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Preface

This report describes the FEP processing undertaken for the SR-Site project and the resulting
version of the SKB FEP database containing the SR-Site FEP catalogue. The report is authored by
Kristina Skagius, Kemakta Konsult AB. She also developed the structure of the FEP database and
carried out all the FEP implementations and mappings in the database.

The main part of the work was conducted within the earlier safety assessment SR-Can, which

was a preparatory stage for the SR-Site assessment, and it was planned by a group consisting of
Kristina Skagius, Johan Andersson, JA Streamflow AB, and the undersigned. Many of the decisions
regarding FEP classification etc were made by this group as is further explained in the report.

Several other experts and generalists have been involved at specific stages of the work, including
Fred Karlsson, SKB (issues related to future human actions), Jens-Ove Nislund, SKB (climate-related
issues), Eva Andersson, Studsvik AB (biosphere issues). The persons involved in the implementa-
tion of the results of the audit regarding internal processes were the experts involved in developing
the process descriptions, with the main contributions being from Christina Lilja, SKB (canister
processes), Kastriot Spahiu, SKB (fuel processes), Patrik Sellin, SKB (buffer, tunnel backfill and
closure processes), Harald Hokmark, Clay Technology AB (geosphere processes), Jan-Olof Selroos,
SKB (geosphere processes), Ignasi Puigdomenech, SKB (geosphere processes) and Peter Jackson,
Serco Assurance, UK (geosphere processes).

The report has been reviewed by Alan Hooper, Alan Hooper Consulting Ltd, UK, and Mike Thorne,
Mike Thorne and Associates Ltd, UK.

Stockholm, December 2010

Allan Hedin

Project leader SR-Site

TR-10-45



Summary

This report documents the analysis and processing of features, events and processes, FEPs, that has
been carried out within the safety assessment SR-Site, and forms an important part of the reporting
of the project. The main part of the work was conducted within the earlier safety assessment SR-Can,
which was a preparatory stage for the SR-Site assessment.

The overall objective of the FEP analysis and processing in both SR-Can and SR-Site included
development of a database of features, events and processes, an SKB FEP database, in a format
that facilitates both a systematic analysis of FEPs and documentation of that FEP analysis, as

well as facilitating revisions and updates to be made in connection with new safety assessments.
The primary objective in SR-Site was to establish an SR-Site FEP catalogue within the framework
of the SKB FEP database. This FEP catalogue was required to contain all FEPs that needed to be
handled in SR-Site and is an update of the corresponding SR-Can FEP catalogue that was established
for the SR-Can assessment.

The starting point for the handling of FEPs in SR-Site was the SR-Can version of the SKB FEP
database and associated SR-Can reports. The SR-Can version of the SKB FEP database includes

the SR-Can FEP catalogue, as well as the sources for the identification of FEPs in SR-Can, namely
the SR 97 processes and variables, Project FEPs in the NEA International FEP database version 1.2
and matrix interactions in the Interaction matrices developed for a deep repository of the KBS-3 type.
Since the completion of the FEP work within SR-Can, an updated electronic version, version 2.1, of
the NEA FEP database has become available. Compared with version 1.2 of the NEA FEP database,
version 2.1 contains FEPs from two more projects. As part of SR-Site, all new Project FEPs in version
2.1 of the NEA FEP database have been mapped according to the methodology adopted in SR-Can
resulting in an SR-Site version of the SKB FEP database. The SKB FEP database thus encompasses
the SR-97 version, the SR-Can version and the SR-Site version of the FEP database.

The SR-Site FEP catalogue is a developed version of the SR-Can FEP catalogue. It contains initial
state FEPs; process FEPs for the system components fuel, canister, buffer, backfill in tunnels and
geosphere; FEPs for variables in those same system components and external FEPs. These FEPs are
essentially the same as those included in the SR-Can FEP catalogue. For the system components
not treated in detail in SR-Can, as well as for the biosphere, SR-Site FEPs have been defined and
included in the FEP catalogue. The mapping of NEA Project FEPs made to the preliminary and
provisional FEPs for these system components in SR-Can has been revisited and a new mapping has
been made to the FEPs now included in the SR-Site FEP catalogue. The FEP catalogue also contains
Methodology FEPs and Site-specific factors. These are also the same as in the SR-Can FEP catalogue
except for one of the Site-specific factors that has been excluded from the SR-Site FEP catalogue
since it is not relevant for the Forsmark site.
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1 Introduction

This report is one of the reports in support of the safety assessment SR-Site and the safety report SR-Site,
which constitutes a part of SKB’s licence application to construct and operate a final repository for
spent nuclear fuel at Forsmark. The main purposes of the safety assessment project SR-Site are:

» To assess the long-term safety after repository closure, as defined in applicable Swedish regula-
tions, of the proposed KBS-3V repository at Forsmark.

» To provide feedback to design development, to SKB’s RD&D Programme, to detailed site
investigations and to future safety assessment projects.

The assessment relates to the KBS-3 disposal concept in which copper canisters with a cast iron insert
containing spent nuclear fuel are surrounded by bentonite clay and deposited below 450 m depth in
saturated, granitic rock at Forsmark. The assessment is based on a reference design of the engineered
parts of the repository, including reference methods to achieve the specified design, taking into account
methods of controlling that the specifications of the reference design have been achieved.

1.1 Role of this FEP report in the SR-Site assessment

This report documents the analysis and processing of features, events and processes, i.e. FEPs, that
has been carried out within the safety assessment SR-Site, and forms an important part of the reporting
of the project. The detailed assessment methodology, including the role of the process reports in
the assessment, is described in the SR-Site Main report /SKB 2011/. The following excerpts describe
the methodology, and clarify the role of this process report in the assessment.

The repository system, broadly defined as the deposited spent nuclear fuel, the engineered barriers
surrounding it, the host rock and the biosphere in the proximity of the repository, will evolve over
time. Future states of the system will depend on;

* the initial state of the system,

* anumber of radiation-related, thermal, hydraulic, mechanical, chemical and biological processes
acting within the repository system over time, and

» external influences acting on the system.

A methodology in eleven steps has been developed for SR-Site, as summarised in Figure 1-1 and
described below.

1. Identification of factors to consider (FEP processing).

This step consists of identifying all the factors that need to be included in the analysis. Experience
from earlier safety assessments and KBS-3 specific and international databases of relevant features,
events and processes (FEPs) influencing long-term safety are utilised. An SKB FEP database is
developed where the great majority of FEPs are classified as being either initial state FEPs, internal
processes or external FEPs. Remaining FEPs are either related to assessment methodology in
general or deemed irrelevant for the KBS-3 concept. Based on the results of the FEP processing,
an SR-Site FEP catalogue, containing FEPs to be handled in SR-Site, has been established. This
step and the links to the subsequent steps are documented in this SR-Site FEP report.

2. Description of the initial state.

The initial state of the system is described based on the design specifications of the KBS-3
repository, a descriptive model of the repository site and a site-specific layout of the repository.
The initial state of the fuel and the engineered components is that immediately after deposition,
as described in the respective SR-Site Production reports /SKB 2010a, b, c, d, e, f/. The initial
state of the geosphere and the biosphere is that of the natural system prior to excavation, as described
in the site descriptive model /SKB 2008/. The repository layout adapted to the Forsmark site is
provided in an underground design report /SKB 2009/.
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Description of external conditions.

Factors related to external conditions are handled in the categories “climate-related issues”,
“large-scale geological processes and effects” and “future human actions”. The handling of
climate-related issues is described in the SR-Site Climate report /SKB 2010g/, whereas the few
external, large-scale geosphere processes are addressed in the Geosphere process report /SKB
2010h/. The treatment of future human actions in SR-Site is described in the SR-Site FHA report
/SKB 20101/

Compilation of process reports.

The identification of relevant processes is based on earlier assessments and FEP screening. All
identified processes within the system boundary relevant to the long-term evolution of the system
are described in dedicated Process reports, i.e. process reports for the fuel and canister /SKB
20105/, for the buffer, backfill and closure /SKB 2010k/ and for the geosphere /SKB 2010h/. Also
short-term geosphere processes/alterations, due to repository excavation, are included. For each
process, its general characteristics, the time frame in which it is important, the other processes
to which it is coupled and how the process is handled in the safety assessment are documented.

. Definition of safety functions, function indicators and function indicator criteria.

This step consists of an account of the safety functions of the system and of how they can be
evaluated by means of a set of function indicators that are, in principle, measurable or calculable
properties of the system. Criteria for the safety function indicators are provided. The Process reports
are important references for this step. A FEP chart is developed, showing how FEPs are related to
the function indicators.

