, the criterion is considered by STUK to have been robustly
specified, especially if the value of 4 mM (rather 4 meq/l) is attributed to divalent cations
alone. If the value does include both mono- and divalent cations, as indicated by the
performance target, the criterion may no longer be as credible, as the minimum total charge
equivalent of cations of 4 meq/l to ensure sufficient stability of montmorillonite, may not be
valid subject to the assumptions made related to Figure 7-25 in Posiva 2012-04.
While arguing further for the criterion, Posiva should also address specifically the pH range 9–
11 and provide complementary information that could give indications of the susceptibility of
montmorillonite to colloid formation, such as observations from X-ray diffraction studies of
the interplanar spacing of montmorillonite unit layers. Posiva is currently participating in the
EU project BELBaR to improve the understanding of the factors influencing montmorillonite
colloid formation and chemical erosion.
According to performance target L3-ROC-15, the groundwater at the repository level shall
have limited salinity so that the buffer and backfill will maintain a high enough swelling
pressure. To meet this target, the groundwater salinity at the repository depth should be less
than 35 g/l (TDS), except during an early phase when salinities up to 70 g/l (TDS) might
prevail due to construction activities. According to POSIVA-STUK-10115, this groundwater
salinity will be met, both initially and in the long term based on current knowledge of the site
and numerical modelling.
Posiva argues for the target swelling pressure of 2–15 MPa for the buffer in Posiva 2012-14.
Posiva does not specify a minimum target swelling pressure for the backfill. Posiva 2012-18
estimates the swelling pressure of the backfill to be up to 7 MPa, which is not, however,
considered as the maximum target swelling pressure.
In Posiva 2012-14, an empirical parameter,
(where is the montmorillonite content and
the water content at full saturation) was adopted, to aid specification of the acceptable
ranges for the density and montmorillonite content of the buffer. Overall, the target swelling
pressure for the buffer is found to be fairly robust for the buffer in relation to the effective
montmorillonite dry density (EMDD). However, the empirical parameter
appears less
robust than the EMDD especially towards the lower end of the density range for the buffer.
While improving the argument for the performance target, Posiva also needs to consider in
more depth some of the factors related to the swelling pressure of the buffer and backfill,
including the effects from elevated temperature and incomplete homogenization. Also, there is
some uncertainty regarding the applicability of the swelling pressure data presented by Posiva
to adequately represent conditions on a larger scale in the buffer and backfill, which are
composites of blocks and pellet fill and of blocks, foundation layer and pellet fill, respectively.
Posiva has specified performance targets L3-ROC-16, according to which the pH of the
groundwater at the repository level shall be within a range where the buffer and backfill
remain stable (no montmorillonite dissolution) and L3-ROC-17, according to which the
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concentration of solutes that can have a detrimental effect on the stability of buffer and backfill
(K+, Fetot) shall be limited in the groundwater at the repository level. It is stated in POSIVASTUK-10115 that no quantitative criteria for these performance targets can reasonably be
given and that the values observed at the site or estimated by numerical modelling are taken
into account in the analysis. However, the (as yet unspecified) criteria are stated in POSIVASTUK-10115 to be met initially and in the long term based on current knowledge of the site
and numerical modelling.
Posiva 2012-04 states that chemical stability of montmorillonite is uncertain because of the
significant uncertainties in the thermodynamic and kinetic data. For this reason, Posiva is not
able to draw clear conclusions regarding montmorillonite stability. Posiva should manage this
uncertainty as comprehensively as possible to show adequate stability of montmorillonite, to
ensure robust performance of the buffer and backfill.
Posiva 2012-04 states that the dissolution rate of montmorillonite is low based on Figure 7-23
in the report. If the low dissolution rate shown is not subjected to quantitative analysis ( e.g. by
reactive transport modelling), a claim that a certain pH range (5–11 in L3-ROC-16) would be
more acceptable than any other with respect to buffer and backfill performance is not well
justified. It is unclear why Posiva has not considered the slow dissolution of montmorillonite
using reactive transport modelling to support the stability argument. Instead, Posiva assumes
that montmorillonite is an insoluble cation exchanger, the concentration of which remains
invariant with time. Among the primary minerals in the buffer and backfill, montmorillonite is
assumed to play a special role in relation to other primary minerals without for a justification
for such an assumption. However low the dissolution rate may be, montmorillonite will always
hydrolyse to a certain extent if undersaturated with respect to its surrounding aqueous
environment. Hence, performance target L3-ROC-16 is not considered credible in its aim for no
dissolution of montmorillonite in the buffer and backfill. It follows that at the lower limit of
acceptable montmorillonite content of 75 % (design specification, L5-BUF-7), no dissolution of
montmorillonite would be possible without L3-ROC-16 being violated, which is not credible.
Posiva 2012-14 states that the strongest argument for long-term stability of montmorillonite is
provided by natural analogues. However, their use as a primary stability argument is not
properly justified by discussion of examples that are directly relevant to repository conditions.
The scarcity of montmorillonite in the Olkiluoto host rock does not support its stability in the
repository conditions. STUK notes that the reference groundwater compositions presented by
Posiva do not unambiguously fall into the stability area of montmorillonite in thermodynamic
stability diagrams. In this respect, it is unclear on what basis Figures 7-21 to 7-23 in Posiva
2012-04 are considered reliable enough to be used to argue for the stability, or instability, of
minerals given that the underlying data for montmorillonite are considered highly uncertain
by Posiva.
Apart from the effects from groundwater pH, the greatest effort by Posiva to argue for the
stability of the buffer and backfill materials has been devoted to long-term alteration by
illitization (Posiva 2012-04, Section 6.5.3). Posiva considers illitization unlikely, based mainly
on empirical modelling. Reactive transport modelling has not been used to constrain
illitization, which would combine thermodynamics and kinetics with the transport of chemical
species. Also, Posiva has not provided sufficient arguments for neglecting the possibility of
formation of minerals other than illite, depending on the chemical environment to which the
buffer and backfill will be subjected in the repository. Thermal-chemical effects on bentonite
include cementation, whereby the buffer may crack and become brittle, and devoid of swelling
capacity, which could have far reaching implications for, e.g., the buffer’s ability to absorb the
impacts of rock shear of less than 5 cm, without canister breach. Little is currently known
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about the properties of the cemented buffer (SKB TR-10-34), the extent of cementation needed
to affect the performance of the buffer adversely and the reversibility of the process.
Due to the crucial role montmorillonite plays in ensuring the performance of the buffer and
backfill, and indirectly that of the canisters, Posiva needs to improve its arguments for
montmorillonite long-term stability and consider the uncertainties involved more
comprehensively. Such considerations would lend more credence to the ability of the buffer
and backfill to perform in a robust fashion, even despite significant uncertainties involved.
Performance target L3-ROC-10 for the host rock states that groundwater at the repository
level shall be anoxic, except during the initial period. This performance target is assumed to be
met for several hundred thousand years under the expected repository conditions, whereby
the buffer is assumed to perform as expected. Posiva 2012-04 notes the effect of dissolved
oxygen concentration in the buffer. In order to avoid canister corrosion, a decisive role is
played by the oxygen concentration in the buffer at the canister interface, rather than by
dissolved oxygen in the groundwater. The role of the buffer in influencing dissolved oxygen
concentration at the canister surface remains implied, as no explicit credit is taken in the
performance target for its ability to influence the oxygen concentration.
According to performance target L3-ROC-11 for the host rock, the groundwater at the
repository level shall have a high enough pH and low enough chloride concentration to avoid
corrosion of the canisters by chloride. The performance target is assumed to be met for several
hundred thousand years under expected repository conditions, whereby the buffer is assumed
to perform as expected. Posiva 2012-04 notes the effect of pH and chloride concentration in
the buffer. In order to avoid canister corrosion, a decisive role is played by the pH and
dissolved chloride concentration in the buffer at the canister interface rather than by the pH
and dissolved chloride concentration in the groundwater. The role of the buffer in influencing
the pH and dissolved chloride concentration at the canister surface remains implied, as no
explicit credit is taken in the performance target for its ability to influence the pH and
dissolved chloride concentration.
Posiva’s reasoning on canister corrosion in terms of the groundwater characteristics assumes
that the buffer has no capability to influence the pore fluid oxygen concentration, the pore fluid
pH and chloride concentration under expected repository conditions. Under such
circumstances, a number of performance targets for the buffer are likely not to be met. Hence,
performance targets L3-ROC-10 and L3-ROC-11 assume, counter to Posiva’s assumption,
declined performance of the buffer.
The specification of the criterion for a dissolved chloride concentration of less than 2 M is
considered by STUK to have aimed for robustness. However, in doing so, the criterion does not
match performance target L3-ROC-15, which considers attainment of a high enough swelling
pressure for the buffer (≥2 MPa) and backfill (as yet unspecified). Depending on the chemical
composition of the groundwater, the limits for the total dissolved solids (TDS) specified in L3ROC-15 may be exceeded at the 2-M limit for the chloride concentration. Although the criterion
for the groundwater pH also appears to have sought robustness, its relation to the pH criterion
in performance target L3-ROC-16 remains unclear, as regards montmorillonite dissolution.
With a decrease in pH from the near-neutral region, the dissolution rate of montmorillonite is
known to increase. Hence, the pH criterion in L3-ROC-11 may be less credible than that in L3ROC-16 to ensure montmorillonite stability in the buffer and backfill.
Posiva does not expect permafrost to reach the repository depth during the assessment period
of 1 Ma (Posiva 2012-04). However, should permafrost reach the repository depth, the buffer
and backfill are stated to be able to withstand it without any permanent damage to their safety
functions. Any effects on swelling pressure or hydraulic conductivity due to freezing are
considered by Posiva to be completely reversible upon thawing. Even if such reversal of effects
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from permafrost were to occur, the safety significance of the issue stems also from the effects
on the material properties and safety functions during the time between freezing and thawing.
A safety significant issue may arise from, for example, desiccation of the buffer and backfill due
to cryosuction whereby water migrates from these barriers to a freezing zone. Should this
occur, the swelling pressure of the buffer and backfill could decrease, due to shrinkage of these
barriers, to the extent that their safety functions are adversely affected. In ice environments,
metal ion transport can be faster than that in free solution and chemical reactions might be
accelerated; both being examples of factors not considered in detail by Posiva. Posiva needs to
show improved preparedness in the variant and disturbance scenarios for the possibility that
one or several performance targets of the barriers are not met due to permafrost formation.
Lack of fulfilment of a performance target beyond the associated criterion can be rationalized
credibly using a conceptual model constructed to describe a relevant safety function and the
factors affecting it.
Conclusions
Although there are several areas identified above where Posiva will need to provide further
argumentation in future work, STUK considers that Posiva has described and justified the
performance of the buffer adequately at this licensing phase. In particular, in moving towards
an operating licence application, there are requirements for further developments with
respect to the performance of the buffer, especially as many of the performance targets lack a
criterion. Before submission of an operating licence application, Posiva should reconsider the
safety functions and performance targets critically in order to improve and clarify their
argumentation and to remove internal inconsistencies in the target specifications. Examples of
performance issues that call for further argumentation include long-term chemical stability of
montmorillonite and microbial activity in the buffer and backfill, owing to their potentially
significant influence on the performance of these and other barriers. At present, it is difficult to
assess if some of the performance targets are based on sufficient, high-quality scientific
knowledge and expert judgement.
There is also a need to develop FEP descriptions further, to address all the relevant
interactions within and between barriers more clearly and comprehensively, and to construct
a conceptual model for each safety function of the buffer and the factors affecting them. This
would contribute to a more robust specification of the performance-target criteria. Posiva’s
progress in its RD&D work regarding these issues will be followed by STUK.

3.4
3.4.1

Backfill
Characterization and suitability
Based on YVL D.5, Posiva should identify the relevant properties of each backfill material to be
characterized. Emphasis in the characterization should be on properties affecting the longterm performance and compatibility with other barriers.
Backfill materials to be used need to be sufficiently stable in repository conditions with respect
to, for example, temperature, groundwater chemistry and pressure, and need to maintain their
performance (i.e., to meet the performance targets) in space and time. Materials should not
jeopardize the performance of other barriers, e.g. the canister and buffer (e.g. not contain
excessive amounts of materials that directly or indirectly exert adverse effects on other
barriers, such as iron, organic material, nitrogen compounds, oxidizing compounds, hydroxide
ions).
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Posiva should describe how one backfill material can be substituted by another material,
without compromising the performance of the backfill, or any other barrier. In addition, Posiva
should identify a list of favourable properties of other barriers that can be adversely affected
by harmful chemical substances contained in the backfill components.
Posiva has considered the topic of backfill material characterization in various documents, for
example in Posiva 2012-18, 2012-05 and 2012-04.
Posiva 2012-18 presents the design specifications for the backfill and plug, including the
properties for chemical characterization. For Friedland clay the montmorillonite content is
defined to be 30-38 wt% and for the bentonite material the montmorillonite content is 75-90
wt%. For all materials, Posiva defines total sulphur content <1 wt%, sulphide content <0.5
wt% and organic carbon content <1 wt%. Typical material properties are given in Posiva
2012-18 (Tables 3-1, 3-2 and 3-3). This approach does not explain the material properties
from which the performance (swelling pressure, low permeability) of the buffer originates.
Posiva has a characterization scheme for the clay/bentonite materials used in the backfill,
which is simple and straightforward. However, as with the buffer materials scheme, STUK
considers that it might not consider all material properties affecting performance. Posiva’s
approach concentrates on a few (the above-mentioned) chemical properties and the
montmorillonite content. Posiva’s safety case does not present a description of how the
characteristic (chemical, mineralogical, hydraulic, mechanical and microbiological) properties
of the backfill are foreseen to evolve with time.
If the required properties are satisfied, clay/bentonite materials are considered interchangeable. Posiva has indicated that the substitution of the current reference backfill material
with different montmorillonite-bearing bentonites is possible if future circumstances so
require. It is sensible to make such contingency plans, but any new backfill material may
require substantial testing and associated modelling of behaviour to confirm the suitability of
such a substitution.
In the disposal concept development programme, Posiva has acknowledged that
understanding of characterization procedures needs to be improved and intends to perform
further work on the topic (project acronyms ECCA, DEMPA). Posiva’s development programme
also describes a general procedure by which various bentonite clays and Friedland clay will be
tested and compared in order to find a suitable material for blocks for a full-scale test in
Onkalo.
Conclusions
As with the buffer, for this licensing phase, Posiva’s characterization approach for the backfill
does not need to be fully developed as long as Posiva is aware of the shortcomings involved
and is carrying out dedicated research work to improve the understanding of the properties
affecting on the behaviour of the clay/bentonite materials. STUK considers it sufficient to
identify a programme of work to ensure that a scheme is in place at the appropriate time.
Clearly, this programme will need to take account of the issues identified above and Posiva will
need to carry out more work to ensure that the scheme is comprehensive. The currently
documented understanding of material properties affecting the performance of the
clay/bentonite barrier is limited.
Any future decision to replace, for example, Friedland clay by another type of bentonite might
require significantly more data and associated modelling of behaviour to confirm the
suitability of such a substitution. However, Posiva has acknowledged the situation and intends
to improve understanding and study the relationships between the material properties and
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the performance further. While STUK considers that the understanding is sufficient at this
licensing phase it requires more work to be completed before an operating licence application.

3.4.2

QC
Based on YVL B.2, YVL D.5, Posiva should classify the barriers as systems and structures
contributing to safety and further inspection classes, where applicable. Posiva should
determine the relationship between the system, structure or device and the inspection class
and testing procedure and, in addition develop the necessary guides, instructions and system
specific quality manuals in order to carry out the QA/QC procedures properly.
The QC procedure covers the fabrication (material, conditions, devices, personnel,
documentation) and emplacement phases (compliance with the requirements,
documentation).
Posiva has considered the quality control procedures in Posiva 2012-17 and 2012-18. In these
reports, QC is part of all phases from material selection/approval and manufacturing of
components, to emplacement of buffer and backfill and verification of compliance with the
requirements. The QC chain is continuous for the whole process. Although QC is described in a
comprehensive way in various parts of the production line reports, a Chapter containing a
summary description of all QC activities is missing.
Posiva has not described the methods of quality verification of the structures of the barrier
system. For example, the way to verify compliance with the requirements of the lower and
upper part of a buffer or a backfilling sequence has not been presented. The need for instant
availability of the results for the necessary decision making process is not discussed. Posiva
has plans to produce the necessary QC documentation, but has not described clearly how and
when the instructions, manuals, method and process descriptions needed to manage the QC
process are to be developed.
Posiva will inevitably need to develop a set of procedures to enable the testing of various
materials and structures to be carried out in an acceptable manner. Posiva has planned such a
project (Development programme, DEMPA), partly in co-operation with SKB.
Conclusions
STUK considers that the route to a sound QC system is understood by Posiva and the eventual
QC programme is likely to utilize well-developed quality system methodologies. Because QC
activities for the backfill will not come into play for some time (allowing adequate time to
prepare them), Posiva’s description of QC activities in connection with producing systems like
the buffer and backfill are considered sufficient at this phase of licensing. There is clearly work
to be done in producing both the technology and the necessary documentation for various
parts of the process.

3.4.3

Performance
Guide YVL D.5 requires that performance targets be specified for each safety function, based
on high-quality scientific knowledge and expert judgement. In doing so, account shall be taken
of the factors affecting the disposal conditions during each assessment period, as well as their
combined effects. In defining performance targets for the safety functions provided by means
of the backfill, account shall also be taken of the quantities and half-lives of radioactive
materials. Conceptual models shall be constructed to describe the safety functions of the
backfill and the factors affecting them.
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Posiva 2012-07 presents the description of each factor (FEP) considered by Posiva to be
reasonably likely to affect the development of the disposal system. Such descriptions are
intended to address relevant interactions between a specific factor and all the other factors
that influence it. As such, they serve the purpose of providing the basis for conceptual models
constructed to describe the safety functions and the factors affecting them. The objective of
Posiva 2013-01 is to describe the conceptual models used and their main assumptions.
Presentation of the reasoning and rationale for the derivation of the performance targets is a
key aspect of Posiva 2012-03. Posiva’s assessment of the fulfilment of the performance targets
is presented in Posiva 2012-04.
Similarly to the buffer, most of the performance targets for the backfill are found to lack an
associated criterion, which makes assessment of their fulfilment in relation to the performance
assessment in Posiva 2012-04 difficult. Many of them also lack apparent correspondence with
Posiva 2012-07, do not meet the requirements of Guide YVL D.5, in not being a measurable or
assessable characteristic of the backfill, or do not have a conceptual model to support their
unambiguous definition.
According to performance target L3-BAC-8, the backfill shall limit advective flow along the
deposition tunnels. A hydraulic conductivity of ≤10–10 m/s over the whole cross-section of the
disposal tunnel after full saturation of the backfill material is stated (design specification L5BAC-5) to ensure fulfilment of this target. POSIVA-STUK-10115 states that the hydraulic
conductivity of Posiva’s reference backfill material (Friedland clay), measured in conditions
expected in the backfilled tunnels, meets the target with a good margin.
The performance target is assumed to be met upon full saturation of the backfill. The
references provided in POSIVA-STUK-10115 do not present information on how long full
saturation of the backfill is foreseen to take, to support the performance target. Posiva 201203 states that the likelihood of advective conditions along the deposition tunnels is considered
high, before backfill saturation. If the plug cannot maintain its hydraulic isolation capacity after
100 years and full saturation of the backfill takes longer than this, it is possible that advective
conditions are established between a deposition tunnel and the central tunnel, until full
saturation of the backfill. This would depend on how, and at what rate, the backfill in the
central tunnel saturates. Posiva 2012-03 states that a limit of maximum local inflow into a
deposition tunnel is 0.25 l/min at the time of backfill installation. It is unclear how this value,
associated with the management of water inflow during the construction and the verification
of the deposition tunnels for disposal, relates to the criterion for the hydraulic conductivity of
the backfill.
In the calculations presented in Posiva 2013-01, three values of saturated hydraulic
conductivity of the backfill, spanning two orders of magnitude, were considered as input to
THM model calculations. No conclusion is presented as to whether the backfill hydraulic
conductivity should specifically be less than any of the values considered in the calculations, as
it is stated that the backfill “hydraulic conductivity was that required (< 10-10 m/s).” (our
emphasis). Similarly to performance target L3-BUF-12 for the buffer, it is unclear whether the
criterion for L3-BAC-8 arises from an analysis carried out in the safety case.
According to performance target L3-BAC-9, the plugs shall isolate the deposition tunnels
hydraulically during the operational phase of the repository. A hydraulic conductivity of less
than 10–11 m/s for the concrete mass and a montmorillonite content of 75–90% for the
bentonite seal (dry density 1400 kg/m3) of the plug are stated in design specifications L5BAC-18 and L5-BAC-19 to ensure fulfilment of the target.
Posiva asserts in POSIVA-STUK-10115 that the low-pH concrete to be used in the plugs can be
made to provide a very low hydraulic conductivity. However, it remains unclear on which
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performance analysis the target hydraulic conductivity (≤10-11 m/s) for the plug, which is an
order of magnitude lower than for the tunnel backfill material (cf. L4-BAC-5), is based on.
Posiva is currently testing the performance of the backfill plugs within the EU project, DOPAS.
Performance target L3-BAC-13 states that the chemical composition of the backfill and plugs
shall not jeopardise the performance of the buffer, canister or bedrock. According to design
specifications L5-BAC-24 and L5-BAC-25, the organics and sulphur content in the backfill shall
be less than 1 wt% to ensure the fulfilment of this target. The sulphide content shall be less
than 0.5 wt%. Both of these design specifications pertain to mitigating microbial activity
within the backfill, most notably reduction of sulphate to sulphide, which is a canister
corroding agent.
POSIVA-STUK-10115 acknowledges the limited knowledge about microbial activity in the
backfill material. It also considers microbial activity to be more likely in the backfill, especially
at the host rock interface or in rock fractures containing eroded backfill material, than in the
buffer. Posiva assumes that performance target L3-BUF-8 for the buffer is met at a saturated
density of ≥1950 kg/m3, whereby the effective montmorillonite dry density (EMDD) would
exceed about 1300 kg/m3. In the absence of any relevant studies with the backfill materials,
microbial activity can be expected to occur as the backfill EMDD is 960–1380 kg/m3 (after
homogenization 1000–1300 kg/m3; Posiva 2012-18), being consistently lower than the
threshold EMDD of 1300 kg/m3 to limit microbial activity in the buffer. Consequently, not only
microbial sulphate reduction but also microbial alteration of the primary backfill minerals,
including montmorillonite, can be expected.
In Posiva 2012-03, it is stated that the substances in the backfill that are able to jeopardise the
performance of the EBS and host rock are the same as those analysed for the buffer, e.g.,
sulphur, iron and organic compounds. According to design requirement L4-BAC-18, the
amounts of oxidizing and nitric compounds in the backfill should also be limited. However,
Posiva has not defined design specifications for the amounts of oxidizing and nitric
compounds, and iron in the backfill.
According to performance target L3-BAC-16, the backfill shall keep the buffer in place if the
dry density of the reference material lies in the range between 1600–1950 kg/m3 (POSIVASTUK-10115). POSIVA-STUK-10115 states that it has been shown by modelling that the
backfill, designed and emplaced as required, keeps the buffer in place. The model calculations
in Posiva 2012-25 to support this assertion assume the backfill to be dry and the buffer fully
saturated. It is unclear how the swelling capacity of the buffer has been taken into account in
these model calculations. For example, it is unclear if a possibility has been considered in
which the buffer blocks beneath a canister would saturate first, resulting in heave of the
canister and the overlying blocks, subject to the constraints of the swelling capacity of the
buffer. The rationale behind this performance target is based in part on unpublished model
results (POSIVA-STUK-10115).
It can be seen from POSIVA-STUK-10332 that the experimental swelling pressure data do not
cover the full density range for the backfill that is considered acceptable by Posiva. Also, few
data points exist for the swelling pressure of calcium-exchanged backfill materials. These
findings, along with there being no specified target swelling pressure, do not unambiguously
support the density range considered acceptable by Posiva.
In Posiva 2012-25, the maximum admissible heave is calculated to be 141 mm based on the
assumption that the critical saturated density for the buffer to ensure proper sealing of a
deposition hole is 1990 kg/m3. In Posiva 2012-47, the calculated maximum vertical
displacement is reported to be 16 cm. However, Posiva does not make an unambiguous
conclusion about the maximum vertical displacement of the buffer, subject to fulfilment of the
performance target.
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POSIVA-STUK-10239 is not clear in presenting Posiva’s understanding of the couplings
between the density, swelling pressure and swelling capacity of the backfill, or how this
understanding is utilized in specifying the performance targets.
Posiva has specified a performance target L3-BAC-17, according to which the backfill shall
contribute to the mechanical stability of the deposition tunnels. A good contact of the backfill,
the dry density of which is 1600–1950 kg/m3, with the host rock is stated in design
requirement L4-BAC-29 to ensure fulfilment of this target.
According to POSIVA-STUK-10239, “a good contact with the host rock” in design requirement
L4-BAC-29 means that the installation of the pellet filling is carried out in a way that no visible
gaps remain between the pellets and the rock. Posiva has not assumed a minimum swelling
pressure necessary for the performance target to be met. It is unclear how a lack of visible
gaps in the pellet filling contributes to the mechanical stability of the deposition tunnels,
without any pressure being exerted by the backfill. Also, POSIVA-STUK-10332 (POS-019672,
3.10.2014) maintains that a sufficient (as yet unspecified) swelling pressure be created by the
backfill to meet design requirement L4-BAC-28. Assuming that the backfill is able to
homogenize and self-heal (Posiva 2012-18), and to have such a low hydraulic conductivity, it is
unclear how these processes would occur without the backfill exerting a force on a tunnel wall.
The vague wording of design requirement L4-BAC-29 has been acknowledged in POSIVASTUK-10239. Posiva has not currently specified a target for the swelling pressure of the
backfill, because the target for the hydraulic conductivity is stated indirectly to include a target
for the swelling pressure as well. However, there exists no implied relationship between the
swelling pressure of the backfill and the mechanical stability of the deposition tunnels, due to
the fact that Posiva does not present a relation between the hydraulic conductivity of the
backfill and the mechanical stability of the deposition tunnels. Posiva states in POSIVA-STUK10239 that it is possible that a criterion for the swelling pressure of the backfill will be
specified from the viewpoint of self-healing.
Performance target L3-BAC-17, the underlying basis of which remains somewhat unclear to
STUK, lacks a clear connection to the functionality expected of the barrier.
According to performance target L3-BAC-18, the plugs shall keep the backfill in place during
the operational phase. Design specification L5-BAC-31A states that a mechanical strength of
the plug of more than 7.5 MPa ensures fulfilment of this target.
As the hydraulic pressure at the repository depth of 420 m is about 4.1 MPa, the upper limit
for the swelling pressure of the backfill material is about 3.4 MPa, to keep the plug in place
(L5-BAC-31). In Posiva 2012-18, the swelling pressure of the backfill is stated to range from a
few hundred kPa up to 7 MPa. On the other hand, Posiva 2012-18 expects the swelling
pressure to be 1–3 MPa after homogenization of the backfill. Posiva does not present an
estimate of the time it takes for the backfill to homogenize to the extent that the swelling
pressure would be 1–3 MPa. This expected range of swelling pressures also remains
unsupported by the experimental results from homogenization tests for Friedland clay
reported in Posiva WR 2012-74. As to the time needed for the buffer to homogenize to the
extent that its performance targets are met, Posiva 2012-14 states it to be “long” without
elaborating it in further detail.
Testing of the plugs is underway within the EU project, DOPAS, and the final specifications will
be decided on the basis of these tests (POSIVA-STUK-10115).
According to performance target L3-BAC-19, the backfill shall contribute to preventing uplift
of the canister in a deposition hole. Compliance with this performance target is stated in
POSIVA-STUK-10115 to depend on several characteristics of the backfill and buffer. It is also
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stated in POSIVA-STUK-10115 that it has been shown by modelling that the backfill, designed
and emplaced as required, will keep the buffer (cf. L3-BAC-16) and the canister in place.
According to POSIVA-STUK-10239, performance target L3-BAC-19 is largely redundant in
relation to L3-BUF-16 and, therefore, it is unclear why it has been specified.
Conclusions
Although there are several areas identified above where Posiva will need to provide further
argumentation in future work, STUK considers that Posiva has described and justified the
performance of the backfill adequately at this licensing phase. In particular, in moving towards
an operating licence application, there are requirements for further developments with
respect to the performance of the backfill, especially as many of the performance targets lack a
criterion. Before submission of the operating licence application, Posiva should reconsider the
safety functions and performance targets critically, in order to improve and clarify their
argumentation and to remove internal inconsistencies in the target specifications. Due to the
ambiguities in argumentation and lack of criteria, it is difficult to assess at present if some of
the performance targets are based on sufficient, high-quality scientific knowledge and expert
judgement. A clearer connection of the performance targets to the functionality expected of the
backfill is called for in the operating licence phase.
There is also a need to develop FEP descriptions further to address all the relevant
interactions within and between barriers more clearly and comprehensively and to construct a
conceptual model for each safety function of the backfill and the factors affecting them. This
would contribute to a more robust specification of the performance-target criteria. Posiva’s
progress in its RD&D work regarding these issues will be followed by STUK.
3.5
3.5.1