Compilation of input data.

Data to be used in the quantification of repository evolution and in dose calculations are selected.
The process of selection and the data adopted are reported in a dedicated Data report /SKB 2010V/.
Also, a template for discussion of input data uncertainties has been developed and applied.

Definition and analysis of reference evolution.

A reference evolution, providing a description of a plausible evolution of the repository system,
is defined and analysed. The isolating potential of the system over time is analysed, yielding

a description of the general system evolution and an evaluation of the safety function indicators.
Each process is handled in accordance with the plans outlined in the process reports. Radiological
consequences of potential canister failures are not analysed in this step.

Selection of scenarios.

A set of scenarios for the assessment is selected. A comprehensive main scenario is defined in
accordance with the Swedish Radiation Safety Authority’s, SSM’s, regulations SSMFS 2008:21.
The main scenario is closely related to the reference evolution analysed in step 7. The selection
of additional scenarios is focused on the safety functions of the repository, and the safety function
indicators defined in step 5 form an important basis for the selection. For each safety function,
an assessment is made as to whether any reasonable situation where it is not maintained can be
identified. If this is the case, the corresponding scenario is included in the risk evaluation for
the repository, with the overall risk determined by a summation over such scenarios. The set of
selected scenarios also includes scenarios explicitly mentioned in applicable regulations, e.g.
human intrusion scenarios, and scenarios and variants to explore design issues and the roles of
various components in the repository.

Analysis of scenarios.

The main scenario is analysed essentially by referring to the reference evolution in step 7,
complemented by consequence calculations for potential canister failures in the reference evolu-
tion yielding a calculated risk contribution from the main scenario. The additional scenarios are
analysed by focussing on the factors potentially leading to situations in which the safety function
in question is not maintained. In most cases, these analyses are carried out by comparison with
the evolution for the main scenario, meaning that they only encompass aspects of repository
evolution for which the scenario in question differs from the main one. If the scenario leads to
canister failures, consequence calculations are carried out. If the likelihood of the scenario is
non-negligible, a risk contribution is also calculated.
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10. Additional analyses.

In this step, a number of additional analyses, required to complete the safety assessment, are
carried out. These comprise e.g. sensitivity analyses of the outcome of the scenario analyses,
analyses required to demonstrate optimisation and use of best available technique, analyses of
design options alternative to the reference design, analyses supporting risk discussion for the
initial 1,000 years and an account of supporting arguments based on natural analogues.

11. Conclusions.

This step includes integration of the results from the various scenario analyses, development of
conclusions regarding safety in relation to acceptance criteria and feedback concerning design,
continued site investigations and the RD&D Programme.

Reference Site description R&D results Results of earlier | | FEP databases
design assessments

1 Processing of features, events and processes (FEPs)

Initial Internal External
state processes factors
2a Description of site 2b Description of engineered 2c Description of repository
initial state barrier system (EBS) layout
initial state — with site adaptations
3 Description of external conditions 4 Compilation of Process reports
— Climate and climate related issues with handling prescriptions, including
— Future Human Actions models
5 Definition of safety functions and function 6 Compilation of input data

indicators Define

— safety functions of the system,

— measurable/calculable safety function indicators and
— safety function indicator criteria

7 Definition and analyses of reference evolution
Study repository evolution for
— repetition of most recent 120,000 year glacial cycle and
— variants assuming global warming due to increased greenhouse effect

8 Selection of scenarios based on 9 Analyses of selected scenarios
— results of reference evolution with respect to
— FEP analyses — containment
— safety functions — retardation
10 Additional analyses 11 Conclusions
— scenarios related to future human actions — compliance with regulatory
— optimisation and best available technique (BAT) requirements
— relevance of excluded FEPs — feedback to design, R&D, site
— time beyond one million years investigation
— natural analogues

Figure I-1. An outline of the eleven main steps of the SR-Site safety assessment. The boxes above the dashed
line are inputs to the assessment.
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1.2  Objective and scope of the FEP processing

The main part of the work with the processing of FEPs was conducted in SKB’s previous safety
assessment SR-Can /SKB 2006a/. The overall objective of the work in SR-Can, as well as for

the complementary work in SR-Site, included development of a database of features, events and
processes in a format that facilitates both a systematic analysis of FEPs and documentation of

the FEP analysis, as well as facilitating revisions and updates to be made in connection with new
safety assessments. The overall objective also extended to the development of procedures for such
a systematic analysis and processing of FEPs, as well as to the application of those procedures in
order to arrive at SR-Can and SR-Site versions of the SKB FEP database.

The primary objective in SR-Site was to establish an SR-Site FEP catalogue within the framework of
the SKB FEP database. This FEP catalogue was required to contain all FEPs that need to be handled
in SR-Site and is an update of the corresponding SR-Can FEP catalogue that was established for the
SR-Can assessment.

The SR-Site version of the FEP database builds on the outcome of the FEP work conducted in the SR-Can
interim and final assessments, as reported in the SR-Can FEP report /SKB 2006b/. The SR-Can work, in
turn, utilised the SR 97 Process report /SKB 1999/ and the supporting documentation on the Interaction
matrices developed for a deep repository of the KBS-3 type /Pers et al. 1999/ as the starting point.

1.3 Experts used in developing the FEP database

The procedures for developing the FEP database were established during the work with the SR-Can
FEP database. As reported in the SR-Can FEP report /SKB 2006b/, the details of the FEP database
development procedure were decided at meetings held at regular intervals during the course of the
work. Participants in these meetings were Allan Hedin, SKB, Johan Andersson, JA Streamflow AB,
and Kristina Skagius, Kemakta Konsult AB, in the forthcoming text referred to as the FEP group.
This group also made decisions regarding the treatment of FEPs during the audit stage and partici-
pated in the further processing of the outcome of the auditing during the development of the SR-Can
version of the FEP database. In the complementary FEP processing conducted for SR-Site, decisions
regarding the treatment of FEPs during the audit stage were made by Kristina Skagius in accordance
with the principles established by the FEP group during the SR-Can work.

Kristina Skagius, Kemakta Konsult AB, and Fred Karlsson and Jens-Ove Naslund, SKB, participated
in the work of the processing of the list of FEPs related to initial states and external factors in SR-Site.

The persons involved in the processing of FEPs related to internal processes were the experts involved
in developing the process descriptions, with the main contributions being from Kastriot Spahiu, SKB
(fuel processes), Christina Lilja, SKB (canister processes), Patrik Sellin, SKB (buffer, backfill and
closure processes), Harald Hokmark, Clay Technology AB (geosphere processes), Jan-Olof Selroos,
SKB (geosphere processes), Ignasi Puigdomenech, SKB (geosphere processes) and Peter Jackson,
Serco Assurance, UK (geosphere processes). All experts involved in development of the process
descriptions are listed in the SR-Site Process reports for the fuel and canister /SKB 2010j/, buffer,
backfill and closure /SKB 2010k/ and the geosphere /SKB 2010h/. Eva Andersson, Studsvik AB, has
been the responsible for processing of FEPs related to the biosphere.
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2 FEP processing procedures and prerequisites

As shown in the previous chapter, many of the steps in the methodology applied in SR-Site are related
to the handling of FEPs. This chapter gives the prerequisites for the work and an overview of the
different activities undertaken during the development of the SKB FEP database and the establish-
ment of the SR-Site FEP catalogue. These activities are essentially the same as those established

in SR-Can and reported in the SR-Can FEP report /SKB 2006b/. The development procedure is
described in more detail in the following chapters together with the results from the different steps.

21  System definition

As with the SR-Can FEP database, the SR-Site FEP database has been devised for the KBS-3
repository system. To be able to distinguish between FEPs belonging to the repository system and
FEPs acting from outside the system, a definition of the system boundary is necessary. Furthermore,
in the database, this system is divided into several system components. It should be noted that these
definitions primarily were set up to facilitate the auditing procedure and the development of the SKB
FEP database. Therefore, all these definitions are not necessarily relevant in subsequent treatments
of FEPs in the safety assessment, e.g. through modelling.

211 System boundary

To be able to distinguish between FEPs belonging to the repository system and FEPs acting from
outside the system, the following definitions related to the system boundary were applied.

» Roughly the portion of the biosphere studied in site investigations, e.g. an area of the order of
100-300 km? above the repository, is regarded as internal, whereas the biosphere on a larger scale is
regarded as external. The analysis of the biosphere extends downward to the surface of the rocks in
this assessment. Depending on the analysis context this definition may be somewhat modified.

* Local effects of climate are internal, but not the climate system on a larger scale.

* Roughly the corresponding portion of the geosphere down to a depth of about 1,000 m is
regarded as part of the system. Depending on the analysis context, this definition may also
be somewhat modified.

* Future human behaviour on a local scale is internal to the system, but not issues related to
the characteristics and behaviour of future society at large.

It was also noted that, in general, a strict boundary definition is neither necessary nor indeed possible,
and that the same boundaries are not necessarily relevant to all parts of the safety assessment.

In order to distinguish between factors affecting the initial state of the repository system and factors
associated with the evolution of the system, the initial time for the evolution of engineered barriers
was defined as the time of deposition. The initial state of the geosphere and the biosphere was defined
as that of the natural system prior to excavation and construction of the repository. This means that
the evolution of the natural conditions at the site as a result of construction is included in the system
description.

2.1.2 System components

The repository system encompasses the spent nuclear fuel, the canisters, the buffer, the tunnel backfill,
the geosphere and the biosphere local to the repository. In the SR 97 Process report /SKB 1999/, the
buffer and tunnel backfill were treated as one system component and the biosphere was not included.
When starting the development of the SR-Can version of the SKB FEP database, it was decided that
the buffer and the tunnel backfill should be treated as two separate system components and that the
biosphere system should be added.
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During the audit work in SR-Can, it was further found convenient to increase the resolution in the
definition of system components outside the buffer in order to obtain system components that are
reasonably homogeneous in character and to make it possible to distinguish between system compo-
nents that are more important to safety and those that are less important. In SR-Site, some additional
refinements of the definitions of the system components outside the buffer have been made. However,
the geometrical extent and materials included in the system components “Fuel/cavity in canister”
and “Cast iron insert and copper canister” remain the same as in the SR 97 version.

After these modifications, the SR-Site version of the SKB FEP database included the following
system components.

14

Fuel/cavity in canister. This system component comprises the fuel assemblies with fuel pellets,
cladding tubes, channel, handle, and spacers etc, as well as cavities in the canister that could
become filled with water in the case of a canister rupture.

Cast iron insert and copper canister. This system component comprises the canister with its inner
container of cast iron and outer shell of copper.

Buffer. This system component comprises the buffer of bentonite clay that surrounds the canister
in the deposition hole.

Bottom plate in deposition hole. This system component comprises the concrete foundation
in the bottom of each deposition hole and the copper plate on top of the concrete on which
the buffer resides.

Backfill in tunnels. This system component comprises the material that will be emplaced in

the deposition tunnels after deposition of the canisters and buffer in the deposition holes. Since
the concept for SR-Site is that the transport tunnels, the main tunnels as well as the lower parts
of the ramp and shaft (see Figure 2-1), from 200 m depth and downwards, will be backfilled with
the same material as the deposition tunnels, the backfill material in these parts of the repository
is also included in this system component. This system component also includes engineered and
residual materials, such as rock bolts, shotcrete and reinforcement nets that will be used as rock
support as well as grout in the grout holes. These grout holes are used for grouting of the rock
around the deposition tunnels during excavation and will be left grout-filled at repository closure.

Tunnel plugs. This system component comprises all plugs in the repository that are left at closure.
In the reference design, the plug is a composite of different materials including concrete, bentonite
and crushed rock /SKB 2010d/. Plugs will be installed in the deposition tunnels at the intersection
with the main tunnel and also to separate the transport tunnels from the central area and where
an underground opening passes through highly transmissive zones (Figure 2-1).

Central area. This system component comprises the remaining part below 200 m depth of the sub-
surface of the KBS-3 repository facility and includes rock cavities for operation, logistics and
maintenance (Figure 2-1). The central area will be filled with crushed rock /SKB 2010e/. This
system component also includes engineered and residual materials, such as rock bolts, shotcrete
and reinforcement nets that will be used as rock support.

Top seal. This system component comprises the filling in the uppermost 200 m of the ramp and
shafts in the repository /SKB 2010e/. The lowest part, from 200 to 50 m depth, will be filled with
crushed rock with a maximum particle size of 200 mm that has to be effectively compacted to
minimise self-compaction under its own weight and overburden. The uppermost part of the ramp
and shafts is planned to be backfilled with very coarse crushed rock and the shallowest part with
fairly well fitted blocks of crystalline rock in order to prevent unintentional intrusion into the
repository. This system component also includes engineered and residual materials.

Borehole seals. This system component comprises the backfill materials in all boreholes drilled
for site characterisation during the surface-based site investigations as well as during repository
excavation and construction. These boreholes will be sealed with compacted bentonite in perforated
copper tubes /SKB 2010e/. Borehole sections intersected by fracture zones will be filled with
concrete with very low content of low-pH cement and a minimum content of super-plasticisers in
order to minimise the negative impact on the contacting clay plugs. The upper part of boreholes
connected to the surface will be sealed with well-fitting rock cylinders resting on a silica concrete
plug and well-compacted till (Figure 2-2).
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* Geosphere. This system component comprises the rock surrounding the repository and the
investigation boreholes. It also includes grout injected into fractures in the rock during construction
of the repository to prevent water inflow to tunnels and other repository cavities. In the upward
direction, the geosphere is bounded by the geosphere-biosphere interface, defined as the top of the
weathered host rock, which would be either at outcrop or at the interface with Quaternary deposits.
For boundaries in the other directions, see definitions above regarding the system boundary.

* Biosphere. This system component comprises the near-surface properties and processes, both
abiotic and biotic as well as humans and human behaviour, see also definitions above regarding
system boundaries.

The various system components are also characterised by a number of variables, both in terms of the
initial state of these variables and their states during repository evolution. For the engineered barrier
system components, the variables are given in the Process reports for the fuel and canister /SKB 2010;/
and for the buffer, backfill and closure /SKB 2010k/ and the initial states of these system components
are described in the Spent fuel report /SKB 2010a/ and in the Production reports for the canister /SKB
2010b/, the buffer /SKB 2010c¢/, the tunnel backfill and tunnel plugs /SKB 2010d/ and the closure
/SKB 2010e/. The variables defined for the geosphere system component are given in the Geosphere
process report /SKB 2010h/ and a description of the initial state of the geosphere is provided in

the Forsmark site description /SKB 2008/.

The set of variables was established by the experts responsible for the development of the process
descriptions in order to ensure that the variables are suitable for description of all conceivable altera-
tions of the barrier properties as a result of long-term processes.

Transport tunnel Central area Transport tunnel Highly transmissive zone

Deposition tunnel Main tunnel

=== Rock cavities backfilled with clay.
Rock cavities backfilled with compacted crushed rock.
Backfill of deposition tunnels.
=== P|ug that shall keep the closure in the transport and main tunnels, in the ramp and shafts in place.
=== P|ug, placed where a tunnel, the ramp or a shaft passes highly transmissive zones.
=== Plug in deposition tunnels, see backfill report.

Figure 2-1. Outline of the reference designs of closure and plugs in the different categories of underground
openings (Figure 3-1 in /SKB 2010¢/).
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Figure 2-2. The principle for closure of the upper part of a borehole with well-compacted till below concrete
and fitted rock blocks (Figure 3-7 in /SKB 2010¢/).

2.2 Overview of FEP processing procedure

The handling of FEPs in SR-Site has followed the same procedure as that established for SR-Can
and builds on the outcome of the FEP processing in SR-Can as reported in the SR-Can FEP report
/SKB 2006b/ and documented in the SR-Can version of the SKB FEP database. The procedure is
schematically illustrated in Figure 2-3 and summarised in the text below.