Disposal site and the natural barrier
Site characterisation
GD 736/2008 requires that the natural geological characteristics of the disposal site shall be
favourable to the isolation of radioactive waste from the environment. As stated in YVL D.5
102, preparations for the disposal of SNF start with selecting and characterising the disposal
site, which means collecting the data necessary for assessing the operational and long-term
safety of the facilities.
According to YVL D.5 408, at least 1) the stability and water tightness of the rock, 2) low
groundwater flow, 3) favourable groundwater chemistry, and 4) retardation properties of the
planned disposal depth bedrock shall be considered as safety properties (i.e. functions) of the
natural barrier that need to be characterised. The disposal depth is considered to act as a
separate far-field property that provides protection against natural phenomena and human
actions.
These requirements have been the basis for the characterisation programme extending over
25 years, that Posiva and its predecessor have been carrying out in Olkiluoto. In many respects
Posiva has been one of the forerunners in high-level waste disposal site characterisation work
and one of the few organisations that have extensively studied the crystalline hard rock
disposal concept. As a consequence of this long-lasting continuous work, Olkiluoto is at
present the most diversely studied and probably the best characterised volume of Finnish
bedrock.
In many respects, Posiva’s achievements to date in bedrock research and characterisation are
at the level of state-of-the-art. Site evaluations for geological disposal have been developing for
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a few decades, and are still evolving, with questions often arising about the nature and stability
of the deep geological environment over long periods into the future.
Crystalline hard rock
Posiva divides the geological model of Olkiluoto into ductile, lithological, alteration, brittle, and
discrete fracture network (DFN) models (Posiva 2011-02). These are interrelated and Posiva
has presented an aim of integrating the geological submodels more tightly (internal confidence
in the geological model). The bedrock at Olkiluoto is typical of the, Precambrian supracrustal,
high-grade metamorphic rock of Southern Finland. The major rock types identified are
migmatitic gneisses, tonalitic-granodioritic-granitic gneisses and pegmatitic granites.
In many respects the ductile deformation model of Olkiluoto is a cornerstone to many other
site modelling disciplines. The history and kinetics of ductile deformation are important in
understanding and predicting the three dimensional lithological and alteration continuity and
brittle deformation. Posiva identifies five different ductile deformation phases in Olkiluoto and
divides the bedrock into three tectonic units that are bordered, or cross-cut, by deformation
zones. Deformation phase D2 is the most significant, and has pervasively deformed the whole
site. Signs of other ductile deformation phases are variously visible in different units and zones
of bedrock. The Selkänummi deformation zone (SDZ), at the border zone of Northern Tectonic
Unit (NTU), and the Liikla Shear Zone (LSZ), at border zone of Southern Tectonic Unit (STU),
have been strongly affected by D2 and D3. Parts of the Central Tectonic Unit (CTU) are
intensively affected by deformation phase D3, and also contain cross-cutting Flutanperä
Deformation zone (FDZ), that was formed during D3. The CTU is cross-cut by phase D4
deformation zones D4-1 and D4-2. However, there are some ambiguities yet to resolve in
Posiva’s ductile evolution description. For example, the younger zones D4-1 and D4-2 clearly
cross-cut the older LSZ, but not the older SDZ (Posiva 2011-02, Fig. 4-19). If SDZ is a dextral
strike-slip fault that has also been active in D4, then the kinematics of faulting would require
that the southern counterpart of SDZ would exhibit similar features. Posiva does not present
fold axes or lineation orientations related to different deformation phases. Consequently the
kinematic justification of the deformation history remains inadequate. Posiva is, however, of
the opinion that conceptual uncertainty related to the ductile deformation model would be
low, if the eastern areas of Olkiluoto Island are excluded.
Posiva has characterised Olkiluoto lithology extensively from bedrock exposures, surface
investigation trenches, underground tunnels and drill cores during the site investigations.
Over the years, there have been some revisions of lithological terminology but, on the whole, it
is judged that Posiva’s current lithological understanding of the ground surface continuity of
rock types is acceptable for the purposes of assessing the current license application. With
respect to predicting the continuity of bedrock lithologies in three dimensions (e.g.
pegmatites), especially for the planned repository volume, there is further work to be done.
The three dimensional modelling of extent and continuity of various lithologies relies strongly
on the conceptual understanding of the ductile deformation. Posiva considers uncertainties to
be moderate in the central Olkiluoto area, yet concludes that the confidence to the lithological
model is high in the central area.
Posiva includes in its brittle deformation model individual joints, veins and fissures, as well as
single plane faults and deformation zones. Individual joints, veins and fissures without signs of
movement should indicate a local extensional stress regime. Posiva has modelled major or
medium size Brittle Fault Zones (BFZ; e.g. major BFZ019 and BFZ020 zones) and local sized
Brittle Joint Zones (i.e. Brittle Joint Zone intersections – BJI) at Olkiluoto. Posiva divides brittle
deformation zones into 1) site-scale brittle deformation zones (ground surface trace >1000 m)
and 2) repository-scale brittle deformation zones (< 1000 m). BJIs occur only at the repository
scale (WR 2010-70). Posiva has investigated the orientations of faults and zones kinematically
(WR 2009-130). This research recognizes a set of SE dipping, low-angle faults showing
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prominent, reverse dip-slip movement related to ductile deformation stage shears and
weakness zones. Another fault set recognised is subvertical and has strikes to the N-S and E-W.
Compared to the earlier site description (Posiva 2009-01) Posiva has found 100 new BFZs, and
has modified 48 previously identified zones. Posiva lists medium (fault core width, influence
zones, brittle joints, and sequence of brittle events) and high (orientation, size, and spatial
distribution of smaller zones) uncertainties for the brittle deformation model, but is
nevertheless unclear when it states its confidence in the brittle deformation zones. Posiva
2011-02 claims that site-scale zones are inherently medium or high in confidence but,
elsewhere, lists site scale lineaments that are low in confidence. Similarly, Posiva says that
repository scale deformation zones are automatically set as low or medium confidence but,
elsewhere, lists 35 zones that are high in confidence.
Posiva’s alteration model identifies three different ages of alteration: retrogressive
metamorphism (sericitisation, saussuritisation), hydrothermal alteration (illitisationkaolinisation, sulphidisation, and carbonatisation), and surface weathering (goethite, hematite,
oxyhydroxides, feldspar alteration at shallow depths and precipitation of fracture calcites).
Hydrothermal pathways have been controlled by some of the existing brittle fracture or
deformation zones, but also by zones that are now welded. The age of potentially relevant
alteration-related mineralisation is < 1.57 Ga (Posiva 2011-02). The N-S and E-W striking
faults in Olkiluoto tend to contain small sulphide enrichments and have consistent orientations
with Eurajoki rapakivi granite related greisen veins. The porosity of altered rock is higher than
that of fresh rock. Kaolinitised parts of the bedrock are found in the upper 200 metres.
Illitisation is found at all depths, while sulphidisation is located in the upper 300 metres.
Posiva indicates that the modelled extents of the altered rock volumes and the potential
existence of unknown altered volumes have medium to high uncertainty, while identification
of alteration degree has medium.
The geological DFN model divides Olkiluoto into six fracture domains (3 units, 3 zones). The
fracture set orientations within domains are classified into global (3 sets), local (4 sets) and
omitted (6 sets). ‘Global’ means that the orientation pattern is seen everywhere on Olkiluoto
Island. ‘Local’ is seen only in specific lithologies or domains. ‘Omitted’ are seen only in
deformation zones, in few lithologies, or are overlapped by global sets. Subvertical fracture
sets do not exhibit depth dependence of intensity, but fracture sets concordant with foliation
appear to exhibit some depth dependence. Based on Swedish studies (e.g. SKB R-07-46),
Posiva uses a power law distributions to describe fracture sizes, but also recognises that its
fracture-size model is quite poorly constrained. Posiva has tested two optional conceptual
models for fracture sizes (Posiva 2011-02). The tectonic continuum model (TCM) is preferred
because of a simpler formulation of the concept. Consideration of uncertainties in the geo-DFN
model follows Posiva’s earlier approach (WR 2009-77) and does not assign any levels to
uncertainty sources. Uncertainties are simply ascribed to: conceptual uncertainty (division to
populations), mathematical uncertainty (e.g. fractures simple disks vs. other options) and
parameter uncertainty (fracture sizes, and distributions). The division of fracture orientations
into 13 populations is detailed and it is likely that this detailed discrimination is not
statistically meaningful and is also genetically questionable. Posiva recognises this, at least
partially, and, in the hydro-DFN modelling, divides Olkiluoto into four fracture domains (see
below). STUK considers that high uncertainty should be expected with respect to the fracture
size modelling. Posiva agrees that the geological DFN model needs to be better integrated with
other geological submodels.
Over the years, Posiva has developed its uncertainty management for crystalline hard rock at
several stages. Currently, Posiva divides uncertainties into two categories: conceptual (related
to conceptual models) and technical (related to modelling methodologies and data
management). The significance of uncertainties is divided into three categories (low, medium,
and high). However, Posiva does not use this management scheme systematically for all
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submodels (cf. geo-DFN) and, in some cases, the division into conceptual and technical
uncertainties is not logical. For example, uncertainty related to depth extent of lithological
units is conceptual, while the sizes of the units are technical. The concept of confidence
overlaps with Posiva’s uncertainty classification. There is further work to be done in
assessment of uncertainties.
Posiva has also measured reliability of its crystalline hard rock models, using predictionoutcome (P-O) studies (Posiva 2011-02). The P-O studies include ductile deformation,
lithological, brittle deformation and alteration predictions. According to Posiva, lithological
and alteration predictions were only successful to a limited extent, while ductile deformation
and site-scale brittle deformation zone predictions were mostly successful. Predictions
underestimate significantly the number of repository scale brittle deformation zones.
Predictions of fracture orientations are more successful, with more horizontal fractures than
vertical ones. Based on brittle deformation zone predictions, Posiva states that it is almost
impossible to identify Tunnel Cross-cutting Features (TCF), i.e. Full Perimeter Intersections
(FPI), from the underground pilot hole data, because TCFs look similar in borehole data to any
ordinary slickensided feature. This issue presents a significant challenge for Posiva’s Rock
Suitability Classification (RSC) methodology.
Conclusions
Posiva adequately describes ductile and brittle deformation, and lithology in the Olkiluoto
central areas. However, Posiva also recognises that better understanding of ductile evolution,
lithology, and brittle deformation history is required for the detailed-scale modelling work
that it needs for the planned repository volume. The understanding of ductile deformation
(history and kinetics) is important in understanding and predicting three-dimensional
lithological continuity and brittle deformation. The critical primary data and justifications for
the ductile deformation model should be presented more clearly. Posiva considers its
alteration modelling results relatively uncertain. However, because of the mineralisation
potential of hydrothermal alteration, there is an evident need to constrain and conclude the
significance of alteration better. Posiva does not assign any levels of uncertainties for its geoDFN modelling, but significant uncertainties should be expected. In general terms, Posiva has
progressed significantly in assigning uncertainties for its hard rock models, but there is still
further work to be done. Increasing the consistency between hard rock sub-models and
uncertainty handling will increase confidence in the safety case.
Site hydrogeology
Posiva’s groundwater flow models (WR 2012-32) are the basis of palaeohydrogeological
evaluations, future site evolution and radionuclide transport considerations. Therefore,
models need to represent reality adequately. Considerations of groundwater flow are based on
division of the bedrock into hydrogeologically conductive zones and poorly conductive,
sparsely fractured rock (SFR). A great part of Posiva’s RSC method is also based on this
hydraulic division of the bedrock. Conceptually, groundwater flow models need to have
relationships to modelled brittle single-plane faults and deformation zones, as well as to geoDFN models. Posiva’s primary modelling approach for groundwater flow combines
deterministic hydrogeological zones with stochastic hydro-DFN presentations that are applied
to the SFR. Properties of hydrogeological zones and sparsely fractured bedrock are
parameterised with data from single-hole Posiva Flow Log (PFL) tests (WR 2012-32).
Posiva says that site-scale hydrogeological zones are carefully evaluated against the brittle
deformation model. However, the zones of the hydrogeological model are less complex than
the zones described in the brittle deformation model. Brittle deformation zones have, in many
cases, a larger extent than corresponding hydrogeological zones but, in some cases the
hydraulic connections have larger extent than the corresponding brittle deformation zone. At
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the site-scale especially, hydrogeological zones larger than corresponding brittle fracture
zones are contradictory. A practical example of the contradiction is provided by HZ19C, which
is more extensive than BFZ019C. Posiva explains that HZ19C takes into account BFZ019C and a
fault splay related to BFZ019C. If there are good grounds for the extent of HZ19C, then BFZ19C
should also be modelled accordingly. Posiva states that the extents of the hydrogeological
zones are based on hydraulic pumping test responses, overpressure tests, and various field
activities. These interpretations should be utilised in the brittle deformation model as well.
There appears to be some persistent discrepancy between the hydrogeological zone model
and the brittle deformation model. Posiva may need to consider extending hydrogeological
zones to ensure connectivity in flow model. Minimising the brittle deformation zone
dimensions would preserve sparsely fractured rock in the repository volume. Posiva should
consider common criteria for zone extrapolations for both disciplines and a more unified
model for both flow modelling and repository layout design purposes. There is a reasonably
clear definition of site-scale and repository-scale zones for the brittle deformation model, but
similar classification for hydrogeological zones are ambiguous. Transmissivities for
hydrogeological zones are broadly variable. This has been solved using a stochastic approach,
taking into account hydro-zone specific means, standard deviations and depth dependence.
For certain structures at least, the depth dependence can be questioned (WR 2012-32).
Posiva’s hydraulic parameterisation also does not take into account the structural anisotropy
that causes the hydrogeological anisotropy.
Posiva does not present uncertainty estimates for the structures in the hydrogeological zone
model. However, it claims that confidence in the subhorizontal zone locations and their
average hydrological properties is high in the central area, but agrees that the models are not
deterministic in the areas where no borehole data are available (Posiva 2013-01). Most
hydrogeological structures are compared to brittle deformation structures, but these
comparisons are generally only simple justifications for the differences between the models.
The hydro-DFN model is based on a reduced number of domains compared to Geo-DFN model.
According to Posiva, merging adjacent domains having similar characteristics is essential to
achieve statistical significance in the PFL distributions that are used for model calibrations.
There are other differences as well. While the Geo-DFN aims to summarise information from
the whole fracture database, the main Hydro-DFN (Base case – case A) considers only open
fractures. Cases with open and connected fractures (case B) and all fractures with internal
heterogeneity (case C), are considered as variants. Case B and C fracture size models differ
from the geo-DFN. In case B, the connectivity of fractures is ensured by using a log-normal
distribution (in which large individual fractures are possible). Case C follows the global power
law, but all fractures are considered utilising a “checker board” option, making them only
partially open and connected. Conceptually, case C is the first time that Posiva has considered
heterogenous fracture planes and attempted to downscale generalised hydraulic
transmissivities into these. These same transmissivities were originally upscaled from
individual heterogeneous measurements to generalised effective values. According to Posiva,
within the SFR outside the hydrogeological zones, PFL conductive fracture frequency, as well
as their specific capacity, decreases significantly with depth. This is confusing when compared
to the conclusions about the geo-DFN fracture sets (see above), unless depth dependent
channelling within fractures is hypothesised. However, Posiva is of the opinion that the depth
zonation of hydraulically conductive fractures is in accordance with hydrogeochemical
zonation at Olkiluoto. Posiva also makes assumptions on fracture size and transmissivity:
correlated, semi-correlated and uncorrelated. According to Posiva, the semi-correlated
relationship is the most effective method of reducing or removing inconsistencies from the
hydro-DFN model. However, there appears to be no practical or literature evidence (from
outside Olkiluoto and Forsmark) that a size-transmissivity relation exists within SFR outside
site- or repository-scale hydrogeological zones. Posiva divides all hydro-DFN domains into
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four depth zones. The border between depth zone 3 and 4 should be justified better, since it is
directly above the planned repository horizon.
While considering the hydro-DFN uncertainties, Posiva states that modelling is based on a
large amount of data although, according to Posiva, ONKALO-based data should be used more
for calibrations and there are uncertainties in conductive fracture sizes and frequencies.
Posiva does not question the conceptual basis of the hydro-DFN modelling, although they have
some concerns on the PFL method at the measurement threshold. However, the determinism
of PFL observations can also be questioned with respect to correlations with identified
fractures (Posiva 2011-02). A number of PFL observations are not correlated to any fractures.
For hydro-DFN modelling purposes, a number of PFL observations have been assigned to the
nearest (within ±2 m) identified fractures. The numbers of parameters or distributions needed
in the hydro-DFN modelling are assumptions or judgements. These include, e.g., transmissivity
distribution, fracture intensity-size relationships, flow porosity and transport aperture. Posiva
has scoped some of the uncertainties related to these assumptions with sensitivity analyses
and alternative models, but a great deal of these analyses cannot be verified without
prediction-outcome studies.
Posiva uses equivalent porous medium (EPM) models to consider the evolution of hydraulic
flow and solute transport at the site scale. The two important application areas are
palaeohydrogeological models and P-O studies of ONKALO-induced disturbances. The EPM
model at the site scale is based on the HZ model and upscaling of the hydro-DFN model.
Upscaling has been done separately for each of the three different modelling cases (cases A, B,
and C) to each of the four hydraulic domains and to each depth zone, in terms of effective
conductivity (Keff), porosity (ϕeff) and the anisotropy ratio (Khmax/Kz). However, only the Base
Case (case A) has been used for the applications mentioned. Posiva is confident regarding the
effective properties (transmissivities and hydraulic conductivities) of the hydrogeological
zones and the SFR in the EPM models and argues that the effective conductivity concept is
valid for the characterisation of general flow conditions in the bedrock. However, Posiva
accepts that local variations cannot be captured by EPM modelling. STUK agrees that this is
probably the case, especially if channelled flow proves to be the correct conceptualisation at
the disposal depth.
Uncertainties included in the EPM model are partially inherited from HZ and hydro-DFN
models. While Posiva still has concerns with the hydro-DFN model at the measurement
threshold of the PFL, it considers its EPM model rather reliable. Also, when a conductivity
tensor (K) is assigned to a given block of the hydro-DFN model and then upscaled to a larger
scale, the result may exaggerate the connectivity of the larger scale model. There is no
guarantee that the SFR exhibits a similar character from one scale to another.
Conclusions
Posiva’s groundwater flow modelling is among the leading-edge approaches in site-scale,
crystalline hard rock research and is able to include critical factors and concepts that need to
be accounted for. Given its state-of-the-art nature, STUK considers that the current framework
is reasonable and the results calculated should be qualitatively acceptable. However, the
modelling develops a complicated line of reasoning on the depth relations of fracture sizes,
frequencies, specific capacities, and transmissivities. The input of the hydro-DFN is preprocessed in several ways and the conceptual correctness and its predictive power can be
further upgraded and extended to include alternative assumptions on topics such as flow
channelling and connectivity. There should be a better justification why the boundary between
DZ3 and DZ4 lies at 400 metres. The repository is located directly below this boundary and on
the lower hydraulic conductivity side of this zone division. The measurement results of the PFL
tool are vital in setting up a hydrogeological flow model. However, there are concerns about
what the PFL actually measures underground. Posiva should improve the evidence that the
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PFL tool works correctly in all the conditions it is used for, because the whole of the
hydrogeological modelling starts from these measurements. The deterministic hydrogeological
zone model needs a definite amount of connectivity to be capable to conduct water. There is a
persistent difference in how Posiva justifies zone dimensions in brittle deformation and in
hydrogeological zone modelling, although the disciplines share common discontinuity
information on the bedrock. There should be more consistency between crystalline hard rock
models and hydrogeological models, because these studies estimate the potential release
pathways from the repository. Both consistency and strengthening the source data reliability
will increase the confidence of the safety case.
Hydrogeochemistry of groundwater
Posiva’s goal is to create a site-specific hydrogeochemical model that reliably describes
groundwater composition, along with changes in composition and explanation of their causes.
Posiva states (Posiva 2011-02) that it is necessary to characterise the current composition of
the groundwater and assess the processes controlling its composition. Also, understanding the
transient glacial-postglacial evolution in the Baltic Sea region during the Quaternary and the
Holocene is vital when evaluating hydrogeochemical data, since they provide constraints for
groundwater types that may occur in the bedrock. Both characterization work and process
understanding provide the basis for modelling the future hydrogeochemical evolution of the
site that is one of the most important starting points of the site performance assessment.
Contrary to most other site research work, palaeohydrogeochemical modelling relies on
widely diverse sets of variables. The sources of hydrogeochemical information are water
samples (reliability-classified, based on success of the chemical analyses), electrical
conductivity measurements, fracture mineral data, matrix pore water studies, and microorganism research results.
The general hydrogeochemical characterisation of groundwater data leads to the identification
of various groundwater origins at the site (WR 2014-06). The origin studies use several lines
of evidence in interpretation of groundwater residence times. The stable isotope signature is
the main evidence, but several radioactive isotopes have been used in addition ( 3H, 14C, 36Cl).
The possibility of using 3He/4He isotopes has not been utilised (not measured) though these
data might contribute to interpreting deep groundwater residence times. According to Posiva
(Posiva 2011-02), the oldest deep groundwaters are older than the latest glaciations and the
upper groundwaters reflects the evolution of the Baltic Sea region during last glaciation and
the Holocene: i.e., glacial melt water infiltration and mixing in groundwater, and penetration of
the Littorina seawater and its mixing with the glacial and pre-glacial groundwater mixtures,
which were already present in the bedrock. This mixing probably affected the groundwater
composition more rapidly in the most conductive hydrogeological features: i.e., fractures and
fracture zones.
The six different modern and relic sources of water (end-member waters) are considered by
STUK to be well justified. Isotopic evidence indicates that Littorina seawater intruded the
bedrock during the early saline Littorina stage. The depleted 14C and the high rock-derived He
contents indicate that glacial meltwater is distinctly older than Littorina seawater. The 36Cl/Cl
isotope ratios and He contents of saline waters support very long residence times for saline
fluids. In order to solve the Holocene hydrogeochemical evolution of the site, Posiva has
adapted an inverse geochemical mass-balance modelling approach, and has also defined
reference groundwaters. A special case among these waters is the subglacial reference water
that, according to Posiva, cannot contain Holocene glacial or postglacial water components
because of its high Br/Cl-ratio and extremely low HCO3- and SO42- contents (saline water
characteristics). Confusingly, the reference groundwater definitions and terminology used in
hydrogeochemical characterisation (WR 2014-06) are not compatible with the reference
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groundwater definitions and terminology that are used when considering the future evolution
at repository depth (Posiva 2014-01).
Specifically, Posiva points out that there are several reasons for assuming an extremely long
residence time for the deep saline groundwater. In particular, the stable isotope signature
points to the elevated temperatures of the Palaeozoic times. The gradual dilution of saline
groundwater as a function of decreasing depth is due to an older event and/or result of more
ancient evolution. Based on isotopic evidence (especially δ18O), permafrost fractionation is
also precluded. Subglacial reference water composition represents the most diluted
component of the ancient dilution of the original brine prior to Weichselian glacial meltwater
infiltration. According to Posiva (Posiva 2011-02), it can be assumed that saline groundwater
has not been diluted by pure glacial meltwater.
In regard to redox conditions (as well as pH), Posiva argues that minerals in rock and fractures
form the most extensive buffers against infiltrating reactive agents such as CO2 and O2, and
stabilise redox and pH to reducing, near-neutral conditions (Posiva 2011-02). Manganese
contents of near-surface, young calcites is higher than in the older generations and this has
been interpreted to show that bedrock infiltration of reactive waters (low pH and/or
oxygenated) has been limited, and that reductive conditions have been established already at
shallow depths (< 10 m). This should indicate long-term stability (over the time span of glacial
cycles) of the Olkiluoto bedrock that continues today (Posiva 2011-02). Unaltered pyrite and
other iron sulphides are common and oxidation haloes around sulphides are restricted to less
than 10-metre depths in fractures, indicating strong lithological buffering in bedrock against
oxic waters over geological time. Uranium content of fracture minerals is higher near ground
surface, indicating dissolution and precipitation by surficial redox changes. However, highly
transmissive zones (e.g. HZ20A) have transported some surficial uranium down to depths of
300 metres during Littorina density inversion. Dissolved organic species and CH4 and SO42- in
certain groundwaters also have the potential to form notable redox capacity. Posiva states that
reducing sulphidic and methanic environments have fluctuated in the upper part of Olkiluoto
bedrock over geological time. According to Posiva, microbiological observations generally
correlate well with the different layers of the groundwater chemistry and high CH4 and other
hydrocarbon concentrations form an effective redox buffer that does not allow any oxidants to
penetrate to greater depths. At present, the methanic environment is restricted to depths
below 300 metres (abiogenic CH4 becomes gradually dominant as depth increases). According
to Posiva (Posiva 2011-02), the methanic environment was closer to ground surface at the
beginning of the Holocene, before the SO42--rich groundwater infiltrated the system. This
interpretation together with uranium transport observation down to depths of 300 m,
indicates that the Littorina density inversion in highly transmissive zones has been rather
abrupt and massive enough to transport oxidising conditions to depth. Posiva does not
emphasise this, although it possibly means that seawater intrusions (density inversions) can
be more relevant geological events than glacial melt water intrusions, causing abrupt redox
changes in the bedrock. The present day microbial responses to hydraulic disturbances have
been studied with an infiltration experiment (WR 2012-31). The results manifest very rapid
oxygen consumption (O2 penetration is even more limited than is the case for low pH) in the
soil and in the very shallow bedrock, due to activity of heterotrophic bacteria.
In terms of pH, Posiva concludes that calcite is the major controlling factor and buffers
groundwater effectively to a slightly alkaline level (pH 7-8.5). This is also likely to take place in
the future. Well-preserved calcite crystals occur in the hydraulically active zones in the upper
parts of the bedrock (< 10 m). Posiva states firmly that the general occurrence of calcite in
shallow fractures without any significant dissolution structures and the great age of calcites,
prove that not even the significant environmental and hydrogeological changes during past
glacial cycles were able to destabilise the buffering capacity associated with calcite infillings.
The occurrence of calcite in early glacial deposits (ground moraine) emphasises the buffering