SKB FEP database version SR-Can NEA FEP data base version 2.1
SR-Can SR-Can SR-Can SR-Can National in New National in
Initial state Process Climate FHA Version 1.2 Version 2.1
a description reports report report
l I R— I 1
Methodology Initial state Processes Biosphere External FEPs Irrelevant
FEPs FEPs EBS & FEPs Climate, Geo FEPs
geosphere FHA, Other
I c | i d__ | . 1f.
Initial state Reference EBS and Biosphere Climate | | FHA
9- deviations Initial state Geosphere reports report report
description Process reports
ooeml
Reference
Evolution
Scenario
Selection
Scenario
analyses

Figure 2-3. The handling of FEPs in SR-Site. The letters a to h are explained in the text.
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a) FEP sources

The starting point for the handling of FEPs in SR-Site was the SR-Can version of the SKB FEP
database and associated SR-Can reports. The SR-Can version of the SKB FEP database includes
the SR-Can FEP catalogue, as well as the sources for the identification of FEPs in SR-Can, namely
the SR 97 processes and variables /SKB 1999/, Project FEPs in the NEA International FEP database
version 1.2 /NEA 1999/ and matrix interactions in the Interaction matrices developed for a deep
repository of the KBS-3 type /Pers et al. 1999/. After the completion of the FEP work within
SR-Can, an updated electronic version of the NEA FEP database, version 2.1, became available
/NEA 2006/. This later version contains FEPs from two more national projects as compared with
the older version 1.2. Therefore, FEPs in these two new national databases together with FEPs in
the SR-Can version of the SKB FEP database were used as sources for the FEP handling in SR-Site.

b) FEP audit

In developing the SR-Can version of the SKB FEP database, the SR 97 processes and variables were
systematically compared with all Project FEPs included in the NEA FEP database, version 1.2. In
addition, an earlier audit of the SR 97 process report against the interaction matrices developed for a
deep repository of the KBS-3 type /Pers et al. 1999/ was revisited and updated. The purpose of these
audits was to ensure that all factors relevant to a KBS-3 repository were identified and to classify all
relevant factors as being related to the initial state of the repository system, to internal system pro-
cesses or to external factors. Most FEPs in version 1.2 of the NEA database could be mapped to one
of these categories. All other FEPs were characterised as general methodology issues or determined to
be irrelevant for the KBS-3 system. For SR-Site, all new Project FEPs in version 2.1 of the NEA FEP
database were categorised in a similar manner and compared with FEPs in the SR-Can FEP catalogue.

The FEP audit procedure and the results are described further in Chapter 3.

¢) Processing of initial state FEPs

The compiled NEA Project FEPs classified as initial state FEPs are related either to the intended initial
state with tolerances, further denoted the reference initial state, or to deviations from the intended initial
state. The NEA FEPs related to the reference initial state were associated with the appropriate variable
and system component and included in the description of the reference initial state for the system
component in question. Each variable constitutes a FEP record in the SR-Can as well as in the SR-Site
FEP catalogue, see g) below.

Initial state FEPs that are related to deviations from the reference initial state and that need to be
taken into account in the analyses formed the basis for the definition of Initial state FEP records
in the SR-Can as well as in the SR-Site FEP catalogue, see g) below. These initial state FEPs were
then propagated to the selection of scenarios.

The processing of initial state FEPs and the results obtained are described further in Section 4.2.

d) Processing of internal process FEPs and biosphere FEPs

Suggestions arising from the FEP audit in SR-Can regarding additions to, and modifications

of, internal processes were addressed by the experts involved in the development of the SR-Can
Process reports. The results of their work were implemented in the updated versions of the SR-Can
process descriptions for the engineered barriers and the geosphere. Each process in these reports also
constitutes a FEP record in the SR-Can FEP catalogue, see g) below. The complementary FEP audit
conducted in SR-Site did not initiate any modifications in the list of processes relevant for SR-Site
as compared with the list of processes for SR-Can. However, some modifications had to be made in
order to improve the structure and logic of the descriptions. The resulting SR-Site set of processes are
documented in the SR-Site Process reports /SKB 2010h, j, k/.

Biosphere processes were not included in the SR 97 Process report /SKB 1999/. Hence, the basis
for updating these descriptions was not the same as for the engineered barriers and the geosphere.
In SR-Can, provisional biosphere FEPs were defined and included in the SR-Can FEP catalogue.
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For SR-Site, a biosphere report has been developed /SKB 2010m/. That report contains general
descriptions of the processes considered to be of importance for the safety assessment, whereas the
site-specific aspects of the processes and how they are handled in the safety assessment are provided
in the various ecosystem reports developed for SR-Site /Andersson 2010, Aquilonius 2010, Lofgren
2010/. In the SR-Site FEP catalogue, a FEP record is included for each biosphere process in the
biosphere process report.

The treatment of process FEPs and the results obtained are described further in Section 4.1.

e and f) Processing of external FEPs

FEPs in the NEA database defined as external FEPs in SR-Can were subdivided into the categories
listed below. The complementary mapping of new Project FEPs in the NEA FEP database version
2.1 carried out for SR-Site did not point to any need to modify the categorisation of external FEPs.
Consequently, the categorisation of external FEPs in SR-Can and in SR-Site are:

* Climate-related issues.

+ Large-scale geological processes and effects.
» Future human actions.

* Other.

The handling of climate-related issues is documented in the SR-Site Climate report /SKB 2010g/
and corresponding climate FEPs are included in the SR-Site FEP catalogue. These climate FEPs are
essentially the same as those defined for SR-Can and included in the SR-Can FEP catalogue, see

g) below. In SR-Site, the handling of the NEA Project FEPs associated with these climate FEPs, as
documented in the SR-Can FEP catalogue, was revisited and updated as appropriate, including new
NEA Project FEPs in version 2.1 of the NEA FEP database that are associated to these climate FEPs.

Large-scale geological processes and effects were covered in SR-Can by two FEPs in the SR-Can
FEP catalogue, see g) below. The same two FEPs are also included in the SR-Site FEP catalogue
and described in the Geosphere process report /SKB 2010h/. As with the climate-related issues,
the SR-Can documentation of the handling of each NEA Project FEP associated to these large-scale
geological process FEPs has been revisited in SR-Site and updated as appropriate, considering also
new Project FEPs in version 2.1 of the NEA FEP database.

Future human actions, FHA, and how these are handled in the safety assessment are described in the
FHA report /SKB 2010i/. Seven FHA FEPs were defined and included in the SR-Can as well as in
the SR-Site FEP catalogue, see g) below. In SR-Site, the handling of each NEA Project FEP associ-
ated with these FHA FEPs, as documented in the SR-Can FEP catalogue, was revisited and updated
as appropriate, including new NEA Project FEPs in version 2.1 of the NEA FEP database.

In the category “other”, only the FEP “meteorite impact” was identified in SR-Can, but excluded
from further analysis. However, meteorite impact was still defined as a FEP in the SR-Can FEP
catalogue and the justification for excluding this FEP from further analysis was documented in the
FEP record in the SR-Can FEP catalogue. The audit of the new NEA Project FEPs in version 2.1 of
the NEA FEP database did not indicate any need for modifications. Therefore, the FEP is maintained
in the SR-Site catalogue, again for documentation purposes.

The processing of external FEPs and the results obtained are further described in Section 4.3.

g) Establishment of the SR-Can and SR-Site FEP catalogues

Based on the FEP processing conducted for SR-Can and briefly described above, an SR-Can FEP
catalogue was established /SKB 2006b/. This FEP catalogue contains all FEPs that needed to be
handled in SR-Can and is thus fundamentally a subset of FEPs in the SKB FEP database. However,
the SR-Can FEP catalogue contains some preliminary FEPs for system components that were not
treated in detail in SR-Can, i.e. tunnel plugs, backfill materials for cavities other than the deposition
tunnels, the bottom plate in the deposition holes and borehole seals. In addition, the FEPs defined for
the biosphere were provisional, since biosphere processes were not included in the SR 97 Process
report /SKB 1999/ and there was, therefore, not the same basis for updating these descriptions in
SR-Can as for the engineered barriers and the geosphere.
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The SR-Site FEP catalogue is a developed version of the SR-Can FEP catalogue. For the system
components not treated in detail in SR-Can, as well as for the biosphere, SR-Site FEPs were defined
and included in the FEP catalogue. The mapping of NEA Project FEPs made to the preliminary and
provisional FEPs for these system components in SR-Can was revisited and a new mapping was
made to the FEPs included in the SR-Site FEP catalogue, which contains the categories of FEPs
listed below.

e Initial state FEPs.

* Processes in the system components fuel, canister, buffer, bottom plate in deposition hole, tunnel
backfill, tunnel plug, central area, top seal, borehole seals and geosphere.

* Variables in the system components fuel, canister, buffer, bottom plate in deposition hole, tunnel
backfill, tunnel plug, central area, top seal, borehole seals and geosphere.

* Biosphere FEPs.
* External FEPs.

In addition to the categories listed above, the FEP catalogue also contains the categories Methodology
FEPs and Site-specific factors. The methodology FEPs address a number of issues relevant to the basic
assumptions for the assessment and to the methodology used for the assessment that were identified in
the NEA FEP database. Most of these are of a very general nature, but, for the sake of comprehensive-
ness, they were also included in the FEP catalogue. These were defined already in SR-Can, and the
audit of the new NEA Project FEPs in version 2.1 of the NEA FEP database did not result in any need
for modifications. The site-specific factors represent issues that specifically were identified as relevant
for the SR-Can analysis, for example the effect of a deep mine excavation near, but outside the tectonic
lens at Forsmark. No additional issues that are not covered by FEPs already included in the SR-Site FEP
catalogue were identified in the complementary FEP work and other analyses conducted in SR-Site.

The contents of the FEP catalogue are described in more detail in Chapter 5.

h) Repository evolution

The contents of the SR-Site FEP catalogue were propagated to the analysis of repository evolution.
The reference initial state, all processes and a reference external evolution were used to define a ref-
erence evolution for the repository system. Other FEPs were considered in the selection of scenarios.
This step is described in the SR-Site Main report /SKB 2011/ and is not further addressed in this FEP
report, other than in respect of documentation aspects related to the FEP catalogue.

2.3 Quality assurance aspects
2.3.1 The SKB FEP database

The SKB FEP database was used as a tool for documentation of the outcome of the different steps in
the FEP processing procedure as the work proceeded. This was done both in SR-Can and in SR-Site.
Thus, the FEP database in itself is regarded as a quality assurance instrument. For that purpose, it
contains all source information in terms of the Project FEPs included in the NEA FEP database ver-
sion 1.2 /NEA 1999/ and in version 2.1 /NEA 2006/, the contents of the SR 97 Process report /SKB
1999/ in database format and the Interaction matrices developed for a deep repository of the KBS-3
type /Pers et al. 1999/, as well as the resulting SR-Can /SKB 2006b/ and SR-Site FEP catalogues. In
addition, the SKB FEP database contains files created for documentation of the outcome of the FEP
audits in SR-Can and in SR-Site, one for the result of the audit against the NEA Project FEPs (NEA
Mapping) and one for the result of the audit against the Interaction matrices (Matrix Mapping).

The overall structure of the SKB FEP database is shown in Figure 2-4.

In order to ensure a proper handling of the SKB FEP database, routines for the development and
management of it were defined and applied both in SR-Can and in SR-Site. These are summarised
in the following sections and further addressed, where appropriate, in the following chapters.
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Figure 2-4. Overall structure of the SKB FEP database.

2.3.2

Import of NEA FEPs and Matrix interactions

The database was created with the database programme FileMaker Pro, (version 5.5), which is

the same database programme as was used to set up the NEA FEP database and the SKB Interaction
matrices. This made it possible to import an electronic copy of the register in the NEA FEP database
containing the Project FEPs (PROFEP) and of the registers containing the documentation on the
Interaction matrices. These registers, NEA Project FEPs and SKB Interaction matrices in Figure 2-4,
are, however, not used for documentation. The documentation is created in the registers NEA Mapping
and Matrix mapping (see Figure 2-4). These registers were created by exporting the Project FEP
number, the Project FEP name and the International FEP number from the NEA FEP database (register
PROFEP) to corresponding records in the NEA Mapping register in the SKB database. For creating
the Matrix Mapping register, the Matrix name, the interaction number and interaction name were
exported from the register SKB Interaction matrices to corresponding records in the Matrix mapping
register. This means that the full copies of the NEA Project FEP register and the Interaction matrices
registers are used for displaying the definition/description of the NEA Project FEPs and the Matrix
interactions only and no documentation was allowed in these registers.
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2.3.3 Routines for FEP processing and documentation of results

The FEP audit (b in Figure 2-3) in SR-Can and in SR-Site was carried out following a set of general
procedures and rules (Section 3.1.2). In addition, a number of criteria were defined that should be ful-

filled in order to determine that a FEP is not relevant for the SKB system (Section 3.1.3). These proce-
dures, rules and criteria were applied in the work and the results of the audit as well as decisions made
during the course of the work were documented in the FEP database (NEA Mapping in Figure 2-4).

The audit procedure was carried out by generalists and no attempt was made at this stage to make
definite decisions on the relevance or importance of the FEPs and Matrix interactions for repository
evolution. Therefore, the results of the audit, in terms of relevant FEPs and Matrix interactions and,
where relevant, their links to internal processes, was propagated to experts within the project for further
processing, together with instructions on how to document the result of that processing. The informa-
tion in the FEP database was provided as digital word documents that were created by exporting
relevant information directly from the FEP database to the digital documents.

The experts documented the results of their FEP processing using protocols addressing, for each
NEA Project FEP or Matrix interaction, whether it is handled or not handled in SR-Can or SR-Site
and if not handled, the reasons for this. The information developed under these protocols was then
imported to the FEP database, where it is accessible for view via the FEP records in the SR-Can and
SR-Site FEP catalogues (see Chapter 5). In addition, the expert responsible for the documentation
of the handling is identified in the appropriate record in the database as well as the date of the final
document provided for import to the database. Before entering the information into the database,
its completeness and consistency was checked by the person responsible for the management of
the FEP database. Minor revisions of more administrative character, such as adding cross-references
and duplicating documentation of handling of similar FEPs when this information was lacking, were
made by the person responsible for checking the information delivered under the protocols without
consulting the expert providing the information.

Print-outs of this information from the FEP database (FEP tables) are provided as Appendices to this
report.

2.3.4 Routines for management of the FEP database

Some general rules for administration of the FEP database have been followed throughout the devel-
opment work. These are listed below.

* Only one person has been allowed to make modifications to the structure and content of
the database. For the SR-Can project as well as the SR-Site project, this person has been
Kristina Skagius, Kemakta Konsult AB.

* Suggested modifications in the structure of the database had to be checked and approved by
the Project Manager Allan Hedin.

+ Input of information to the database was required only to be made from documents that were
dated, signed and provided by the experts assigned for the task.

* An informal log was active during the development of the FEP database to keep track of actions
needed and made.

* No formal numbering of versions of the FEP database during the development was considered
necessary, but dated copies were saved at regular intervals during the work. The final version for
SR-Can was named the SR-Can version and the final version for SR-Site the SR-Site version of
the SKB FEP database.

e The final official SR-Can and SR-Site versions of the FEP database are made available as stand
alone, write-protected versions.
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Before delivering the final versions of the SKB FEP database, the content was checked. This check
was made in order to ensure the following.

1.

All NEA Project FEPs in version 1.2 (SR-Can) and version 2.1 (SR-Site) of the NEA FEP
database are included in the SKB FEP database.

All Matrix interactions in the SR 97 Buffer, Near-field and Far-field matrices are included in
the SKB FEP database.

. All NEA Project FEPs and Matrix interactions included in the SKB FEP database are flagged as

Relevant or Not Relevant for the SKB repository system.

All NEA Project FEPs and Matrix interactions included in the SKB FEP database and flagged as
Not Relevant for the SKB repository system are associated with documentation justifying their
omission.

. All NEA Project FEPs and Matrix Interactions included in the SKB FEP database and flagged

as Relevant for the SKB repository system are associated with a documented description of their
handling in SR-Can and in SR-Site.

All processes in process reports, defined categories of initial states, defined external factors,
etc have a corresponding record in the SR-Can and SR-Site FEP catalogues.

The outcome of this check for the SR-Site version of the FEP database is provided in Appendix 1.
The corresponding check for the SR-Can version of the FEP database is documented in Appendix 2
in /SKB 2006b/.
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3 FEP audit

In the SR 97 Process report /SKB 1999/, processes relevant to repository safety for each of the
system components, i.e. fuel, canister, buffer/backfill and geosphere, were identified. For each
component, a set of variables needed to describe the evolution of the state of the component over
time was also established. As a first step in the development of the SKB FEP database, these
identified processes and variables were collected in an SR 97 FEP database, forming an important
starting point for the SR-Can FEP handling. The SR 97 database was then systematically compared
with other national databases included in the NEA international FEP database version 1.2 and with
the content of the SKB interaction matrices reported in conjunction with the SR 97 safety assessment
/Pers et al. 1999/. In SR-Site, a complementary FEP audit was carried out where FEPs in the SR-Can
FEP catalogue were compared with Project FEPs that are added in version 2.1 as compared with
version 1.2 of the NEA FEP database. This part of the work in SR-Can and SR-Site is described in
the following sections of this chapter.

3.1  Comparison with the NEA FEP database

3.1.1 Introduction

The NEA international FEP database is the outcome of work by the NEA FEP Database Working
Group and it consists of two parts; the international FEP List and Project Databases. The audit was car-
ried out using the Project Databases, which is a collection of FEP lists and databases compiled during
repository assessment studies in various countries. Version 1.2 of the NEA FEP database includes
project-specific records from eight projects, whereas version 2.1 covers project-specific records from
two more projects, i.e. in total records from ten projects. The main features of the repository concepts
for each of these projects are given in Table 3-1.