44

capacity of overburden during a glacial cycle. Posiva’s monitoring results also indicate that
high pH pulses due to the use of cementitious construction materials in disturbed open tunnel
conditions even-out quickly (within years).
The hydrogeochemical characterisation results show the rapid increase of ionic strength of
groundwaters after infiltration at Olkiluoto (Posiva 2011-02). Significant surface weathering
and the early enrichment of all major ions have occurred in all Olkiluoto infiltrated waters
during the Holocene. According to Posiva, there is a notable, weathering based, active source of
solids that is readily dissolved during meteoric or glacial water infiltration. It is noticeable that
all water infiltrated in Olkiluoto bedrock has already reached the 4 meq/l limit during
infiltration into the upper bedrock. The 4 meq/l limit resembles closely the 0.4 g/l limit of total
dissolved solids (TDS) that will be discussed in the future evolution of the site.
Posiva has described in detail the concentrations of some safety critical species (e.g. Fe2+, HSand CH4) for the Olkiluoto baseline groundwater (Posiva 2011-02). The HS- contents are
shown to be at a low level at disposal depth. Posiva also lists NO2-, NO3- and NH4+ as canistercorroding agents (Posiva 2012-03), and K+, Fe2+ and colloid formation as potentially harmful to
buffer bentonite. These agents can be characterised in terms of the baseline conditions that
have prevailed over extensive periods of time at the planned disposal depth. Posiva should
make more thorough estimations and justifications of the baseline concentrations of redox
sensitive species (e.g. DOC, H2, Stot, and CH4) at the disposal depth. However, regarding DOC,
HS-, NH4+, CH4 and K+, Posiva has already presented some estimates for the first planned
disposal panel area (Posiva 2012-23). Posiva notes that the exact SO42- reduction mechanism is
not clear and needs to be better understood, because of its importance to long-term safety.
Matrix pore water extracted from the SFR may act as an archive of the
palaeohydrogeochemical and palaeohydrogeological history of the site. In Posiva’s approach,
porewater and its interaction with fracture groundwater is characterised with chlorine and
bromine concentrations, Cl/Br ratio, and the stable isotopes (δ18O, δ2H). At depths from 0-150
m, porewater sample distances to transmissive fractures are estimated to be metres while, in
deeper bedrock, distances are estimated to be of the order of tens of metres. Shallow bedrock
(0-150 m) pore waters are mixtures of Baltic/Littorina seawater and dilute meteoric water (Cl
conc., and Cl/Br ratio): i.e., these pore waters have reached partial steady state with
neighbouring fracture water. At intermediate (150-400 m) depths, Cl concentrations, Cl/Br
ratio and stable isotopes indicate meteoric pre-Holocene pore waters of both cold and warm
climatic origin. Cold climate fresh porewater might be comparable to the subglacial fracture
reference groundwater. In deep bedrock (400-800 m) Cl composition and Cl/Br ratio indicate
relatively dilute, possibly meteoric water origin. Stable isotopes indicate that these waters
have been formed in moderate to warm climate conditions. The age has been interpreted to be
hundreds of thousands to millions of years. The observed current transient conditions
between pore water and fracture water at depths > 300 m suggest that saline groundwater
may have been upwelling slowly, via the fracture system. This hydrogeochemical
interpretation of the past is logical, but it contradicts Posiva’s hydrogeological modelling work,
which assumes significant matrix diffusion and some hydrogeological data that do not support
the upward movement of saline water (Posiva 2011-02). Posiva has also studied the possibility
of there being an effective regional hydraulic gradient to explain the upwelling hypothesis, but
this leads to order of magnitude lower diffusivities than determined for the bedrock in
laboratory experiments (WR 2014-27). Posiva also considers anion exclusion as a possible
explanation for the pore water – fracture water discrepancy, which has been observed from
the Olkiluoto SFR. Posiva agrees that the interpretation of dilute waters is contradictory at the
moment (Posiva 2011-02).
In terms of representativeness and reliability, Posiva has graded its hydrogeochemical water
sample data into four classes: quantitatively (B1) and qualitatively (B2) reliable samples for
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baseline conditions, samples representing temporary changes (T) and clearly uncertain
samples excluded from interpretation (E). This is a good practise. Posiva is confident in its
interpretations of water types, water type distributions, ranges of salinity, origin of
groundwaters and the main hydrogeochemical reactions. According to Posiva, substantial
differences between the matrix porewater and fracture water seem to be partially a problem
of samples representativity, which it plans to resolve by increasing matrix pore water
sampling.
Conclusions
STUK agrees that the justification for the interpreted hydrogeochemical evolution and the
establishment of reference water types is mostly credible. The main results of the
interpretations are adequate and are among Posiva’s most firmly based findings regarding
what can be expected with respect to Olkiluoto’s future hydrogeochemical evolution. The
characterisation of hydrogeochemical buffers regarding redox, pH, and against dilute waters
are logical and well justified. However, Posiva omits discussion about the significance of
abrupt seawater intrusion (density inversion) into the Olkiluoto bedrock and its effects on
bedrock redox conditions. Moreover, certain characterisation results are in significant
disagreement with Posiva’s considerations of future hydrogeological evolution (to be
discussed below). Although geochemical work indicates robust natural geochemical barrier
conditions, there is a need to conceptualise and quantify the safety-critical hydrogeochemical
processes. There are considerable uncertainties regarding the rate and history of interaction of
SFR pore waters and waters in fractures. Clarification of pore water – fracture water
discrepancy remains a significant open issue to be answered, because of its potential
consequences for effective surface area assumptions and thereby its effects on radionuclide
transport modelling results. The discrepancy also questions the sufficiency of current hydroDFN models.
Rock mechanics
Posiva’s Rock Mechanics Model (RMM) covers mechanical properties of both the SFR and the
fracture and brittle deformation zones. The RMM also covers the in-situ stress state and
thermal properties of the bedrock at the Olkiluoto site, especially at disposal depth. Posiva’s
rock mechanics studies are targeted to show that mechanical properties of bedrock are
assessable and stable in the long-term. Posiva also points out that there is a strong link
between the RMM and the rock engineering design. However, the discussion below points out
that, in many respects, this link is not fully addressed in Posiva’s documentation. Posiva states
that the extrapolation of rock mass properties for SFR is difficult over any significant distance
(POSIVA 2011-02). Part of the rock mechanical properties is also the irreversible mechanical
damage induced in the rock by excavations (EDZ). These will be handled together with RSC in
a separate Chapter below.
Posiva has attempted to define the in-situ stress state at Olkiluoto. There have been several,
separate measurement methods in use, including hydraulic fracturing, overcoring, Long Strain
Gauge (LSG) and Linear Variable Differential Transducer (LVDT) measurements.
Supplementary information has been collected from acoustic emission measurements and
from core disking and borehole breakout observations. However, Posiva still questions the
effective stress regime at Olkiluoto and presents (Posiva 2011-02) two optional stress models.
The older model takes into account all stress data available, while the newer model is based on
LVDT and LSG results only. According to Posiva, if the Olkiluoto stress regime is a geological
thrust environment, then all the results from the hydraulic fracturing are questionable. Both
model options make a distinction between bedrock above and below the HZ20 structure.
However, in the newer in-situ stress model, the stress field above HZ20 is unclear. For the
regime below HZ20, the newer model provides the estimate for the major in-situ stress (ca. 34
MPa), which is horizontal and NW-SE oriented.
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While presenting two optional in-situ stress models Posiva appears to agree that a great deal
of older stress measurements are unreliable (Posiva 2011-02) and notes that these
measurements have not been used for specifying the stress state in the newer model. Posiva
does not present any quality classification for stress measurements but, apparently, currently
considers only LSG and LVDT measurements as reliable for modelling purposes. Ranges of
measurements and also the orientation of major principal stress contain uncertainties and
Posiva intends to make further complementary stress measurements from the ONKALO
tunnels, for the purposes of repository layout planning.
Strength and deformation properties of SFR, single fractures, and brittle deformation zones
define, together with the stress field, the stability properties of the bedrock. In its strength
studies Posiva approximates the SFR as “intact rock” and has measured strength properties of
various rock types in the laboratory. The results indicate that diatexitic gneiss is strongest in
the compressive stress field, while veined gneiss is weakest. The tensile strength of pegmatitic
granite turns out to be lowest in the tensile stress field. In general the measured strength
variation for metamorphic rocks is large, varying between 58 MPa and 161 MPa (95%
confidence). However, Posiva concludes that the spatial distribution of “intact rock” strength in
ONKALO is not determined by rock type, alteration or ductile domains. Instead, the parts NE
from the ONKALO centre area seem to have lower strength than those of the SW sector. There
is only a loose connection between the rock mechanistic modelling of fractures and the geoDFN-modelling. With respect to deformation zone properties, Posiva concluded that the data
collected are imprecise, have low spatial coverage, and do not summarise the internal
characteristics of brittle fault zones reliably (Posiva 2011-02).
Posiva has measured the success of its RMM with P-O studies (Posiva 2011-02). Most of these
spalling/stability studies have been done in the ONKALO ramp and in a rock mechanics
research niche (POSE). Posiva states that the rock is more resistant to spalling than predicted:
i.e., P-O modelling results predict exaggerated amount of spalling incidents compared to
observations. The P-O studies do not predict the damage locations well. In this sense, the
predictions are unsatisfactory. According to Posiva, observed damage is a result of a more
diverse set of factors than are taken into account in the modelling. Rock quality and spalling
predictions are not reliable due to rock heterogeneity and, frequently, the loss of stability
occurs not as spalling, but as rock fall. Erroneous parameterisation (spalling strength higher;
stress state different) of the models has also been proposed as an explanation of model
inaccuracies (Posiva 2011-02). Due mainly to rock heterogeneity, rock quality predictions
based on pilot holes are also not notably successful. This is a concordant observation with the
large fracture identification (TCF/FPI) difficulties and may have implications to the RSC
methodology. Finally, STUK notes that the POSE niche is located in a more pegmatitic bedrock
compared to the average Olkiluoto gneissic bedrock, and is situated some 100 m above the
actual disposal depth. Posiva also agrees that the mechanical properties of altered rocks are
inadequately known and this may affect the construction of underground facilities.
The thermal properties of the rocks are controlled by the properties of the migmatic rock, with
a lower conductivity gneissic part and a higher conductivity pegmatitic part. In addition,
anisotropy in the rock has a significant effect, with the direction of foliation being the most
conductive. According to Posiva, modelling of thermal properties in the depth range 350-550
metres is based on lithological continuities that have been included in RMM v. 2.0. At shallower
depths, average thermal properties have been used, based on veined gneiss values.
Alternatively, Posiva also uses a repository panel calculator to optimise deposition hole
locations at the panel boundaries, based only on the averaged thermal properties of repository
near-field bedrock. The thermal properties of various rock types are based on laboratory
studies. The uncertainty of laboratory measurements leads to ± 10% uncertainty in calculated
diffusivity. This value increases with increasing uncertainty in rock type determination.
Further uncertainty is created by rock anisotropy and uncertainty related to the lithological
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model. Posiva has not measured the relationship between the temperature rise and the change
of rock mechanical properties. The temperature relationships of various rock types are solved
using literature values. Posiva concludes, however, that uncertainties related to the thermal
properties of Olkiluoto bedrock are relatively well bounded.
Posiva calculates thermal increments of the in-situ stresses (WR 2014-32), indicating that the
maximum in-situ stresses in the central areas of the repository panels would be around 40
MPa, which correlates with the areas of maximum temperature increase. An earlier estimate
(Posiva 2012-23) indicated around 50 MPa maximum in-situ stress (thermal increment ~29
MPa). All Posiva’s stress calculations contain several simplifications for schistose,
heterogeneous, and fractured bedrock. It is assumed that bedrock is continuous, homogenous,
isotropic and linearly elastic. In any case, based on modelling results for the central tunnels of
the first repository panel, crown damage will be likely during the thermal period, if the tunnel
is open. Posiva relies strongly on the tunnel backfilling preventing further rock damage. The
counter-pressure generated by tunnel backfill swelling is much smaller than the thermal
increment. Consequently, there is a need to obtain further confirmation on rock behaviour
during the thermal period of repository. At the deposition hole scale, Posiva relies almost
entirely on the thermal P-O studies of POSE hole 3 in evaluating the consequences of heating
on the rock stress state and the temperature rise in the surrounding rock. Posiva claims the
results to be relatively good, although the experimentation is limited.
Conclusions
Although there are continuing difficulties associated with the in-situ stress measurements, the
data gathered are considered to be adequate for qualitative stress estimations in Olkiluoto.
However, further confirmation is needed. There is a need, in the near future, to supplement
rock stress measurements with reliable data and improve the current rock stress models. The
rock stress model is among the principal sources of information that Posiva uses to plan and
justify the orientations of deposition tunnels. There is also a longer-term need to characterise
rock and fracture zone strength and stability properties. The stability predictions for tunnels
to be excavated need further improvements. Currently, models predict the tunnel stability
rather qualitatively. The discrepancies are caused by the well-developed schistosity, the
changes in tunnel profile, local fracturing, the variation of the rock types and possibly other
factors. In the view of thermal properties, the shallow depth generalisation raises the question
of robustness. Average values for veined gneiss should be shown to be conservative.
Uncertainties of thermal property measurements exhibit relatively high variability, as a result
of, e.g., heterogeneity and anisotropy within samples. Apparently this variability could be
diminished by increasing the sample size. Adequate understanding of baseline rock stress and
stability conditions are of primary importance, because they are among the key factors guiding
the design and construction of the repository.
Transport and retardation properties of the bedrock
Posiva considers flow resistance (F) as the dominant flow-related factor in modelling
radionuclide transport through the bedrock (Posiva 2012-24). However, as long as the
majority of engineered barriers perform as intended, the main long-term confidence in
limiting radionuclide releases rests on the EBS. Posiva also regards matrix sorption and
diffusion in the bedrock as significant retention processes that affect radionuclide transport. In
the case of non-sorbing radionuclides like I-129 and Cl-36, diffusion is the only process
potentially affecting their transport. In scenario analyses, Posiva adopts conservative or
pessimistic approaches, where it is assumed that some of the repository EBS properties have
been lost or degraded for some reason. In these cases the geochemical retention properties of
the bedrock are argued to be of significance (Posiva 2012-24). In addition to the geochemical
retention processes affecting transported solutes, the transport of radionuclides associated
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with colloids that are mobile in the advective groundwater flow field also needs to be
considered.
Posiva studies flow related transport in the repository block and at the site scale. Flow related
transport considers three main aspects: 1) conductive fractures act as the main conduits,
whereas the rock matrix plays a role as a stagnant reservoir of water, 2) flow takes place along
distinct flow paths and 3) the flow is channelled according to the connectivity of the network
and the in-plane heterogeneity. The hydraulic characteristics of mobile zones are determined
by the conductivities and the connectivity of the fracture network. The results of the site scale
simulations indicate that the majority of the transport resistance along the release paths is
accumulated in the background fracturing of the repository near-field and Posiva recognises
that the long-term performance and containment/isolating capacity of bedrock rest foremost
on the small-scale hydrogeological characteristics of the repository near-field SFR. In the
repository block scale, Posiva argues that the exact character or style of fractures in the
repository near-field rock cannot be uniquely defined and a statistical DFN-approach is used.
Based on all hydro-DFN modelling options (cases A, B, and C), about 20-30% of the deposition
holes would be hydraulically connected to DFN. STUK considers that these percentages are
likely to turn out to be high if the stochastic flow model were to be conceptualised as a
hydraulically sparsely channelled network (SCN), rather than as a hydro-DFN (cf. Black &
Barker, Water Resour. Res.; in press). There is a continuing need to demonstrate that the
chosen hydro-DFN modelling approach adequately represents actual flow behaviour.
Based on five different repository block scale calculation cases, Posiva presents the results of
40 hydro-DFN realisations, for 25 deposition holes (Posiva 2011-02). According to the
simulation results, transport resistance varies mainly in the range 105 years/m to 108 years/m,
while the median of the F-values is around 106 years/m in the repository near-field. Posiva
also states that realisations of the whole repository are expected to result in much lower
variation between realisations compared to the cases presented. Posiva has compared its
current modelling results to previous hydro-DFN modelling results presented in OSD2008
(Posiva 2009-01). The present F-values are significantly higher than those presented in 2010.
According to Posiva, this can be explained mostly by the lower effective conductivity of the SFR
in the newer modelling exercise.
Uncertainties in transport modelling are related to the hydro-DFN modelling. Posiva is
confident in the site-scale hydrogeological zone model (flow paths) and the topography. Posiva
is mostly concerned with determining the ratio of open and flowing fractures to all fractures.
The variability in open fractures strongly affects connectivity. Posiva has some concerns
related to the lower detection limits of underground measurements with the PFL, but trusts
the derived F-value interpretations and says that palaeohydrogeological simulations (to be
discussed below) support the transport resistance calculations.
The quantification of total retention properties requires an estimation of both the flow
distribution of the mobile zone (F) and the immobile zone rock matrix retention properties
along the flow paths (porosity, diffusivity, Kd). Therefore, bedrock is defined in terms of 1) rock
matrix and 2) properties of the fracture flow field. The heterogeneity of the rock matrix is
conceptualised with immobile zones of fractures that are divided into four simplified transport
classes (clay, calcite, slickensided and others). The thicknesses of zones, porosities and
diffusivities vary between the classes. However, the total pore volume of the rock is available
for matrix diffusion, although diffusion values are low, beyond a few mm from a fracture
surface. Three of the four categories cover 58% of the studied fractures. Consequently, 42% of
the identified fracture types are lumped together and their characteristics are omitted in the
transport characterisation. The porosity and diffusion properties of the class “other fractures”
equal those of the unaltered rock. Based on transport class, hydraulic domain, depth zone, and
fracture orientations, the PFL fracture data are divided into hydro-DFN fracture sets, each
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having unique properties. In summary, in its transport modelling, Posiva attempts to
conceptualise extensively the characterised matrix properties of the bedrock.
In principle, the sorption properties of the four transport classes are based on Olkiluoto
experimental data. These sorption (Kd) data have been measured and collected from crushed
samples and appropriate scaling procedures have been applied. Crushing and scaling is,
however, prone to several uncertainties and Posiva points out that there is uncertainty about
whether laboratory data (crushed samples) are biased, compared to in-situ data. There are,
however, few site-specific data on the migration properties of the rock matrix or the
heterogeneities of fracture planes. It is also unclear how well the four transport classes,
invented later than the crushing experiment results, can be assigned to the laboratory results.
Moreover, in some cases, there are no Olkiluoto specific sorption data available. The Cation
Exchange Capacity (CEC) estimations for rock types are based on biotite content or on surface
area estimations, based on scaling of experiments. Posiva identifies the understanding of
detailed-scale migration properties and the site-specific rock matrix properties as the key
remaining issues for future research.
Posiva has made limited investigations related to natural colloids in bedrock. In the ONKALO
samples, Posiva has measured colloid contents in the bedrock at around 0.2-0.7 mg/l and, at
greater depths (613-618 m), as lower than 0.2 mg/l. The concentration of dissolved organic
carbon (DOC) is estimated to be around 5-10 mg/l at the repository depth (Posiva 2011-02)
and only a few mg/l in deep groundwater. Posiva also concludes that DOC content may be high
in shallow groundwater but, due to microbial activity in the groundwater, large organic
compounds are broken down and at depths of 100-300 m (brackish SO42--rich groundwater)
DOC contents are already at a low level. The measured colloid content and DOC levels
apparently represent long-term equilibrium conditions in the bedrock. However, because
colloid transport is considered a potential radionuclide release mechanism, further
confirmatory measurements and scoping calculations are relevant.
Conclusions
Posiva provides a credible argument and support for the significance of the repository nearfield rock in providing the long-term performance and isolation capacity of the natural barrier.
Although the role of the natural barrier has been shown adequately for the construction
license, the flow-related transport is strongly dependent on the modelling concept utilised.
Consequently, potential uncertainties related to the hydro-DFN are inherited by the transport
calculations. For example, the connectivity of the hydro-model can be overestimated and
bedrock retardation underestimated if the bedrock being modelled is not correctly
parameterised. The bedrock could behave more as a SCN than in the way that it is
conceptualised in the current DFN-model. The hydrogeological conceptualisation and
parameterisation of the repository near-field is important and needs to be confirmed with
further P-O work and model comparisons. The understanding of detailed scale migration and
retention properties for the rock matrix and the heterogeneities of fracture planes remain as
key issues for future research.
Overall consistency and unintegrated data
Posiva considers the consistency between disciplines (geology, hydrogeology, geochemistry,
and rock mechanics) as a factor for developing overall confidence in its site characterisation
work. Consistency in the crystalline hard rock submodels has already been discussed. To
assure consistency, Posiva looks for support from its future modelling work, e.g., from
radionuclide transport calculations, in which respect Posiva has also characterised the
Olkiluoto biosphere and surficial hydrogeology extensively. During recent years especially,
Posiva has worked on integrating the surficial hydrogeology with the bedrock hydrogeology.
In eastern Olkiluoto, Posiva’s characterisation work is not at the same level as in the central
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area. Posiva also collects monitoring data that is not, at present, directly integrated with its
characterisation work.
Palaeohydrogeological modelling is at the centre stage in finding internal consistency between
the most important safety-relevant site characterisation disciplines. The integration work is
mostly about finding consistency between hydrogeological and hydrogeochemical baseline
observations, but is also about integrating brittle deformation model and SFR properties in a
compatible way in the model. Posiva recognises the need to use palaeohydrogeological
modelling and sees it as 1) a verification tool for the upscaled properties of the hydro-DFN
model and 2) a basis for predicting the future evolution of the disposal site. Modelling
palaeohydrogeological evolution is of particular importance while evaluating the
hydrogeochemical stability of the site for long-term safety analyses.
Posiva discusses extensively the boundary conditions for palaeohydrogeological modelling of
the site (Posiva 2011-02). Important boundary conditions are that 1) the modelling starts from
the beginning of the Littorina Stage (ca. 8000 BP), 2) modelling takes into account transient
changes in shoreline and seawater salinity, 3) the simulation begins with variable, depth
dependent brine, glacial, and subglacial mixtures within fracture zones, 4) modelling has been
done with hydro-DFN case A fracture size-frequency distributions and 5) in addition to
previous conditions, there are many model parameters based on repository block model
upscaling, fracture zone characterisation and annual recharge.
Posiva recognises (WR 2012-32) that key parameters for the palaeohydrogeological evolution
are hydraulic conductivity in the top 100 metres and the fracture surface area, affecting both
rock matrix diffusion and the amount of matrix that can be accessed in a given time. In
summary, according to the hydro-DFN modelling, there is significant connected fracture
surface area (and consequently significant matrix diffusion) at all depths in the bedrock.
Posiva emphasises that the hydro-DFN modelling results are in good agreement with fracture
water evolution of the site. The model is able to capture the main, end-member water
distributions of the site, though it slightly overestimates glacial water fractions,
underestimates Littorina infiltration and overestimates the meteoric water infiltration depth.
On meteoric water infiltration, a conclusion is made that the overestimation is a consequence
of the properties of hydrogeological zones in the centre of the island. However, the hydro-DFN
modelling results are in direct conflict with the matrix porewater interpretations (Posiva
2011-02). This, together with contradictory results from the independent modelling of upward
movement of saline water (WR 2014-27), questions whether the hydro-DFN is correctly
conceptualised and calls for scoping work using alternative approaches for conceptualising the
groundwater flow. Posiva has made a preliminary simulation exercise (Hydro-DFN case C)
with heterogeneous hydrogeological zones, but ends with the confusing conclusion that the
mean gradual transmissivity depth trend of hydrogeological zones and stochastic
heterogeneous realisations of hydro-zones are considered more or less optional (Posiva 201102).
Posiva has studied input parameter sensitivity of its hydro-DFN model (case A). The results
show that rock matrix diffusion is a key process in modelling the geochemical evolution. This
underlines the essence of the dual porosity assumption that Posiva utilises in its safety
assessment work (e.g. WR 2012-35). The changes in conductivity of the overburden indicate
that some of the discrepancies between models and data could be explained by variability in
overburden properties. As an additional key uncertainty, not evaluated in the
palaeohydrogeological simulations, Posiva names the hydraulic heterogeneities within the
rock mass and within the hydro-zones.
Posiva does not assign any reliability for its palaeohydrogeological model, although it has a
great significance in the safety assessment. However, with respect to the hydro-DFN modelling
especially, Posiva has scoped some alternatives for the SFR (e.g. Posiva 2013-01).
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Considerations have been made of three fracture size distributions (cases A, B, and C) and
three fracture size vs. transmissivity assumptions (correlated, semi-correlated, and
uncorrelated).
Posiva handles biosphere-geosphere interactions briefly in the Olkiluoto site description.
Extensive terrain and ecosystem modelling, as well as biosphere assessment, have mostly been
developed separately from the bedrock characterisation work. According to Posiva, between
the oxygenic, photosynthetic surface biosphere (surface zone) and the anaerobic, reduced
deep geosphere (deep biosphere) there is a shallow intermediate zone (near-surface zone)
that is located in the depth range around 0 – 25 metres. This intermediate zone receives
contributions from both the biosphere (oxygen, organic and inorganic material) and the
geosphere (methane, hydrogen). Microbial populations are hypothesised to be more diverse in
the shallow zone than deeper in the bedrock. In this intermediate zone, e.g., oxygen is
practically totally consumed from water before further infiltration to depth. The processes
causing this are said to be likely to continue to occur in the future. The pH values in shallow
groundwater vary from 4.9 to 8.0. Very low pH values are considered to result from mixing of
surface meteoric waters. Posiva has assigned hydrogeochemical uncertainties related to
overburden properties in its infiltration experiment (Posiva 2011-02). The results seem to
confirm strong bio-geochemical buffers against oxygen, low pH and very low ionic strengths
during the early infiltration of meteoric waters.
The surface hydrogeological model deals with surface water balances at Olkiluoto and links
together vegetation processes in the biosphere, flow in unsaturated and saturated soils in the
overburden, and groundwater flow in the bedrock. The model compiles these layers together
into one continuous flux system. The surface characterisation emphasises hydrogeological
properties of the sediments and overburden water balance (precipitation, runoff, recharge,
transpiration). The computation of 1) vertical upward flux to the root zone or to peat layers, 2)
horizontal water movement in overburden towards the stream network, and 3) vertical flux
rates at the interface between bedrock and overburden are named as major uncertainties that
need to be verified by direct or indirect evidence. As indicated in the sensitivity studies of the
hydro-DFN model, the properties of the overburden significantly affect modelling success.
Posiva’s attempts to integrate Olkiluoto surface and subsurface hydrogeological characteristics
are reasonably successful (Posiva 2012-30). The available input data were divided into model
calibration and model validation sets. Both datasets were utilised successfully, which indicates
a well-constrained, integrated model. Most parameters and boundary conditions extracted
from the model are for biosphere assessment, but parameters such as water fluxes to depth (as
a function of time) are of use in the bedrock hydrogeological modelling.
According to Posiva, the characterisation of Olkiluoto eastern areas has been significantly
improved, compared to the earlier summary presentation (Posiva 2009-01). The brittle
deformation model has been upgraded, based mostly on reflection seismic surveys. Although
the extrapolations of gently and steeply dipping structures with geophysics are a step forward,
the internal properties of these zones remain to be investigated. Posiva is also continuing to
study the area with investigation trenches and deep boreholes. However, studies of topics such
as ductile deformation, alteration, rock mechanics and hydrogeochemical characterisation of
the eastern area are currently at a preliminary stage. The extrapolation of lithological units is
based heavily on the aeromagnetic maps. The extent of tonalitic-granodioritic-granitic (TGG)
gneiss is interpreted from aeromagnetic minima, but based on bedrock exposure checks.
Posiva also postulates a higher grade of anatexis (diatexitic gneiss) for the eastern areas than
for the central area (veined gneiss). However, this higher-grade area does not coincide with
the tectonic unit division presented for Olkiluoto. The eastern areas of Olkiluoto are less well
characterised and Posiva is committed to further investigations there. At the current stage, the
rather unintegrated nature of the eastern area characterisation is justified, since the disposal
plans (e.g. Posiva 2012-23) state that the eastern areas will be the last ones needed for
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disposal. At the moment (Posiva 2011-02), Posiva assigns high uncertainties to sizes,
boundaries and depth extensions of lithological units for eastern Olkiluoto. For the purposes of
overall consistency of the site model, there is a continuing need to gather further data from the
eastern area and add to the confidence in the interpretations that have already been done.
At present Posiva collects GPS measurements from 18 stations at and around Olkiluoto. The
network of stations is connected to the GeoSatakunta GPS and to the Finnish permanent GPS
network (Posiva 2012-01). The purpose of the networks is to detect and monitor active brittle
deformation at the Olkiluoto scale, as well as at the larger scale. Contrary to most other Posiva
monitoring work, these data do not contribute in a clear manner to any of Posiva’s site
characterisation disciplines, or to tracking underground construction consequences. There are
small but measurable differential movements of rock blocks at Olkiluoto, but Posiva argues
that the movements are not proven to be associated with any specific fault (Posiva 2012-21).
STUK considers this to be an understatement, as there are statistically significant movements
between stations (WR 2012-36) and these movements are likely to be focused on selected
brittle zones in the bedrock. Moreover, there are detectable regional movements between
other permanent stations in Finland. The results of these measurements should be used for
regional tectonic stress regime considerations. After beginning the ONKALO construction
work, Posiva also made some precise levelling campaigns at Olkiluoto. These measurements
indicate small vertical movements at Olkiluoto which, together with GPS results, prove that
there are kinematic movements at Olkiluoto, hence establishing questions about their origin.
Conclusions
There is a continuous need to look for consistency, especially between the most safety critical
modelling disciplines, and Posiva has recognised this as an important way to increase the
credibility of the safety case. Integrating hydrogeological and hydrogeochemical modelling in a
consistent palaeohydrogeological model has a central role. Further confidence building also
requires consideration of independent integrated model conceptualisations. At a smaller scale,
the internal consistency between, e.g., crystalline hard rock submodels, will inevitably increase
robustness of the performance assessment. Similarly, showing consistency between the brittle
deformation and the deterministic hydrogeological zone models will increase confidence.
Further characterisation of the Olkiluoto eastern areas is needed for consistency building in
the models used in the central area, but also because of the future disposal plans for the area.
The GPS measurements monitored at and around Olkiluoto represent a rather unintegrated
area of Posiva’s studies. Evidently, the movements detected provoke questions that will need
to be answered. There is possibly an important connection between the Olkiluoto tectonic
stresses and the observed movements.
Future evolution of the site
Posiva expects that the repository near-field bedrock will, with the exception of incidental
deviations, retain its favourable properties over hundreds of thousands of years (Posiva 201222). The key external drivers for future changes in the disposal system are climate evolution
and seismicity, and processes related to those. Identification of these external drivers leads to
several, separate modelling tasks (Posiva 2013-01). As a starting point, there need to be
models describing climate evolution, post-glacial crustal uplift and seismicity. For
hydrogeological evolution (surface water and groundwater), Posiva has modelled shoreline
evolution, with the assumed climate conditions taken into account as boundary conditions.
The assumed climate conditions are also among the input data in permafrost modelling.
According to Posiva, assessment of the geochemical evolution of the site is based on
understanding of the past evolution of the site, as well as on reactive transport modelling. A
part of the rock mechanical evolution is related to the stress evolution and rock stability
during a glacial cycle (with reference values from climate modelling) and shear displacements
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induced by earthquakes, while other parts of mechanical modelling concentrate on excavation
disturbances and thermal loads generated in the repository.
Posiva has estimated future climate evolution for Olkiluoto at three different time-scales: 1) the
operational period during the next 130 years (Posiva-STUK-10373), 2) climate and sea level
scenarios for the next 10,000 years (Posiva 2012-26) and 3) climate scenarios on a time-scale
of 120,000 years (Posiva 2011-04). The first two reports also consider potential sea-level
changes under extreme regional weather and global climate conditions. According to recent
calculations, Posiva expects that, by the end of this century, average global sea level may rise
by 30-80 cm and, according to an extreme scenario, by up to one metre. Posiva states that this
average global sea-level rise will continue for centuries or even some millennia. Posiva also
recognises potential abrupt events (melting of Greenland Ice Sheet and West Antarctic Ice
Sheet), but notes that the gravitational effects of increased ocean volume are uneven globally,
so sea-level rise is uneven globally and estimation of regional sea-level in the Baltic Sea would
not be simple (Posiva 2012-26). The net sea-level rise is also dependent on post-glacial land
uplift at Olkiluoto. According to Posiva’s studies, the potential sea level rise occurring later
than a millennium after closure of the repository would not change the results of the current
safety evaluations. However, Posiva has not fully analysed temporal sea level changes in the
Baltic Sea, especially, possible abrupt ice sheet events and extreme scenarios of climate
evolution during the repository operational period and the early stages after closure of the
repository. These should be evaluated in more depth. For example, site characterisation data
indicate that abrupt seawater intrusion may change redox conditions in highly transmissive
zones of bedrock significantly. Posiva should also scope the possibility that its available models
could utilise information from global Holocene geological sea-level records outside the postglacial uplift areas as the boundary conditions of future evolution models are adjusted. The
third report concentrates on far future climate evolution at Olkiluoto and utilises CLIMBERSICOPOLIS simulations on a global scale. One of the main inputs is the evolution of
atmospheric CO2 concentrations. As a greenhouse case, Posiva assesses a 400 ppm
atmospheric CO2 concentration for 120,000 years into the future. The value chosen is close to
the present level and does not seem cautious, compared to Posiva’s pessimistic estimation of
over 900 ppm by the year 2100 (Posiva-STUK-10373). The summary suggests confidence in
the climate models is rather low. As an example, there are large uncertainties related to the
evolution of atmospheric chemical composition (Posiva 2013-01). The uncertainties are
mentioned as a reason to limit continuous modelling to 50,000 years. An independent expert
panel reviewed Posiva’s long-term climate scenarios (Posiva-STUK-10396). The review
yielded some criticism of the general modelling structure, as well as of the extensive ice-covers
depicted during the Weichselian, compared to geological records. The criticism related to
climate modelling led Posiva to omit parts of the climate evolution calculations and to create a
schematic time-line with consequential periods of temperate, permafrost and ice sheet
conditions that Posiva claims to be a conservative alternative for more quantitative future
climate forecasts.
In its schematic time-line for reference evolution, Posiva assumes (Posiva 2013-01) that the
first future cold period could start at 50,000 years AP and, after the first reprise of the past
Weichselian cycle, these cycles would be repeated into the far future. The general approach,
whereby the Weichselian glacial is repeated into the future is justified on the basis that by far
the most knowledge and geological records of past ice ages are related to the latest part of the
Quaternary glaciations. However, the starting time for the next glaciation is almost arbitrary.
Starting the cold period at 50,000 years AP leads to a first glaciation at around 90,000 years
AP. This does not appear to be a conservative choice for consideration of potential releases
from the repository at that stage. There needs to be more solid argumentation why the first
future glaciation will not end until 100,000 years AP. While it can be agreed that reproduction
of the Weichselian cycle is a defendable and a robust choice to represent possible future
climate, it is a significant simplification. Some experts suggest that the Weichselian glaciation
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was perhaps unique among Quaternary glaciations in some important respects (SGU Research
Paper C836). Posiva assumes that, for future glaciations, the maximum ice thickness would be
2-2.5 km. This is in line with independent expert judgements presented on the maximum
Weichselian ice sheet thickness in Finland. However, STUK notes that SKB has estimated over
3 km maximum ice thicknesses for an area just 200 km W-SW from Olkiluoto. Furthermore, it
has been estimated (Boreas 35, 539-575) that during an earlier Quaternary glacial phase
(Saalian) the maximum glacial thickness would have been over 4 km (140,000 years BP).
These highly varying ice sheet thickness values give different isostatic load values if free
hydraulic pressures are assumed from the ice sheet surface to disposal depth. Evidently,
Posiva needs further clarification of its argumentation on how the barrier system (near-field
rock and EBS) adapts mechanically and hydrogeologically to extreme load conditions.
Therefore, instead of simply replaying the temperate and Weichselian glacial conditions in its
future climate considerations, Posiva should explore more thoroughly the extremes of various
climatic conditions. Although Posiva has used arguments for the start of the next glaciation
based on analysis of Milankovitch cycles, evaluation of earlier and much more delayed start
times of glacial cycles would provide more robust confirmation of the resilience of the
repository to climate change. Posiva should also scope various temperate climate intensities
(Nordic boreal vs. Mediterranean climate) and time-spans. There needs be better
argumentation on the consequences of extensive periods of temperate conditions. The
Eemian-interglacial, before the Weichselian did not last more than about 15 000 years. This is
a short length of time compared with the extensive temperate climate period estimates
proposed to result from anthropogenic CO2 releases.
Postglacial land uplift modelling is based on a semi-empirical approach that utilises individual
shore level dating points. This is a quite well established external driver, although there are
some uncertainties related to the sparse measurement network. On the whole, the model
provides a good representation of palaeo-uplift and the tools to predict future land rise.
Posiva’s evaluation of seismicity is not fully connected with its climate considerations. It does
not distinguish between glacial, postglacial, and interglacial seismic conditions. The seismicity
evaluation does not take into account inferred future tectonic or glacial evolution of the site,
but is based directly on available, observed historical data (see Ch. below - Seismic activity).
However, Posiva acknowledges that increased seismicity in Fennoscandia might be connected
with glaciations (Posiva 2013-01) and points out that high earthquake (EQ) moment
magnitudes could be possible in postglacial conditions. Posiva does not consider increased
frequencies of postglacial earthquakes. Posiva’s seismic analyses of potential fault movements
and EQ magnitudes are based on the BFZ model and they omit both high magnitudes and
increased frequencies. Within Olkiluoto, this can be justified only if the dimensions of BFZs are
correctly estimated, seismic movements do not induce new fractures and older ones do not
propagate. According to Posiva, Olkiluoto is located within the Southern Finland Quiet Zone
(SFQZ), but there is no consideration of how persistent this zone could be in future. For
example, the Aranda rift within the SFQZ has been postulated to have been active after the
Weichselian deglaciation. The lineaments surrounding Olkiluoto are discounted on the basis of
lineament size-distance relations. However, there are ambiguities in Posiva’s lineament
interpretations. Posiva also discusses possible optional methods of assigning seismic
parameters for the seismicity. In this approach, observed seismicity, geology and Moho depth
are combined to form an estimate of seismic activity (Posiva 2013-01). Posiva should extend
its seismicity studies with data available from compressional stable continental regions, with
post-glacial geological records available from Fennoscandia and other formally glaciated
northern areas, and with data and records available from the Olkiluoto region. To complement
its seismicity studies, Posiva should also perform quantitatively constrained, probabilistic
seismic hazard analyses (PSHA) and consider distributed faulting related to potential EQ
zones. The latter would lead to probabilistic assessment of fracture and fault displacement
hazards (Probabilistic Fault Displacement Hazard Assessment - PFDHA) throughout the rock
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volume at the site. These techniques have been more broadly applied in the field of seismic
hazard analysis.
To address seismic hazard to the repository, Posiva calculates the number of critical canister
positions (Ncrit) that might experience shear displacements (Posiva 2013-01). Critical positions
are based on the assumption of large fracture intersections with tunnel and deposition holes.
Two cases were considered: 1) the formal FPI criterion and 2) the modified FPI criterion (a
deposition hole is not used if a FPI fracture intersects at least 4 holes, or a fracture intersects at
least 6 holes). For case 1) the Ncrit was 35 canisters; for case 2) the number was 78 canisters,
out of a total 4500 canisters. Posiva considers these estimates as reasonable upper estimates
for the number of deposition holes that might be intersected by large fractures and not
correctly detected using the RSC.
Based on Posiva’s approach (Posiva 2012-34), EQs during the first thousands of years of the
repository evolution are as probable as those during the later evolution. Posiva has not
analysed fault displacements during the thermal period of the repository although, after a
request of additional information, Posiva assessed (Posiva-STUK-10270) potential dose rates
related to an early seismic shear event that would lead to a loss of canister integrity. Posiva
makes an overall conclusion (Posiva 2013-01, Posiva 2012-04) that canister failure by fault
displacement is highly unlikely in the planned repository, although faulting has been included
in Posiva’s scenario studies (pre- and postglacial cases considered). However, this requires
successful application of the RSC.
Posiva models hydrogeological evolution of the site up to 50,000 years AP (Posiva 2012-04).
These modelling exercises are closely related to Posiva’s palaeohydrogeological modelling
from 8000 BP until the present. Simulating the 50,000 years of temperate conditions leads to
gradual but, in geological terms, fast dilution of groundwater salinity in the bedrock at disposal
depth. According to Posiva, after 25,000 years there will be dilute waters (< 0.4 g/l or 4 mM) at
disposal depth and, after 50,000 years, about 2% of the total length of deposition tunnels will
experience these dilute conditions. In accordance with these results, it can be assumed that,
with further extension of temperate conditions, there would be more and more dilute water at
disposal depth. However, there is a significant drawback in this modelling approach. The
calculations assume conservative infiltration into the bedrock and conservative mixing of
dilute meteoric waters with groundwaters. Posiva has recognised that the water-rock
interactions will inevitably cause rising salinity values of infiltrating meteoric water and plans
to evaluate the consequences of water-rock interactions in research period 2013-2015.
Otherwise, Posiva considers modelled hydrogeochemical boundaries for the temperate climate
conditions to be well constrained (Posiva 2013-01). However, as pointed out above, Posiva
should evaluate more fully the consequences of varying intensities, abrupt changes and timespans of temperate climate conditions.
Posiva estimates separately the potential hydrogeological drawdown and up-coning effects
under the conditions that will occur at a future ice-margin. The results of these calculations
were variable and Posiva recognises that they are highly sensitive to the location of the ice
margin and other assumed boundary conditions (WR 2012-35). In a pessimistic case, an ice
margin remains over Olkiluoto for 1000 years and the modelled maximum salinities at
disposal depth rise from an initial value of 16-17 g/l to a level of 30 g/l, while minimum
salinities could drop to a few grams per litre. Posiva notes that the boundary conditions for the
retreating ice sheet are speculative and cannot be verified. Posiva builds confidence by using
conservative assumptions and sensitivity analyses, but the only method for model validation is
the available geological evidence from existing ice margin areas in Arctic and Antarctic regions.
Permafrost modelling requires a relatively diverse set of input values. However, the main
boundary condition for modelling is the mean annual air temperature (-9 to -1 °C) that leads to
sub-zero ground temperatures (Posiva 2013-01). According to Posiva’s results, a 10,000 year
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periglacial period (-5 to -10 °C) would lead to maximum permafrost depths from 60 to 240 m.
The same analyses indicate that the permafrost would reach disposal depth (400 m) if a dry
periglacial period continued for about 100,000 years. The areal distribution of permafrost is
also strongly affected by snow cover, lakes and peat areas. In addition, all the uncertainties
related to climate modelling are inherited by the permafrost modelling. Despite these
uncertainties, Posiva concludes that it is highly unlikely that permafrost would reach
repository depth, though the reference calculation based on 10,000 years seems not to be
robustly justified. In its schematic climate time-line, Posiva assumes that the future cold period
would start at 50,000 years AP, which leads to glaciation at 90,000 years AP. Although the
climate fluctuations during the 40,000 years are logical, they are hard to justify, although
Posiva assumes these to occur (Posiva 2013-01). In the view of potential consequences, Posiva
argues that permafrost has a relatively limited effect on the rock, but, at the same time,
observes (Posiva 2012-07) that some uncertainties exist about the consequences for the
engineered barriers.
The hydrogeochemical evolution of the site is to a large extent dependent on the evolution of
the hydrogeological system. Based on palaeohydrogeochemical evidence, Posiva judges
(POSIVA 2011-02) that “the host rock characteristics at the repository level will be stable or
predictable to at least several thousands of years, and that the range of geological changes which
occur thereafter, particularly due to the large scale climate changes, are estimable”. Posiva
agrees that it is at least equally important to predict the evolution of the groundwater
composition and the geochemical buffering capacity of the groundwater flow system, as is the
ability to predict the transport of radionuclides. Based on its characterisation work (see
Chapter above), Posiva claims that the dissolution of calcite and silicates forms a significant
buffer against acid intrusion into the bedrock, and this situation will also exist in the future.
Similarly, Posiva is confident that fracture mineralogy, dissolved aqueous species and
microbial activity form a strong buffer against oxic waters over geological time scales.
However, this conclusion apparently also assumes that seawater intrusions into hydraulically
highly conductive zones are not expected in the future. There is also no indication that glacial
meltwater intrusion would have led to strong dilution of groundwater at disposal depth
(Posiva 2011-02) but, as noted above, the extremes of various climate conditions should be
evaluated more carefully.
Posiva has also estimated groundwater evolution over the next 10,000 years with a simulation
exercise (WR 2014-09). The species concentration results mostly mimic baseline
characterisation observations, although there are apparently some unrealistic or incomplete
(e.g. rates and processes related to organic reactions) boundary conditions. The simulations
also lack thorough process understanding regarding, e.g., anoxic sulphate reduction, rate of
production and consumption of dissolved sulphide, and role and origin of dissolved gases in
redox processes. Simulations, however, indicate that after closure of the repository the near
neutral (pH ~ 7.5-7.8) reducing conditions (Eh ~ -200 – -170 mV) will be restored quickly at
disposal depth. Regarding many safety critical species concentrations (e.g. DOC, NO2-, NO3-,
NH4+, and H2). Posiva does not make comprehensive estimates of their fate or evolution in the
longer term. Similarly, thermal effects are omitted in the information presented (WR 2014-09).
In its recent hydrogeochemical simulations (WR 2014-09), Posiva makes controversial
assumptions regarding the future deglaciation period. Posiva assumes that a single porosity
model for bedrock fractures would apply for the glacial melting period, although it is stated
that the assumption is extreme and unrealistic. Currently, the reasoning behind this model
variation is not well justified, because the dual porosity assumption is among the main
boundary conditions in Posiva’s transport calculations. Posiva considers matrix diffusion as a
key hydrodynamic process at the Olkiluoto site. Use of the single porosity model reflects
Posiva’s current difficulty in resolving how best to combine its hydrogeochemical matrix
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porosity studies, physical porosity measurements (autoradiography studies) and the porosity
assumptions used in transport simulations.
Although Posiva presents multiple lines of evidence on geochemical stability in the bedrock, it
also defines the hydrogeochemical evolution of the site with a complex set of reference
groundwaters and bounding groundwaters (Posiva 2014-04). According to Posiva, the
reference groundwaters represent the expected groundwater conditions at repository depth,
and bounding groundwaters bound the expected range of water compositions (e.g. salinity and
pH) at the repository depth during different time periods. While the assignment of reference
groundwaters is justified by the site characterisation work (Posiva 2011-02) and consistent
geochemical modelling, the justifications of bounding groundwaters (Posiva 2014-04) are not
based on the evaluation of past or future behaviour but on Posiva’s requirements (target
properties). Evidently, the bounding water compositions originate from EBS materials
considerations (Posiva 2012-03). Posiva’s performance assessment and modelling work does
not show the times at which many of the bounding groundwater conditions would be met at
repository depth and they therefore look artificial from the viewpoint of the site evaluation.
Posiva needs to clarify its terminology. If reference groundwaters take their justification from
the site performance assessment, then these waters are, logically, representatives of long-term
targets. Similarly, if bounding groundwaters are justified with the requirements of the EBS,
then these waters should be representatives of conservative requirements to be fulfilled at all
times. There is some further terminological confusion, as the reference groundwaters used in
the palaeohydrogeochemical interpretations (WR 2014-06) are not comparable with the
terminology used for future evolution.
Posiva continues the vague definition of the bounding waters by stating (Posiva 2014-04) that
the groundwater compositions are collected from the site, although brine water is partially
(and glacial melt, completely) based on hydrogeochemical data from the Swiss Alps (Nagra
database). Posiva also says that bounding waters are defined taking consideration of site
disturbances. However, this definition of disturbance has no direct relation to disturbance
scenarios (Posiva 2012-08), unlike the reference waters, which can be related to the expected
evolution and to Posiva’s Base Scenario (Posiva 2012-08).
The rock mechanical evolution considerations of Olkiluoto cover various topics. The general
stress evolution and rock stability considerations during the onset and main stages of glacial
times are inadequately justified. There are no estimates or sensitivity studies that address how
the repository near-field rock would respond, e.g., to various potential ice thicknesses or
isostatic hydraulic pressures. Some studies are available (cf. Rock mechanics Chapter above)
on how the early thermal evolution may affect the repository near field rock (e.g. Posiva 201223, WR 2014-32). However, Posiva has not covered in its future evolution studies the
mechanical evolution of the near-field bedrock during the first thousands of years after closure
of the repository. Thermal issues and construction effects for the repository near-field bedrock
are discussed further below.
Posiva evaluates seismically induced postglacial fault displacements analytically. It is assumed
that fracture displacements (WR 2011-13, WR 2012-08) in deposition holes will be induced by
postglacial seismic events in nearby deformation zones (BFZ100, BFZ021/099, BFZ214 and
BFZ39). The displacement studies assume perfectly planar deformation zones and rupturing in
the entire zone. These are considered as conservative assumptions. Simulations resulted in
maximum moment magnitudes in the range Mw = 4.3-5.9. Magnitudes are based on static
phase shear stress properties and on the modelled zone areas. These are somewhat ambiguous
assumptions because, e.g., the depth dimension of zones seems rather arbitrary (cf. BFZ099 is
quite elongated rectangle). The selection of zones and limited depth dimension could be nonconservative and is not fully justified. Similarly, fault rupture was initiated at a pre-defined
hypocentre and programmed to propagate outwards with a specific velocity. Compared to
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present day seismological observations, the assumed hypocentre depths are shallow, although
the chosen depths likely cause maximum movements on target fractures. The target fractures
were assumed to be planar discs with a constant “critical” radius (75 m) with centres located
at the disposal depth (420 m). Three target fracture distances (100m, 300m and 500m) were
considered, perpendicularly from the primary fault. The rock mass around the fractures and
zones was assumed to behave elastically. Otherwise, the rock properties were assumed to be
isotropic, homogeneous and continuous. These are significant simplifications, but can be seen
to be partially conservative assumptions (seismic attenuation occurs due to inelastic
deformations in rock).
Posiva concludes that the displacement studies can be taken as reasonable upper bound
estimates of fracture shear induced by end-glacial EQs. Simulations produced maximum target
fracture displacements (about 30 mm) in a gently dipping fracture at 100 m distance from
BFZ100. However, taking into account the simplifications (e.g. material properties) and
uncertainties (e.g. evolution of glacial stresses and pressures, BFZ dimensions) involved,
earthquake consequences are not evaluated as convincingly as they could be. Posiva agrees on
this (Posiva 2013-01) by acknowledging that the displacement modelling has been done in a
schematic way. However, Posiva provides supportable arguments that most simplifications act
conservatively in the modelling, suggesting that increasingly realistic simulations would result
in smaller and smaller calculated displacements. This is possibly not the case. There are also
novel techniques, such as particle flow code (PFC) modelling (SSM Technical Note 2014:59),
that lead to heterogeneous conceptualisations of BFZs, which in turn question the relations
between the EQ and the deformation zone sizes, the EQ and the displacement magnitudes, and
“critical” target fracture sizes and displacements.
Conclusions
Posiva’s approaches to evaluation of future climate give an insight into the future evolution of
the site but raise questions, which is unsurprising in this complex and developing area of
science. One issue is how robust the climate scenarios need to be in order to provide a
convincing safety case. Analyses relating the full range of potential variations of glacial
conditions to the response of the release barrier system are needed. There is much
geoscientific information available from the Quaternary that Posiva could apply in estimating
future lines of evolution, because this is the most valuable argumentation for site stability.
Posiva should analyse the possibility of a more varied, abruptly changing, and prolonged global
temperate period and compare these analyses with available palaeosea-level records. There is
also a need to evaluate further the various possibilities related to onset and extent of future
permafrost conditions. Posiva’s present estimate of future hydrogeological conditions is overly
pessimistic, since there is no coupling to the TDS regulating hydrogeochemical reactions. In
hydrogeochemical considerations, Posiva assumes future boundary water conditions that do
not get much support, either from the site characterisation work, or from geochemical
modelling work. In hydrogeochemical modelling, Posiva also uses porosity assumptions that
are in contradiction, e.g. with the transport modelling work. Posiva should extend its
seismicity analyses with geologically and seismologically more realistic PHSA and PFDHA
methodologies. Posiva has studied potential consequences of postglacial EQ shear with
deterministic analyses that are bound to the BFZ model concept (uniform continuous
structures). To gain more realism, Posiva should consider also more heterogeneous
conceptualisations and alternative techniques (e.g. PFC) to analyse the potential movements.
Quality of the site characterisation
Posiva states (Posiva 2011-02) that it applies the ISO 9001:2000 management system for the
production of site characterisation reports. The system is intended to ensure that the
documentation is traceable and transparent with respect to data, assumptions and
calculations. Posiva says that the composition and quality management of reports and the
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recruitment of expert reviewers are controlled according to respective guidelines
(unpublished documentation). ISO 9001:2000 is based on the principle of “management by
processes”. In line with the standard, a process owner checks and approves the data and a
quality controller (QC) checks and approves the procedure. In general, this is also the case in
Posiva’s site data production and handling. Posiva has divided its research work into subprocesses that are supervised by the main process “Development of the Disposal System”. Each
process has its owners. For example, the owner of the main process is the “Development
Manager”. The other guideline Posiva claims to pursue is the “graded approach” (Posiva 201203). According to Posiva, a graded approach Posiva means that “the primary emphasis in QC is
placed on those parts of the assessment that have direct bearing on the arguments and
conclusions of the long term safety of disposal.” However, in conformance with the graded
approach, Posiva does not specify (e.g., in Posiva 2011-02) what parts of the site related safety
arguments are at the primary QC level and what arguments are at some standard control level.
Related to the safety argumentation, uncertainty handling of site characterisation should also
be managed in accordance with the graded approach. This means identification of key
uncertainties and recognition of uncertainties that are not so critical to the safety case.
According to Posiva, the audits of the site characterisation were concentrated on the handling
of data, the requirements of alternative explanations and interdisciplinary consistency (Posiva
2011-02). It seems that audits related to the safety-case production process have been
between Posiva and its contractors. However, this process needs to be expanded, with the
possibility of future STUK oversight.
To date, an area of quality control that has been rather unconstrained by Posiva is work that
requires expert elicitation. According to definition, expert elicitation is used in cases when the
understanding or data basis is conflicting and consensus is needed for the selection of key
data. The members of an elicitation group are supposed to be independent scientists,
representatives of leading-edge knowledge of their research disciplines. The goal of elicitation
work is that these experts independently contribute to a data range that fully captures and
qualifies best estimates and uncertainty.
The quality of elicitation depends largely of the delimitation of work and the number of
experts in the group ultimately defines whether the group can come up with constructive
independent estimates. Attempts to force consensus views may lead to increasing
disagreements or the group may begin to act more like a review group. Despite Posiva’s
unsuccessful experiences there is a use for expert elicitation. The appropriate approach is a
Cooke method where the target is not to reach a consensus view but quantify the uncertainty
around a credible estimate by giving weights to expert opinions (c.f. Nature 463, p. 294). There
are prominent disciplines of science where independent approaches could be used, e.g. climate
change, seismic hazard studies, hydrogeological conceptualisations and effective porosities (cf.
matrix pore water studies).
Conclusions
The practices of QC are not as transparent as Posiva presents them to be. The site
characterisation and reporting mostly avoids assigning any safety significance to the results
found, although some characterisation results should certainly be put at the primary QC level.
Similarly, uncertainty handling of characterisation results calls for handling with a graded
approach. Posiva needs to specify more clearly how data, models, analyses and uncertainties
are classified into safety importance grades that designate their significance to the safety case
conclusions. In certain fields of science, the use of formal expert elicitation should be explored
further. The elicitation work should be targeted on defining uncertainties around estimates,
rather than trying to reach precise results from controversial and frequently deficient data.