To facilitate the audit against the Project FEPs in the NEA FEP database and documentation of the

auditing results, “NEA mapping” files were created. The mapping file created in SR-Can link infor-
mation in the NEA Project data file (PROFEP) version 1.2 with information in the SR-Can database
files and the mapping file created in SR-Site links information in the corresponding Project data file
(PROFEP) in version 2.1 of the NEA FEP database with the SR-Site files in the SKB FEP database.

At the start of the audit in SR-Can, the SR-Can files were identical to the corresponding SR 97 files.
In a similar manner, the SR-Site files were identical to the SR-Can files when the complementary
audit in SR-Site against new NEA Project FEPs in version 2.1 started. In this way, all Project FEPs
in version 2.1 of the NEA FEP database were checked before the preliminary and provisional FEPs
in the SR-Can catalogue were upgraded to final FEPs in the SR-Site catalogue. This ensured that all
NEA FEPs associated with these preliminary and provisional FEPs were treated in a similar manner
in the upgrading procedure.

3.1.2 General auditing procedure and rules

The NEA Project data file (PROFEP) in version 1.2 of the FEP database contains 1,418 FEPs. In
order to make the audit work in SR-Can more efficient, the mapping of the NEA Project FEPs was
carried out by a single person (Kristina Skagius), but some general procedures and rules were fol-
lowed in order to keep expert judgements regarding details of process understanding to a minimum
at this stage. The NEA Project data file (PROFEP) in version 2.1 of the FEP database contains 1,671
FEPs, i.e. an additional 253 FEPs compared with version 1.2 of the FEP database. These new FEPs
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Table 3-1. Projects included in the NEA FEP database’

Project

Code

Waste type

Host rock

Engineered barrier system
concept

Versions 1.2 and 2.1

The Joint SKI/SKB Scenario J
Development Project, 1989

NEA Systematic N
Approaches to Scenario
Development, 1992

HMIP Assessment of H
Nirex Proposals — System
Concept Group, 1993

>

AECL Scenario Analysis for
EIS of Canadian Disposal
Concept, 1994

Nagra Scenario Develop- K
ment for Kristallin, 1994

SKI SITE-94 Deep S
Repository Performance
Assessment Project, 1995

US DOE Waste Isolation W
Pilot Plant, CCA, 1996

AECL Issues for the |
‘Intrusion Resistant Under-
ground Structure’, 1997

New in version 2.1

SCK.CEN Catalogue M
relevant to disposal in
Boom Clay, 1994

SKI Encyclopedia of FEPs E
for SFR and Spent Fuel
Repositories, 2002

Spent PWR/BWR fuel

Intermediate and
low-level wastes

Intermediate and
low-level wastes

Used CANDU fuel
bundles

Vitrified waste from
reprocessing of spent
PWR/BWR fuel

Spent PWR/BWR fuel

Contact- (CH) and
remote handled (RH)
Transuranic (TRU)
waste

Baled and bitumenised
LLW from Chalk

River Laboratories
operations

Vitrified high level
waste (HLW), spent
fuel (SF) and medium
level waste (ILW)
LLW and ILW in SFR
repository; Spent
BWR/PWR fuel in
SFL repository

Crystalline basement

Hard rock

Tuff, Borrowdale
Volcanic Group

Plutonic rock of the
Canadian Shield

Crystalline basement
under sedimentary
cover in Northern
Switzerland

Crystalline basement
(based on geologic
data from the Aspd
site in south central
Sweden)

Salt (Salado Forma-
tion, New Mexico
USA)

Large sand ridge

Plastic clay, the Boom
clay at Mol

Crystalline basement:
SFR ca. 60 m below
seabed at Forsmark;
SFL ca. 500 m below
ground level

Corrosion-resistant copper con-
tainers, borehole emplacement
with bentonite buffer

Steel and concrete packages,
emplaced in caverns with
cementitious grout and backfill

Steel and concrete packages,
emplaced in caverns with
cementitious grout and backfill
for ILW

Thin-walled titanium containers,
borehole emplacement with
bentonite-sand buffer

Thick steel containers, in-tunnel
emplacement with bentonite
buffer

Fuel, canister, bentonite buffer
and tunnel backfill

Magnesium oxide backfill as
chemical conditioner, crushed
salt, clay, concrete and asphalt
seal components

Reinforced concrete vault above
the water table

Emplacement in concrete lined
galleries

LLW and ILW in vaults

and concrete silo at SFR
repository; SF in copper-steel
canisters in bentonite lined
boreholes (KBS-3V) in SFL
repository

' The Yucca Mountain FEP analysis is not included in version 2.1 of the NEA FEP database and has not been considered
in the FEP processing in SR-Site. However, this omission is judged to be of no importance to the outcome of the FEP
processing, since the disposal concept for Yucca Mountain is very different.
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were in SR-Site mapped by the same person conducting the mapping in SR-Can applying the same
approach set up for the mapping in SR-Can. The general procedures and rules followed in SR-Can
and SR-Site were defined by the FEP group and were as listed below.

» The NEA Project FEPs regarded as irrelevant were marked as such and justification for their
screening had to be provided (see Section 3.1.3 for screening criteria).

» Relevant FEPs occurring outside the system boundary were classified as External factors (see
Section 3.1.4).

* A NEA Project FEP that clearly could be linked to one or several processes, variables or the initial
state of one or more variables was so linked.

» Suggestions as to modifications to the descriptions of the processes and variables onto which
the NEA Project FEPs were to be mapped were allowed at this stage. These modifications were
required to be documented and all objects for which modifications were required to be marked
in the database.

» All NEA Project FEPs not readily or fully fitting into one of the above categories were marked as
such for further handling at a later stage.

* The mapping was required to be based on the NEA Project FEP description, rather than the FEP
name.

* Any associations outside the primary meaning of the FEP that arose from consideration of
the FEP description were required to be documented.

During the FEP audit in SR-Can, all NEA Project FEPs that could not readily be mapped using the
general auditing rules were discussed at regular meetings in the FEP group and decisions were made
on the relevance and classification of these FEPs. During the complementary mapping in SR-Site,
the experience from the mapping in SR-Can was utilised and no need for separate decisions in

the FEP group arose.

3.1.3 Relevance screening

The relevance of each NEA Project FEP for the SKB repository system was judged on the basis of
relevance criteria defined by the FEP group. The FEP could be screened out if one or more of the
following criteria were fulfilled.

» The FEP is not appropriate to the actual waste, canister design, repository design, geological or
geographical setting.

* The FEP is defined by a heading without any description of what is meant by the heading, but from
the interpretation of the heading it is judged that the FEP is covered by other NEA Project FEPs.

» The FEP is very general and covered by other more specific NEA Project FEPs.

It should be emphasised that certain aspects given in a FEP description could be relevant for the
repository system defined for the SR-Can and SR-Site assessments, even if the FEP mainly related
to a system substantially different from the SR-Can and SR-Site system. For example, NEA FEPs
that are related to concrete barriers in an LLW/ILW repository concept are not necessarily screened
out, since concrete is part of the SKB repository system and some aspects addressed in the NEA FEP
description might, therefore, be relevant. In these cases, the FEP was judged as relevant and treated
further as described in the following sub-sections.

It should also be noted that the general strategy in the screening of FEP relevance was to judge FEPs
as relevant rather than to screen them out at this stage, unless it was clearly obvious that they are
irrelevant. By this approach, the final decision regarding the relevance of a FEP and reasons for the
decision as to whether it should be included were left to the various experts involved in the further
processing of the audit results.
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3.1.4 Classification of relevant FEPs

In SR-Can, NEA Project FEPs assessed to be relevant for the SKB repository system were classified
into one or more of the categories listed below.

+ System processes.

* Variables/initial states.
* Biosphere.

» External factors.

*  Methodology issues.

In the complementary audit carried out in SR-Site, all of the new NEA Project FEPs assessed as
relevant could be classified to the same categories as those defined in SR-Can.

System processes

This category was used to classify FEPs that were judged to describe a process relevant to one
or several of the system components defined for the SR-Can and SR-Site assessments, excluding
the biosphere, see below.

Variables/initial states

This category was used to classify FEPs that were judged to affect a variable defined to describe

the state of a system component, either the initial state of the system component or the state during
evolution. If the FEP was considered to address both a process relevant for the evolution of a system
component and a variable affected by that process, it was always assigned to the category system
process, but not always also to the category variable/initial state. However, all FEPs that were judged to
be relevant to the initial state of a system component were assigned to the category variable/initial state.

Biosphere

A separate treatment of biosphere FEPs was necessary in SR-Can because the SR 97 database does
not contain any biosphere processes or variables. Therefore, NEA FEPs judged as being relevant for
the SR-Can biosphere were classified into a separate category “Biosphere” for later audit. The bio-
sphere FEPs were further distinguished into the sub-categories Quaternary deposits, Surface waters,
Atmosphere, Biota, Man and Others. These sub-categories correspond to the provisional Biosphere
FEPs in the SR-Can FEP catalogue. In the complementary mapping carried out in SR-Site, all new
NEA Project FEPs sorted to the category “Biosphere” were initially sorted to one or several of these
SR-Can provisional biosphere FEPs.

External factors

The category External factors was used for NEA FEPs that act outside the boundary of the reposi-
tory system. During the auditing work in SR-Can and SR-Site, a further division was made into

the sub-categories “Large-scale geological processes and effects”, “Climatic processes and effects”,
“Future human actions” and “Other”, i.e. the same classification as is used in the NEA database.

Methodology issues

A number of relevant issues relating to the factual basis for the assessment and to the methodology
of the assessment were identified in the NEA FEP database. Most of these are of a very general
nature, but were for the sake of comprehensiveness also included in the SR-Can FEP catalogue as
two FEPs, “Assessment basis” and “Methodology issues”. The audit of the new NEA Project FEPs
in version 2.1 of the NEA FEP database has not resulted in any need for modifications. Therefore,
the SR-Site FEP catalogue contains the same methodology FEPs as the SR-Can FEP catalogue (see
further Section 4.5).

3.1.5 Documentation of audit results

The results of the audits in SR-Can as well as in SR-Site were documented in the NEA mapping files
in the database. A short description of the type of documentation made is given here.
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FEP relevance

The relevance of the FEP for the SKB system was documented in the NEA mapping file (see
Figure 2-4) together with justification for the judgement “not relevant”, when applicable. Out of

the total number of 1,418 Project FEPs in version 1.2 of the NEA database, 316 FEPs were screened
out as being irrelevant for the SR-Can assessment. Examples of screened-out FEPs are those related
to magmatic activity and volcanism, and FEPs addressing aspects specific to vitrified waste. In the
complementary FEP work in SR-Site, 48 of the new NEA Project FEPs in version 2.1 of the database
were judged as not relevant and screened out. Furthermore, an additional six of the NEA Project
FEPs that are included also in version 1.2 of the FEP database and that in SR-Can were judged as
relevant were in SR-Site re-assessed as not relevant. Four of these are FEPs related to the biosphere,
which is one of the system components that was in focus in the complementary FEP work conducted
in SR-Site. The result of the assessment of relevance of the Project FEPs in version 2.1 of the NEA
FEP database is that 370 of the total of 1,671 Project FEPs are documented as not relevant for the
SKB system in the SR-Site version of the SKB FEP database.

Processes and variables/initial states

All NEA Project FEPs assigned to the categories “System process” and “Variables/initial states”
were marked as such in the mapping files. In SR-Can, these NEA Project FEPs in version 1.2 of
the database were compared with processes and variables in the SR 97 database. For NEA FEPs that
were judged to be covered by processes or variables in the SR 97 database, the links between NEA
Project FEPs and SR 97 processes and variables were documented in the mapping file. In addition,
NEA Project FEPs not covered by SR 97 processes or variables or aspects of NEA Project FEPs not
addressed were also documented in the mapping file. As a result of this work in SR-Can, a number
of processes were added to the SR-Can FEP catalogue as well as FEPs of potential relevance to

the initial state of the system components /SKB 2006b/.

In SR-Site, new Project FEPs in version 2.1 of the NEA database assigned to the categories “System
processes” and “Variables/initial states” were, in the NEA mapping file and in a first step, linked

to appropriate FEPs in the SR-Can FEP catalogue. For system components not treated in detail in
SR-Can, the SR-Can FEP catalogue contains preliminary FEPs. In SR-Site, FEPs for these system
components, i.e. tunnel plugs, central area, top seal, bottom plate in deposition holes and borehole
seals, were established, largely based on the list of processes and variables defined for the system
components buffer and backfill. In a second step, all NEA Project FEPs linked to the preliminary
FEPs in the SR-Can FEP catalogue were revisited and re-linked to the new FEPs defined for
SR-Site. In addition, a few modifications in the list of processes for the system components fuel,
canister, buffer, backfill and geosphere were made compared to the list of processes included in
SR-Can. These modifications were not initiated by the complementary mapping of new Project FEPs
in version 2.1 of the NEA FEP database, but were made to improve the structure and logic of the
descriptions. For example, to improve the handling of uncertainties in the geochemical evolution of
the buffer, some mechanisms included in integrated descriptions in SR-Can are in SR-Site included
as separate processes, €.g. iron-bentonite interactions and cementation. Another example concerns
a modification in the list of geosphere processes. In SR-Can, surface erosion and weathering was
defined as a geosphere FEP and described in the Geosphere process report /SKB 2006¢/, but these
mechanisms are in SR-Site classified as related to climate and the biosphere and the description of
these mechanisms is included in the SR-Site Climate report /SKB 2010g/ and also addressed and
considered in the biosphere analyses and reporting. All modifications were implemented in the SR-Site
FEP catalogue and the link between NEA Project FEPs in version 2.1 of the database and FEPs in
the SR-Site FEP catalogue documented in the mapping file.

The number of NEA FEPs assigned to the category “System process” in the SR-Site version of
the SKB FEP database is 678 (546 in the SR-Can version), whereas 252 NEA FEPs are assigned
to the category “Variables/initial states” (194 in the SR-Can version).

Biosphere

All NEA Project FEPs classified as relevant for the biosphere in the SR-Can assessment were
marked as such in the mapping file and also assigned to one or several of the provisional biosphere
FEPs defined in SR-Can by markers in the SR-Can mapping file. Initially, the SR-Site FEP catalogue
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contained the same provisional Biosphere FEPs as the SR-Can FEP catalogue. In the complementary
mapping of new Project FEPs in version 2.1 of the NEA FEP database, FEPs classified as biosphere
FEPs were initially linked to one or several of these provisional biosphere FEPs.

For SR-Site, a biosphere process report /SKB 2010m/ has been developed, which contains general
descriptions of the processes considered to be of importance for the safety assessment. For each
process defined in the biosphere process report, a biosphere FEP has been included in the SR-Site
FEP catalogue (see Section 5.5). Therefore, all NEA Project FEPs associated with the provisional
SR-Can biosphere FEPs were revisited and a new linking to the defined SR-Site biosphere FEPs
was carried out. The links between NEA Project FEPs and SR-Site biosphere FEPs are documented
in the SR-Site mapping file. In total, 282 NEA FEPs are assigned to the Biosphere category (259 in
SR-Can).

External factors

In SR-Can, all Project FEPs in version 1.2 of the NEA FEP database classified as relevant external
factors for the SR-Can repository system were marked as such in the SR-Can NEA mapping file. In
addition, each FEP was marked as belonging to one of the categories “Climatic processes and effects”,
“Large-scale geological processes and effects”, “Future human actions” or “Other” and finally linked
to the appropriate SR-Can FEP in the SR-Can FEP catalogue /SKB 2006b/. In the complementary map-
ping of new Project FEPs in version 2.1 of the NEA FEP database conducted in SR-Site, all these new
Project FEPs could be associated with FEPs representing external factors in the SR-Can FEP catalogue.
Thus, the SR-Site catalogue contains the same external FEPs as the SR-Can FEP catalogue, with one
exception. This concerns the SR-Can geosphere process FEP “Surface weathering and erosion” that

in SR-Site was re-classified as an external factor in the category “Climatic processes and effects” and
renamed to “Denudation”. The links between Project FEPs in version 1.2 of the NEA FEP database
and SR-Site external FEPs are documented in the SR-Site mapping file. In total, 209 NEA FEPs are
assigned to external factors in SR-Site (175 in SR-Can).

Methodology issues

NEA Project FEPs judged to belong to the categories “Assessment basis” and “Methodology com-
ment” were marked as such in the NEA mapping file both in SR-Can and in SR-Site. Of all Project
FEPs included in version 2.1 of the NEA FEP database, 23 are associated with the SR-Site FEP
“Assessment basis” and 102 with the SR-Site FEP “Assessment methodology”. The correspond-
ing number of Project FEPs in version 1.2 of the NEA FEP database associated with the SR-Can
version of the methodology issues FEPs are 9 and 102, respectively. The major reason for the larger
number of NEA Project FEPs categorised as related to the assessment basis in SR-Site compared
with SR-Can is that many of the NEA FEPs addressing chemical toxicity are associated with this
category, whereas in SR-Can they were classified as belonging to the category “Biosphere FEPs”.