60

3.5.2

Site suitability
At the high level GD 736/2008 requires that any area with a feature that is substantially
adverse to safety shall not be selected as the disposal site. Together with the requirement for
favourability, these two aspects practically define the suitability of the site. As indicated in YVL
D.5 408 and 412 the suitability vs. unsuitability consideration often follows the principle of
dualism. According to YVL D.5 412 the site is unsuitable at least in the cases when 1) the
bedrock is likely unstable (high stresses compared to strength), 2) high seismicity can be
expected, 3) groundwater characteristics will be potentially adverse for the concept, or 4) the
site or its surroundings contain exploitable resources for future humans.
It is required that the favourability of the repository near-field bedrock that acts as a natural
barrier (YVL D.5 407) of the disposal concept shall be stable and assessable during the
oncoming several thousands of years (YVL D.5 413). The range of subsequent geological
changes, especially caused by major climate changes, shall be evaluated and these changes
shall be taken into account in specifying performance targets for the disposal site near-field
bedrock. The location of the facility and the disposal depth (YVL D.5 414) shall be selected
taking into account properties indicating suitability (YVL D.5 408), mitigating adequately
above-ground natural phenomena and unintentional human intrusion.
Posiva has arranged its safety argumentation on site suitability into two approaches. The first
line of reasoning is Posiva’s argumentation on the site performance and consequently the
suitability is based on site characterisation, palaeohydrogeology, and evaluated future
evolution of the site.
Posiva’s second approach defines first the KBS-3 safety concept for nuclear waste disposal,
then the safety functions, performance requirements for the bedrock, i.e., general
requirements and performance targets (“target properties” as termed by Posiva) (Posiva
2012-24, Fig. 3-1; Posiva 2012-03, Fig. 6-1), and finally the design requirements and
specifications for bedrock. In many cases the detailed long-term performance targets for
bedrock stem from the needs of the Engineered Barrier System (EBS).
Performance
In accordance with the KBS-3 safety concept, Posiva defines that, with respect to the bedrock,
the concept relies on: “a sufficient depth for the repository, favourable and predictable bedrock
and groundwater conditions and well-characterised material properties of both the bedrock and
the EBS” (Posiva 2012-22). At the same time, the safety function definition says only that
bedrock should “provide favourable and predictable mechanical, geochemical and
hydrogeological conditions for the engineered barriers, and limit and retard the migration of
harmful substances that could be released from the repository (e.g. Posiva 2012-24).” Then
again in definition of performance requirements, Posiva states on bedrock suitability that “host
rock shall, with the exception of incidental deviations, retain its favourable properties over
hundreds of thousands of years” (e.g. Posiva 2012-22, Posiva 2012-03). It appears that this
definition refers only to the repository near-field bedrock. Similarly, it seems that the general
requirements (e.g. Posiva 2012-03, Fig. 6-1) refer to the repository far-field bedrock, i.e. to
mitigation of the impacts of above-ground natural phenomena and human actions.
Posiva lists its performance requirements for the disposal site bedrock in Posiva 2012-03. The
disposal depth is the only general requirement that been related to the repository far-field
bedrock (site bedrock in general). Posiva omits the aspect of proximity of natural resources,
which should also be considered as a general requirement.
Posiva wishes to make a link between its defined target properties and the repository nearfield bedrock performance targets required in YVL D.5 409. STUK agrees on this but notes that
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many performance targets for bedrock do not derive from the site bedrock performance
analysis (characterisation and modelling), but from the requirements set, e.g., by EBS (canister
corrosion, buffer and backfill performance) and radionuclide solubilities. The performance
targets defined by Posiva, presents a dilemma that should be resolved (bedrock performance
targets set vs. properties to be preserved). Reasonable design requirements and specifications
should be possible to be deduced from the performance targets. The service life of the
repository near-field bedrock is stated to be hundreds of thousands of years. There can be
occasional short-term conditions in the near-field that conflict with the natural properties of
bedrock, but these conditions cannot dominate the near-field during most of the planned
service life. Obeying the design specifications should guarantee that the performance targets
set will be likely reached and maintained in the expected evolution of the repository. However,
if the implementation of design specifications assures that only the expected bounding
conditions will be met in the long term, it evidently does not imply that the favourable and
natural near-field bedrock properties, described in performance assessment, are preserved
adequately during construction and will thereafter perform sufficiently for the whole service
life of repository. There is considerable confusion with the performance targets compared to
Posiva’s site assessment work as can be seen below. STUK is in the opinion that the bedrock
near-field performance targets (target properties), representing boundary conditions always
to be fulfilled, and the properties to be preserved, based on the site assessment and describing
the expected evolution at repository depth, need to be clearly separated.
For hydrogeochemistry Posiva presents extensive and multiple performance targets for
bedrock (Posiva 2012-24). In many cases, the performance targets are not compatible with
each other. Regarding groundwater salinity, Posiva specifies three different performancetargets: Cl– concentration of less than 2 M in L3-ROC-11 to avoid corrosion of canisters by Cl–;
total charge equivalent of cations of less than 4 mM in L3-ROC-14 to mitigate chemical erosion
of the buffer and backfill; and a TDS of less than 35 g/l (less than 70 g/l during the early
evolution) in L3-ROC-15 to ensure high enough a swelling pressure for the buffer and backfill.
These targets are considered collectively by the design specification L5-ROC-19. The criterion
in the performance target L3-ROC-11, which equals to a concentration of 100 g/l (TDS), is seen
to contradict with the criterion in L3-ROC-15. Of the presented criteria, the 35 g/l criterion can
be justified as a future short-term extreme condition with Posiva’s hydrogeological modelling
calculations. The minimum salinity criterion (ionic strength) presented is overly cautious (see
discussions above). In the view of Posiva’s site performance arguments it is also questionable
if this lower limit criterion is relevant for describing long-term conditions.
STUK’s YVL D.5 412 requires reduction capacity from the repository near-field. Posiva sets two
optional long-term performance targets regarding redox conditions: L3-ROC-10 for anoxic
groundwater conditions at the reposity depth and L3-ROC-29 for reducing groundwater
conditions. Only the latter has support from the site assessment studies. The qualitative
definition of redox-state is not consistent with the critical importance of maintaining stable
clearly reducing conditions for long times in the repository near-field.
Considering potential pH-ranges, Posiva defines three competing long-term intervals for the
repository near-field bedrock performance targets. pH of greater than 4 in L3-ROC-11 to avoid
corrosion of canisters by Cl–; pH of 5–10 (5–11 locally during the early evolution) in L3-ROC16 to ensure chemical stability of the buffer and backfill; and pH of 6–10 (6–11 locally during
the early evolution) in L3-ROC-30 to ascertain adequate radionuclide sorption. All of them
conflict with the expected long-term, slightly alkaline balance of the bedrock, and none of them
is supported by the site assessment studies. Posiva defines performance targets for several
safety-critical species (HS-, NO2-, NO3-, NH4+, acetate, DOC, H2, Stot, K+, and Fetot) that may occur in
groundwater. However, no quantitative criteria are presented for them, although the longterm significance of some has been assessed in the site characterisation work. Some of these
species are bound to be relevant initially and their long-term relevance should be shown more
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clearly. A common feature to most hydrogeochemical performance targets is that the
presented values are based on EBS requirements.
Posiva set only a few hydrogeological performance targets for the repository near-field
bedrock. The most important of these is the performance target L3-ROC-19 for saturated flow
in a fracture intercepting a deposition hole not exceed 1 l/m·year. This also appears to be a
feasible performance target, but it is not clear how and from where in the site assessment this
criterion has been extracted. Furthermore, Posiva has not shown that obeying the
corresponding design requirement L5-ROC-62 (inflow criteria 0.1 l/min) will guarantee that
the performance target will be reached and maintained in future. According to POSIVA-STUK10115, a local inflow of less than 0.25 l/min into a deposition tunnel during backfill
installation (L5-ROC-54) will fulfil L3-ROC-21 that, however, does not specify long-term flow
conditions in the tunnel surrounding fractures. In Posiva-STUK-10337, the notion “vicinity of
the deposition hole” is clarified to represent a distance of about 10 m from a deposition hole.
Posiva should link this to the RSC methodology and define terms such as “local” and “initial” in
a similar way and to consider the revised definitions in actual targets and requirements in
order to diminish their ambiguity.
Regarding radionuclide transport, Posiva sets a few performance targets for the repository
near-field bedrock, L3-ROC-20, L3-ROC-33 and L3-ROC-31. The most important is the
transport resistance, L3-ROC-20. According to Posiva, the L3-ROC-20 criterion should, in
general, be larger than 10,000 years/m for the repository near-field bedrock, but much lower
values are accepted as well. The criterion set is much lower than the results based on the
bedrock characterisation based calibrated models. As a requirement, the lower, conservative
value is acceptable. However, the corresponding property should get its justification from the
evaluated site performance. Moreover, in an earlier review, STUK criticized the simplified
single value presentation of transport resistance, because a broad deviation exists in
calculated distributions. In the site assessment, Posiva also identifies geochemical retardation
properties of the bedrock (e.g. Posiva 2011-02, Posiva 2012-24), but the performance target
L3-ROC-33 for the near-field rock are completely qualitative. Posiva’s approach in regard to
colloids is similar. The performance target L3-ROC-31 for colloid and DOC concentrations is
qualitative.
The only mechanical stability performance target Posiva sets for the repository near-field
bedrock is the likelihood for shear displacement exceeding 5 cm (L3-ROC-23). The origin of
this specific number was unknown and a request of additional information was sent to Posiva.
The maximum displacements Posiva has been able to simulate in its site assessment studies
are 3 cm. However, uncertainty still remains over statistical consideration of primary faults
hosting an earthquake. In particular, Posiva should present sensitivity analyses in which the
interplay between primary and secondary faults is considered more comprehensively. Also, a
description should be given of how uncertainties are perceived to translate from primary
faults to secondary faults in such analyses. Finally, the analyses should be coupled more
intimately with the understanding of an impact a canister is able to withstand without failing.
Posiva does not set any stability criteria for long-term stability of the excavated rooms,
although, loss of stability will occur in various parts of the repository (e.g. the crown area of
deposition tunnels; deposition holes). Spalling and fallen rock blocks will affect buffer and
backfill performance and likely increase available groundwater pathways at repository depth.
Similarly, Posiva does not present any performance targets for the thermal performance of
bedrock. Consequently, there are apparently no rules for thermal dimensioning in design
requirements.
Conclusions
The performance assessment conducted by Posiva shows that according to expected evolution,
the favourable properties of the rock surrounding the disposal facilities will continue to evolve
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in a stable and predictable manner, and the requirements imposed by Posiva on the bedrock
are likely to be fulfilled by a large margin. According to results presented in safety case this
basis is credible.
At present the connection between the performance targets and design specifications remains
unclear. Consequently, it is difficult for Posiva to construct the facility and demonstrate its
acceptability so that the requirements by para. 508 of YVL D.5 will be fulfilled. The EBS related
performance targets are conservative bounds that need to be fulfilled for EBS at all times.
Before the start of the underground construction activities, Posiva needs to introduce the
essential, site performance assessment based; properties to be preserved in the bedrock, in
addition to the EBS based performance targets that are already available, and their
relationship to design requirements. There also remain further needs for development
towards the operating licence application regarding both performance targets and
requirements of the bedrock. Before submission of the operating licence application, Posiva
needs to reconsider its safety functions and performance targets on the whole and to all
barriers. This means improving and clarifying argumentation and removing internal
inconsistencies from the performance in the target specifications.
Stability of bedrock
Based on the rock stresses and strength at Olkiluoto (Posiva 2011-02), Posiva claims that
bedrock at the repository level is stable. Information from the POSE experiment and ONKALO
construction experiences lead Posiva to deduce that there will be no major stability concerns
in the planned repository, although it observes that rock noises and spalling events increase
with depth and in locations where a change of tunnel profile occurs. The reasons for rock
damage/failure are well identified, but these give little information for rock stability
predictions. Compared to practical excavation experiences, Posiva has had considerable
difficulties in measuring, predicting and understanding the prevailing in-situ stress conditions
within the bedrock. Rock strength is measured from samples in the laboratory and is easily
biased by heterogeneity and anisotropy of the samples. Posiva admits that predicting the
strength (and rock mass properties in general) of sparsely fractured bedrock over any
significant distance is difficult and stochastic strength predictions have to be accepted. Despite
the uncertainties, Posiva states that its confidence in the properties of sparsely fractured rock
is high, while admitting that determining the rock stresses and rock strength for estimating
rock mass stability (of the fracture zones and the sparsely fractured) is one of the key
remaining issues for future research. As a preliminary conclusion, it is said, however, that the
stress levels in relation to the strength of the rock are not abnormally high at Olkiluoto (Posiva
2011-02).
An area where there is little practical experience is the long-term effect of rock stress
increments as a result of thermal load. Most of Posiva’s experience on predictions of
underground room stabilities during ONKALO construction are based on unheated conditions.
Thermal load will affect the stability of excavated rooms during the operational time, but
questions on the long-term performance of the repository near-field bedrock have been raised
as well. The large scale thermal response of the rock mass from repository to ground surface is
not well understood and there is no analogous experience in heating such a large body of rock
at relatively shallow depth. It is, e.g., possible that thermal expansion of bedrock will lead to
small displacements in near-field bedrock fractures, causing irreversible hydraulic
conductivity increases in the near-field rock. A potential scenario that might lead to significant
consequences is an earthquake during the thermal phase of the closed repository, which, in
turn, may cause significant displacements in deposition holes. Posiva also says little about
deposition and central tunnel crown space evolution after the closure of tunnels. The lack of
clarity related to tunnel crown space evolution is shown in Posiva’s RN-transport calculations,
where it is simply assumed (without justifications) that, in future, a 10-cm thick crown space
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will have hydraulic conductivity of 10-3 m/s (Posiva 2013-01). Apparently, this highly
conductive layer is not taken into account in the performance assessment related
hydrogeological evolution calculations (i.e. WR 2012-35).
Conclusions
Based primarily on Posiva’s practical experiences during excavations, it can reasonably be
assumed that the bedrock around the disposal tunnels and holes will be adequately stable.
However, taking into account rock heterogeneity and the current level of understanding of insitu stresses especially, it is clear that rock mechanical conditions require more work. From
the viewpoint of understanding and optimising long-term safety, Posiva’s bedrock stability
argumentation, concentrated on the possibility of abnormally high stresses, is not adequate
(POSIVA 2012-24). This is also acknowledged by Posiva and further work is suggested, e.g., in
POSIVA 2013-01.
Seismic activity
Posiva justifies the seismic stability of Olkiluoto based on the collected historical and
measured earthquake records from Northern Europe (FENCAT database years 1375-2010).
The first mechanical seismographs became available at the beginning of the last century
(Sweden, Norway). However, more and better-quantified data are available from the 1960s
onwards, when the first electromagnetic seismographs became available. As a result of
detailed analyses of the FENCAT database, Posiva has divided South and Central Finland into
three domains. Olkiluoto is located close to the border of the SFQZ, just north of the seismically
more active Åland-Paldis-Pskov (Å-P-P) zone. From the measured and interpreted seismic
events, Posiva has extracted a magnitude-frequency distribution of earthquakes for the
Olkiluoto target area. This justification is relatively well established. However, it is evident that
it concerns only the current conditions of Northern Europe and Olkiluoto, several thousands of
years since the last ice cover melted, with consequently diminished post-glacial unloading
responses in the bedrock. Moreover, although the FENCAT database represents the state-ofthe-art in Northern Europe seismic investigations, it covers a short time-span compared to the
time-scale of long-term safety assessment.
From the geological viewpoint, Posiva justifies the seismic stability of Olkiluoto using broader
knowledge on the seismic stability of deeply cratonized, stable continental regions. Posiva
disclaims this generalisation only in the case of earthquakes that can be associated with the
retreating ice sheets, but states that “it cannot be conclusively determined whether or not endglacial faulting should have occurred in the Olkiluoto region during last glacial period” (WR
2011-14). This statement omits the clear indications of postglacial faulting at the bottom of
Eurajoki Bay (e.g. STUK-A222). Instead, Posiva considers that future seismic activity in the
Satakunta area will concentrate in the Å-P-P belt and the Aranda rift (Posiva 2011-02). To a
degree, Posiva apparently overlooks recent postglacial faulting research in, e.g., southern and
central Sweden (Geology 42, 379-382; Int. J. Earth Sci. 103, 1711-1724), and northern
Germany (Quat. Sci. Rev. 38, 49-62). Evidently, Posiva needs in future to strengthen its seismic
hazard analysis with more data (e.g. lineaments around the Olkiluoto, neotectonic evidence,
strain budget modelling of GPS data, BFZ dimensions and stabilities, and EQ magnitude –
frequency evolution). This should lead to a more constrained post-closure PSHA.
Posiva recognises that the extent of fault movements in Olkiluoto might correlate with ice
thicknesses (Posiva 2012-21). Available geological records from Northern Europe are related
to the most recent Weichselian glaciation and consequently the use of this information is most
justified for future glaciation estimations. However, as indicated above (future climate
evolution) there is a need to justify and assess the potential variation related to ice sheet
thicknesses.

65

Conclusions
It is evident that the FENCAT database is a valuable source of seismic information for Northern
Europe. The main drawback of all seismic databases is their short history and, to compensate
for this, a global approach to seismic records of cratonized compressional areas would
increase confidence. With respect to long-term safety, Posiva’s seismic stability justifications
should be based more on geological observations, models and records than on historic event
databases. Geologically, most information available in Northern Europe is related to the
Weichselian glaciation. The potential consequences of more extreme conditions should be
evaluated, to confirm the robustness of the chosen conceptualisations.
Groundwater flow
Posiva claims that disposal tunnels and holes can be selected so as to avoid locations with
unacceptably high flow. This justification relies on the successful implementation of the RSC,
which means correct identification of Layout Determining Features (LDF’s) and correct
determination of respect volumes of LDF’s and identified large fractures. This justification
emphasises the expectations related to the prediction capability of the RSC.
Posiva’s other arguments on low groundwater flow at disposal depth needs better formulation
and/or further justifications. Posiva claims that, within the site-scale hydrogeological zones,
hydraulic transmissivity generally decreases with increasing depth, together with a decreasing
trend of fracture intensity (Posiva 2011-02). The observation is perhaps true on the average,
but may not give a complete picture of the phenomena. Apparently, there can be significantly
conductive fractures in fracture zones at greater depths as well. Regarding certain individual
hydrogeological zones (e.g., HZ19, HZ20, and BFZ100), the transmissivity conclusion is overly
optimistic. The measurement results manifest the internal heterogeneity of hydrogeological
zones rather than the depth relation of transmissivity. For certain structures at least (WR
2011-32), the statistical regressions presented on the transmissivity vs. depth relationship do
not represent physical reality, for safety assessment purposes.
With respect to the sparsely fractured bedrock outside the hydrogeological zones, Posiva
makes significant assumptions related to fracture sizes and their transmissivity. While
calibrating the DFN models to the observed PFL inflow densities, Posiva has developed
fracture size vs. transmissivity relationships (WR 2012-32). The semi-correlated relationships
especially have been found effective in calibrations that force the transmissivity of smaller
fractures to the PFL detection limit, but still retain their modelled fracture sizes. However, it
appears that there is no practical evidence to support these relations, especially in the SFR.
Posiva’s conceptualisations of groundwater flow and solute transport is based on the concept
of dual porosity. In this approach the walls of fractures and fracture zones are considered
somewhat porous, enabling diffusion of solutes in flowing fracture waters into stagnant matrix
waters (matrix diffusion). The concept is quantified, e.g., in Posiva’s transport classification of
fractures (hydro-DFN). The dual porosity assumption has a large significance: e.g., in the
success of the palaeohydrogeological model calibrations. The porosity assumption is logical
and should be correct (fracture walls are porous), although there are some concerns, as
discussed below.
Conclusions
In general terms, Posiva’s arguments on low hydraulic conductivity at the disposal depth in
Olkiluoto are justified. The suitability of bedrock for disposal is predicted and detected with
Posiva’s RSC. The hydrogeological design requirements are in a central role in this
classification and the success of the RSC is a cornerstone of hydrogeological favourability
justifications. Posiva also supports hydraulic favourability with hydrogeological
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measurements and observations, and implementation of these in its modelling work. Some
boundary conditions used in the modelling work have been questioned by hydrogeological
experts and need to be better justified in future.
Hydrogeochemistry at the disposal depth
High salinities detected deep in the Olkiluoto bedrock and the significance of sulphate,
methane, sulphide and iron contents around the disposal depth need to be evaluated, in
particular, while assessing the favourability of the site. With regard to salinity evolution
considerations, Posiva relies on palaeohydrogeochemical interpretations and conservative
hydrogeological transport modelling calculations. Regarding the general assessment of
potential hydrogeochemical evolution of the site, Posiva relies on inverse
palaeohydrogeochemical modelling and forward reactive transport modelling calculations.
Based on the general understanding of palaeohydrogeochemisty of the site, Posiva suggests
(Posiva 2011-02) that, after the retreat of the Weichselian ice sheet, at the beginning of
Littorina stage (8000 BP), the groundwater TDS at the Olkiluoto disposal depth was around
11-12 g/l. Based on the Olkiluoto baseline observations, Posiva concludes that salinity
differences between fractures with varying transmissivity cannot be found below depths of
300-400 metres. This indicates that the past glaciation was not able to develop sufficiently
high gradients to disturb the deep saline groundwater volume of Olkiluoto. Posiva recognises
that the current fracture groundwater TDS values in the repository near field are at a level of
10-12 g/l (Posiva 2012-03). Posiva also argues that the porewater composition of the rock
matrix indicates that the bedrock has been exposed over long time periods (in the order of 105
to 106 years) to stable hydraulic conditions, with dilute groundwater in fractures (Posiva
2011-02).
As previously indicated, Posiva’s models on conservative (i.e. no water-rock interactions)
infiltration of meteoric water into the bedrock are overly pessimistic, because geochemical
reactions cannot be avoided during infiltration. While Posiva’s simulation results are open to
interpretations and could readily be made more realistic, there is little evidence of extensive
melt water intrusions in the past evolution of the site.
Posiva has characterised in detail, e.g., SO42-, HS-, Fe2+, and CH4 contents in groundwater for
Olkiluoto baseline conditions (Posiva 2011-02). The origin of certain species (SO42-) is clear,
while others can be challenged (CH4). Regarding the EBS performance, HS- and Fe2+
concentrations are shown to be low at present, and K+ concentrations not critical at disposal
depth. At disposal depth, the identified baseline characteristics can be reasoned to be a result
of post-Weichselian, long-term stabilisation covering the previous 10,000 years.
Posiva justifies the stable and reducing nature of future geochemical conditions at disposal
depth several times in its safety assessment. These statements are based both on the site
characterisation work (e.g., Posiva 2011-02, and Posiva 2012-24) and on the forward
modelling work (WR 2014-09). Both suggest that calcite is likely to endure for extended
periods in shallow bedrock, even under intense recharge conditions. However, Posiva still
plans to conduct confirmation studies on geochemical processes and site-specific matrix
properties related to, e.g., radionuclide migration. This is sensible, because there are several
uncertainties and incompatibilities between hydrogeochemical characterisation (e.g. matrix
porewater studies), hydrogeological simulations (e.g. dual porosity assumptions) and
hydrogeochemical modelling. Moreover, there are still deficiencies in the hydrogeochemical
process understanding.
Conclusions
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Currently, the hydrogeochemical stability indications at the planned disposal depth are
convincing. Results of the palaeohydrogeological baseline characterisation at Olkiluoto are
Posiva’s strongest evidence for stability. However, the explanation of historical salinity
evolution, as well as potential future evolution of salinity, needs to be improved and justified
because of the lack of water-rock interactions and its relationship to the hydrogeological
modelling concept chosen. Furthermore, Posiva still needs to improve its geochemical process
understanding, in order to improve the confidence in the hydrogeochemical buffer capacities
of the bedrock that ensure the general geochemical site favourability. There is a specific need
to understand in detail how the species concentrations that are defined as critical for release
barriers (EBS and near-field bedrock) behave in the various geochemical environments
considered possible in the future.
Natural resources
Posiva handles only briefly the potential proximity of natural resources that might affect site
suitability (e.g. Posiva 2012-24, Posiva 2011-02). Posiva argues that there is no evidence of ore
or other rare natural resource potential at Olkiluoto. Posiva’s primary argumentation is based
on its site characterisation work. The more general areal evaluation of ore potential is based
on a three-decades old report and on the Fennoscandian Ore Deposit Database available from
the Geological Survey of Finland. After delivery of the licence application, Posiva
complemented its natural resource evaluation with a separate summary (Posiva-STUK10272).
The European Union (EU) recently updated its list of potential natural resource candidates
that may turn out to be critical within the EU in the future. Out of the 54 candidates, the EU
assigns 20 materials as being critical for present society. Regarding Olkiluoto, the nearest
known identified (Sn-W-Be-Zn) mineral occurrence is located in Eurajoki rapakivi. The studies
of this occurrence are some 40 years old. Comparing the general ore potential of rapakivi
granites to the recently updated list of critical materials in the EU, 6-7 elements (or groups of
elements) have a potential to be enriched in the late phases of formation of a rapakivi granite
intrusion. Posiva agrees that (e.g. POSIVA 2011-02) greisen veins, fracture bound or related
hydrothermal alteration and small enrichments of rare metals detected (Pere 2009) at
Olkiluoto can be assigned to the intrusion of nearby rapakivi granites. There are also seismic
reflection survey indications that blind rapakivi intrusions might exist under the Olkiluoto site.
Against this background, Posiva should continue evaluation of economic mineralogy
contemporaneously with future excavations and characterisation work, and integrate the
Olkiluoto alteration and economic mineralogy history better into its overall, integrated
geological interpretation of Olkiluoto and its surroundings.
After delivery of the licence application, Posiva also clarified (Posiva-STUK-10272) whether
the Olkiluoto groundwater reserves might interest future humans. Based on the definitions of
various Finnish environmental authorities on the significance or otherwise of meaningful
groundwater reserves, Posiva concludes that Olkiluoto is not located in any of those areas.
Regarding the domestic usage of groundwater, Posiva also argues that groundwater, even at
shallow depths at Olkiluoto, contains rather high amounts of chloride, iron and manganese,
making potential drinking water ill-tasting.
Posiva delivered a GSF statement to STUK regarding the geothermal potential of Olkiluoto
bedrock (Posiva-STUK-10272). The statement concludes that, in a broad sense, the thermal
properties of Olkiluoto bedrock are comparable to most bedrock areas in Finland. However,
Posiva does not consider the situation after closure, decommissioning and remediation of the
site.
Conclusions
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Olkiluoto is unlikely to have resource interest for future human populations. However, Posiva
should continue to evaluate the economic mineralogy of Olkiluoto and its surroundings as
construction continues. Regarding all respects of natural resources, Posiva should justify more
rigorously that Olkiluoto is comparable to any other supracrustal gneiss area in Southern
Finland.
Disposal depth
Posiva describes general hydrogeological, geochemical and rock mechanical conditions at the
disposal depth in report Posiva 2012-24. Both Posiva 2012-05 and Posiva 2012-24 state that
the depth of repository is selected in accordance with the Government Decision-In-Principle
(DiP 2000), which required: “The repository shall be located at a minimum depth of 400 metres”.
Posiva’s Safety Case did not give a clear view on how the bedrock properties that variously
contribute to long-term safety affect the chosen disposal depth (400-450 m).
After delivery of the licence application, Posiva clarified in a separate memorandum (PosivaSTUK-10211) that, in the original KBS-3 concept description, aspects regarding 1) ground
erosion, 2) glacial impacts, 3) other above-ground activities or phenomena, 4) hydraulic
conductivity of bedrock and 5) groundwater chemistry, should be taken into account while
selecting the disposal depth. However, 6) rock mechanical and stress properties of bedrock, 7)
temperature rise as a function of depth and 8) increased difficulties of research as a function of
depth may also restrict suitable depth. According to the original description, the fulfilment of
these conditions leads to a disposal depth of 400-500 metres, although it was considered that
the depth will not be problematic, as long as it is less than 1000 metres. The original
description also states that the selection of disposal depth is ultimately an optimisation task
that considers both long-term favourable and engineering properties of the bedrock as
functions of depth.
The memorandum refers to a DiP-stage report (Posiva 2000-08) that concluded, on the basis
of rock mechanic properties, that the constructability of bedrock would be normal up to
depths of 500 metres. Because Posiva also wanted to keep a two-tier repository option open,
and the distance between the two storeys should be at minimum 100 metres (Posiva-STUK10211), the upper storey was designed to be at a depth of 400 metres. However, in 2008,
Posiva decided to apply for a construction licence for a single storey repository, but this did
not lead to reconsideration or re-optimisation of disposal depth. Based on the memorandum, it
is evident that simple adjustment of disposal depth does not significantly change the likelihood
of inadvertent intrusion by future humans into the closed repository.
Conclusions
Posiva’s explanations on the chosen disposal depth are adequate. Posiva also describes
qualitatively how various properties of the bedrock vary as functions of depth, and it
concludes that the chosen depth is favourable for high level waste disposal. Posiva’s original
treatment gave the impression that the disposal depth was selected by the Government in its
2000 decision. In future, Posiva should describe more clearly how the site properties affecting
disposal safety vary at the disposal depth. Also, the gradients towards unfavourable conditions
should be described more clearly.
3.5.3

Rock classification
According to GD 736/2008, the disposal site shall contain sufficiently large, intact rock
volumes that facilitate the construction of the waste emplacement rooms. It is also required in
YVL D.5 414 and 507 that any structures and other characteristics of repository near-field
bedrock that can have importance regarding the locations of emplacement rooms and in terms
of long-term safety shall be defined and classified. This classification shall consider
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favourability of groundwater flow conditions, potential for rock movements, and other
possible aspects of bedrock that have long-term safety consequences.
It is also required (YVL D.5 507) that Posiva shall be ready to make modifications to its layout
plans of the repository if the quality of the host rock surrounding the foreseen emplacement
rooms turns out to be unfavourable.
Posiva’s answer to these requirements is the RSC methodology, which uses selected
observable parameters reported in the design requirement and the design specification level
(VAHA levels 4 and 5) of the Posiva’s requirement system. In principle, Posiva started
developing rock classification methodology from the beginning of the ONKALO excavations
(autumn 2004). However, the methodology was revised in 2006 and the current methodology
has common interfaces with the SKB methodologies. According to Posiva, the development of
the RSC methodology is still an ongoing task and Posiva intends to present further
developments of the methodology in future. For application of the RSC, Posiva divides it into
four different scales: 1) repository, 2) repository panel, 3) deposition tunnel and 4) deposition
hole. In each scale, bedrock is evaluated with scale-specific criteria.
The RSC methodology
Posiva states that “by applying the stepwise RSC approach, deposition tunnels will, therefore, be
constructed in bedrock volumes where no large and highly conductive hydrogeological zones
exist” (Posiva 2012-24). Regarding canister integrity, the main motivation of the RSC is to limit
mechanical damage for long times in the deposition holes. Maintaining favourable
hydrogeological properties in the near-field rock volumes into the far future and controlling
the hydrogeological properties of excavated rooms during operational time of repository are
also key aspects of the RSC methodology.
In the repository and repository panel stages the proper determination of LDFs is essential, in
order to identify the usable rock for waste disposal. The leading principles in LDF
identification are the potential for mechanical shearing (seismic influence) and the potential
for hydraulic disturbance. According to Posiva, a rock mechanical LDF is a brittle deformation
zone or a lineament with surface length of 3 km or more. A hydrogeological LDF has a vaguer
definition. According to Posiva, a hydrogeological feature is a LDF if it has a transmissivity
value ≥ 10-6 m2/s, or can be judged as a LDF based on expert analysis. Interpretations and
analyses aim to mitigate hydrogeochemical disturbances and evaluate, e.g., the likelihood of
saline or dilute water intrusion into the repository volume (Posiva 2012-21). Both
hydrogeological definitions are open to interpretation, as the heterogeneity of hydrogeological
structures has shown (see discussions above). Posiva assigns respect volumes around LDFs,
and has defined multiple terms to describe these volumes. In the case of mechanical LDFs, the
terminology starts from the damage zone (mechanically weak). The next step towards respect
volumes is influence zones, which include both mechanically, damaged zones and
hydrogeologically affected and/or geochemically altered zones. According to Posiva, the
minimum respect volume in most cases equals the width of the influence zone (Posiva 201221) and, in general, a 20 metre distance from LDF cores is sufficient (Posiva 2012-24). This
means that respects volumes are at least as extensive as influence zones/volumes, but can be
more extensive, based on expert judgment.
While considering LDFs, Posiva finds an empirical relationship between brittle
deformation/fault zone dimensions (zone length) and damaged zone thickness (Posiva 201221). Usually, fault zone dimensions are geological interpretations, while the damage zone
thicknesses are based on drill hole and ONKALO observations, whenever possible. Based on
Posiva’s own experience (Posiva 2012-24), it is also claimed that damage zones of faults are
narrower at Olkiluoto than would be indicated by the general scaling laws (cf. linear scaling
law by Scholz 2002, Cambridge Univ. Press), but all ‘deterministic’ observations (increased
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fracturing, degree of alteration, and anomalous transmissivities) from drill cores are basically
the judgments of experts. It is also clear that influence zones projected in unexcavated rock
volumes may prove different in character to observations based on drill cores or from
ONKALO walls. Uncertainty in the ‘deterministic’ influence zone estimations is easily
generated by 1) variations in rock type, 2) unexposed cross-cutting brittle deformation/fault
zones and 3) number of influence zone observations for an individual LDF, at least.
Posiva justifies the hydrogeological definition of LDF respect volume based on potentially
higher bedrock permeability, which may lead to harmful changes in the near-field
groundwater chemistry and lower transport resistance for radionuclides in the near-field. This
long-term starting point is well justified. However, the effects of this on practical classification
and on measures to retain the favourability of the near-field bedrock are inadequately shown.
Posiva says only that the identification of respect volumes will contribute to high transport
resistance of radionuclides (Posiva 2012-21). Posiva also notes that the determination of
hydrogeological respect volume is largely based on expert views and experience (PosivaSTUK-10388). Posiva also indicates that LDF definitions are work in progress.
In addition to the terminologies above, Posiva also uses terms such as ‘process zone’. Posiva
and SKB have different definitions regarding the respect volume. As opposed to Posiva’s
deterministic approach, SKB assigns a 100-metre respect distances to those fault zones (LDFs)
that may host earthquakes, in order to take into account influence zones and modelling
uncertainties of the zones. SKB’s approach is perhaps over-conservative, and Posiva clearly
dissociates itself from this interpretation (Posiva 2012-21), but also states that the analysis of
influence zones needs further development. However, Posiva should consider some
conservative uncertainty measures for its ‘deterministic’ approach as well.
Posiva is still reconsidering the practical expert analysis of hydrogeological zones. One of their
considerations is related to situations when a zone does not have brittle deformation
indications (Posiva 2012-21). Apparently, this consideration may mean that if a
hydrogeological zone is arguably mechanically deformed, it would only then be a
hydrogeological LDF. This contradicts the argumentation of mitigation of hydrogeochemical
disturbances. Posiva notes that non-deformed hydrogeological zones are merely indicators of
a complex fracture network (c.f. discussion on Transport properties of bedrock), but do not
explain, e.g., how the slightly or practically not deformed hydraulically conductive splay
structures of a major mechanical deformation zone are taken into account. There is a need to
provide more self-consistent definitions to the ‘deterministic’ LDF approach. These
considerations should possibly also be connected to considerations of how the frequent
discrepancies between the hydrogeological and brittle deformation models should be resolved
(see discussion on Site hydrogeology).
According to Posiva (Posiva 2012-21), uncertainties in LDFs originate from model
uncertainties (geological and hydrogeological) and determination of influence zone widths.
For brittle deformation zones, there is a semi-quantitative methodology to identify zone
uncertainty (low, medium, and high), but the discussion on hydrogeological zone uncertainties
does not conclude with any clear idea of uncertainty classification. Similarly, discussion on
influence zone uncertainties does not conclude with any clear or practical classification of
uncertainties that would be of real help in defining LDF uncertainties.
At the deposition hole scale, the FPI definition and the critical fracture size have a central role
when considering the mechanical stability of the deposition hole. In Posiva’s approach, there is
a relationship between a FPI and a conservative estimate of the actual FPI fracture size.
However, the fracture size discussion is poorly addressed and Posiva tries to avoid the topic
with the requirement that “potentially large fractures shall not intersect the canister” (Posiva
2012-24). In practise, this requirement means that 1) a FPI fracture whose diameter is
unknown and 2) a fracture whose diameter is unknown and cannot be followed from tunnel or
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other deposition holes, cannot intersect the whole perimeter of a deposition hole at a canister
position (i.e., the respect distance is 0.5 m). The second requirement concerns, specifically, the
corner and edge areas of a repository panel. However, Posiva also relaxes these requirements
by stating that, if a known fracture diameter is less than the critical fracture size, it can
intersect the canister position over the whole perimeter of a hole. This is a poorly constrained
definition. It leaves the arguments for underground fracture size justification open where
extrapolations into unexcavated bedrock are, in any case, difficult (cf. uncertainty of DFN
models related to the size distributions of simulated fractures).
Based on DFN modelling with Forsmark data, SKB justified a solution where 96% of FPI
fractures are less than 200 metres in diameter and 86% of FPI fractures are less than 100
metres in diameter (SKB R-06-54). For its own studies, Posiva has chosen the critical fracture
size to be 150 metres and this value has been used in Posiva’s deterministic seismic
assessment studies (e.g. WR 2012-08). Posiva does have some concerns related to the critical
fracture size and, for RSC demonstration purposes in the ONKALO (ONK-PH10 studies), Posiva
has also adapted the critical fracture size to be less than 200 metres in diameter (POSIVA
2012-24), which is more design-constraining than 150 metres.
In Posiva’s deterministic BFZ mapping, and seismic modelling it is assumed that new fractures
are not formed and the old ones do not propagate in future seismic events. It is also assumed
that movements in fractures smaller than the critical size are not a threat to long-term safety.
These assumptions might be challenged with alternative modelling approaches (e.g. PFC),
which do not conceptualise either fractures or brittle deformation zones as individual planes.
The heterogeneous fracture zone approach (cf. SSM Technical Note 2014:59) might also
question the relationship between the individual plane size and the potential displacement at
many repository scales (cf. discussion on Future evolution of the site). An additional view of
the conceptualisation discussion can be taken from the illustrated fractures presented in the
ONKALO DEMO-area deposition tunnels and deposition holes (Posiva 2012-24). Correlations
of individual fracture traces between tunnels and holes can be speculative, even at short
distances. Posiva also presents an ambiguous case from DEMO-tunnel 1 (DT1). A long fracture
(LF6) forms a FPI structure in the tunnel and its extrapolated extension was expected to be
found in experimental deposition hole 8 (EH8). However, neither the pilot hole nor the full
boring of EH8 confirmed unequivocally the cross-cut of LF6 in the full perimeter of the hole.
Instead, a controversial, three-quarter cross-cut was found and, since no full perimeter
intersection was found, Posiva concluded EH8 to be suitable. Several points of this deduction
could be questioned if the determinism that was followed were to be supplemented, e.g., with
discontinuity assumptions within faults and distributed faulting.
The prediction capability of pilot holes is an important aspect of the RSC methodology. For rock
classification purposes, Posiva uses pilot holes especially for predicting rock mass quality,
groundwater flows and brittle deformation structures for tunnels and holes planned to be
excavated. For fulfilling these purposes Posiva is committed to execute 1) geological, 2)
geophysical and 3) PFL loggings, as well as 4) water injection tests and 5) single hole
interpretations from every pilot hole. Posiva has done systematic pilot hole P-O testing in the
access ramp (ONK-PH10) and in DEMO area (DT1 and DT2) along about 350 metres of tunnel.
Moreover, in the ONKALO access ramp Posiva has carried out FPI investigations and usability
ratio exercises over about 800 metres of tunnel. As a Posiva-SKB co-operation, there have also
been ‘large fracture’ investigation exercises in the selected areas of the access ramp. However,
compared to the complete amount of excavated tunnel (over 5000 metres), it is clear that the
prediction capability of pilot holes is inadequately verified. The P-O studies done between pilot
hole observations and findings from the tunnel walls, as well as from experimental holes, have
shown discrepancies (Posiva 2012-24). The pilot hole prediction capability (P-O technique)
needs to be improved. Posiva concludes from its access tunnel FPI investigations (ONK-PH11
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and ONK-PH12) that drilling of additional pilot holes into a tunnel profile should also be
considered as a research method for RSC.
Posiva apparently has informal, expert judgement based, hydrogeological limits for pilot hole
inflows. As an example, Posiva made a decision to shorten the planned length of DT1 because
of high inflow from pilot hole ONK-PH17. Posiva presents (Posiva-STUK-10388) some design
acceptance criteria for a deposition tunnel. However, these criteria concern only tunnels that
are already excavated (cf. also Posiva-STUK-10216). Posiva should show more clearly the role
of pilot hole inflows while identifying planned tunnel acceptability and the role of potential
hydrogeological FPI’s. Posiva’s brittle deformation structure predictions start from the
detailed scale (DS) geological model predictions and, after the drilling of pilot holes,
predictions are made again (Posiva 2012-24, Posiva-STUK-10370). There are no clear criteria
for how to assess rock mechanical acceptability of the planned tunnel or rock mechanical FPIs
from a pilot hole. However, Posiva has proposed that, if a fracture contains “slickensided” or
“grain-filled” features, it is likely to be a rock mechanical FPI (Posiva 2012-24). Moreover,
large fracture investigations indicated that scoring of geophysical logging results might show
correlations to large fractures (WR 2012-12).
Posiva presents some exact observational hydrogeological criteria for excavated deposition
tunnels and holes that are applied in the RSC. The importance of hydrogeological
characterisation and control is shown in Posiva’s RSC demonstration work (Posiva 2011-24),
which concentrates entirely on the hydrogeological and rock mechanical properties of nearfield rock. For deposition tunnels, Posiva sets a point-wise or a fracture-related inflow limit
(0.25 L/min) to apply during backfill installation. According to Posiva’s criterion, an inflow ≥
0.25 L/min from a single fracture would lead to the rejection of a tunnel section. However,
Posiva reserves the possibility to inject various grouts (low-pH cements, silica) to control the
inflow as needed. Moreover, Posiva says that this criterion will be reviewed in future, as the
details of the backfilling concept become available. The tunnel inflow criterion does not
constrain the number of point inflows or total inflow into a deposition tunnel. In the
performance assessment calculations, Posiva assumes that the average hydraulic conductivity
in SFR surrounding the repository is at a level of 3.0·10-11 m/s (WR 2010-25). Posiva also
states (Posiva 2012-03) that the original hydraulic and chemical conditions in the host rock
should be gradually restored after closure of the repository. At present, it is clear that the
argumentation presented for tunnel inflow (Posiva-STUK-10216) is not properly integrated
with assurance of the long-term targets and the general rock quality for the tunnel near-field.
For deposition holes, Posiva sets a criterion 0.1 l/min for open hole inflow and says that no
grouts, or fractures that have grouts, or indications of them, are allowed in deposition holes.
Posiva does not indicate when the inflow is measured, which may have a vital effect on the
representativeness of the results and thus the acceptability of the deposition hole. Practice has
shown that tunnel inflows tend to diminish with time, due to pressure loss and, e.g., clogging of
hydraulically connected fractures. The hydraulic head-field may alternate vigorously during
excavations in underground facilities. The connection to the criterion of the corresponding
long-term target (1 l/m·year) was questioned earlier in this report. Nevertheless, Posiva states
(Posiva-STUK-10216) that the 0.1 l/min criterion should lead to a transport resistance of
10,000 years/m. Posiva also points out that there are additional uncertainties regarding the
long-term performance, even though the inflow criterion is initially met. Possible future rock
shear incidents might increase the average conductivity of SFR by opening previously closed
fractures and by changing the apertures of existing conductive fractures (Posiva 2012-24).
This is a relevant consideration, especially regarding the early thermal phase of the repository.
The rule for grouts can easily be used subjectively, as difficulties in fracture trace correlations
in the DEMO area have shown.
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Posiva considers the thermal properties of repository near-field bedrock from the viewpoint of
degree of utilisation. Schematically, Posiva assigns the thermal properties of bedrock to the
RSC, although thermal criteria are not included in the RSC. Posiva delivered (Posiva-STUK10273) to STUK a panel calculator that includes an optimisation algorithm based on heat
production of canisters, average thermal properties of bedrock and deterministically identified
brittle deformation features of bedrock. The optimisation target is that as many canister hole
surfaces as possible would meet, but not exceed, the assigned maximum temperature for
bedrock. However, as has been indicated above (Site characterisation) the assumptions of
thermally continuous, homogeneous, isotropic and linearly elastic bedrock at tunnel and panel
scale are major simplifications. Besides optimisation considerations, the understanding of
mechanical properties of bedrock at tunnel and repository scale also has a long-term stability
aspect. For the stability evaluation, the assumption of average thermal properties is too
general and optimisation should be conformable with Posiva’s RMM. More detailed assessment
of long-term heating of bedrock should be considered and possibly also implemented in the
RSC. If it can be shown that, e.g., the effects of thermal discontinuities and anisotropies can be
mitigated by deposition hole location selection, implementation of suitable thermal
parameters into the RSC should be considered.
Posiva also presents hydrogeochemical criteria for RSC utilisation (Posiva 2012-24). The
practical implementation of the observational criteria is unproven, however. The criteria have
not been used in any of the demonstrations that Posiva has implemented. Posiva has copied
the hydrogeochemical RSC criteria from the controversial long-term targets (discussed above).
Posiva’s presentation gives the impression that observable hydrogeochemical criteria would
be equally relevant at each RSC scale. This can be questioned. The deposition holes should
present the tightest parts of the SFR surrounding the repository. Certain hydrogeochemical
criteria, if ever violated in an open deposition hole, would indicate exceptionally fast
connections to greater depths or directly to the ground surface (cf. [Cl-] > 2M, ionic strength <
4 mM). However, some criteria might have use at the deposition hole scale. If high pH values
are observed in the deposition hole, this would clearly indicate direct connection to a grouted
area and would be a basis for hole rejection. Hydrogeochemical criteria should be given more
thought. Their significance as a measure of operational disturbance, together with the RSC
scales at which disturbances are relevant to measure, should be correctly identified. The
hydrogeochemical RSC criteria should also be closely connected to the hydrogeochemical
monitoring criteria.
Posiva does not include any mechanical stability criteria into the RSC other than the
consideration of LDFs, FPIs and the respect volumes related to these. On the whole, LDFs and
FPIs tell rather little about the future mechanical stability of deposition areas that may affect
repository performance. In the closed repository, the crown areas of deposition tunnels and
walls of deposition holes (for example) will be prone to spalling or rock disintegration (cf.
Posiva 2012-23 and 2013-01) that will be stimulated first by the thermal pulse created. Then,
during the complete service life of the repository, there is high possibility of low and
intermediate magnitude EQs. Posiva is also uncertain about the long-term significance for the
bedrock of excavation-induced damage (EDZ). At present, in its base case RN-transport
calculations, Posiva assumes transmissive (TEDZ = 10-8 m2/s) EDZ patches in deposition tunnel
floors to take into account performance reduction caused by excavation damage, but
sensitivity case calculations also consider a continuous tunnel floor EDZ. Studies done by
Posiva support the view that blast-induced fracturing would not form a continuous, connected
network over larger distances along deposition tunnel (Posiva 2013-01). However, this
conclusion could be optimistic if the early evolution stage thermal pulse is added to the
damaged rock. Posiva’s POSE experiments already indicate that heat-induced micro-fracturing
occurs around the walls of an experimental deposition hole (WR 2012-60, WR 2013-39).
Criteria utilising estimates of thermally reduced wall stabilities (e.g., based on bedrock
lithology and anisotropy) should be scoped as part of the RSC. In the safety case, there should
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be more extensive (than simply EDZ) degradation estimations available for the long-term
mechanical performance of deposition areas.
Conclusions
In the near future, Posiva needs to develop the RSC further and verify the pragmatic
applicability of the methodology. Posiva applies a ‘deterministic’ approach to define LDFs, FPIs
and respect volumes, and much of this determinism is based on expert judgements or pointwise observations. Posiva relies on an individual plane conceptualisation in describing
bedrock discontinuity features. Difficulties in discontinuity mapping at many scales prove this
to be a significant simplification. The plane conceptualisation can also be an oversimplification
and alternative approaches should be scoped, because unexpected results and relationships
may arise. Many of the RSC criteria need further development and there should be consistency
between overall design requirements and the monitoring work to be implemented in the
repository. Also, the extent of the methodology should be re-considered. Rock classification
methodology is meant to take into account all the aspects that can affect long-term
performance of the bedrock (YVL D.5 507). At present, Posiva does not present any criteria for
how the probable suitability of unexcavated bedrock is deduced from pilot hole studies. The
effective criteria for each RSC scale and for each step of RSC application need to be identified
more clearly.
Utilisation of the RSC
During the construction of the repository, Posiva approaches the acceptable deposition
volumes of bedrock in a scale-wise manner. This is in accordance with YVL D.5 806. At the
repository scale, the main targets of the suitability classification are to define the available
rock volume of the repository within the LDFs and plan and design locations for 1) access
routes, 2) auxiliary subsurface rooms and 3) central tunnel locations for repository panels.
Government decision 478/1999, which was later replaced with Government decree 736/2008,
required that the disposal facility host rock shall be characterised at disposal depth before
submission of a construction licence application. This was further elaborated in Guide YVL 8.4,
which required construction of an underground research facility at the planned disposal site.
For this reason, steps 1) and 2) of the repository scale are already built in to Olkiluoto.
According to Posiva, the RSC methodology is actually tested for panel, tunnel and hole scales,
and for these Posiva presents rather detailed summary flowcharts (Posiva 2012-24) and
detailed RSC decision sheets (Posiva-STUK-10388). In principle, each RSC scale should contain
three steps where suitability considerations are made: 1) DS model evaluation before drillings,
2) studies after drilled pilot holes, and 3) studies from the walls of excavated areas. This order
of focusing of studies was also followed by Posiva in the DEMO-area excavations, with a few
exceptions: Posiva never drilled a pilot hole into the tunnel profile that presently imitates the
central tunnel of the DEMO-area and, e.g., experimental hole EH7 was bored without a
preceding pilot hole.
In the summary flow charts Posiva has assigned the starting point of each RSC scale to the
drilling of the pilot holes (POSIVA 2012-24, Fig. 6-2). To a degree, this is a matter of choice, as
Posiva points out, because the previous RSC scale ends with an update of the DS model. Posiva
also illustrates a general outline of repository construction process, where the previous stage
does not end with the update of the DS model (Posiva 2012-24, Fig. 7-2; Posiva-STUK-10388)
but with an update of the planned layout. There is a need to update the published summary
flow charts to conform better the general outline process, because only the summary flow
charts attempt to show what kind of investigations Posiva intends to make within each RSC
scale of the general outline. Currently, e.g., the iterative feedback in the summary flow does not
point to the same location in the previous scale as in the general outline charts. According to
the summary flow charts, Posiva assigns three updates of the DS model into each RSC scale,
while in the general outline there are only two DS model updates within each scale. From

75

Posiva’s decision-making and STUK’s inspection point of view, the latest update of the DS
model and the results of suitability analyses are natural decision points regarding the
adequacy of information from an unexcavated area where pilot holes are to be drilled.
Moreover, the general outline does not show the iterativity related to “excavation rounds”,
where probe-holes and the walls of the excavated area are investigated after each excavation
round. Here, there are natural decision points, as the summary flow charts indicate well. There
should also be a process description for data transfer to general site characterisation work.
The DS model updates will also produce information for the Olkiluoto site scale model that will
be needed when the new panel areas are started.
Posiva also presents detailed RSC decision sheets on how the method should be utilised
(Posiva-STUK-10388). These instructions try to clarify the decision rules for how the panel
locations, deposition tunnel orientations and lengths, and deposition hole locations are found
in practise. Within each RSC scale, the RSC decision sheets concentrate on three last steps (DS
and DFN update, suitability assessment, and update of planned layout) of the general
construction outline. The RSC decision sheets end with consideration of acceptability of either
the planned or implemented layout. According to Posiva, if criteria based acceptance is not
met, the general outline of construction leads to a previous RSC scale. This may mean
reconsideration of panels at repository scale, reconsideration of tunnels at panel scale, and
reconsideration of deposition holes at tunnel scale. This iteration process seems acceptable.
However, criteria guiding acceptance still need to be considered, as indicated above. In
defining the decision rules, an essential part of the instructions is also how to conduct
unequivocally the reconsiderations and modifications to the initially planned design. The
readiness to change plans is also mentioned in YVL D.5 507.
In connection with the RSC process, Posiva has introduced rock suitability classes (Posiva
2012-24). The suitability classes are to be considered at different RSC scales, as well as in
different steps of RSC application. Currently, Posiva classifies potential deposition tunnel
sections based on pilot hole data as 1) possibly suitable (TUNps) and 2) possibly not suitable
(TUNpns). After excavation, a deposition tunnel is classified based on wall observations to 1)
suitable (TUNs) and 2) not suitable (TUNns). The pilot hole classification illustrates Posiva’s
current difficulties with pilot hole data and emphasises the need for better pilot hole
investigations and formulate RSC criteria for pilot hole investigations. Posiva does not consider
this classification in its RSC instructions (Posiva-STUK-10388), although it is extensively
evaluated in Posiva 2012-24.
For Posiva, a primary concern in layout planning is the degree of utilisation of a planned
disposal area. Posiva expected earlier that the degree of utilisation will be at a level of 75 %
(Posiva 2008-01) to 90 % (WR 2009-131). At the moment, Posiva takes into account a risk that
20 % of the hole positions will be rejected (Posiva 2012-23). In connection with degree of
utilisation, Posiva has also defined a closely, but complexly related term, called degree of
suitability. In the DEMO area, measurements of rock quality have mostly concentrated on
measures of the degree of suitability. However, the degree of suitability in the DEMO-area rock
is low. This indicates that concepts related to utilisation and suitability can be still subject to
quick changes.
Certain rock engineering actions will have distinct effects on observations that are made for
defining long-term safety properties of near-field bedrock. Nearby excavations may affect
hydrogeological observations in the investigation area. Thus, e.g., deposition hole inflow can be
affected by excavations done elsewhere. To support the inflow measurements, there should be
a routine hydraulic head monitoring programme that is more suited for revealing the
hydraulic connections in the excavation area. Rock engineering plans and actions should be
taken into account in the RSC utilisation. The excavation damage consequence and mitigation
considerations should be part of RSC utilisation. Before the start of construction operations for
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the first panel, Posiva should present detailed engineering plans for the panel and tunnel scale,
because 1) the number of deposition tunnel and deposition hole pilot holes drilled at one time,
2) the number of deposition tunnels and deposition holes excavated at one time and 3) the
number of deposition and deposition holes closed at one time, will all affect the RSC suitability
interpretations from nearby pilot holes and excavated area walls. These engineering plans
should be interrelated with the monitoring and the RSC utilisation plans, which may also
contain methodologies for how damage is mitigated.
Because the RSC methodology development is work in progress, Posiva needs to commit itself
to further updating and testing of the RSC in connection with hydrogeological pilot hole P-O
work, and the testing and monitoring programme, as required above. Posiva will continue RSC
development as construction proceeds to the first tunnels of the first planned deposition
panel. However, this work is also inevitably going to contribute to confidence building and
continuous improvements to the RSC methodology should be expected during the years of
repository operation.
Conclusions
Posiva presents summary flow charts on the RSC decision process for three different scales.
Some improvements to these should be considered. The summary flow charts should be
updated to match the general outline chart of construction. Posiva has also drafted detailed
decision sheets showing how it intends to assure the design specifications and requirements.
Updates will be needed to the criteria in the detailed decision sheets as Posiva revises its VAHA
system. The RSC work and the hydrogeological P-O, measurement, testing and monitoring
work are intimately related and a routine programme to implement both should be presented.
Modifications to hydraulic connections as a result of construction actions need to be
monitored more carefully (e.g. with hydraulic head measurements) and included into RSC
decisions. Continuous development of both RSC and DFN models are necessary for building
confidence on chosen conceptual models and site performance.
3.5.4

Long-term effects of construction activities
The legislation requires (GD 736/2008, YVL D.5 508) that the favourable properties of the
near-field bedrock shall be maintained, as far as possible, during the excavation and
construction of the repository. Special care has to taken for example, that 1) the excavation
methods limit caused disturbances to as low level as reasonably achievable, 2) detrimental
substances from reinforcements and injections cannot significantly affect the engineered
barriers and 3) intrusions of organic, oxidising, or other detrimental agents into the closed
parts of the facility shall be minimised. It is also required that the emplacement rooms shall be
backfilled and closed as soon as feasible.
The construction activities will inevitably affect the repository near-field bedrock properties.
However, YVL D.5 411 requires that the disposal concept is not sensitive to these changes. The
consequences of construction activities are required to be monitored (YVL D.5 506) in order to
mitigate the construction disturbances and to collect supplementary information for long-term
safety argumentation.
During ONKALO construction, Posiva has gained experience with the Drill & Blast (D&B)
excavation method. To manage inflows, Posiva has adapted available conventional methods,
but has also been developing more customized injection methods for leaking fractures. Shortterm effects of construction activities have been followed up with a monitoring programme.
Posiva also proposes a new monitoring programme for the period before repository
operations. This monitoring plan is dealt with in Section 2.3 of this report.
Mechanical long-term stability
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Posiva says that the central tunnels will be excavated by the D&B method (Posiva 2012-23).
Posiva considers that possibilities for fine tuning of explosive usage and developments in rock
support methods are still developing and that further development of the D&B method is
possibly the most robust way to implement repository tunnel excavation.
Excavation induced mechanical damage surrounding the repository openings is among the
primary concerns and mitigation of construction disturbances is considered. Posiva agrees
that excavation methods do induce fracturing into the tunnel (Posiva 2011-02) but claims that
this fracturing does not form a continuous, conductive fracture network. Posiva states (Posiva
2012-22) that the thickness of the EDZ caused by the D&B method used for tunnel excavation
can be controlled to some extent by the design of the blasting technique (separation and
placement of holes and amount of explosives used). However, Posiva argues that the thickness
of EDZ is not the critical issue: the important factor is how hydraulically conductive it is and
whether it provides a continuous transmissive pathway. According to some Posiva results, the
EDZ seems to extend typically up to 30 cm below the tunnel floor (Posiva 2013-01) but, in the
DEMO area, Posiva allowed for a maximum EDZ thickness of 40 cm (Posiva 2012-23). Posiva is
testing various methods for mitigating the EDZ, e.g., using roadheader and chain sawing
methods to minimise the tunnel floor EDZ. With respect to deposition holes, Posiva states that,
using the “upside down” raise boring method, the EDZ is not a critical issue. Similarly, the raise
boring method has been used in the ONKALO elevator and ventilation shafts, and, according to
Posiva, the EDZ has been almost completely avoided in these excavations. Nevertheless, based
on POSE experiment results, Posiva assumes in its RN-calculations that there will be a 10 cm
thick EDZ around the deposition holes, where an anomalous transmissivity of 0.23·10 -8 m2/s is
assumed (WR 2012-42). In summary, there do not appear to be clear conclusions available yet
on the relations between EDZ intensity, EDZ thickness and EDZ hydraulic conductivity. It also
appears that EDZ continuity in the deposition tunnel floor is an open question. Because of the
small amount of data available, Posiva considers uncertainties related to EDZ to be high
(Posiva 2013-01). Consequently, Posiva uses conservative estimates for EDZ to handle this
uncertainty, but in the tunnel floor the EDZ is concentrated in non-continuous patches (Posiva
2012-09, WR 2012-42). Moreover, Posiva considers removing the damaged rock from the
tunnel floor and argues that the EDZ is not the major pathway in backfilled deposition tunnels.
This argumentation does not represent the state-of-the-art of EDZ studies. Therefore, more
investigations related to tunnel floor EDZ should be expected in the future.
As has been indicated previously, the large-scale thermal response of the rock mass from
repository to ground surface is not well understood and there is no earlier experience
available in heating such a large body of rock. It is possible that stress changes occurring in the
bedrock will trigger shear movements within repository near-field fractures. Movements may
also occur at the repository scale, within the repository rock volume surrounding the BFZs.
Small to medium magnitude earthquakes will possibly affect repository stability from the first
decades of operation to 1000 years after closure of the repository. This might also have some
long-term consequences. Regarding bedrock thermal response, Posiva has made one study in
the POSE niche where a heated disposal hole is monitored with acoustic sensors (WR 201341). This experiment shows that heating generates further fracturing, in addition to an EDZ,
and the possibility that long-term heating produces a continuous fracture network cannot be
excluded. Thermally induced fracturing seems possible around both the deposition holes and
the deposition tunnel. These novel studies related to EDZ propagation show that
understanding of long-term rock mechanical damage is still at an early stage. Consequently,
prediction of future impacts and identification of methods to mitigate them remain a challenge.
Conclusions
Owing to the small amount of data available, the consequences of the EDZ that will result in
D&B excavations continue to be questionable, although STUK agrees that induced fracturing
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does not question the viability of the disposal concept. Posiva is still considering various
possibilities of mitigating, e.g., the deposition tunnel floor EDZ. Posiva has not thoroughly
justified its arguments on the hydraulic conductivity of the EDZ, especially if further
mechanical damage is developed in the tunnel perimeter EDZ during the thermal phase of the
repository. Therefore, it is still necessary for Posiva to continue both EDZ and thermally
induced fracturing investigations.
Hydrogeological and hydrogeochemical perturbations
Posiva expects that the site’s groundwater circulation system will almost recover its former
natural state soon after the repository is closed (Posiva 2013-01) and the deeper groundwater
regime will return to a state that corresponds to its natural characteristics in the longer term
(Posiva 2011-02). Similarly, Posiva says that the repository operational phase will make
temporary perturbations to the site groundwater hydrogeochemistry as a result of
disturbances and the replacement of excavated rock by materials with different characteristics
(Posiva 2013-01). However, in the longer term, the hydrogeological and hydrogeochemical
system will have a strong resistance to external changes (Posiva 2011-02). Posiva has done
little work on the consequences of the thermal pulse for the repository near-field bedrock
hydrogeochemistry and hydrogeology.
Posiva has both measured and predicted hydrogeological impacts of ONKALO construction
(Posiva 2011-02). Grouting, in order to limit inflow to the underground rooms, has had a
strong additional effect on the hydrogeological disturbances. Even in non-grouted areas a
positive and unpredictable skin factor appears to limit inflow into tunnels. According to
observations, ONKALO construction (2004-2010) has only produced a small drawdown in the
free groundwater surface of the site. This is in accordance with groundwater table simulations
(Posiva 2011-02). Posiva states that the growing history of measurements will give
possibilities to refine these computations and the related parameters further but, in general,
disturbances of the free groundwater surface are not too sensitive with respect to the
disturbance evaluation. Therefore, Posiva has also assessed hydraulic head drawdown of 27
packed-off deep borehole sections. Over 10-metre drawdown has been observed in 19 packedoff sections (Posiva 2011-02). According to Posiva, the P-O results of packed-off sections
correlate relatively well with measurements, although in certain cases, modelling predicts less
drawdown than is observed while, in other cases, the situation appears to be vice-versa.
According to Posiva, drawdown occurs 1) due to proximity of ONKALO (general conductivity
from sparsely fractured rock) or 2) due to good hydraulic connection to ONKALO (longer
distance). In many cases, there are discrepancies between model results and observations,
indicating that all essential features of the bedrock are not captured in the hydrological model.
These discrepancies are related to the consistency of the safety case credibility discussions
above. According to Posiva (Posiva 2011-02), one of the success criteria for the Olkiluoto longterm hydrogeological model is that it has to be able to reproduce the short term disturbances
as well. This is a conclusion with which STUK agrees, and further testing and qualification of
the hydrogeological model has been discussed earlier (see e.g. Transport and retardation
properties of bedrock). The observed disturbances also emphasise the importance of
backfilling and closing parts of the repository as soon as practicable.
Based on hydrogeochemical monitoring observations and modelling calculations Posiva
concludes that the open tunnels draw groundwater from all directions from the bedrock and
the excavations are likely to cause an increase in the mixing of water types (Posiva 2011-02).
However, the interpretation of the early site monitoring results (years 2001-2011) has led
Posiva to conclude that, to date, the disturbed condition observations are mainly similar to the
Olkiluoto baseline data (WR 2012-44) and the results do not show any dramatic changes over
the years. Salinity decreases slowly in and above HZ19 and in HZ20, whereas there is some
salinity increase at a depth of 430 m related to HZ20B. The deep parts, e.g. around HZ21, have
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remained stable. Posiva concludes that the groundwater at repository depth is of Na-Ca-Cl type
with a salinity (TDS) range from 8.5 to 15.5 g/l, pH of water around 8 (i.e., slightly alkaline)
and SO42-, Mg2+, and NH4+ concentrations negligible in terms of being a threat to cement
performance (Posiva 2012-23). Regarding the operational future, Posiva predicts groundwater
composition for the first repository panel area. The conditions are initially very similar to the
baseline conditions. Posiva also says that the conditions may change during the time when the
panel is open, but is of the opinion that open tunnel conditions will mainly result in drawdown
of upper water layers that causes increases in alkalinity, sulphate and sulphide. Posiva
separately points out that the expected initial TDS levels are far below the limit (70 g/l)
required by the proper functioning of the backfill and buffer (Posiva 2012-23). This statement
is a clear and welcome contribution to the VAHA initial and short-term requirements, and to
the long-term targets and requirements. However, Posiva omits from its discussion and
modelling consideration of how the thermal pulse caused by previously disposed waste might
affect near-field hydrogeochemistry during the operational period and during the first
thousands of years after closure.
Posiva has also considered more broadly the consequences of construction activities for the
site’s groundwater system (WR 2010-25). These studies are based on the previous site model
(OSD2008) and evaluate the possible disturbance caused by the complete time-span of
disposal operations (i.e. 110 years). In addition to the operational period, the simulations
cover the first 2000 years after closure of the repository. This previous flow model makes
more extreme predictions than the current flow model (Posiva 2011-02) and some of its
results are summarised below. The base case of the 2008 study predicts that the maximum
salinity at repository depth might be met below the access tunnel and the shafts after about
100 years of operation. The initial value of TDS (~16 g/l) would then rise to a level of 42 g/l.
The maximum salinities in the repository panel areas might rise to 25-30 g/L, the average
values remaining at around 20-25 g/l. The 2008 flow model study contained twelve sensitivity
calculation cases. Decreasing the flow and diffusion porosities, reduction of longitudinal
dispersion lengths and reduction of porosity values all tend to increase both maximum and
minimum salinities in the repository volume, although the average of salinity of the repository
volume remains around 12 g/l. Contemporaneous adjusting of several parameters leads to the
most extreme salinity changes. In the sensitivity cases, the maximum salinities varied between
41-80 g/l, the highest also giving always the lowest minimum values (0-4 g/l). In the base case
calculations and in most of the sensitivity cases, a rather fast recovery towards initial salinity
levels begins immediately after closure of the repository.
The modelling results of the 2008 flow model are unverified. So far, Posiva does not see any
significant disturbances in the immediate vicinity of the ONKALO tunnels (Posiva 2011-02).
The modelling and its results also provoke once more the question of the conceptual
hydrogeological approach and hydrogeological parameterisation, discussed earlier in this
report. It is clear that the hydrogeological P-O studies discussed will contribute to these
disturbance considerations. Besides the salinity evolution, Posiva does not consider the
evolution of safety critical geochemical parameters, or temperature effects on
hydrogeochemistry during the operational period and beyond. Posiva points out the
possibility of present-day seawater intruding into the open repository facilities (Posiva 201102). This is also a relevant consideration and should be evaluated. Posiva should consider how
it might mitigate such an event, if it were to occur during the repository operations. Moreover,
Posiva does not discuss the fate or evolution of safety-critical foreign species concentrations
during the operational period and beyond. There should be more quantitative descriptions of
how the disturbed system finds its way back to, or close to its baseline equilibrium state.
Conclusions
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The mitigation of hydrogeological and hydrogeochemical disturbance has been considered by
Posiva. However, these considerations do not cover the complete extent indicated in YVL D.5
508. In addition to salinity evolution, Posiva should show more quantitatively how extensive
the hydrogeological and hydrogeochemical perturbations are expected to be during the years
of repository operation and how the disturbed system will find its way back to, or close to, its
baseline equilibrium state after closure of the repository. Posiva also needs to evaluate how
the repository near-field responds hydrogeologically and hydrogeochemically to the thermal
pulse caused by the SNF.
3.6
3.6.1

Sealing structures and closure
Characterization and suitability
Based on YVL D.5, Posiva should identify the relevant properties of each closure material to be
characterized. Emphasis in the characterization should be put on properties affecting the longterm durability, performance and mutual suitability of each (sealing/closure structure)
material. Closure materials used must be stable in repository conditions (temperature, ground
water chemistry, pressure) and must sustain their performance (performance targets) in
space and time. Closure materials used must not jeopardize the performance of other barriers,
i.e., the backfill, buffer and canister (not to contain materials that directly or indirectly affect on
other barriers).
Posiva has considered the topic of material characterization and the suitability of sealing and
closure structures in various documents: Design, Production and Initial State of the
Underground Disposal Facility Closure report, Posiva 2012-19, Backfill Production Line 2012
report, Posiva 2012-18, Description of the Disposal System 2012 report, Posiva 2012-05.
Posiva has presented only a brief description of the materials used in the sealing and closure
structures (closure backfill, plugs). This is due to the fact that closure is not going to start until
50 to 60 years after the present day. Consequently, there is sufficient time to study and
optimise the plans and materials for the closure. Despite the relatively long time horizon until
the onset of closure and the uncertainties in the materials that will actually be used, Posiva
should have provided a clearer account of its expectations of the long-term performance of the
closure.
Posiva’s approach is that, depending of the depth and local water conductivity of the rock,
different materials with different properties will be used. At the repository level, materials
similar to the deposition tunnel backfill are used and the characterization procedure is, in
principle, the same.
Posiva has identified both a lack of understanding and characterization methodology in its
disposal concept development programme and has presented plans to deal with the topic.
Posiva states in Posiva-STUK-10236 (POS-018517) that the maximum concentrations of
substances considered harmful to the EBS have not been determined. Posiva considers that
accurate limits are not necessarily needed because the use of different harmful substances is
controlled and accepted by means of a safety analysis.
Conclusions
Posiva’s characterization approach is currently under development and understanding of
material properties of clay materials affecting the performance of the barriers is limited.
However, Posiva has acknowledged the situation and does have plans to improve the
understanding of the material properties. Given the long time before closure systems are likely
to be deployed, STUK considers that the understanding is sufficient for this licensing phase but
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requires more work in the period before an operating licence application. There is time to
develop the characterization approach, based on the experience gathered from buffer and
backfill materials.
The modular approach developed provides a procedure to select the correct materials and
components for various closure parts in the repository, depending on the performance
requirements of the closure at each location.

3.6.2

QC
Posiva should (YVL B.2, YVL D.5) classify the barriers as systems and structures to safety
classes and determine the relationship between the system, structure or device and the
inspection class.
Posiva should develop or accept the necessary guides, instructions and system specific quality
manuals in order to carry out the QC procedures (YVL D.5) properly. The QC procedure covers
the fabrication (material, conditions, devices, personnel, documentation) and emplacement
phases (compliance with the requirements, documentation).
Posiva has considered the topic of quality control in Posiva 2012-17, 2012-18 and 2012-19. In
these reports, QC is embedded in all phases from material selection/approval and
manufacturing of components to emplacement of system components, up to the verification of
compliance with the requirements. The QC chain is comprehensive and continuous for the
whole process described.
Posiva has not described clearly how the instructions, manuals, method and process
description needed to manage the QC process are to be developed. However, Posiva is
currently in the process of writing the quality manuals for each barrier.
Posiva (2012-19) also states that the quality control of the closure backfill, as well as the
various plugs to be installed, will follow the principles set for quality control of the deposition
tunnel backfill. Further, quality control of the deposition tunnel backfill is described in detail in
Posiva 2012-18.
Conclusions
Posiva’s description of QC activities in connection with producing systems and system
components is sufficient for this licensing phase. There remains work to be done in producing
the necessary documentation for various parts of the process.

3.6.3

Performance
Guide YVL D.5 requires that performance targets be specified for each safety function based on
high-quality scientific knowledge and expert judgement. In doing so, account shall be taken of
the factors affecting the disposal conditions during each assessment period as well as their
combined effects. In defining performance targets for the safety functions of the closure,
account shall also be taken of the quantities and half-lives of radioactive materials.
According to Guide YVL D.5, conceptual models shall be constructed to describe the safety
functions of the closure and the factors affecting them.

82

Posiva 2012-07 presents the description of each factor (FEP) considered by Posiva to be
reasonable likely to affect the development of the disposal system. Such descriptions are
intended to address relevant interactions between a specific factor and all the other factors
influencing it. As such they serve the purpose of providing the basis for conceptual models
constructed to describe the safety functions and the factors affecting them. The objective of
Posiva 2013-01 is to describe the conceptual models used and their main assumptions.
Presentation of the reasoning and rationale for the derivation of the performance targets is a
key aspect of Posiva 2012-03. Posiva’s assessment of the fulfilment of the performance targets
is presented in Posiva 2012-04.
Posiva has specified performance target L3-CLO-6, according to which the closure shall restore
the favourable, natural conditions of the bedrock as well as possible. According to design
requirement L4-CLO-10, hydraulic connections from disposal depth to the surface
environment through the closed tunnels, shafts and investigation holes should not provide
easier transport paths than through existing natural fractures and fracture zones. A hydraulic
conductivity of ≤10–9 m/s in central tunnels and vehicle connections, of ≤10–8 m/s above -200
m, in technical rooms and lower shafts, and of ≤10–7 m/s in other positions, are stated to
ensure the fulfilment of this target.
The rationale for L3-CLO-6 is reported in Posiva 2012-03 to be that the hydraulic conductivity
of the materials and structures used in the closure shall be close to those of the host rock at the
same depths. However, the hydraulic conductivity of central tunnels and vehicle connections
presented in performance target (≤10–9 m/s) is nearly two orders of magnitude higher than
that shown in Posiva’s working report 2012-09 for sparsely fractured rock at repository depth
(3.0·10–11 m/s).
The performance target assumes that the hydraulic conductivity of the closure is less than 10 –8
m/s down to a depth of 200 m, in the technical rooms and in the lower shafts. In other
positions, the target is to have a hydraulic conductivity of less than 10–7 m/s. However, it is
seen from Posiva WR 2012-19 that hydraulic conductivity down to a depth of 200 m is
estimated at about 10–7 m/s. The target for the hydraulic conductivity of the technical rooms
and the lower shafts is also about 10–7 m/s. In other parts of the closure at a depth of 200–420
m, except for fracture zone HZ20, the target hydraulic conductivity is 10–8 m/s. WR 2012-09
reports that, down to a depth of 200 m, the hydraulic conductivity of the sparsely fractured
rock varies between 1.0·10–7 m/s and 1.3·10–10 m/s, being up to two orders of magnitude
lower than that presented in the performance target and up to three orders of magnitude
lower than presented in Posiva 2012-19. Also, the hydraulic conductivity of the sparsely
fractured rock presented in Posiva’s WR 2012-09 for a depth of 200–420 m is found to be two
orders of magnitude lower than in Posiva 2012-19. In summary, consideration of the
performance target in terms of the hydraulic conductivity of the closure is found inconsistent.
Posiva 2012-07 presents the factors affecting chemical degradation of the closure. The effects
of some of these factors are considered only at a general level (e.g., chemical composition of
groundwater) or not at all (e.g., temperature). It is stated that the long-term impact of
microbial activity on cement degradation is not well understood; yet Posiva 2012-04 suggests
that there are no major uncertainties in the evolution of the closure components during the
first 10,000 years after closure.
If the central tunnels, or any other part of the closure, will be backfilled with a material with an
EMDD less than about 1300 kg/m3, microbial activity is considered likely therein. WR 2012-09
states that the density achieved in the backfilled section of the shaft plug has a dry density of
1750–1850 kg/m3, corresponding to an EMDD of 1030 kg/m3. As the EMDD is considerably
less than the threshold value of 1300 kg/m3, microbial activity is foreseen to be likely in the
backfilled section of the shaft plug.
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POSIVA-STUK-10115 states that current uncertainties in the fulfilment of this performance
target are taken into account in groundwater flow modelling, without explicitly identifying
what these uncertainties are and where the relevant analyses have been reported.
According to performance target L3-CLO-7, the closure shall prevent the formation of
preferential flow paths and transport routes between the ground surface and deposition
tunnels/deposition holes. A hydraulic conductivity of ≤10–9 m/s in central tunnels and vehicle
connections, of ≤10–8 m/s above -200 m, in technical rooms and lower shafts, and of ≤10–7 m/s
in other positions are stated in design requirement L4-BAC-12, which is seen to be
quantitatively identical to L4-BAC-10, to ensure the fulfilment of this target. According to
design requirement L4-CLO-11, hydraulic isolation of sections in the underground openings
intersected by highly transmissive zones (such as HZ20) from other facility sections is also
required to ensure the fulfilment of L3-CLO-7.
The justifications of the performance target and, consequently, the review findings as well, are
largely the same as for L3-CLO-6. For L3-CLO-7, Posiva 2012-03 states additionally that the
access routes down to the estimated permafrost depth of 300 m (Posiva 2012-03) should
withstand the effects of freezing and thawing without compromising the safety of the
repository. However, Posiva 2012-03 does not explain what this means in terms of the
performance of the closure. Posiva 2012-03 also states that the sealing at the zones where the
shafts and access tunnel intersect some major hydraulically conducting fractures needs special
consideration, without elucidating what is meant by “special consideration”.
Posiva 2013-01 states that the possible degradation of closures has been taken into account in
the groundwater flow modelling presented in Posiva 2012-04. However, no explicit account
appears to have been taken of the effects of degradation of closures on groundwater flow. In
Posiva 2012-04, the degradation of closure plugs is stated to be uncertain, but even if
pessimistically assumed to have happened during the first 100,000 years, gravitational sealing
is assumed by Posiva to ensure low permeability through the access tunnel and other spaces
filled with closure materials. The process of gravitational sealing is found to be inadequately
described. On the other hand, the consequences from the degradation of cementitious closure
plugs after hundreds of years are stated to have been taken into account in the groundwater
flow calculations by considering cases with an increased hydraulic conductivity for the
backfilled tunnels. It is unclear where these groundwater flow analyses have been reported, as
no explicit literature reference is given in either Posiva 2012-04 or Posiva 2012-19 to support
this statement. Also, it is unclear which values of increased hydraulic conductivity were
considered in the calculations.
In Posiva 2012-04, it is stated that there are no major uncertainties in the evolution of the
closure components during the first 10,000 years after closure; yet, Posiva is prepared for the
effects of declined performance of the closure plugs occurring after hundreds of years only.
Posiva does not appear to have considered the effect of earthquakes on structural integrity and
performance of the closure. While Posiva has concentrated in the potential of an earthquake
with a moment magnitude (Mw) of 5 to induce rock shear displacements significant enough to
breach a canister during a post-glacial period, it does not, however, seem to have considered
the potential of earthquakes with Mw  5 to impair the performance of the closure and to
create relatively short transport paths to the surface environment already soon after closing
the disposal facility.
Posiva 2012-03 states that the radionuclide transport analyses have not taken directly into
account transport in the underground openings, because shorter transport paths have been
found. Posiva does not discuss the role of the underground openings and these “shorter
transport paths” in contributing to radionuclide transport in terms of their relative
transmissivities, especially if the former does not perform as expected. Consequently, Posiva
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appears not to have assumed the declined performance of the closure in any of the
radionuclide transport analyses. Also, plugged investigation drillholes might pose a greater
radiological risk than anticipated in the safety case, through formation of relatively short
transport paths to the surface environment.
According to performance target L3-CLO-8, the closure shall not endanger the favourable
conditions for the other parts of the EBS and the host rock. According to POSIVA-STUK-10115,
fulfilment of this target rests foremost on a proper choice of materials and design.
Posiva 2012-03 states that a major risk for the EBS, especially the buffer, is constituted by
high-pH leachates from the concrete. Posiva 2012-07, 2013-01 and Posiva 2013-04 present a
conceptualization for the leaching of cement from auxiliary components. Based on the
information reproduced in these reports, Posiva’s level of understanding of this issue is
difficult to assess.
According to design specification L5-CLO-14, the amounts of organics, oxidizing compounds,
sulphur and nitrogen compounds in the closure components should be limited. The set of
potentially harmful substances is extended in Posiva 2012-03 and 2012-19 to include iron and
hydroxide ions. However, no information about the maximum amounts of these substances
that would fulfil the performance target can be found in Posiva’s safety case. Indeed, in
POSIVA-STUK-10236, it is stated that no criteria that would limit their amounts in the closure
have been specified. Table 1 in POSIVA-STUK-10236 assumes that nitric, sulphur and organic
compounds in the closure do not have adverse effects on the favourable conditions of the
buffer, backfill, closure and host rock.
Conclusions
Although there are several areas identified above where Posiva will need to provide further
argumentation in future work and because the implementation of the closure is not foreseen
until the second half of this century, STUK considers that Posiva has described and justified the
performance of the closure adequately at this licensing phase. In particular, in moving towards
an operating licence application, there are requirements for further developments with
respect to the performance of the closure, especially as many of the performance targets lack a
criterion or are fairly ambiguous in their specification. Before submission of the operating
licence application, Posiva should reconsider the safety functions and performance targets
critically, in order to improve and clarify their argumentation and to remove internal
inconsistencies in the target specifications. Due to the ambiguities in argumentation and lack
of criteria, it is difficult to assess at present if some of the performance targets are based on
sufficient, high-quality scientific knowledge and expert judgement. Posiva should form a more
coherent view of the expectations of the performance of the closure at the operating licence
phase.
There is also a need to develop FEP descriptions further to address all the relevant
interactions within and between barriers more clearly and comprehensively and to construct a
conceptual model for each safety function of the closure and the factors affecting them. This
contributes to a more robust specification of the performance-target criteria. Posiva’s progress
in its RD&D work regarding these issues will be followed by STUK.
4

Demonstrations, manufacturing and installation tests
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4.1

Description of demonstrations and their targets
Posiva should demonstrate compliance with the requirements of the whole construction,
manufacturing and emplacement process of the KBS-3V concept. In this licensing phase (CL) it
is enough to demonstrate the technological readiness and available plans (YVL D.5, YVL B.1).
For an operating licence application, the whole process must be demonstrated as part of the
(non-nuclear and nuclear) commissioning tests.
Successful demonstration of emplacement devices, manufacturing of EBS components
(separate systems), emplacement of EBS components, attainment of the initial state
requirements, together with credible quality control and documentation, would indicate the
feasibility of the concept.
Successful demonstration of excavation and construction of repository rooms (central
tunnels), deposition tunnels and deposition holes, under the guidance of the RSC process,
would indicate Posiva’s readiness to proceed to the construction of the first central tunnel and
first deposition tunnels (preparatory stage, panel 1).
Monitoring of ONKALO and future demonstrations and commissioning tests is planned and
described in Posiva’s monitoring plan (Monitoring at Olkiluoto – a Programme for the Period
Before Repository Operation, Posiva 2012-01). This programme is described in Chapter 2.3.

Excavation and construction of the repository
Posiva has developed the excavation and construction methods to produce the necessary
underground rooms for the repository. The process is described in the following reports:
Underground Openings Production Line 2012, Posiva 2012-22 and Site Engineering Report,
Posiva 2012-23.
Posiva has excavated five kilometers of access tunnel, large technical rooms, investigation
niches and four, short demonstration tunnels. Posiva has also bored four deposition holes for
development and demonstration purposes. Posiva is currently in the process of boring 3+3
additional deposition holes in Demonstration Tunnel 2.
Demonstrations have also been presented and discussed in Posiva’s Licensing Plan (PSAR,
POS-014722 Luvitussuunnitelma) and Preliminary Commissioning Plan (PSAR, POS-014698,
Alustava käyttöönottosuunnitelma).
Manufacturing of EBS components
Canister
The canister consists of the copper tube and lid, and the cast iron insert. Posiva has developed
a pierce and draw method (Posiva’s reference method) for the canister tube manufacturing.
The lid will be made using a hot forming process. In terms of the canister insert, Posiva has
developed a casting process. Posiva has presented the current status of the canister production
development work in its Canister Production Line 2012 report (Posiva 2012-13) and its
references.
Buffer
Posiva has studied the manufacturing processes of buffer components made of bentonite clay.
The buffer is composed of buffer blocks (rings and disks) and pellets. The current knowledge
of material, fabrication and emplacement has been documented in the Buffer Production Line
2012 report (Posiva 2012-17) and its supporting reports.
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Posiva’s current reference method for buffer block fabrication is isostatic compression. Posiva
is also carrying out tests to compare blocks and their properties, manufactured with both
methods (uniaxial and isostatic). Posiva has not yet demonstrated the fabrication of full-scale
buffer blocks.
During autumn 2014, Posiva has tested the buffer installation machine (BIM), which is a
demonstration machine. Tests have been carried out in the Test Hall at ONKALO. Tests will be
carried out in the ONKALO demonstration tunnels in early 2015.
Posiva has not yet demonstrated in full scale the use of a copper plate at the bottom of the hole,
together with the rubber membrane. Testing is possible in the Test Hall at ONKALO.
Backfill
The backfill is composed of clay blocks, bentonite pellets and a foundation layer constructed of
crushed bentonite. The current knowledge of material, fabrication and emplacement has been
documented in the Backfill Production Line 2012 report (Posiva 2012-18) and its supporting
reports. Posiva has studied the manufacturing process of a backfill made of Friedland clay.
Posiva’s current reference method for block fabrication is uniaxial compression Posiva has
made fabrication tests with full-scale blocks, but the results have not yet been published. Thus
the fabrication of full-scale backfill blocks has not been demonstrated yet.
Posiva is subcontracting the manufacturing of a backfill installation machine, which will also
be a demonstration machine. Currently the FAT tests are being carried out. Site tests (SAT), at
ground level, will continue until summer 2015 and continue after that in ONKALO.
Plug
Posiva’s reference plug has earlier been a so called “wedge” plug. It has been documented at a
general level in Posiva’s working report “Principle plug design for deposition tunnels”, WR
2009-38. Currently, Posiva’s reference plug (as stated in Posiva 2012-18) is similar to SKB’s
reference plug (Dome plug), described in SKB report TR-10-16. SKB has studied the use of lowpH concrete in plugs in a later report (R-11-04).
Posiva is participating in the EC 7th Framework Programme project, DOPAS, in which Posiva is
constructing a low-pH concrete wedge plug in ONKALO Demonstration Tunnel 4 to
demonstrate its construction.
Closure
The closure is composed of buffer blocks (rings and disks) and pellets. The current knowledge
of material, fabrication and emplacement has been documented in Posiva 2012-19 and the
supporting reports.
Because closure will happen in the distant future, Posiva’s idea is to utilize the principles and
experiences that will be gathered from deposition tunnel materials and plugs during the
operational period. Therefore, there are no detailed plans for demonstrations for the closure.
Demonstrations
Posiva recognizes the need to demonstrate the feasibility of the concept before the decision
concerning the construction licence application is made. The demonstration principles have
been presented in a working report “Testing and demonstrations in ONKALO – Aims and
needs” (WR 2009-24). Posiva’s “Nuclear waste management programme” (YJH-2012) presents
the updated principles and various demonstrations that have been planned for the period
2013-2015 and also up to the operational phase. The previous TKS-2009 programme
contained a limited number of plans for demonstrations.
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It is particularly important for Posiva to show the feasibility and the practicality of
implementing (engineering) the disposal concept and its design and to show that it can be
made to work and perform in the manner envisaged in the safety case.
Posiva is late with some aspects of the demonstrations and some of the plans and timetables in
YJH-2012 were not clear enough. STUK requested Posiva to gather, schedule and clarify the
contents, timetables and safety significance of the planned testing, research and
demonstration activities. Posiva has delivered an additional document “Disposal concept
development programme / Loppusijoituskonseptin kehitysohjelma” (Posiva-STUK-10215,
POS-018285, in Finnish), which contains most of the information requested, presented at
varying level of details. This programme does not cover the demonstration of the underground
rooms: for example, the production of deposition tunnels and holes.
In terms of the manufacture of the EBS components, Posiva’s technology readiness level is
highest for the canister components. According to its documentation related to the canister,
Posiva can manufacture full-size canister components whose mechanical properties (e.g.
tensile strength, elongation) fulfil the requirements that it has set.
The development programme contains a large amount of testing and demonstration, thus
making up a large part of Posiva’s RTD activities. The programme tries to link tests and
demonstrations to the performance targets. STUK identifies some shortcomings: parts of the
project are described on a general level, concrete project plans are missing and the criteria and
decision making processes have not been described. The programme is not explicit and timing
of the projects is not detailed enough and seems optimistic. Posiva is aware of the project risks,
especially concerning the timing.
Parts of the demonstrations are planned to be carried out in Äspö, Sweden, as co-operation
activities with SKB. Information dealing with these projects is sparse. Posiva should focus its
future R&D into areas for which reduction in current uncertainties will have the greatest
impact on improving and assuring post-closure safety.
Monitoring is discussed in section 2.3.
Conclusions
STUK considers that the most important, near-term priority for Posiva must be early
demonstration of its ability to reproducibly emplace its engineering barrier system at their
intended initial state, preferably in underground conditions. According to the PSAR decision
(1/H42241/2012) this has to be done before the starting of the construction of the
preparatoty phase (panel 1).
STUK sees that the emplacement of barriers will need almost real-time quality control and an
instantaneous decision-making procedure. The information received so far from the
demonstration machines and related software does not confirm readiness for this.
Posiva is late with the demonstration programme and is not able to demonstrate the feasibility
of the concept even at the system level. If the demonstrations with canister and buffer can be
carried out successfully then it can be expected that the whole concept will be feasible.
However, there remain uncertainties due to the fact that the feasibility of some other barriers
(backfill, including plug, deposition hole (bottom) and nearby rock) remains to be shown.
There also remains work to be done for the commissioning phase of the facility
(commissioning plan, both non-nuclear tests and nuclear tests after getting the OL).
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Despite these specific issues, Posiva’s overall intentions and approach to demonstration
activities are reasonable and credible from the CLA point of view. However, STUK has concerns
about clarity and precise timing, which will affect the feasibility and schedule of the project.
The plans presented in Posiva’s “Development programme” would, however, be sufficient in
proving the feasibility of the concept, if successfully carried through.

4.2

QC
Posiva should develop or accept the necessary guides, instructions and system specific quality
manuals in order to properly carry out the QC procedures (YVL D.5). The QC procedure covers
the fabrication (material, conditions, devices, personnel, documentation) and emplacement
phases (compliance with the requirements, documentation).
The QC procedures that Posiva has used during the concept development period, before the
CLA, and will use during the forthcoming demonstrations, have been stated in the Management
System Manuals.
Posiva is in the process of producing quality manual for each barrier component (technical or
natural). The QC procedures during manufacturing and emplacement activities of each barrier
have also been described extensively in a related production line report.
Posiva has recently updated the requirements for QA and QC tasks and personnel competence
and taken them into account in the task specifications and in the manufacturing and
installation of clay based components.
In previous and current demonstrations, Posiva has applied suitable technology and
procedures (for example laser scanning) to verify the successful construction of rooms and
structures. New demonstration devices will be equipped with modern positioning and quality
control instruments. It will also be possible to follow the emplacement from direct video
transmission, or check it from video recording.
The main emphasis of Posiva’s current work is to construct the demonstration machines and
the necessary development of process descriptions has been delayed.
Conclusions
QC activities dealing with the previous or current demonstration activities of the technical
barriers are at a sufficient level for this licencing stage.

4.3

Relevance and expected outcome
There are no direct requirements for demonstrations in any of the regulations. However, the
requirements (YVL B.1) state that the solutions and methods chosen during the course of the
design shall be based on proven technology and operating experience, and they shall be in
compliance with the applicable standards. In addition, the design shall strive for simplicity
and, if new solutions are proposed, they shall be validated through tests and experiments.
Demonstrations, manufacturing and installation tests are described and discussed in both the
CLA material and other related documents. A first, comprehensive presentation was given in
Posiva WR 2009-29.
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Demonstrations have also been presented and discussed in Posiva’s Licensing Plan (PSAR,
POS-014722 Luvitussuunnitelma) and Preliminary Commissioning Plan (PSAR, POS-014698,
Alustava käyttöönottosuunnitelma).
The latest document describing these activities is the Disposal Concept Development
Programme (POS-018215). It contains a description of all EBS-related tests and
demonstrations that Posiva will carry out up to the commissioning tests. Posiva is currently
preparing a detailed research plan for every test. These research plans define the targets,
expected outcome and safety significance in detail.
Posiva’s CLA describes the role of demonstrations as a part of the development and licensing
processes. Posiva has also decided that the operating licence will only be applied after the
required demonstrations, especially the commissioning tests, have been successfully carried
out.
Demonstrations have also been presented and discussed in Posiva’s Licensing Plan (PSAR,
POS-014722 Luvitussuunnitelma) and Preliminary Commissioning Plan (PSAR, POS-014698,
Alustava käyttöönottosuunnitelma) .
Demonstrations will be used to show the feasibility of the initial state of each barrier. Posiva
and STUK are aware of the possibilities and limitations provided by the demonstrations and
monitoring and have started discussions dealing with performance confirmation.
Demonstrations and/or monitoring cannot, on a large scale, be used to verify the performance
of the barrier system and the attainment of the target state, because few areas of the
repository might evolve to the target state during the operational period.
Conclusions
The demonstrations planned and described in the development programme are relevant from
the feasibility and post-closure safety point of view. However, STUK has not yet made a
detailed review of the development programme.
The planned demonstrations are late and Posiva is thus not able to show the feasibility of the
concept, either at the system level or at the concept level, before STUK’s statement. However,
Posiva’s demonstration activities, both for development and feasibility purposes, are at a
sufficient level for this licencing stage.

5

Post-closure safety

5.1
5.1.1

Analysis of the safety concept
Safety functions and performance targets
GD 736/2008 11§ requires that the long-term safety of disposal shall be based on safety
functions achieved through mutually complementary barriers so that a deficiency of an
individual safety function or a predictable geological change will not jeopardise the long-term
safety.
It is also required that safety functions shall effectively prevent releases of disposed
radioactive materials into the bedrock for a certain period, the length of which depends on the
duration of the radioactivity in the waste. For short-lived waste, this period shall be at least
several hundreds of years and, for long-lived waste, at least several thousands of years.
YVL D.5 states that performance targets shall be specified for each safety function, based on
high-quality scientific knowledge and expert judgement. In doing so, account shall be taken of
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the factors affecting the disposal conditions during each assessment period, as well as their
combined effects. In an assessment period extending up to several thousands of years, it can be
assumed that the bedrock of the site remains in its current state, taking account, however, of
the changes due to the disposed waste and predictable or foreseeable processes, such as land
uplift and excavations.
Further, Guide YVL D.5 states that in defining performance targets for the safety functions
provided by means of engineered barriers, account shall be taken of the quantities and halflives of radioactive waste. The point of departure for the disposal of SNF shall be that the
safety functions provided by the engineered barriers will effectively limit the release of
radioactive substances into the bedrock for at least about 10,000 years. Respectively, the
duration of the effective containment provided by means of engineered barriers shall be at
least about 500 years for short-lived waste disposed of in the bedrock.
According to YVL D.5 the design of the safety functions shall aim to provide a disposal concept
that is not sensitive to changes in the bedrock. Another design objective shall be that the
characteristics of the engineered barriers in the disposal facilities will not change over time in
a way that may have adverse effect on the safety functions, with due consideration given to the
reduction of the importance of engineered barriers over long periods of time.
Posiva has defined safety functions and performance targets for the safety functions in Posiva
2012-03. In general, Posiva does not explain which safety functions the performance targets
are specified for. Hence, the linkage between Posiva’s safety functions and performance targets
remains unclear. Posiva states that safety functions are implemented in the proposed design
through a set of technical design requirements, which are based on performance targets. The
link between performance targets and the design remains unclear.
Due to the general and broad scope of Posiva’s safety functions, as concluded section 2.2 of this
report, it is unclear how the declined performance of a safety function is handled in Posiva’s
assessment.. Guide YVL D.5, A05 requires the extent to which the performance of a safety
function may decline to be addressed.
The performance targets Posiva has specified are also safety-objective-like notions, rather
than measurable or assessable characteristics of the barriers as required in the final version
Guide YVL D.5. Only a few performance targets are found to include a measurable or
assessable criterion. Posiva has presented a criterion only for such performance targets that it
considers a criterion to be definable for. Posiva appears to have perceived performance targets
as requirements for the barriers, the associated criteria of which may not necessarily provide
sufficient flexibility for the design once specified. Instead of this rigid view, Posiva should
consider the performance targets as actual targets for the performance (of a barrier), instead
of requirements. Then, whether these targets are met or not, the possible effects on postclosure safety would be assessed through scenarios to demonstrate that an adequate level of
post-closure
safety
can
be
maintained.
In
POSIVA-STUK-10337/13.10.2014
(36/H42252/2014), STUK’s request to consider performance targets as targets instead of
requirements has been acknowledged by Posiva, who now plans to revise the specification of
the performance targets accordingly.
In defining performance targets, Posiva suggests that it has considered all the factors that have
the possibility to influence system evolution. Posiva has explored a large number of factors, as
indicated in Posiva 2012-03. However, in Posiva 2012-12 it is suggested that “In the definition
of the performance targets and target properties, all the lines of evolution and expected loads
that are judged reasonably likely to occur (based on current understanding and previous
findings) are taken into account”. Here, Posiva appears to have reduced the set of possible
factors to one that is constituted by factors considered “reasonably likely to occur”. Posiva’s
approach is reasonable, but the consequence from such a reduction of factors might be that a
number of factors that have significant indirect effects on the system development may not
have been considered.
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Posiva’s safety functions do not assume any particular time periods over which they are
expected to be fulfilled. Posiva states that the safety functions are defined such that they are
fulfilled all times to the extent that they are required to ensure post-closure safety. However,
Posiva’s performance targets are assumed to be maintained over the whole assessment period
of 1 Ma, unless stated otherwise.
An assessment of whether the specification of the safety functions provides a disposal concept
that is not sensitive to changes in the conditions of the bedrock and whether the
characteristics of the engineered barriers will not change over time in a way that may have
adverse effects on the safety functions, reduces to assessing the credibility of the specified
performance targets, while considering a multitude of interactions between the barriers.
Posiva has considered a number of issues that have the potential adversely to influence the
performance of the barriers, including canister overpack corrosion by pure de-oxygenated
water, piping erosion of the buffer and backfill, chemical erosion of the buffer and interaction
of alkaline groundwater with the buffer. Such issues acquire safety significance from their
potential to contribute to the declined performance of the safety functions defined for the
barriers. It is not clear for STUK how much the performance of a safety function may decline
before performance of a barrier is compromised.
Posiva has assessed the fulfilment of the performance targets during different time periods in
the performance assessment reported in Posiva 2012-04. Posiva uses the performance
assessment to show that the system, designed and built according to the specified technical
requirements, will be compliant with the performance targets initially and in the long term.
Posiva’s assessment is comprehensive enough at this licensing phase.
Posiva’s safety case is based on the draft version of Guide YVL D.5 that was published after
submittal of the licence application. The requirement regarding criteria for the performance
targets was updated in the published version after Posiva’s submission of the CL application.
Due to ambiguities in argumentation and the lack of criteria for the performance targets, STUK
had to devote effort to assessing the post-closure performance of the barriers to verify that the
performance targets were based on high-quality scientific knowledge and expert judgement
(YVL D.5, 409).
Conclusions
Although STUK has had some difficulties in reconciling Posiva’s approach with the
requirements and has identified significant differences in how the safety case is structured, the
assessment that Posiva has described has been sufficient to justify the performance of the
barriers adequately at this licensing phase. However, as Posiva moves towards an operating
licence application it will need to address the development needs that STUK has identified. A
safety case is a structured argument for the safety of a system. Specifically, STUK requires that
Posiva shall construct an argument for the post-closure safety in which:
(1) Posiva shall reconsider its safety function and performance target approach in a critical
way in order to clarify its safety argumentation and to remove internal inconsistencies in the
targets before submission of the operating licence application,
(2) to understand better how, and to what extent, the performance of a safety function may
decline before performance is compromised, before the operating licence phase Posiva shall
redefine each performance target to include a quantitative criterion describing the
characteristic which, when met, ensures the fulfilment of a safety function. Posiva shall also
present a clear and unambiguous link between the safety functions, performance targets and
design,
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(3) the performance targets for the safety functions shall be supported more clearly by the
performance analysis, especially given the substantial uncertainties involved during the early
evolution of the disposal system; and
(4) uncertainties in the safety functions beyond the performance-target criteria shall be
considered and managed systematically and comprehensively in variant and disturbance
scenarios. The above considerations shall apply to the disposal system as a whole, including
the low- and intermediate-level waste repository.

5.2
5.2.1

Scenarios
Formulation methodology
A04 of Guide YVL D.5 requires that the way scenarios are constructed should be systematic
and take into consideration any events and factors that may be of relevance to post-closure
safety and arise from:
a. external factors, such as climate changes, geological processes and events or human actions;
b. radiological, mechanical, thermal, hydrological, chemical, biological and radiation-related
factors internal to the disposal system;
c. quality non-conformances in the barriers;
and the combined effects of all the aforementioned factors.
Posiva 2012-08 presents the methodology followed by Posiva to formulate the radionuclide
release scenarios for the disposal system.
Formulation of scenarios describing the possible future developments of the disposal system is
an integral and important part of a safety case. The postulated system evolutions are analysed
taking into account the uncertainties that are inherent in such descriptions of future evolution,
including the effects of possible declined performance of barriers on post-closure safety.
Posiva has defined scenarios as lines of evolution that may lead to failure of the canisters
containing the spent nuclear fuel and to the release of radionuclides. A scenario should
highlight the causal reasoning and present plausible cause and effect links that connect a
future condition with the present. Posiva 2012-12 states that the scenarios are used to address
uncertainties in the evolution of the disposal system. However, Posiva does not present a
scenario as an evolution for the repository system. Posiva’s scenarios and the descriptions of
their derivation, appears as listings of the assumptions made for the safety analysis
calculation.
According to Posiva 2012-08, scenarios need to be internally consistent and transparent.
Posiva’s safety case does not seem to clearlydemonstrate how internal consistency and
transparency have been ensured in practice.
Formulation of Posiva’s repository system scenarios and surface environment scenarios has
been done in two separate processes. The reason for this is stated in Posiva 2012-08 to be the
small number of factors (FEPs) simultaneously acting in the repository system and the surface
environment, and the different assessment time windows involved.
Posiva’s scenario process follows a systematic “top-down” approach to, first, identifying
barrier safety functions and then considering the effect of a single factor (FEP) or a
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combination of factors on the identified safety functions, with due consideration of effects of
uncertainties within the expected lines of evolution (Posiva 2012-08). It is rather unclear how
this principle was implemented in practice. Posiva’s overall purpose with scenarios is to
represent the possible future evolution of the system by a finite set of discrete evolutionary
lines and analyse them to demonstrate that the proposed repository system will perform
safely up to one million years in the future. Because future system states cannot be predicted
with any precision, a sufficient number of possible and reasonable lines of evolution needs to
be defined to provide sufficient information to determine the overall safety of the repository
system. Consideration of influences between FEPs in an interaction matrix (Posiva 2012-07)
presents the linkages between the relevant FEPs. The link between the scenarios and some of
the FEPs is visible, but not between the performance targets and the scenarios. Posiva has
presented the relevant FEPs, but it is not obvious and easy to determine whether all the
possible “failure modes” of the barriers have also been considered. This is mainly because
Posiva has covered in one scenario a variety of factors in the evolution of the system. It is
therefore not easy to estimate the effects of a single factor on the long-term safety. It is
important to check that potential scenarios with a significant risk are not missing from the set
of scenarios considered.
Due to the great number of performance targets that Posiva has specified, more systematic
scenario building, by considering the possibility that the performance targets are either met or
not, might result in a greater number of possible scenarios. The presentation of Posiva’s
scenario process is not as systematic and transparent as it could have been. While it is difficult
to assess if Posiva’s set of scenarios includes those most relevant to the safety analysis, it
appears to provide reasonable enough assurance that a required level of post-closure safety
can be maintained.
Posiva 2012-08 states that the formulation of scenarios for the surface environment has
striven for consistency with the methodology used in the formulation of scenarios for the
repository system. Posiva 2012-12 states that the approach for constructing the surface
environment scenarios is somewhat different from that for the repository system, since the
surface environment is assigned no safety functions. The presentation ofPosiva’s scenario
process for the surface environment appears to be a more consistent and transparent scenario
process than for the repository system. The variant and disturbance scenarios for the surface
environment are constructed mainly by considering reasonable deviations from the base
scenario. The disturbance scenarios are constructed mainly by identifying unlikely FEPs or by
considering unlikely deviations from the base scenario (Posiva 2012-08). However, Posiva’s
surface environment scenarios could have been constructed more systematically and
comprehensively in terms of alternative assumptions about what are termed “scenario
drivers”.
Posiva ensures the consistency of repository system and surface environment scenarios by
making radionuclide transport calculations compatible at the interface between the host rock
and the surface environment. Ensuring that the assumptions made in the repository system
and surface environment scenarios do not conflict with one another would have increased the
consistency of repository system and surface environment scenarios. Posiva’s safety case does
not clearly present how uncertainties in the long-term development of the disposal system,
many of which increase with time, were taken into consideration in the scenarios. In terms of
total system evolution, uncertainties during the first 10 ka are generally smaller than for the
remaining 990 ka of the assessment period of 1 Ma and the scenarios constructed to describe
future possibilities should reflect this. Posiva has not separately presented repository system
scenarios for the first 10 ka, which would have been made consistent with the scenarios for the
surface environment. Consequently, it is unclear how Posiva’s scenarios for the repository
system reflect the increase of uncertainty with time. It is also unclear how this increasing
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uncertainty is considered in Posiva’s post-closure safety analyses in relation to the decreasing
radiological risk from the repository with time.
Posiva 2012-12 states the calculation cases to illustrate the impact of specific uncertainties, or
combinations of uncertainties, related to the scenario definitions but does not present what
these are. Scenarios themselves are intended to illustrate and capture uncertainties in the
development of the disposal system by considering future possibilities that are either expected
(base scenario) or deviate from the expected (variant and disturbance scenarios).
Posiva suggests that the performance assessment takes into consideration uncertainties in the
initial state of the barriers and in the evolution of the repository system. As Posiva 2012-04
has the objective of presenting an assessment of the fulfilment of the performance targets
during the expected evolution of the repository system (base scenario), the uncertainties
considered therein should be contained in any performance-target criteria that Posiva has
defined. Posiva identifies a number of “incidental deviations” that could result in the release of
radionuclides but does not explain how the process for identifying the set of possible
incidental deviations has been performed.
Preparedness for alternative future possibilities for system evolution should take place by
considering also the possibility that the performance targets are not met. Posiva does not
present a description of how the disposal system is perceived to evolve subsequent if one or
several performance targets are not fulfilled, due to an “incidental deviation”. Also, Posiva does
not explain which performance targets are affected by any given incidental deviation, in what
way and to what extent: for example, “buffer erosion in some deposition holes”. In the base
scenario, these deviations are assumed to be insignificant enough not to decline the
performance of any barrier, i.e., all performance targets are assumed to be met. Variant and
disturbance scenarios call for preparedness for the possibility of quality non-conformances
significant enough to result in the declined performance of at least one barrier, i.e., at least one
performance target is assumed not to be met. Such quality non-conformances could arise from,
e.g., improper emplacement of a barrier, missing barrier components etc. In its scenarios,
Posiva’s safety case does not show preparedness for quality non-conformances significant
enough to result in the declined performance of a safety function for any barrier other than the
canister (initial penetrating defect).
Posiva has not presented any scenarios for the low- and intermediate-level waste repository in
the report Posiva 2012-12 or included influences from this repository on scenarios
constructed for the spent fuel repository.
Conclusions
STUK identifies several areas where Posiva’s approach to constructing scenarios is difficult to
follow or does not match our expectations of a comprehensive methodology. However, the
scenarios selected and the analyses carried out are considered sufficient to test and illustrate
the overall performance of the system, even though there are gaps to be filled and additional
information that is needed before an operational licence stage. For the CLA, Posiva’s
presentation is considered adequate, but does not easily lend itself to concluding whether
some key safety-significant evolutionary uncertainties have been accounted for in the analysed
scenarios.
In future, Posiva’s scenario process should be made more transparent, to include a definition
of the purpose and scope of the scenario work and to have a clearer reporting practice. Posiva
shall consider developing a more systematic and comprehensive approach that would enable
an easier evaluation of scenarios for credibility, coverage and distinctness. This would help
Posiva to be better prepared for future possibilities that deviate from the expected evolution of
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the disposal system, as well as for new knowledge and possible surprises that could unfold in
the future. Posiva shall present each scenario as an evolution scheme, describing the potential
future behaviour of the disposal system. The assumptions made in such scenarios are intended
better to inform the choices made in radiological consequence analyses with regard to, e.g.,
model and input data selection.
The safety case shall cover the repositories for low- and intermediate level waste and for SNF
in an integrated safety analysis of the disposal system.

5.2.2

Classification
According to para A05 of Guide YVL D.5, the base scenario shall assume that the performance
targets defined for each safety function are met. The influence of declined performance of one
or several safety functions shall be analysed by means of variant scenarios. Disturbance
scenarios shall be constructed for the analysis of unlikely events impairing long-term safety
referred to in requirement 316. The argumentation for the assumed extent of the declined
performance of a safety function shall be presented.
Posiva 2012-12 suggests, based on GD 736/2008, that the base scenario needs to be defined
with a high probability of causing radiation exposure, but with low consequences. This has led
Posiva to define its base scenario to include a few canisters with an initial undetected
penetrating defect. However, according to para A05 of Guide YVL D.5, the base scenario should,
by definition, be based on the assumption that each of the performance targets is met whereby
the canister overpack would remain unbreached. This means that quality non-conformances in
the base scenario compliant with para A05 are assumed insignificant enough not to result in
the declined performance of any of the safety functions, which clearly is not the case for
Posiva’s base scenario, as this assumes a few canisters with an initially penetrating defect.
STUK notes, however, that Posiva’s safety case is based on draft 4 of Guide YVL D.5, which was
updated in draft version 5 after submittal of the licence application and that Posiva’s approach
is cautious and likely overestimates the impacts of the disposal facility especially during the
first several thousands of years of the base scenario.
Posiva 2012-12 suggests that when the performance targets and target properties are met and
future evolution follows reasonably likely lines (design basis scenarios), the safety functions
are fulfilled. According to para A05 of Guide YVL D.5, fulfilment of all safety functions (or
performance targets) defines the base scenario alone.
The base scenario that Posiva has defined assumes a quality non-conformance, resulting in the
safety function for the canister being declined. Therefore, the base scenario shows
characteristics of a variant scenario. Posiva 2012-12 suggests that, with more data becoming
available in the future, it is likely that it will be possible to demonstrate that the probability of
emplacing more than one canister with an initial undetected penetrating defect is less than 1%
(less than 0.2% in Posiva 2012-08). In Posiva WR 2011-36, it is stated that the currently
available data are insufficient, even when expert judgement is used, to make a reasonable
estimate of the probability of emplacing a defective canister in the repository. In light of
Posiva’s argumentation, it appears possible that the probability might be greater than 1%,
corresponding to more than 45 initially penetrated canisters. Since Posiva currently cannot
show convincingly that the probability would be less than 1%, it should have considered a
wider range of probabilities and a possibility that part of the initially defected canisters would
have been emplaced successively in unfavourable canister positions, to reflect, e.g., a quality
non-conformance due to an unforeseen systematic failure in QA/QC. Such considerations
would contribute to increased robustness of the disposal system.
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Posiva does not present explicitly which performance targets are assumed to be unfulfilled due
to the assumptions made in the variant and disturbance scenarios (e.g., those in the variant
scenario VS1, ”degradation of the outer part of the buffer”). The declined performance of one
barrier may result in the declined performance of other barriers, not just via direct, but also
via indirect influences between the barriers. In relation to variant scenario VS1, Posiva 201208 suggests that the declined performance of the buffer might result from several factors, or
combinations of factors, that are likely to occur within the first tens of thousands of years after
emplacement, such as piping erosion, mineralogical alteration and cementation, or from their
combined effects. However, in Posiva 2012-09 it is assumed that a 3.5-cm thick zone in the
outer rim of the buffer is affected by piping erosion alone, with Posiva 2012-45 cited for the
justification of this assumption. However, Posiva 2012-45 does not provide such justification.
Posiva does not explain how effects from such adverse factors as piping erosion translate into
conceptualisation of a disturbed zone with a specific thickness, considering the assumed
homogenization and self-sealing capability of the buffer. In order for the 3.5-cm disturbed zone
to form, the self-sealing ability of the buffer should be adversely affected, which in turn means
that a number of other performance targets might not be met.
Variant scenario VS2 assumes three episodes of glacial meltwater intrusion down to
repository depth during the next 170 ka (Posiva 2012-04). Each episode is assumed to last for
333 and 1000 years for the reference and variant case, respectively. The first episode is
assumed to start at 105 ka AP. The timings and durations of the meltwater episodes have not
been justified in detail in Posiva’s safety case. Alternative assumptions about, e.g., the onset of
the first glacial period have been presented. Posiva 2012-12 suggests that, based on
pessimistic assumptions, a few canisters might fail within 1 Ma, subsequent to chemical
erosion of the buffer; a more pessimistic assumption would be that a few tens of canisters
would fail.
A disturbance scenario is a special case of variant scenarios whereby the declined performance
of one or several safety functions is assumed due to unlikely events referred to in para 316 of
Guide YVL D.5. These events are intended to be induced by natural phenomena or caused by
human actions. Accelerated corrosion of the canister insert is considered by Posiva’s
disturbance scenario AIC. Justifying corrosion to fall in either of the two above-mentioned
categories is not considered reasonable and hence its influence on the declined performance of
a safety function should be considered in variant scenarios.
The disturbance scenario RS assumes that a rock shear displacement sufficient to breach a
canister occurs either at 40 ka or 155 ka after present (AP). Posiva says that the former time is
selected arbitrarily and the latter is guided by assumptions made about climate evolution. As
the arbitrariness of the former time is explicitly stated it would be important for Posiva to
make alternative assumptions about it. Alternative assumptions about climate evolution
should also be taken into account due to uncertainties in the long-term climate models. Posiva
also says it has considered the effects of alternative assumptions about groundwater flow and
composition, but does not identify which performance targets are assumed not to be met.
In addition to the assumptions made in scenario RS, variant RS-DIL assumes advective
conditions to prevail once the buffer loss by chemical erosion exceeds 1200 kg. However,
advective conditions may form much earlier than during the intrusion of melt water assuming,
for example, that during the early evolution phase of the repository system piping erosion
occurs. In Posiva 2012-04, it is suggested that a loss of 1200–1400 kg of buffer material would
be possible without compromising the performance of the buffer. Following Posiva’s
reasoning, this would mean that, in case the material loss by piping erosion exceeds 1200 kg,
advective conditions would form in the buffer without any chemical erosion being necessary.
Significant piping erosion could have far reaching implications for the subsequent evolution of
the repository system, as a number of performance targets may not be met as a consequence.
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The experimental results in Posiva WR 2012-100 for the complex interplay between piping
erosion, saturation, material homogenization and build-up of swelling pressure suggest that
continued research efforts are needed to bind the risk posed by piping erosion.
Posiva 2012-12 assumes that, during the ice-sheet retreat phase, the disposal system may
become susceptible to dilute groundwater conditions and suggests that the estimate of the
number of canister positions affected is strongly dependent on the duration of the melt water
intrusion and, especially, on the model assumptions regarding the interaction between the
fracture water and the rock matrix. As these factors include significant uncertainties, it is
important that alternative assumptions are made about them and managed comprehensively
in variant and disturbance scenarios if the assumptions are such that they result in the
declined performance of the safety functions. If, on the other hand, the assumptions are such
that they do not result in the declined performance of any safety function, they should be
considered in the base scenario.
Based on model calculations, Posiva 2012-12 assumes that, for permafrost to reach repository
depth, highly pessimistic climate conditions would be required. Consequently, Posiva’s base
scenario makes the assumption that permafrost does not reach repository depth. Posiva states
that there are uncertainties in the timing and duration of periods of permafrost, but does not
consider these uncertainties comprehensively in variant and disturbance scenarios. In Posiva
2012-04, it is suggested, that even if permafrost reached repository depth, it would not have
significant effects on the material properties of the buffer and tunnel backfill. However, the
safety significance of permafrost stems from consideration of its potential to contribute to the
declined performance of safety functions, i.e., failure to fulfil performance targets. The basis for
looking into the potential role of permafrost in impairing a safety function should be the
conceptual model constructed to describe the safety function, which should address all the
relevant (direct and indirect) influences within and between the barriers.
In relation to climate evolution, Posiva 2012-12 assumes the first permafrost period to start at
50 ka AP. Posiva assumes that while permafrost may develop after 50 ka AP, it is assumed to
have no effects on the release rate of radionuclides, or on the release paths that could retard
the transport of radionuclides to the surface. An alternative assumption would be that
permafrost does have effects on the release rate of radionuclides, or on the release paths that
could retard the transport of radionuclides to the surface. As an assumption is itself an
expression of uncertainty, it is important that opposites of assumptions are also examined.
Conclusions
Posiva has followed Guide YVL D.5 to classify the scenarios. For each of the base, variant, and
disturbance scenarios, Posiva defines calculation cases categorized into reference, sensitivity
and “what-if” cases. In addition, there are “complementary cases” that Posiva uses to enhance
the understanding of the system and are required to delineate the impacts of model and data
uncertainties (Posiva 2012-08). While there is logic to all these categories, there is some
arbitrariness in classifying the calculation cases. This makes tracking of scenario
characteristics and their effect on performance somewhat difficult and, in some cases, this has
led to misunderstanding in Posiva’s way of classifying scenarios.
As management of disposal-system-wide uncertainty takes place by constructing a set of
consistent scenarios that are distinct enough from one another and have a large coverage in
terms of future possibilities, Posiva should have made alternative assumptions in the variant
and disturbance scenarios as comprehensively as possible. This includes the assumptions
made with regard to the timings of certain events. Such alternative assumptions would have
contributed to improved robustness of the disposal system safety case.
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Biosphere scenarios do not readily fit into the classification scheme used for the repository
system; namely base, variant and disturbance. The methodology used to classify biosphere
scenarios could be revised to improve transparency.
Nevertheless, Posiva has constructed and defined a set of scenarios and calculation cases that
provides sufficient information on system evolution and response for the purposes of this
licensing phase. For the future, a more systematic and transparent way of constructing
consistent scenarios would produce additional safety-significant scenarios and calculation
cases.
5.3
5.3.1

Post-closure safety assessment
Safety assessment
GD 736/2008 14§ requires that compliance with the requirements concerning long-term
radiation safety, and the suitability of the disposal method and disposal site, shall be proven
through a safety case that must analyse both expected evolution scenarios and unlikely events
impairing long-term safety. The safety case comprises a numerical analysis based on
experimental studies and complementary considerations insofar as quantitative analyses are
not feasible or involve considerable uncertainties.
It is also required that compliance with the radiation exposure constraints for the most
exposed people, as referred to in section 4 , shall be proven by considering a community that
derives nutrition from the immediate surroundings of the disposal site and is most exposed to
radiation. In addition to impacts on people, possible impacts on flora and fauna shall be
analysed.
GD 736/2008 15§ requires that the input data and models utilised in the safety case shall be
based on high-quality research data and expert judgement. Data and models shall be validated
as far as possible, and correspond to the conditions likely to prevail at the disposal site during
the assessment period.
The basis for selecting the computational methods used shall be that the actual radiation
exposure and quantities of radioactive materials released remain below the results of safety
analyses, with a high degree of certainty (in other words, the calculation method should
produce results that are conservative). The uncertainties involved in the safety analysis, and
their significance, shall be separately assessed.
Methodology
Posiva analyses repository performance in four time intervals:
1. the first 100 years of construction, waste emplacement, and operations;
2. the period from 100 to 10,000 years, for which Posiva states that radiation dose to
humans and the environment can be estimated and the current climate is assumed to
prevail;
3. the period from 10,000 to approximately 150,000 years, when the first glaciation cycle
is estimated to end;
4. the period from 150,000 to 1 million years, during which multiple glaciation cycles are
repeated.
The performance assessment methodology consists of modelling thermal, hydraulic,
mechanical, and chemical changes in the system in response to external and internal loads and
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assessing fulfilment of performance targets. The impact of uncertainties in conceptual and
numerical models is primarily analysed based on a discrete set of variant and disturbance
scenarios and also by conducting sensitivity analysis. The performance assessment is
discussed more in section 5.1.1 and performance of the barriers earlier in this report.
Deterministic sensitivity analyses are conducted through calculation cases, which are defined
by varying assumptions pertaining to models and their parameters. Probabilistic sensitivity
analyses (PSA) are conducted by assigning probability distributions to parameters and
conducting Monte Carlo analyses.
Posiva 2012-04 is the primary document describing the methodology, although other reports
also have descriptions of various aspects of performance assessment. Posiva 2012-09 presents
an adequate representation of the models and information flow in post-closure safety
assessment. The specific approach for groundwater modelling, a major component of
performance assessment, is significantly influenced by the fractured nature of the host rock at
Olkiluoto. The uncertainties in characterizing the fractured rock are managed by defining the
RSC and the LDF, and by using the stochastic DFN model.
The safety assessment requires many models and a large number of parameters. Posiva
admits that the challenge in safety assessment is to assign suitable parameter values to
characterise evolving conditions. In general, Posiva uses a combination of “detailed process
modelling and more qualitative argumentation.”
Posiva has demonstrated in Posiva 2014-02 that, based on different DFN realisations, there is
limited impact on the number of disposal holes that might be subject to higher flows. However,
use of the DFN model limits the radionuclide discharge points for use in the biosphere
modelling. A PSA on human dose should be conducted to determine the impact of uncertainty
in discharge locations generated by the DFN model.
Safety analyses
Since the early analyses presented before the Decision-in-Principle phase, Posiva has devoted
much attention to the data needed by the safety assessment model for a KBS-3-type deep
repository. Significant progress has occurred in the formulation and analysis of scenarios,
characterization and presentation of the site-specific data, along with the reasoning behind the
assumptions in the performance analyses. These assumptions include the initial causes of the
releases: i.e., failure of the canister due to an initial defect, corrosion or rock shear.
In contrast, the essential features of the modelling of the release and transport of
radionuclides in the near and far field have not changed. Although the computational models
have changed, the safety analysis is still based on the same conceptual models consisting of,
e.g., degradation of the fuel matrix and the structural materials, behaviour of the instant
release fraction, diffusion and sorption of the radionuclides in the near field and the advective
transport of the radionuclides in the far field, accompanied by diffusion to and sorption on the
host rock matrix. The mathematical models involved are well known and, with minor
differences, used by other organizations dealing with similar safety assessments.
The approach that has been taken to defining mathematical models for radionuclide transport
is described in some detail in the safety case reports and generally includes discussion of
simplifications and assumptions. There is little discussion of alternatives to the overall
approach, but this is to be expected, as the approach is mature and uncontroversial. Many of
the conceptual models, calculation cases, mathematical models etc. have been developed
iteratively and in parallel with SKB’s safety case for the final disposal of spent nuclear fuel at
the Forsmark site in Sweden. The use of GoldSim has allowed full coupling of decay chains
(through solubility) and thus leads to a mathematical model that is more consistent with the
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conceptual model than has previously been the case. The methodology is either state-of-theart, or at least compliant with best practice. This includes the codes selected for the
assessment. Although the conceptual models relate to the safety functions, they have not been
explicitly related to specific performance targets and corresponding criteria.
For the present safety case, Posiva has replaced the REPCOM code with the GoldSim code, and
the FTRANS code with the MARFA code. GoldSim is widely used for radionuclide transport
calculations. MARFA is also used by SKB for modelling transport through fractured rocks.
Posiva has undertaken cross-comparison calculations against REPCOM and FTRANS (Posiva
2014-02), thereby maintaining the link with earlier assessments.
There is some confusion regarding the use of MARFA version 3.2.3. Posiva 2014-02 references
this version of the code but it does not include any discussion of the particle splitting
algorithm, despite the fact that it would have addressed some of the issues seen in the
comparison with FTRANS in Appendix B of Posiva 2014-02. In its response to STUK’s request
for additional information, Posiva has confirmed that the version of MARFA is 3.2.3. Posiva
also provided information of how the splitting algorithm was used.
The RS-DIL cases additionally include radionuclide transport in colloids. It was noted that, in a
January 2014 newsletter, GoldSim identified an error in the calculation of colloids in pipes.
STUK asked Posiva about the use of GoldSim, because it was not clear if Posiva has used the
inbuilt functionality in GoldSim to calculate radionuclide transport in the RS-DIL cases. If
Posiva has used this functionality, the calculation results might be affected by this error. Posiva
responded that the inbuilt functionality in GoldSim was not used, but colloid-facilitated
transport was calculated using De and Kd values. However, in the PSA for the RS-DIL scenario,
the inbuilt functionality was used. Posiva updated the PSA for the RS-DIL scenario.
The transport path of radionuclides from a canister in an individual deposition hole to the
biosphere (or to a major water conducting feature of bedrock) can be complex. Posiva has
characterized the first parts of this pathway by three representative paths that dominate near
field transport, namely: one directly from the buffer to a water conducting fracture
intersecting the deposition hole (F), another through the excavation disturbed zone to the
nearest fracture (DZ) and the third one through the tunnel backfill to the nearest fracture
(TDZ). Each of these near field paths continues with an individual transport path in the far
field rock. The total release from a single deposition hole is the sum of the releases of these
three representative pathways. Each of the far field paths is characterized by transport
resistance and four types of adjacent rock matrix. These characteristics change with the
physical properties encountered along the path. Naturally, the pathways also depend on time.
The characterization of each individual pathway is done by realizations of stochastic water
flow models at a given time.
As the pathways are typically thousands of metres long, a large amount of spatially dependent
data is needed to characterize even a single pathway for a given time. This affects the clarity of
the presentation and makes the exact duplication of the analysis difficult. In fact, while Posiva
has published lots of information on the approach, the exact and complete data for any single
pathway cannot be found in the reports presented. However, there are many features of the
modelling approach that reduce the importance of this problem. First, the transport resistance
of a pathway is a cumulative characteristic, i.e., the total transport resistance of a pathway is
the sum of the transport resistances of its parts. Second, the total release is typically
dominated by one of the three representative pathways. Lastly, the variation of the rock type
along the pathway does not seem to have a major influence on the retardation of the most
important radionuclides. Consequently, similar results can be obtained by the much simpler
approach of using a single pathway with single representative data, i.e., single value for (total)
transport resistance and single values for (space independent) rock matrix and sorption.
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The Reference Case considers one canister with a small initial penetrating defect. An important
assumption is that the size of the defect does not increase with time, because the small size of
the defect limits radionuclide migration out of the canister. Scenarios involving a gradually
enlarging defect (VS1) and sudden loss of transport resistance through the defect (AIC and
“growing-hole” cases in the PSA) are considered, so the impacts of a growing defect are
explored. However, Posiva has not presented justifications for the assumption that the size of
the defect is not increasing in the Reference Case, so it is unclear whether this is a non-cautious
assumption.
As requested by STUK, Posiva has added statistical analyses of multiple canister failures to
support the single canister deterministic analyses. It is worthwhile to note that the statistical
approach for multiple canister failures gives smaller safety consequences than a
corresponding single canister deterministic analysis. This result is due to the consideration of
the probabilities and the fact that the deterministic reference case involves a conservative
choice for the deposition hole.
The explanation of the mathematical model is not clear in the derivation of the equivalent flow
rate (QF) from the pathway to a fracture intersecting a deposition hole. This is expressed in
terms of flows through the damaged zone (as modelled in the DFN by some additional fracture
planes), except for the case with no damaged zone, when a diffusion-based approach is used.
This relates to the conceptualisation of the damaged zone as a mixing zone. It appears that this
approach implies that there is no release unless there is flow through the damaged zone and it
raises the question of what happens if there is flow through the fracture, but none deviates
into the damaged zone. This is also an area where alternative models have been considered (in
Appendix C of Posiva 2012-09). This shows that the assumptions made are important, but the
higher release alternatives are dismissed on the basis that they are unrealistic – but no
evidence is presented to allow a judgement of what actually happens at this interface.
Posiva has presented modelling and input data, which includes evidence from Onkalo, the
results of tracer testing (undertaken by SKB and cited by Posiva 2013-01) and complementary
considerations. Complementary considerations include natural analogues for relevant
processes (Posiva 2012-11), although natural analogues are not available for the disposal
system as a whole.
Posiva has used additional complementary cases to assess the influence of specific parameter
values, alternative parameter correlations and alternative conceptual models that are not
necessarily consistent with the scenarios. These complementary cases help to build further
confidence in the assessment results, and also provide a useful indication of the degree of
caution provided by assumptions in the ‘main’ calculation cases. In general, the performance
or safety relevance of the complementary considerations presented in Posiva 2012-11 would
have been more readily assessed had conceptual models been constructed for the safety
functions. Without conceptual models, it is difficult to assess how the complementary
considerations are intended to support the fulfilment of the safety functions. Also, it is difficult
to assess if such considerations have the potential to contribute to the declined performance of
a safety function if no conceptual model has been constructed to describe it.
Posiva has explored a large number of calculation cases, which are linked to conceptual and
parameter uncertainties, such that the assessment is thorough. Posiva applies probabilities to
unlikely events in order to calculate expectation values.
The analysis would benefit from further information on the significance of the following FEPs,
which might lead to additional scenarios and, therefore, to additional calculation cases:
o

melt water injection below a warm bottom glacier;
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o

upwelling of saline waters from depth;

o

drift seal failure in transmissive zones.

Glacial melt-water injection is only assumed to occur during glacial retreat, as the melt front
transgresses the site. According to Posiva, injection occurs for a period of 333 years. It is
unclear how the length of this period is justified and how the length of the period has been
derived. On the other hand, it could be that, under glacial conditions, the site would be overlain
by a warm-based ice sheet and melt-water injection might be possible for many thousands of
years.
Posiva states that in the future expected conditions the groundwater salinity (TDS) at
repository level shall be less than 35 g/l. According to Posiva 2011-02, the TDS increases with
depth and exceeds 35 g/l at a depth of approximately 600 m. It has been suggested that high
salinity waters may have upwelled from depth since the preceding inter-glacial. Posiva
2012-04 describe how short-term transient upconing is possible during periods of glacier
advance and retreat. It is not clear whether this is sufficient to explain the observed difference
in the composition of matrix and fracture waters, or if the difference can only be explained by a
longer period of upwelling. Therefore Posiva should consider a scenario that addresses
upwelling of waters with TDS >35 g/l.
A key process that has only been assessed to a limited extent is gas-mediated release and
transport in the AIC disturbance scenario. The majority of C-14 is present as an activation
product in metal components and is released congruently with corrosion of the metal
components. Anaerobic corrosion of the metal components results in the generation of bulk H2
gas, which acts as a carrier for C-14 trace gases. It is assumed that a gas pathway is established
once the gas pressure reaches the gas breakthrough pressure of the buffer. The chemical form
of C-14 and any subsequent reactions that alter the form, are important. Given the potential
significance of transport of C-14 in gas, this is an area where the conceptual model and,
consequently, the assessment calculations, could potentially be improved. For example, this
might include replacing the cautious assumption that all C-14 gas rapidly migrates through the
geosphere without significant dissolution, with a more realistic conceptual model that
accounts for dissolution. Posiva is participating in the EU research project CAST, which is
investigating these issues.
The assumption of instantaneous release of the IRF is considered to be cautious, but the
assessment results show that uncertainty in the IRFs of Cl-36 and I-129 can have a significant
effect in the Reference Case if the size of the defect increases and, consequently, the transport
resistance of the defect decreases. To help reduce this uncertainty, Posiva is participating in
the EU project FIRST-NUCLIDES.
Also the assumptions regarding the number of potential defects, and the transport resistance
offered by the defect are not necessarily conservative. Similarly, justification for the timing of
occurrence of an earthquake of magnitude capable of causing canister failure by rock shear at
40,000 years is not provided. STUK requested Posiva to submit additional information
regarding a single canister shear failure at an early time (200 years after repository closure).
Posiva´s analysis of an early earthquake is reasonable, although further work is required to
decrease the uncertainty in the magnitude-frequency relationship that is used to estimate the
frequency of occurrence of large earthquakes.
STUK requested additional information about probability-weighted multi-canister failure due
to post-closure seismic hazard. The explanation given in Posiva’s response is still not clear.
However, it seems that the approach for the probability-weighted multi-canister failure is
closely similar to the probabilistic approach for an earthquake during the temperate period.
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The geosphere fracture network and associated heterogeneity cannot be fully characterised.
Sample data can be used to estimate parameter distributions and develop a Geo-DFN model,
which in turn feeds into the Hydro-DFN. The scenarios, conceptual models and radionuclide
transport calculations are underpinned by the Hydro-DFN model. Therefore there is strong
reliance on the results of the DFN model and, in particular, the DFN model description of
heterogeneity and random variation.
Posiva has explored sensitivity to different groundwater modelling assumptions, DFN
realisations and different realisations of mapping the fracture transport classes to Hydro-DFN.
However, due to the size and complexity of the DFN model, there are limitations on the
number of groundwater flow modelling assumptions and DFN realisations that can be
explored, and only a specific case is carried forward for radionuclide transport calculations for
each scenario. The consequences of this have been considered when selecting which case to
carry forward. The consequences of alternative DFN cases for the RNT results have also been
considered, for example the BS-ALL case (Posiva 2014-02) considers an initially defective
canister in each of the potential canister locations and Figure 7-10 in Posiva 2013-01 shows
how the DFN case affects the number of failed canisters in the VS2 scenario.
A number of Posiva’s calculations have been reproduced independently for STUK, which
provides a good test of the completeness of the data. However, these independent calculations
brought up a number of minor errors, inconsistencies and uncertainties in the data and
calculations. The AMBER code was used in the independent calculations to reproduce Posiva’s
calculations. There are some differences between the AMBER and GoldSim results for the RS
case, in terms of the responses to glacial events and also the radionuclides that contribute
significantly to the radionuclide flux to the biosphere. Reproduction of Posiva’s results helps
builds confidence in their calculations, despite the discrepancies they have identified.
Posiva has used probabilistic calculations to support sensitivity analysis and identification of
the key parameters for performance. Posiva 2013-01 provides descriptions of key data
underpinning the calculations and the confidence that can be placed in the models and data.
The discussion highlights important uncertainties, areas of ongoing research where cautious
assumptions have been made and the potential consequences of uncertainties, often supported
by the results of the PSA. It is therefore important to have good confidence in the results of the
PSA.
Despite this remaining uncertainty, overall additional sensitivity analyses help to build
confidence in the results of the PSA. Confidence is further supported by the results of the PSA,
which are sensible and can be explained. The PSA, however, is limited to just the “hole forever”
and the “growing hole” cases. STUK requested Posiva to submit additional information
regarding the PSA for the RS-DIL scenario. Posiva identified important parameters for the RSDIL scenario and discussed how such information will be used in defining future work. In
connection with the operating licence, the PSA should be made to cover an adequate set of
scenarios, including the biosphere scenarios.
The PSA considers “hole forever” and “growing hole” cases. With the exception of C-14 in some
extreme realisations in the growing hole case, radionuclide flux constraints are not exceeded.
However, the significance of uncertainties associated with the IRF, fuel dissolution rate, and
metal component corrosion rates are more important in the growing hole case than in the hole
forever case, where the size and nature of the defect tend to limit releases. Posiva does not
draw any conclusions about the relative likelihoods or significance of the two cases and,
therefore, the significance of uncertainties in the IRF etc. The limited probabilistic sensitivity
analysis uses up to 162 random parameters and provides useful information regarding
important parameters. Because the PSA is limited to the case of a pin-hole, no canister
parameters show up as important, although it is probably the most important barrier in the
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system. While continuing to use calculation cases as part of the deterministic sensitivity
analysis, Posiva should expand the PSA to cover adequate set of scenarios.
There is not a specific discussion in the safety case on how supporting methods should be
used, or reference to an overarching process or procedure. However, Posiva makes use of
supporting methods to support, e.g., the conceptual models, the calculation cases and the
analysis of results. This includes useful quantitative discussions of the key data underpinning
the calculations, the calculation results and the confidence that can be placed in the models
and data (Posiva 2013-01). Scoping calculations are used less frequently than quantitative
discussion, but examples include the impacts of colloids on fuel dissolution rates (Posiva 201301) and the time for water penetration into a canister with a pinhole defect (Posiva 2013-01).
Specific processes and procedures have been applied to data clearance and expert elicitation
(Posiva 2013-01), which STUK considers as supporting methods. Data sources and quality
aspects of the sources are documented according to specific guidelines. Individual data and
databases are approved through a clearance procedure. Posiva 2013-01 describes the quality
management measures applied to the models and data. It describes eight QA measures and
where they have been applied in the safety assessment. The elicitation of expert opinion has
been applied to specific cases when the understanding or data is conflicting and consensus is
needed for the selection of key models and data (e.g. solubility and sorption data). Posiva’s
elicitation process should be improved by increasing transparency and traceability, and
applying independent assessment of the elicitation outcomes. It would be improved also by
using formal methods (e.g., Cooke methodology) aiming at quantifying the range of uncertainty
in qualified expert opinion, rather than aiming for consensus (see previous comments).
Posiva (2013-01, Section 2.3) describes eight quality management measures applied to the
models and data, and where they have been applied in the safety assessment. Posiva (2013-01,
Section 8) states that an important purpose of the models and data report was to bring
forward quality assurance aspects of the models and data handling process. This process
resulted in some discrepancies in the data being identified by Posiva. These arose due to
factors such as parallel working, miscommunications and the use of ad hoc data freezes for
models. Additional calculations were undertaken by Posiva for those discrepancies that had a
potential impact on the assessment results, and none of the discrepancies led to significant
differences in the total radionuclide releases (Posiva, 2013-01 Appendix M).
There is scope for Posiva to improve the QA of its assessment calculations. Posiva anticipates
that the data checking undertaken during production of the models and data report (2013-01)
and learning from experience will form important inputs into improved QA processes for
updates to the safety assessment in support of the operating licence application; for example,
to facilitate setting up a data freeze. Such a data freeze should greatly improve the QA of, and
confidence in, the safety assessment calculations. If possible, there should be a single reference
for the safety assessment data.
Low and Intermediate Level Waste Repository
The co-location of the spent nuclear fuel repository and a low and intermediate level waste
(LILW) repository at the site is described in Posiva 2012-37. The LILW repository is planned
to be located at -180 m along the access tunnel to the spent fuel repository. All radioactive
waste generated in the encapsulation plant, estimated to operate for 110 years, and any
decommissioning waste (that may take additional 3 years) will be disposed in the LILW
repository. As stated in Posiva 2012-37, the LILW repository will be developed such that ”…
the waste produced in the encapsulation plant can be disposed of in its own part of Posiva’s
disposal facility without compromising the post-closure safety of the disposal of the spent fuel.”
The dose to a member of the most exposed group from the LILW repository is estimated to be
less than 0,01 mSv/year. The major contributor to this dose is Sr-90.
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Since the LILW repository is located directly above parts of the spent fuel repository and the
both repositories are connected with the same access tunnel, STUK requested combined
analysis of releases and doses from the disposal of the spent fuel and of the low and
intermediate level waste (18/H42252/2014, 25.6.2014). Results presented in POS-0192880
are rough estimates of the releases and doses from the LILW and the spent fuel repositories
combined. Posiva states that the combined radiological impacts from the LILW and the spent
fuel repositories will remain, with high confidence, below the regulatory constraints. The
contribution of the LILW repository to the combined dose (due to the releases of Ag-108m and
Sr-90) decreases before the releases from the spent fuel repository would reach the surface. In
general, the releases of I-129 and C-14 (especially) from the LILW repository keep the
contribution of the LILW repository to the combined releases high, compared to the
contribution of the spent fuel repository, up to 10,000 years after closure during the dose
assessment time window. The difference between the contributions of the repositories
decreases with time. After the dose assessment time window, the releases from the spent fuel
repository dominate the release rates. The release from 10,000 to 50,000 years after closure is
mainly due to the C-14 release from the spent fuel repository and, after that, at least up to
100,000 years after closure, due to the Cl-36 and I-129 releases from the spent fuel repository.
So far, Posiva has not carried out a detailed assessment of the interactions between the two
repositories in terms of their HMC evolution and the consequent impacts on releases from
each.
Conclusions
Posiva’s approach to deterministic calculations is consistent with the YVL guidance. The
calculation cases ‘flow down’ from the scenarios and are supported by a number of
complementary calculation cases. A significant number of calculation cases is considered and
the chosen calculation cases cover all the scenarios Posiva has defined and are consistent with
the assessment period and disposal system. Overall, STUK considers that the calculations are
cautiously realistic and, in general, the level of detail and manner of presentation of the
radionuclide transport calculations is sufficient to provide an adequate understanding of the
development of the technical arguments, the scientific and mathematical methods used and
the results and conclusions reached.
The LILW repository is located directly above parts of the spent fuel repository and both
repositories are connected with the same access tunnel. Therefore, Posiva shall include the
LILW repository in the safety case for the spent fuel repository as an integral part. In other
words, Posiva shall address the dose and release estimates from the spent fuel repository and
LILW repository in a more consistent manner, so that combination of releases can be
evaluated more reliably.
The calculation of probability-weighted multi-canister failure releases is difficult to follow and
before the operational licence phase, Posiva shall provide a more extended description of how
it is assembled. The description should include an assessment of the impact of an order of
magnitude increased frequency over the deglaciation period. It would also be valuable for
Posiva to compile the information to identify if, where and how it sees its analysis as being
conservative. In general, there is adequate discussion of the selection of input data and
uncertainties are typically managed by erring on the side of caution, which provides
confidence that data limitations will not ‘hide’ potentially significant impacts.
The synthesis of the assessment results could describe more clearly the key arguments that
give confidence that the system will be safe. In connection with the operating licence, a PSA
should be made to cover an adequate set of scenarios, including the biosphere scenarios.
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5.3.2

Complementary considerations
Guide YVL D.5 A10 requires that, in the event that a scenario cannot be comprehensively and
reasonably assessed by means of quantitative safety analyses, its significance shall be
examined by means of complementary considerations, such as calculations by simplified
methods, comparisons with natural analogues or observations of the geological history of the
disposal site. The significance of such considerations grows as the assessment period increases
and safety evaluations extending beyond the time horizon of one million years can mainly be
based on complementary considerations. Complementary considerations shall also be made
parallel to the actual safety assessment, to enhance the confidence in the results of the
analysis, or certain parts of it.
Posiva describes the objective of the complementary considerations in Posiva 2012-11: “The
main emphasis in Posiva 2012-11 is on the evidence and understanding that can be gained from
observations at the site, including its regional geological environment, and from natural and
anthropogenic analogues for the repository, its components and the processes that affect safety.
In particular, the report addresses diverse and less quantifiable types of evidence and arguments
that are enclosed to enhance confidence in the outcome of the safety assessment. These
complementary considerations have been described as evaluations, evidence and qualitative
supporting arguments that lie outside the scope of the other reports of the quantitative safety
assessment.”
Complementary considerations include comparisons of the disposed activity and the
radiological hazard with naturally occurring radioactivity and radiation background over time,
evidence for responses to climate and landscape change, analogues for relevant processes and
the impacts of discrete events, such as earthquakes. Appendix C in Posiva 2012-11 provides a
useful summary of processes for which there are analogues and whether the analogues are of
direct relevance and provide qualitative or quantitative information.
Posiva 2012-11 provides a descriptive link between the natural analogues, important
processes for safety and high level safety functions, although there is not a figure or table that
explicitly shows the mapping to safety functions. Complementary considerations are not
explicitly mapped to performance targets. Posiva could improve mapping to safety functions,
relative importance of barriers and key processes. The complementary considerations could
have been linked more effectively to show how much complementary support there is for
safety, the safety functions and key processes.
There are no scenarios that are analysed by complementary considerations only. As stated
above, Posiva’s objective in bringing forth complementary considerations is to enhance
confidence in the quantitative analyses developed in performance assessment.
One of the useful complementary considerations is that of radiotoxicity index. It is apparent
that the toxicity of spent fuel decreases significantly with time and, at 100,000 years, the
radiotoxicity index of 9,000 tonnes of spent fuel is similar to that of the Cigar Lake Uranium
ore body. Because the canisters are assumed to stay intact (except for the possibility of an
initial defect) for several hundred thousand years, this kind of complementary information
provides high confidence in the safety of the repository.
Posiva uses appropriate caution in interpreting such information. For example, Posiva 201211 states that: “… such comparisons need to be used with caution. This is not only because the
isotopic compositions of natural systems will differ from those of the initial spent nuclear fuel, the
eventual repository releases and the remnants of the spent nuclear fuel in the repository at long
times but also because the assumption should not be made that natural occurrences of uranium
ore are necessarily harmless.”
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Similarly, the Kronan cannon archaeological analogue study is discussed in Posiva 2012-11 to
support the low corrosion rate of copper. In that study, a corrosion rate of 0.15 µm/a was
calculated, under oxidizing conditions. This provides confidence regarding the even lower
corrosion rate under the reducing conditions of the repository.
Long-term stability issues of bentonite are also addressed based on observations in natural
occurrences. These include thermal, mechanical, chemical alteration, hydraulic properties,
freezing and chemical erosion. The existence of intact bentonite layers in near surface
environments under thin soil cover gives qualitative evidence of bentonite stability over
geological time periods. However, no convincing evidence is given for the mechanical stability
of the buffer: for example, under rock shear conditions. While many examples are given
illustrating the efficiency of the buffer as a hydraulic barrier, the same is not true with respect
to its resistance to chemical erosion.
In the biosphere, the complementary considerations are highly relevant, since they describe
aspects of more mature lakes and mires that are not present in ecosystems in the biosphere
model area. Four lakes are selected but, in the report, there is no discussion of the ages of the
lakes (relative to the coastline), so it is difficult to judge if the range is sufficient. Similar
comments apply to the selection of the mire areas. It is also notable that there is no discussion
of forests of different ages.
By their very nature, the complementary considerations are not suited to reduce uncertainties
in performance assessment. That is because the analogous evidence presented in the
complementary cases is not precise and it also does not exactly match repository conditions.
However, complementary considerations reduce uncertainties by enhancing understanding of
the phenomena that are factored into the models used for safety assessment.
Regarding earthquake probability, the statement that the density and magnitude of
earthquakes in Finland is generally much lower than in other areas is justified. However, a
special feature in Scandinavia is the enhanced probability immediately after retreat of the ice
sheet. A large number of events have been dated in Sweden based on observations in
Quaternary clay sediments. The focus in Posiva’s complementary considerations is on the
accelerations measured during earthquakes at different depths, based mainly on recent
experiences from Japan. It should be emphasized that the main risk with respect to the
performance of the engineered barrier system is caused by the associated rock displacements.
Maximum displacements at Olkiluoto are suggested to be 5 cm. Data attached to Posiva WR
2007-05 show that displacements of about 10–20 cm have been observed near Olkiluoto (only
some were postglacial, related to the last glacial advance). Further south, near Kustavi,
displacements of almost 30 cm were documented. Posiva should explain how these shear
displacements are related to known tectonic features and rock structures. The significant
displacements in sea bottom sediments observed by Hutri et al. (2004, 2007) should be
included in the argumentation, to justify Posiva conclusion of “limited impact of earthquakes.”
Calculations of radionuclide transport in the geosphere make only limited use of
complementary considerations for processes (e.g., matrix diffusion and colloids are considered
in Posiva 2013-01), although Posiva 2012-09 does make use of complementary indicators
(e.g., comparison of calculated radionuclides fluxes from the wastes with natural radionuclide
fluxes). An example is the potential significance of release of C-14 labelled gases. In Posiva
2012-11, Posiva provides a useful complementary indicator, whereby it is noted that C-14 gas
released from the repository is small compared with uptake of natural atmospheric C-14 by
plants and animals.
Conclusions

108

Posiva’s objective in presenting complementary considerations is to enhance confidence in the
quantitative analyses developed in performance assessment. Complementary considerations
provide a measure of confidence, but are not suited to a quantitative reduction of uncertainties
in performance assessment. In general, Posiva uses the complementary considerations
effectively to enhance confidence in the safety case and the information presented can be
considered adequate for this licensing phase.
However, complementary considerations are not explicitly mapped to safety functions and
performance targets; Posiva should improve mapping to safety functions, relative importance
of barriers and key processes.
5.3.3

Compliance with the regulatory criteria
GD 736/2008 14§ requires that compliance with the requirements concerning long-term
radiation safety and the suitability of the disposal method and disposal site, shall be proven
through a safety case that must analyse both expected evolution scenarios and unlikely events
impairing long-term safety. The safety case comprises a numerical analysis based on
experimental studies and complementary considerations, insofar as quantitative analyses are
not feasible, or involve considerable uncertainties.
It is also required that compliance with the radiation exposure constraints for the most
exposed people, as referred to in section 4 , shall be proven by considering a community that
derives nutrition from the immediate surroundings of the disposal site and is most exposed to
radiation. In addition to impacts on people, possible impacts on flora and fauna shall be
analysed.
GD 736/2008 4§ requires that disposal of nuclear waste shall be planned so that radiation
impacts arising as a consequence of expected evolution scenarios will not exceed the
constraints given in subsections 2 and 3. In any assessment period during which the radiation
exposure of humans can be assessed with sufficient reliability, and which shall extend at a
minimum over several millennia:
1) the annual dose to the most exposed people shall remain below the value of
0.1 mSv; and
2) the average annual doses to other people shall remain insignificantly low.
During assessment periods after the period referred to above in subsection 2, average
quantities of radioactive materials released over long time periods into the living environment,
shall remain below the maximum values specified separately for each radionuclide by STUK.
These constraints shall be specified so that:
1) at a maximum, radiation impacts caused by disposal can be equivalent to
those caused by natural radioactive materials in earth’s crust; and
2) on a large scale, the radiation impacts remain insignificantly low.

GD 736/2008 5§ says that the significance of unlikely events impairing long-term safety shall
be assessed by evaluating the reality, probability and possible consequences of each event.
Whenever possible, the acceptability of the expectancies of radiation impacts caused by such
events shall be evaluated in relation to the annual dose and release rate constraints of
radioactive materials, as referred to in section 4.
YVL D. 5 gives more specific requirements in paras 307-318.
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Posiva has developed an advanced and elaborate biosphere model that is state-of-the-art;
however its documentation is not transparent. For example, it is not possible to reproduce the
dose calculations presented in the biosphere safety assessment (Posiva 2012-10) and
supporting reports. The main reason for this appears to be the extent and the complexity of the
biosphere model.
Posiva should identify the important parameters for the biosphere; probabilistic sensitivity
analyses should be done also for the biosphere scenarios. However, because of the very low
source term during the dose window, Posiva estimates a very high safety margin; therefore the
uncertainties in the biosphere models will not change the basic conclusions.
Based on Posiva’s assessment, the variant scenarios with two different release locations cause
the highest dose estimates for the most exposed group among the variant scenarios. The effect
of uncertainty in DFN predicted discharge locations should be examined more closely in the
future.
The safety assessment calculations (Posiva 2012-09) give the radionuclide release rates to the
biosphere normalised by the flux constraints given by STUK. The flux constraints listed only
cover a subset of radionuclides that are included in the calculation. It is not clear what flux
constraint values Posiva used for the remaining radionuclides. Posiva’s demonstration of its
compliance with the normalized release rate regulatory constraints is acceptable.
The base scenario releases are more than three orders of magnitude smaller than the
regulatory release constraints. The disruptive scenarios are the only ones that challenge the
capabilities of the engineered barriers and, in these scenarios; the estimated releases are
higher, being only one order of magnitude below the regulatory constraint in the rock shear
case.
1000 year averaging has been applied to the RS and RS-DIL scenarios, and for gas mediated
release and transport in the AIC disturbance scenario. Posiva (2012-09 Figures 11-8 and 1112) show the consequences of 1000 year averaging on the normalised releases, which are
significant for the RS2-DIL scenario.
Posiva applies the 1000-year averaging and also applies probability weighting only in the RS
scenario. The 1000 year averaging seems to smooth (i.e., reduce) the peak by a factor less than
five. The probability weighting is much more significant as the annual probability of an
earthquake per square kilometer per capable fault is taken as 10−7. In the RS scenario, multiple
canisters fail, resulting in a high source term. The other scenario with higher normalized
release is the AIC, or accelerated insert corrosion scenario. In this scenario, one container fails
completely as a result of the corrosion products from corrosion of the cast iron insert. It is
apparent that complete failure of one container (in contrast to a pin-hole defect) can increase
the normalized release by two to three orders of magnitudes. It must be noted that the
releases in the AIC scenario are not probability weighted, which is in line with the fact that the
process of accelerated corrosion of the canister insert is not an event compliant with para 316
of Guide YVL D.5.
Posiva has considered the effects of unlikely events, including rock shear and human intrusion.
Human intrusion scenarios are considered in the biosphere assessment. The probabilities of
unlikely events have been considered and expectation values of effective doses and normalised
release rates are below regulatory constraints, for the cases presented in Posiva 2012-12.
Posiva (2012-12 Section 8.6.1) only presents the results for acute exposure of drill crew and
geologists to abstracted core materials. Section 7.3.4 states that doses from a medium depth
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water well are assessed, but the results are not presented in that report. Posiva assumes that
human intrusion will not occur before 1000 years.
Human intrusion might lead to chronic radionuclide releases, in addition to acute releases /
exposures associated with the intrusion event. For example, chronic exposure may result from
groundwater flow and radionuclide transport up an abandoned, open, site investigation
borehole, or due to a contaminated, abandoned drill site. Due to the fact that such chronic
effects have not been assessed, it must be noted that the biggest exposure is to the drill crew
and geologists, resulting from abstracted core materials.
STUK requested Posiva to submit additional information regarding the rationale for not
considering human intrusion before 1000 years (at, say, 200 years) after repository closure. In
its response, Posiva states that there is a low likelihood of intrusion and the highest dose is due
to inhalation, and that long-lived actinides are the most significant nuclides contributing to the
dose.
Conclusions
Posiva has presented the annual doses and releases resulted from the calculation cases that
fall under the base and variant scenarios. The doses and releases are below the constraints set
in the Section 4 of the GD 736/2008. Posiva has identified unlikely events and estimated their
likelihoods. Posiva has analyzed the annual doses and releases and assessed their expectation
values where appropriate. The results are below the regulatory constraints.

5.4
5.4.1

Reliability of the post-closure safety case
Models and data
GD 736/2008 15§ states: “The input data and models utilised in the safety case shall be based on
high-quality research data and expert judgement. Data and models shall be validated as far as
possible, and correspond to the conditions likely to prevail at the disposal site during the
assessment period.
The basis for selecting the computational methods used shall be that the actual radiation
exposure and quantities of radioactive materials released remain below the results of safety
analyses, with a high degree of certainty. The uncertainties involved in the safety analysis, and
their significance, shall be separately assessed.”
Instead of compiling the information available and describing how the level of knowledge
about a specific research topic has grown and improved over the past 30 years of KBS-3’s
existence, Posiva is often content to support its claims with arguments derived from a single
investigation. The results of some of these investigations post-date the conclusions about postclosure safety in the safety case reports. The fact that a number of Posiva’s topical reports
were unavailable upon receiving Posiva’s safety case raises concerns about the transparency of
its preparation. Also, many of the literature references used to support specific claims are in
the form of a Posiva report which, in terms of an impact factor, do not compare with journal
articles that have undergone a recognised peer-review process. On some occasions, Posiva has
also used results from an unpublished report to support a claim.
Posiva’s documentation contains references to SKB’s documentation, but Posiva does not draw
any conclusions on the quality and reliability of this information.
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For some parameters, Posiva 2013-01 is found to report more than one numerical value,
depending on the context in which the parameter is used, but no reason for this is given. The
use of multiple values to describe one and the same parameter reveals the lack of a data freeze
for the safety case.
The methodology used by Posiva includes identification of the key safety functions and it
brings out the key issues and uncertainties. Posiva states that the roles of the barriers
constitute the safety functions of the barriers.
The conceptual models, mathematical models and data are adequate and appropriate for the
construction licence phase. A set of scenarios has been assessed through a number of
calculation cases, which are supported by complementary calculations and a probabilistic
sensitivity analysis.
Posiva has used data management and QA procedures to make the safety case more reliable.
Discrepancies in source data can be identified, but these have been evaluated and found to be
insignificant by Posiva.
Therefore overall the reliability of the data and models can be considered adequate for this
licensing phase.
Although the safety analysis can be considered reliable, there is scope for improved the
synthesis of information, including:
(1) a more comprehensible (simpler) description of the anticipated geosphere evolution,
preferably via conceptual figures;
(2) identification of the key safety functions, key safety-important parameters and relative
importance of different barriers; and
(3) collation of the results of uncertainty analyses, comparison of the results to identify the key
uncertainties and selection of uncertainties to be considered in the RTD programme.
In addition to the potential enhanced quality assurance procedures identified by Posiva,
improvements that would enhance reliability of the safety case as it continues to be developed
further include:,
(1) the safety case should be restructured to meet the needs of the authority;
(2) the reports should be more transparent and the information presented more easily
traceable;
(3) to the extent possible, the large amount of duplication that is currently present should be
avoided;
(4) Posiva should complete all reports prior to submitting them for regulatory review, thereby
reducing duplication and the potential for discrepancies, but also reducing the total
volume of material that has to be reviewed in order to get a good understanding of the
safety assessment.
Posiva asserts that the input data are adequately verified and confirmed. However, it is not
easy to examine the data (experimental, theoretical and that obtained by expert elicitations),
the derivation of parameters for a specific model from the data, verification of the model and
verification of the model output in Posiva’s documentation. This kind of information would
provide confidence in the overall quality of the safety case.
Posiva has developed models by incorporating applicable FEPs in models. The models are
executed to determine whether the safety functions are fulfilled during various periods of
time.

112

The fulfilment of individual targets for the host rock and the EBS are summarized in
considerable detail.
As mentioned by Posiva, models are based on incorporating all relevant FEPs that are expected
to be operative during the one million year assessment period. When possible, Posiva has used
data and models that are said to represent conditions that are expected to prevail, including
potential deviations.
Probabilistic sensitivity analysis provides some idea of the importance of parameters, but
Posiva’s safety case lacks a description of the most safety significant parameters. However,
Posiva submitted such a description for the base scenario, the growing hole scenario and the
RS-DIL scenario. Posiva should include such a list for all scenarios in the next phase of the
analysis in order to identify issues to be considered important for post-closure safety.
According to Posiva’s base scenario (BS-RC), the small hole diameter of the initial defect and
the fuel alteration parameter can be identified as the two most important parameters that
contribute to release rate. Similarly, the mass of buffer in the cavity and sorption coefficient of
the buffer and backfill are the two most important parameters that lower the release rate. It
can also be seen that geosphere flow parameters are not so important. This is mainly because
the migration barrier properties of the overall rock are not playing a significant role in the
scenarios analysed. This example is from the base scenario and other scenarios may give
different results in this sense. The base scenario hides the importance of other barriers and,
because of that, Posiva should develop scenarios and analyses that establish the importance of
individual barriers, including the near-field rock that meets the RSC requirements for use.
To further enhance confidence in the reliability of the safety case, Posiva should provide (1) a
list of the 10 most significant parameters affecting post-closure safety – this should include all
scenarios, (2) a description of uncertainty ranges on these parameters and justification for the
ranges, (3) references that provide the source of data on these parameters and (4) plans for
reducing the uncertainties in these parameters.
Conclusions
Considering the reliability of the safety case the most important reports are Synthesis, Models
and Data, Formulation of Radionuclide Release Scenarios, Assessment of Radionuclide Release
Scenarios, Design Basis and Performance Assessment reports. Posiva’s analyses and models
and data are mostly of high enough scientific quality.
Posiva has presented safety funtions in the safety case and presents open safety significant
issues and uncertainties related to those. Posiva justifies the safety of disposal by means of the
safety functions. However, Posiva does not present explicitly a link between open safety
significant issues and performance targets.
Posiva does not present conceptual models for each safety function. It is concluded that
mathematical models and source data are adequate at this phase. Posiva has formulated a set
of scenarios and calculation cases based on them. Calculation cases are supported by
complementary considerations and probabilistic sensitivity analysis.
Generally, it can be concluded that the reliability of models and data is adequate at this phase.
Even though it is concluded that the safety case is reliable it needs further development. More
understandable and unambiguous description of the evolution of the barriers and
identification of the most important barriers and conclusion from the uncertainty analysis and
its comparison to RD&D plan would help the evaluation of the reliability.
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In addition, methodologies related to constructing a safety case need more development
before operating licence application. Scenario formulation shall be more systematic and
comprehensive and should be more easily traceable in the safety case. Safety functions and
performance targets shall be defined in a way that enables a more unambiguous assessment of
the linkage between the undeclined/declined performance of the barrier(s) and the scenarios
constructed to describe the potential future behaviour of the disposal system.
The structure and manner of representation of the safety case needs development so that the
compliance of the regulatory requirements can be evaluated more easily.
Posiva should indicate more clearly its own position in safety significant matters and justify
the choices made in the safety case. The references in the safety case must be clear and
referred documents shall be available when operating licence application is submitted.
The safety case must cover the entire disposal system, which also means that the low- and
intermediate-level radioactive waste safety analysis must be combined with the safety case of
disposal of spent fuel.
The reliability of the safety case is adequate at this phase. However, performance and safety
analysis needs development to increase the reliability of the safety case.
5.4.2

Uncertainty assessment
Guide YVL D.5 requires that the significance of the uncertainties involved with the safety case
shall be assessed by means of appropriate methods. The safety case shall include an
assessment of the confidence level with regard to compliance with the safety requirements
and of the uncertainties with the greatest impact on the confidence level.
Posiva has described its approach to developing the safety case, including uncertainty
assessment, and the uncertainties are documented in Posiva 2013-01. Posiva’s approach
consists of adequately characterizing the site, appropriately designing the engineered barrier
components to meet the intended safety functions and performance targets, conducting
operations that would meet the RSC and the LDF, identifying and characterizing uncertainties,
conducting analyses to demonstrate compliance with regulations and providing other
supporting arguments to enhance confidence.
The regulatory requirements and Posiva’s approach to treating uncertainty are described in
Posiva 2012-12, which also describes Posiva’s systematic approach to the management of
uncertainties in the safety case. This provides a clear account of how uncertainties have been
assessed. The overall approach is based on identifying, avoiding, reducing and assessing
uncertainties. Although specific approaches are not described for different types of uncertainty
(e.g., aleatoric, epistemic, irreducible etc.), overall, a large number of uncertainties have been
identified and explored adequately for this licensing phase.
Description of the uncertainties of each FEP is commensurate with the description of the FEP.
The inventory of uncertainties appears to be complete and it is a question of how these are
used, first to determine the calculation cases and, second, to inform the model descriptions
(with associated data bases) that will determine the adequacy of the utilisation of the FEP
descriptions.
Posiva is participating in many ongoing RD&D programmes further to reduce uncertainties
and build confidence to the safety case. Posiva 2012-09 describes how the outputs of the safety
assessment feed into Posiva’s Research, Development and Design (RD&D) programme.
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Posiva 2013-01 describes the activities that are being undertaken during 2013-2015 to
improve confidence in the models and data. Posiva has identified a broad range of activities in
this field.
The results of the safety assessment and uncertainty analyses have been fed into the RD&D
programme. Collation and integration of the results of all the different uncertainty analyses is
not presented within the main safety case document. An integration process of uncertainty
analyses could collate and describe the relative significance of all the uncertainties and could
also describe which uncertainties cannot be reduced and which uncertainties should be the
subject of further research. An integration process would also highlight the key uncertainties
and their potential significance, and demonstrate that the most important uncertainties have
been fed into the RD&D programme, where relevant.
Posiva also manages some uncertainties by defining rules for the system, such as: “The
deposition holes with inflow above 0.1 l/min will not be accepted for canister emplacement
(Posiva, 2012-04, p. 113).” Posiva realizes that these rules cannot be guaranteed in every case
and, therefore, Posiva considers in a sensitivity analysis that a certain percentage of deposition
holes will not meet this rule.
There is no evidence that the licensee has distinguished between different kinds of
uncertainties or that different kinds of uncertainties have been treated differently. There are
large amounts of aleatoric variability/uncertainty (natural randomness) in the description of
both climate change and seismic activity, which will perhaps require expert elicitation to
quantify. Aleatoric uncertainties are largely irreducible and these are usually dealt with by
providing adequate safety margins in the design of EBS components or by devising rules for
selection of waste deposition holes and for selecting other features of the site. Because of the
rather short observational period or small datasets on which to base climate and seismic
evaluations, there is also a large amount of epistemic uncertainty, which Posiva has tried to
reduce by considering data from analogous areas and by scaling down data obtained at a much
larger scale. Posiva does follow the normal engineering practice of setting performance targets
that are expected to provide safety margins, in case the uncertainties in longer-term processes
(climate change and seismicity) come into play. An example of this is that the EBS components
are designed to maintain their safety functions in a broader range of pH values than is
“expected” at the site. The adequacy of the safety margins, however, is difficult to assess
without first getting a sense of aleatory randomness. Posiva demonstrates that it meets the
regulatory criteria (normalized release or dose) with a margin spanning several degrees of
magnitude and, because of that, it can be concluded with a high degree of certainty that
uncertainties will not change the overall conclusion regarding post-closure safety.
Posiva’s safety case would have benefited from a list and an assessment of different kind of
uncertainties involved in the disposal system. Such an assessment would have been useful in
guiding the selection of devoted techniques to manage the various uncertainties. Often, no
justification is given by Posiva for selecting certain data or preferring them over some other
data published in the open literature. This would have shed light on the span of uncertainty in
the data used.
The licensee does not provide any explicit relationship between time and uncertainty. The
initial state is the starting point for the performance assessment. Posiva asserts that: “The
target properties for the host rock (see Section 2.1.5) are fulfilled at the initial state when
suitable RSC criteria are applied.” However, the initial properties of the engineered
components are attained at different times, depending on the sequencing of
construction activities.
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The far future is generally more uncertain than the nearer future: that is, many uncertainties
increase with time. The repository system is a passive system that evolves slowly in response
to external stresses (primarily climate change and tectonic/seismic activity) and internal
stresses (primarily thermal, water flow, and rock-water interactions). There are no events
involved with the development of the disposal system that can cause sudden damage. A large
earthquake at the site is the only event that is capable of causing sudden damage, but its
probability of occurrence is small.
Posiva has made an effort to define the residual uncertainties and has made statements that it
intends to conduct a research and development program to characterize, reduce, and manage
these uncertainties.
There are two methods Posiva uses to assess the significance of uncertainties:
(1) deterministic calculations by defining calculation cases with parameters different from the
expected case and
(2) through probabilistic sensitivity analysis or PSA, described in Chapter 9 of Posiva 2012-09.
Posiva ignores the possibility of common cause failures of EBS components, due either to
undetected malfunctioning of machines/processes, or due to human errors in detection, or
both. Thus, the creation of initial defects and their detection may not be entirely random.
However, independent calculations show that the likelihood of exceeding the regulatory
constraints, even if all the canisters are assumed to have a defect, is small. After rejecting the
importance of multiple canister failures, as explained above, Posiva then conducts Monte Carlo
simulation of the base case, with one container having an initial defect.
Posiva 2012-09 states: “The results of Monte Carlo simulations can be used to determine both the
uncertainty in the model outcome (uncertainty analysis) and the input parameters primarily
responsible for that uncertainty (sensitivity analysis).” Posiva conducts 10,000 Monte Carlo
realizations. Two cases are analysed, the hole forever case and the enlarging hole case. Some of
the model assumptions are different from those in the deterministic cases, which may result in
some confusion in comparing the results. Table 9-2 on page 180 of Posiva 2012-09 lists the
parameters treated stochastically.
Posiva 2012-09 states that: “The probability density functions (PDFs) are chosen to provide a
reasonable representation of the full ranges of uncertainty and variability in the input data”. The
input data used and the process followed to create the PDFs are presented in WR 2013-25.
Posiva seems to merge uncertainty and variability together, when these are two distinct
characteristics of data. Variability usually describes changes with time or location in space,
while uncertainty is the lack of knowledge about the value at any given time and location.
There is a risk in assigning probability density function to parameters such as the sorption
coefficient based on measured values using crushed rock samples and insufficient knowledge
of the time dependence of the processes involved.
In the biosphere, the approach to uncertainty management is essentially deterministic, with
scenario identification and variants thereon determining alternative calculation cases. This is
applied at the system identification and justification level in the terrain and ecosystems
development modelling, so that there is, effectively, a screening level of uncertainty analysis. In
the surface and near-surface hydrological modelling report, there is also an attempt to
propagate some estimates of uncertainty to the dose assessment modelling. This appears to be
less successful.
Conclusions
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Posiva’s approach for handling uncertainties is based on identifying, avoiding, reducing and
assessing. “Avoiding” plays a big part, because Posiva assumes an almost flawless
implementation of its QA/QC programme. Posiva should consider more uncertainties due to
potential human errors. Posiva does not differentiate between aleatoric and epistemic
uncertainties; this is reasonable in this phase of licensing, but greater attention should be paid
to uncertainties arising from lack of knowledge or epistemic uncertainties. Uncertainties are
handled in compliance demonstration by defining various types of calculation cases; this
approach is reasonable, but greater use of the PSA should be made. Posiva should consider
using a traditional reference biosphere calculation, using local data, to enhance confidence in
the dose calculations.
6

Conclusions
General principles
Posiva has followed a stepwise approach to implementation of nuclear waste disposal. Posiva
has also taken advantage of spent nuclear fuel activity decrease through interim storage.
Posiva has developed a safety concept that is in line with regulatory requirements. Posiva has
not defined spent nuclear fuel as a disposal barrier, but has otherwise considered the role of
spent fuel matrix in post closure safety.
Posiva has submitted a safety case portfolio that in general fulfils the regulatory requirements.
An integrated safety case, that takes into account both SNF and LILW disposal, should be
presented in the operating licence application documentation.
Monitoring
The monitoring programme presented in Posiva report 2012-01, is adequate at this licencing
phase and gives the monitoring plans and programmes for 2012–2018. For the operational
phase, the report gives a short generic description of each monitoring field.
The monitoring plan for the EBS is at a very early stage, and needs further work starting from
an overall strategy for EBS monitoring. The technical problems related to detection equipment
need to be solved.
Posiva has not included rock stresses as part of monitoring programme and this matter is
discussed in Section 4.2 of this report. In the other geoscientific fields, hydrogeology and
hydrogeochemistry monitoring plans are considered to put emphasis on the most critical
matters, considering post-closure safety.
Spent nuclear fuel
Posiva has adequately characterized spent nuclear fuel and the source term and the
requirements are fulfilled at this phase of licensing process.
Posiva has not defined post-closure safety related criteria for SNF other than for heat
production and criticality safety. Posiva should consider the WAC regarding inventory of the
most significant nuclides and fuel alteration rate which are consistent with the analysis made
in the safety case.
According to Posiva’s probabilistic sensitivity analysis of the safety case, the fuel alteration
process is one of the most safety significant parameters. In its ongoing RD&D work, Posiva
should provide a stronger basis for the assumed 10-7/year dissolution rate value and reduce
uncertainties related to the IRF inventory, especially in Cl-36, I-129 and C-14.
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Posiva applied burn-up credit to reach the conclusion of post-closure subcriticality. In STUK’s
opinion, this approach is adequately justified and STUK’s requirements are fulfilled at this
stage, although long-term canister evolution, especially possible changes in geometry, needs
further analysis. Future analysis before an operating licence application should consist of
considerations of possible changes in geometry causing criticality and evaluation of the
consequences of canister criticality as a bounding analysis.
Canister
Posiva has characterized properties of canister materials and the majority of the critical
properties are well-undestood at the present. However, there are some topics (especially
copper creep and corrosion) that need further clarification.
Posiva’s general description of the manufacturing methods for the canister components fulfils
the STUK’s requirement at this stage as does its general description of the inspections methods
for the canister components.
Posiva has presented manufacturing methods for the canister components and qualification
plans for the methods and STUK’s requirements are fulfilled at this stage. However, Posiva
should perform further development of the casting process for the cast iron insert.
Posiva has presented non-destructive testing methods for the canister components and
qualification plans for the NDT-methods that fulfil STUK’s requirements at this stage.
STUK will follow-up Posiva’s manufacturing and welding development work as part of the
STUK’s inspection programme for the construction phase (RTO).
Posiva has described and justified the performance of the canister adequately at this phase.
However, there will remain uncertainties regarding performance of the canister that shall
need further RD&D work before an operating licence application. The most safety significant
uncertainties are related to copper corrosion and creep ductility. Posiva has submitted a
development plan of the disposal concept where it has recognized the following subjects for
further research: copper corrosion in oxygen-free water; enhancement of CSM; copper
corrosion in high chloride concentrations; effect of explosive residues on SCC; microbially
induced corrosion of copper and creep ductility. STUK will follow the progress of Posiva’s
RD&D work on these issues.
Buffer, backfill and sealing structures
For this licensing phase, Posiva’s characterization approach does not need to be fully
developed as long as Posiva is aware of the shortcomings involved and is carrying out
dedicated research work to improve the understanding of the properties affecting on the
behaviour of the clay/bentonite materials. STUK considers it sufficient to identify a
programme of work to ensure that a scheme is in place at the appropriate time. Clearly, this
programme will need to take account of the issues identified above and Posiva will need to
carry out more work to ensure that the scheme is comprehensive. The currently documented
understanding of material properties affecting the performance of the clay/bentonite barriers
is mainly empirical and fairly limited. Posiva has acknowledged this situation and has plans
(Development programme, project ECCA) to improve understanding and to study the
relationships between the material properties and the performance further. While STUK
considers that the understanding is sufficient at this licensing phase it requires more work to
be completed before an operating licence application.
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It is likely that any future decision to replace MX-80 or, for example, Friedland clay by another
type of bentonite may require significant additional, material-specific data and associated
modelling of behaviour to confirm the suitability of such a substitution.
Given the long time before closure systems are likely to be deployed, STUK considers that the
understanding is sufficient for this licensing phase but requires more work in the period
before an operating licence application. There is time to develop the characterization
approach, based on the experience gathered from buffer and backfill materials.
The modular approach developed provides a procedure to select the correct materials and
components for various closure parts in the repository, depending on the performance
requirements of the closure at each location.
STUK considers that the route to a sound QC system is understood by Posiva and the eventual
QC programme is likely to utilize well-developed quality system methodologies. Because QC
activities for the buffer will not come into play for some time (allowing adequate time to
prepare them), Posiva’s description of QC activities in connection with producing systems like
the buffer and backfill are considered sufficient at this phase of licensing. There is clearly work
to be done in producing both the technology and the necessary documentation for various
parts of the process.
Although there are several areas identified above where Posiva will need to provide further
argumentation in future work, STUK considers that Posiva has described and justified the
performance of the buffer, backfill and closure adequately at this licensing phase. In particular,
in moving towards an operating licence application, there are requirements for further
developments with respect to the performance of the buffer, backfill, especially as many of the
performance targets lack a criterion. Before submission of an operating licence application,
Posiva should reconsider the safety functions and performance targets critically in order to
improve and clarify their argumentation and to remove internal inconsistencies in the target
specifications. Examples of performance issues that call for further argumentation include
long-term chemical stability of montmorillonite and microbial activity in the buffer and
backfill, owing to their potentially significant influence on the performance of these and other
barriers. At present, it is difficult to assess if some of the performance targets are based on
sufficient, high-quality scientific knowledge and expert judgement. A clearer connection of the
performance targets to the functionality expected of the backfill is called for in the operating
licence phase. Posiva should form a more coherent view of the expectations of the
performance of the closure at the operating licence phase.
There is also a need to develop FEP descriptions further, to address all the relevant
interactions within and between barriers more clearly and comprehensively, and to construct
a conceptual model for each safety function of the barriers and the factors affecting them. This
would contribute to a more robust specification of the performance-target criteria. Posiva’s
progress in its RD&D work regarding these issues will be followed by STUK.
Site characterization
Posiva adequately describes ductile and brittle deformation, and lithology in the Olkiluoto
central areas. However, Posiva also recognises that better understanding of ductile evolution,
lithology, and brittle deformation history is required for the detailed-scale modelling work
that it needs for the planned repository volume. The understanding of ductile deformation
(history and kinetics) is important in understanding and predicting three-dimensional
lithological continuity and brittle deformation. The critical primary data and justifications for
the ductile deformation model should be presented more clearly. Posiva considers its
alteration modelling results relatively uncertain. However, because of the mineralisation
potential of hydrothermal alteration, there is an evident need to constrain and conclude the
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significance of alteration better. Posiva does not assign any levels of uncertainties for its geoDFN modelling, but significant uncertainties should be expected. In general terms, Posiva has
progressed significantly in assigning uncertainties for its hard rock models, but there is still
further work to be done. Increasing the consistency between hard rock sub-models and
uncertainty handling will increase confidence in the safety case.
Posiva’s groundwater flow modelling is among the leading-edge approaches in site-scale,
crystalline hard rock research and is able to include critical factors and concepts that need to
be accounted for. Given its state-of-the-art nature, STUK considers that the current framework
is reasonable and the results calculated should be qualitatively acceptable. However, the
modelling develops a complicated line of reasoning on the depth relations of fracture sizes,
frequencies, specific capacities, and transmissivities. The input of the hydro-DFN is preprocessed in several ways and the conceptual correctness and its predictive power can be
further upgraded and extended to include alternative assumptions on topics such as flow
channelling and connectivity. There should be a better justification why the boundary between
DZ3 and DZ4 lies at 400 metres. The repository is located directly below this boundary and on
the lower hydraulic conductivity side of this zone division. The measurement results of the PFL
tool are vital in setting up a hydrogeological flow model. However, there are concerns about
what the PFL actually measures underground. Posiva should improve the evidence that the
PFL tool works correctly in all the conditions it is used for, because the whole of the
hydrogeological modelling starts from these measurements. The deterministic hydrogeological
zone model needs a definite amount of connectivity to be capable to conduct water. There is a
persistent difference in how Posiva justifies zone dimensions in brittle deformation and in
hydrogeological zone modelling, although the disciplines share common discontinuity
information on the bedrock. There should be more consistency between crystalline hard rock
models and hydrogeological models, because these studies estimate the potential release
pathways from the repository. Both consistency and strengthening the source data reliability
will increase the confidence of the safety case.
STUK agrees that the justification for the interpreted hydrogeochemical evolution and the
establishment of reference water types is mostly credible. The main results of the
interpretations are adequate and are among Posiva’s most firmly based findings regarding
what can be expected with respect to Olkiluoto’s future hydrogeochemical evolution. The
characterisation of hydrogeochemical buffers regarding redox, pH, and against dilute waters
are logical and well justified. However, Posiva omits discussion about the significance of
abrupt seawater intrusion (density inversion) into the Olkiluoto bedrock and its effects on
bedrock redox conditions. Moreover, certain characterisation results are in significant
disagreement with Posiva’s considerations of future hydrogeological evolution (to be
discussed below). Although geochemical work indicates robust natural geochemical barrier
conditions, there is a need to conceptualise and quantify the safety-critical hydrogeochemical
processes. There are considerable uncertainties regarding the rate and history of interaction of
SFR pore waters and waters in fractures. Clarification of pore water – fracture water
discrepancy remains a significant open issue to be answered, because of its potential
consequences for effective surface area assumptions and thereby its effects on radionuclide
transport modelling results. The discrepancy also questions the sufficiency of current hydroDFN models.
Although there are continuing difficulties associated with the in-situ stress measurements, the
data gathered are considered to be adequate for qualitative stress estimations in Olkiluoto.
However, further confirmation is needed. There is a need, in the near future, to supplement
rock stress measurements with reliable data and improve the current rock stress models. The
rock stress model is among the principal sources of information that Posiva uses to plan and
justify the orientations of deposition tunnels. There is also a longer-term need to characterise
rock and fracture zone strength and stability properties. The stability predictions for tunnels
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to be excavated need further improvements. Currently, models predict the tunnel stability
rather qualitatively. The discrepancies are caused by the well-developed schistosity, the
changes in tunnel profile, local fracturing, the variation of the rock types and possibly other
factors. In the view of thermal properties, the shallow depth generalisation raises the question
of robustness. Average values for veined gneiss should be shown to be conservative.
Uncertainties of thermal property measurements exhibit relatively high variability, as a result
of, e.g., heterogeneity and anisotropy within samples. Apparently this variability could be
diminished by increasing the sample size. Adequate understanding of baseline rock stress and
stability conditions are of primary importance, because they are among the key factors guiding
the design and construction of the repository.
Posiva provides a credible argument and support for the significance of the repository nearfield rock in providing the long-term performance and isolation capacity of the natural barrier.
Although the role of the natural barrier has been shown adequately for the construction
license, the flow-related transport is strongly dependent on the modelling concept utilised.
Consequently, potential uncertainties related to the hydro-DFN are inherited by the transport
calculations. For example, the connectivity of the hydro-model can be overestimated and
bedrock retardation underestimated if the bedrock being modelled is not correctly
parameterised. The bedrock could behave more as a SCN than in the way that it is
conceptualised in the current DFN-model. The hydrogeological conceptualisation and
parameterisation of the repository near-field is important and needs to be confirmed with
further P-O work and model comparisons. The understanding of detailed scale migration and
retention properties for the rock matrix and the heterogeneities of fracture planes remain as
key issues for future research.
There is a continuous need to look for consistency, especially between the most safety critical
modelling disciplines, and Posiva has recognised this as an important way to increase the
credibility of the safety case. Integrating hydrogeological and hydrogeochemical modelling in a
consistent palaeohydrogeological model has a central role. Further confidence building also
requires consideration of independent integrated model conceptualisations. At a smaller scale,
the internal consistency between, e.g., crystalline hard rock submodels, will inevitably increase
robustness of the performance assessment. Similarly, showing consistency between the brittle
deformation and the deterministic hydrogeological zone models will increase confidence.
Further characterisation of the Olkiluoto eastern areas is needed for consistency building in
the models used in the central area, but also because of the future disposal plans for the area.
The GPS measurements monitored at and around Olkiluoto represent a rather unintegrated
area of Posiva’s studies. Evidently, the movements detected provoke questions that will need
to be answered. There is possibly an important connection between the Olkiluoto tectonic
stresses and the observed movements.
Posiva’s approaches to evaluation of future climate give an insight into the future evolution of
the site but raise questions, which is unsurprising in this complex and developing area of
science. One issue is how robust the climate scenarios need to be in order to provide a
convincing safety case. Analyses relating the full range of potential variations of glacial
conditions to the response of the release barrier system are needed. There is much
geoscientific information available from the Quaternary that Posiva could apply in estimating
future lines of evolution, because this is the most valuable argumentation for site stability.
Posiva should analyse the possibility of a more varied, abruptly changing, and prolonged global
temperate period and compare these analyses with available palaeosea-level records. There is
also a need to evaluate further the various possibilities related to onset and extent of future
permafrost conditions. Posiva’s present estimate of future hydrogeological conditions is overly
pessimistic, since there is no coupling to the TDS regulating hydrogeochemical reactions. In
hydrogeochemical considerations, Posiva assumes future boundary water conditions that do
not get much support, either from the site characterisation work, or from geochemical
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modelling work. In hydrogeochemical modelling, Posiva also uses porosity assumptions that
are in contradiction, e.g. with the transport modelling work. Posiva should complement its
seismicity analyses with alternate assessment methods, such as PHSA and PFDHA
methodologies. Posiva has studied potential consequences of postglacial EQ shear with
deterministic analyses that are bound to the BFZ model concept (uniform continuous
structures). To gain more realism, Posiva should consider also more heterogeneous
conceptualisations and alternative techniques (e.g. PFC) to analyse the potential movements.
The practices of QC are not as transparent as Posiva presents them to be. The site
characterisation and reporting mostly avoids assigning any safety significance to the results
found, although some characterisation results should certainly be put at the primary QC level.
Similarly, uncertainty handling of characterisation results calls for handling with a graded
approach. Posiva needs to specify more clearly how data, models, analyses and uncertainties
are classified into safety importance grades that designate their significance to the safety case
conclusions. In certain fields of science, the use of formal expert elicitation should be explored
further. The elicitation work should be targeted on defining uncertainties around estimates,
rather than trying to reach precise results from controversial and frequently deficient data.
Site suitability
The performance assessment conducted by Posiva shows that according to expected evolution,
the favourable properties of the rock surrounding the disposal facilities will continue to evolve
in a stable and predictable manner, and the requirements imposed by Posiva on the bedrock
are likely to be fulfilled by a large margin. According to results presented in safety case this
basis is credible.
At present the connection between the performance targets and design specifications remains
unclear. Consequently, it is difficult for Posiva to construct the facility and demonstrate its
acceptability so that the requirements by para. 508 of YVL D.5 will be fulfilled.The EBS related
performance targets are conservative bounds that need to be fulfilled for EBS at all times.
Before the start of the underground construction activities, Posiva needs to introduce the
essential, site performance assessment based properties to be preserved for the bedrock, in
addition to the EBS based performance targets that are already available and their relationship
to design requirements. There also remain further needs for development towards the
operating licence application regarding both performance targets and requirements of the
bedrock. Before submission of the operating licence application, Posiva needs to reconsider its
safety functions and performance targets on the whole and to all barriers.This means
improving and clarifying argumentation and removing internal inconsistencies from the
performance in the target specifications.
Based primarily on Posiva’s practical experiences during excavations, it can reasonably be
assumed that the bedrock around the disposal tunnels and holes will be adequately stable.
However, taking into account rock heterogeneity and the current level of understanding of insitu stresses especially, it is clear that rock mechanical conditions require more work. From
the viewpoint of understanding and optimising long-term safety, Posiva’s bedrock stability
argumentation, concentrated on the possibility of abnormally high stresses, is not adequate
(POSIVA 2012-24). This is also acknowledged by Posiva and further work is suggested, e.g., in
POSIVA 2013-01.
It is evident that the FENCAT database is a valuable source of seismic information for Northern
Europe. The main drawback of all seismic databases is their short history and, to compensate
for this, a global approach to seismic records of cratonized compressional areas would
increase confidence. With respect to long-term safety, Posiva’s seismic stability justifications
should be based more on geological observations, models and records than on historic event
databases. Geologically, most information available in Northern Europe is related to the
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Weichselian glaciation. The potential consequences of more extreme conditions should be
evaluated, to confirm the robustness of the chosen conceptualisations.
In general terms, Posiva’s arguments on low hydraulic conductivity at the disposal depth in
Olkiluoto are justified. The suitability of bedrock for disposal is predicted and detected with
Posiva’s RSC. The hydrogeological design requirements are in a central role in this
classification and the success of the RSC is a cornerstone of hydrogeological favourability
justifications. Posiva also supports hydraulic favourability with hydrogeological
measurements and observations, and implementation of these in its modelling work. Some
boundary conditions used in the modelling work have been questioned by hydrogeological
experts and need to be better justified in future.
Currently, the hydrogeochemical stability indications at the planned disposal depth are
convincing. Results of the palaeohydrogeological baseline characterisation at Olkiluoto are
Posiva’s strongest evidence for stability. However, the explanation of historical salinity
evolution, as well as potential future evolution of salinity, needs to be improved and justified
because of the lack of water-rock interactions and its relationship to the hydrogeological
modelling concept chosen. Furthermore, Posiva still needs to improve its geochemical process
understanding, in order to improve the confidence in the hydrogeochemical buffer capacities
of the bedrock that ensure the general geochemical site favourability. There is a specific need
to understand in detail how the species concentrations that are defined as critical for release
barriers (EBS and near-field bedrock) behave in the various geochemical environments
considered possible in the future.
Olkiluoto is unlikely to have resource interest for future human populations. However, Posiva
should continue to evaluate the economic mineralogy of Olkiluoto and its surroundings as
construction continues. Regarding all respects of natural resources, Posiva should justify more
rigorously that Olkiluoto is comparable to any other supracrustal gneiss area in Southern
Finland.
Posiva’s explanations on the chosen disposal depth are adequate. Posiva also describes
qualitatively how various properties of the bedrock vary as functions of depth, and it
concludes that the chosen depth is favourable for high level waste disposal. Posiva’s original
treatment gave the impression that the disposal depth was selected by the Government in its
2000 decision. In future, Posiva should describe more clearly how the site properties affecting
disposal safety vary at the disposal depth. Also, the gradients towards unfavourable conditions
should be described more clearly.
Rock classification
In the near future, Posiva needs to develop the RSC further and verify the pragmatic
applicability of the methodology. Posiva applies a ‘deterministic’ approach to define LDFs, FPIs
and respect volumes, and much of this determinism is based on expert judgements or pointwise observations. Posiva relies on an individual plane conceptualisation in describing
bedrock discontinuity features. Difficulties in discontinuity mapping at many scales prove this
to be a significant simplification. The plane conceptualisation can also be an oversimplification
and alternative approaches should be scoped, because unexpected results and relationships
may arise. Many of the RSC criteria need further development and there should be consistency
between overall design requirements and the monitoring work to be implemented in the
repository. Also, the extent of the methodology should be re-considered. Rock classification
methodology is meant to take into account all the aspects that can affect long-term
performance of the bedrock (YVL D.5 507). At present, Posiva does not present any criteria for
how the probable suitability of unexcavated bedrock is deduced from pilot hole studies. The
effective criteria for each RSC scale and for each step of RSC application need to be identified
more clearly.
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Posiva presents summary flow charts on the RSC decision process for three different scales.
Some improvements to these should be considered. The summary flow charts should be
updated to match the general outline chart of construction. Posiva has also drafted detailed
decision sheets showing how it intends to assure the design specifications and requirements.
Updates will be needed to the criteria in the detailed decision sheets as Posiva revises its VAHA
system. The RSC work and the hydrogeological P-O, measurement, testing and monitoring
work are intimately related and a routine programme to implement both should be presented.
Modifications to hydraulic connections as a result of construction actions should be monitored
more carefully (e.g. with hydraulic head measurements) and included into RSC decisions.
Continuous development of both RSC and DFN models are necessary for building confidence
on chosen conceptual models and site performance.
Long-term effects of construction activities
Owing to the small amount of data available, the consequences of the EDZ that will result in
D&B excavations continue to be questionable, although STUK agrees that induced fracturing
does not question the viability of the disposal concept. Posiva is still considering various
possibilities of mitigating, e.g., the deposition tunnel floor EDZ. Posiva has not thoroughly
justified its arguments on the hydraulic conductivity of the EDZ, especially if further
mechanical damage is developed in the tunnel perimeter EDZ during the thermal phase of the
repository. Therefore, it is still necessary for Posiva to continue both EDZ and thermally
induced fracturing investigations.
The mitigation of hydrogeological and hydrogeochemical disturbance has been considered by
Posiva. However, these considerations do not cover the complete extent indicated in YVL D.5
508. In addition to salinity evolution, Posiva should show more quantitatively how extensive
the hydrogeological and hydrogeochemical perturbations are expected to be during the years
of repository operation and how the disturbed system will find its way back to, or close to, its
baseline equilibrium state after closure of the repository. Posiva also needs to evaluate how
the repository near-field responds hydrogeologically and hydrogeochemically to the thermal
pulse caused by the SNF.
Demonstrations, manufacturing and installation tests
STUK considers that the most important, near-term priority for Posiva must be early
demonstration of its ability to reproducibly emplace its engineering barrier system at their
intended initial state, preferably in underground conditions. According to the PSAR decision
(1/H42241/2012) this has to be done before the starting of the construction of the
preparatoty phase (panel 1).
STUK sees that the emplacement of barriers will need almost real-time quality control and an
instantaneous decision-making procedure. The information received so far from the
demonstration machines and related software does not confirm readiness for this.
Posiva is late with the demonstration programme and is not able to demonstrate the feasibility
of the concept even at the system level. If the demonstrations with canister and buffer can be
carried out successfully then it can be expected that the whole concept will be feasible.
However, there remain uncertainties due to the fact that the feasibility of some other barriers
(backfill, including plug, deposition hole (bottom) and nearby rock) remains to be shown.
There also remains work to be done for the commissioning phase of the facility
(commissioning plan, tests both non-nuclear tests and nuclear tests after getting the OL).
Despite these specific issues, Posiva’s overall intentions and approach to demonstration
activities are reasonable and credible from the CLA point of view. However, STUK has concerns
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about clarity and precise timing, which will affect the feasibility and schedule of the project.
The plans presented in Posiva’s “Development programme” would, however, be sufficient in
proving the feasibility of the concept, if successfully carried through.
Safety functions and performance targets
Posiva has presented the safety functions for the barriers and it is concluded that Posiva’s and
STUK’s interpretations of a safety function differ from one another. In future Posiva should
redefine safety functions so that it is easier for STUK to evaluate the performance of the
barriers in relation to the fulfilment of the safety functions. Despite the different
interpretations of a safety function, the current formulation of the safety case can be used
satisfactorily to demonstrate an adequate level of post-closure safety. Therefore, it can be
concluded that Posiva has adequately described and defined the safety functions at this
licensing phase.
Posiva has also presented performance targets for the safety functions and presented a
criterion for such performance targets it considers a criterion to be definable for. Although
STUK has had some difficulties in reconciling Posiva’s approach with the requirements and has
identified significant differences in how the safety case is structured, the assessment that
Posiva has described has been sufficient to justify the performance of the barriers adequately
at this licensing phase. However, as Posiva moves towards an operating licence application it
will need to address the problems that STUK has identified and there thus remain further
needs for development regarding performance, especially as many of the performance targets
of the barriers lack criteria. A safety case is a structured argument for the safety of a system.
Specifically, STUK requires that Posiva shall construct an argument for the post-closure safety
in which: (1) Posiva shall reconsider its safety function and performance target approach in a
critical way in order to clarify its safety argumentation and to remove internal inconsistencies
in the targets before submission of the operating licence application, (2) to understand better
how, and to what extent, the performance of a safety function may decline, before the
operating licence phase Posiva shall redefine each performance target to include a quantitative
criterion describing the characteristic which, when met, ensures the fulfilment of a safety
function. Posiva shall also present a clear and unambiguous link between the safety functions,
performance targets and design, (3) the performance targets for the safety functions shall be
supported more clearly by the performance analysis, especially given the substantial
uncertainties involved during the early evolution of the disposal system; and (4) uncertainties
in the safety functions beyond the performance-target criteria shall be considered and
managed systematically and comprehensively in variant and disturbance scenarios. The above
considerations shall apply to the disposal system as a whole, including the low- and
intermediate-level waste repository.
Scenarios
STUK identifies several areas where Posiva’s approach to constructing scenarios is difficult to
follow or does not match our expectations of a comprehensive methodology. However, the
scenarios selected and the analyses carried out are considered sufficient to test and illustrate
the overall performance of the system, even though there are gaps to be filled and additional
information that is needed before an operational licence stage. For the CLA, Posiva’s
presentation is considered adequate, but does not easily lend itself to concluding whether
some key safety-significant evolutionary uncertainties have been accounted for in the analysed
scenarios.
In future, Posiva’s scenario process should be made more transparent, to include a definition
of the purpose and scope of the scenario work and to have a clearer reporting practice. Posiva
shall consider developing a more systematic and comprehensive approach that would enable
an easier evaluation of scenarios for credibility, coverage and distinctness.
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The safety case shall cover the repositories for low- and intermediate level waste and for SNF
in an integrated safety analysis of the disposal system.
Posiva has followed Guide YVL D.5 to classify the scenarios. For each of the base, variant, and
disturbance scenarios, Posiva defines calculation cases categorized into reference, sensitivity
and “what-if” cases. In addition, there are “complementary cases” that Posiva uses to enhance
the understanding of the system and are required to delineate the impacts of model and data
uncertainties.
Nevertheless, Posiva has constructed and defined a set of scenarios and calculation cases that
provides sufficient information on system evolution and response for the purposes of this
licensing phase. For the future, a more systematic and transparent way of constructing
consistent scenarios would produce additional safety-significant scenarios and calculation
cases.
Safety assessment
Posiva’s approach to deterministic calculations is consistent with the YVL guidance. The
calculation cases ‘flow down’ from the scenarios and are supported by a number of
complementary calculation cases. A significant number of calculation cases is considered and
the chosen calculation cases cover all the scenarios Posiva has defined and are consistent with
the assessment period and disposal system. Overall, STUK considers that the calculations are
cautiously realistic and, in general, the level of detail and manner of presentation of the
radionuclide transport calculations is sufficient to provide an adequate understanding of the
development of the technical arguments, the scientific and mathematical methods used and
the results and conclusions reached.
The LILW repository is located directly above parts of the spent fuel repository and both
repositories are connected with the same access tunnel. Therefore, Posiva shall include the
LILW repository in the safety case for the spent fuel repository as an integral part. In other
words, Posiva shall address the dose and release estimates from the spent fuel repository and
LILW repository in a more consistent manner, so that combination of releases can be
evaluated more reliably.
The calculation of probability-weighted multi-canister failure releases is difficult to follow and
before the operational licence phase, Posiva shall provide a more extended description of how
it is assembled. The description should include an assessment of the impact of an order of
magnitude increased frequency over the deglaciation period. It would also be valuable for
Posiva to compile the information to identify if, where and how it sees its analysis as being
conservative. In general, there is adequate discussion of the selection of input data and
uncertainties are typically managed by erring on the side of caution, which provides
confidence that data limitations will not ‘hide’ potentially significant impacts.
The synthesis of the assessment results could describe more clearly the key arguments that
give confidence that the system will be safe. In connection with the operating licence, a PSA
should be made to cover an adequate set of scenarios, including the biosphere scenarios.
Complementary considerations
Posiva’s objective in presenting complementary considerations is to enhance confidence in the
quantitative analyses developed in performance assessment. Complementary considerations
provide a measure of confidence, but are not suited to a quantitative reduction of uncertainties
in performance assessment. In general, Posiva uses the complementary considerations
effectively to enhance confidence in the safety case and the information presented can be
considered adequate for this licensing phase.
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Compliance with the regulatory criteria
Posiva has presented the annual doses and releases resulted from the calculation cases that
fall under the base and variant scenarios. The doses and releases are below the constraints set
in the Section 4 of the GD 736/2008. Posiva has identified unlikely events and estimated their
likelihoods. Posiva has analyzed the annual doses and releases and assessed their expectation
values where appropriate. The results are below the regulatory constraints.
Reliability of the post-closure safety case
Posiva’s analyses and models and data are mostly of high enough scientific quality.
Posiva has presented safety funtions in the safety case and presents open safety significant
issues and uncertainties related to those. Posiva justifies the safety of disposal by means of the
safety functions. However, Posiva does not present explicitly a link between open safety
significant issues and performance targets.
Posiva does not present conceptual models for each safety function. It is concluded that
mathematical models and source data are adequate at this phase. Posiva has formulated a set
of scenarios and calculation cases based on them. Calculation cases are supported by
complementary considerations and probabilistic sensitivity analysis.
Generally, it can be concluded that the reliability of models and data is adequate at this phase.
Even though it is concluded that the safety case is reliable it needs further development. More
understandable and unambiguous description of the evolution of the barriers and
identification of the most important barriers and conclusion from the uncertainty analysis and
its comparison to RD&D plan would help the evaluation of the reliability.
In addition, methodologies related to constructing a safety case need more development
before operating licence application. Scenario formulation shall be more systematic and
comprehensive and should be more easily traceable in the safety case. Safety functions and
performance targets shall be defined in a way that enables a more unambiguous assessment of
the linkage between the undeclined/declined performance of the barrier(s) and the scenarios
constructed to describe the potential future behaviour of the disposal system.
The structure and manner of representation of the safety case needs development so that the
compliance of the regulatory requirements can be evaluated more easily.
Posiva should indicate more clearly its own position in safety significant matters and justify
the choices made in the safety case. The references in the safety case must be clear and
referred documents shall be available when operating licence application is submitted.
The safety case must cover the entire disposal system, which also means that the low- and
intermediate-level radioactive waste safety analysis must be combined with the safety case of
disposal of spent fuel.
Posiva’s approach for handling uncertainties is based on identifying, avoiding, reducing and
assessing. Uncertainties are handled in compliance demonstration by defining various types of
calculation cases; this approach is reasonable, but greater use of the PSA should be made.
The reliability of the safety case is adequate at this phase. However, performance and safety
analysis needs development to increase the reliability of the safety case.
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