3.2 Audit against SR 97 interaction matrices

In SR-Can, the content of the SKB interaction matrices reported in conjunction with the SR 97
safety assessment was mapped to the content in the SKB FEP database in a similar way as was
done for the NEA Project FEPs. The result was documented in a Matrix mapping file in the SKB
FEP database /SKB 2006b/. In SR-Site, no complementary work related to matrix interactions was
conducted with one exception. This concerns matrix interactions that in SR-Can were associated
with the preliminary SR-Can FEPs that were defined for the system components not treated in detail
in SR-Can, i.e. tunnel plugs, backfill materials for cavities other than the deposition tunnels, the
bottom plates in the deposition holes and borehole seals. In SR-Site, these matrix interactions were
revisited and sorted to the new SR-Site FEPs defined for these system components. In addition, the
eleven matrix interactions that in SR-Can were classified as belonging to the category “Biosphere”
were revisited. Two of these interactions concern issues related to environmental impact assessment
and are, therefore, reclassified as belonging to Methodology issues in SR-Site. The remaining nine
interactions all address issues that are covered by one or several of the SR-Site biosphere FEPs and
they were, therefore, not further handled.
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4 Further processing of FEPs

In SR-Can, the result of the audit against the Project FEPs in version 1.2 of the NEA FEP database
and the SKB Interaction matrices was used to create check lists for updating process descriptions for
the SR-Can assessment and for the preparation of descriptions of the initial states of the repository
system components /SKB 2006b/. In addition, FEP lists from the audit were used as checklists

for the handling of external factors as described in the SR-Can Climate report /SKB 2006d/ and

the SR-Can FHA report /SKB 2006¢/, as well as for the establishment of SKB FEPs for further
consideration in the selection of scenarios. In SR-Site, the results of the complementary mapping of
Project FEPs in version 2.1 of the NEA FEP database were used to check the updated SR-Site ver-
sions of the process reports, the climate report and the FHA report. Furthermore, all NEA Project FEPs
associated to biosphere FEPs defined for SR-Site were checked in order to ensure that all important
aspects are addressed in the SR-Site biosphere reports. The different procedures applied for the
post-processing of the audit results are described in this chapter.

4.1 Internal processes

The results of post-processing of the process lists and the tables with documentation of the handling
of Project FEPs in version 1.2 of the NEA FEP database were documented in the SR-Can version of
the FEP database. In SR-Site, this information was exported from the FEP database and was, together
with all new Projects FEPs in version 2.1 of the NEA FEP database associated with process FEPs in the
SKB FEP database, provided to the experts responsible for updating the process reports. These experts
revisited the documentation on handling of each NEA FEP in SR-Can and updated the documentation
to be valid for SR-Site. In addition, the handling of all new Project FEPs in version 2.1 of the NEA
FEP database was documented. This documentation was then imported into the SR-Site version of
the FEP database and linked to the appropriate FEP in the SR-Site FEP catalogue (see Section 5.1).
The results for the different system components are further commented upon in the following sections.

Concerning the documentation of the handling of matrix interactions associated with internal process
FEPs, this was not complete in SR-Can /SKB 2006b/. Despite this, it was judged that all important
aspects related to these interactions were addressed in the SR-Can process descriptions, since these
interactions were input to the development of the SR 97 process descriptions, which in turn were one
of the sources of the SR-Can descriptions. Since the SR-Site process descriptions are built on the
SR-Can descriptions, this judgement is still valid and no systematic effort has been made in SR-Site
to update and/or complement the documentation of the handling of matrix interactions linked to
process FEPs in the SR-Site FEP catalogue.

4.1.1 Fuellcavity in canister

Seventeen processes are defined for the system component Fuel/cavity in canister in the SR-Site Fuel
and canister process report /SKB 2010j/, and these are in the FEP database represented by FEP
record identities FO1 to F17 (see Table 5-2 in Section 5.3).

The SR-Site processes for the system component Fuel/cavity in canister are essentially the same
as those defined for this system component in SR-Can /SKB 2006b, f/. One new process has been
added, “Chemical alteration of the fuel matrix” (F16), which refers to alteration of the spent fuel
matrix under reducing conditions through the formation of coffinite.

The tables documenting the handling of NEA Project FEPs (version 2.1) associated with processes
in the system component Fuel/cavity in canister are given in Appendix 4. The information in these
FEP tables is also included in the FEP database and linked to the corresponding FEP records in
the SR-Site FEP catalogue.
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4.1.2 Castiron insert and copper canister

Fifteen processes are defined for the system component Cast iron insert and copper canister in the
SR-Site Fuel and canister process report /SKB 2010j/, and these are in the FEP database represented
by FEP record identities CO1 to C15 (see Table 5-3 in Section 5.3). These processes are the same

as those defined for SR-Can, but somewhat reordered, which means that the FEP record identities
are different for four processes as compared with SR-Can. The FEP tables with documentation of
the handling of NEA Project FEPs (version 2.1) associated with canister processes are given in
Appendix 5 and they are also accessible in the FEP database.

4.1.3 Buffer

Twenty-six processes are defined for the system component Buffer in the SR-Site Buffer, backfill
and closure process report /SKB 2010k/, and these are in the FEP database represented by FEP
record identities BuO1 to Bu26 (see Table 5-4 in Section 5.3).

Compared with the processes defined in SR-Can /SKB 2006g/, two mechanisms included in integrated
descriptions in SR-Can are in SR-Site included as separate processes. These are “Iron-bentonite
interaction” (Bul7) and “Cementation” (Bu22). This also implies that the FEP identities for many
of the buffer processes are different in SR-Site compared with SR-Can. In addition, some minor
changes in naming of the processes have been made, e.g. the SR-Can processes “Advection” and
“Diffusion” are in SR-Site named “Advective transport of species” and “Diffusive transport of
species”, respectively.

The FEP tables with documentation of how NEA Project FEPs (version 2.1) associated with buffer
processes are handled are provided in Appendix 6. The information in these tables is also included
in the FEP database.

4.1.4 Backfill in tunnels

Twenty-two processes are defined for the system component Backfill in deposition tunnels in the
SR-Site Buffer, backfill and closure process report /SKB 2010k/, and these are in the FEP database
represented by FEP record identities BfTO1 to BfT22 (see Table 5-5 in Section 5.3). These processes
are the same as those defined for SR-Can /SKB 2006g/, but some changes in the naming of the pro-
cesses have been made. As in SR-Can, two of these processes are not described in the SR-Site Buffer,
backfill and closure report /SKB 2010k/. For BfT19, Colloid formation and transport, reference is made
to the corresponding process in the Geosphere process report (Gel8 in Table 5-6) and the process
BfT22, Transport of radionuclides by a gas phase, is addressed in the SR-Site Main report /SKB 2011/
(Section 13.8).

The FEP tables with documentation as to how NEA Project FEPs (version 2.1) associated with
backfill processes are handled are provided in Appendix 7. The information in these tables is
also included in the FEP database.

4.1.5 Geosphere

Twenty-four processes are defined for the system component Geosphere in the SR-Site Geosphere
process report /SKB 2010h/, and these are in the FEP database represented by FEP record identities
Ge01 to Ge25 (see Table 5-6 in Section 5.3), excluding Ge09, as explained in the following paragraph.

Compared with SR-Can, one modification in the list of geosphere processes has been made. In SR-Can,
surface erosion and weathering was described in the Geosphere process report /SKB 2006c/. However,
in SR-Site, the description of these mechanisms is included in the Climate report /SKB 2010g/ and also
addressed and considered in the biosphere analyses and reporting. Therefore, a new Climate FEP is
included in the FEP database (see Section 4.3.1). However, a FEP record for this process with the
SR-Can identity (Ge09) is kept in the SR-Site FEP catalogue for traceability reasons, in which a cross-
reference is provided to the new Climate FEP (Clil1) and to the relevant biosphere FEP (Bio38), see
further Sections 4.3.1 and 4.4. Other modifications related to geosphere processes only concern small
changes in the naming of the processes.
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The FEP tables with documentation of how NEA Project FEPs (version 2.1) associated with geosphere
processes are handled are provided in Appendix 8. The information in these tables is also included in
the FEP database.

4.1.6 Additional system parts

The system components tunnel plugs, central underground area, the top seal, the bottom plate in
deposition holes and borehole seals were not treated in detail in SR-Can, and only very preliminary,
provisional SKB FEPs were defined and entered into the SR-Can FEP catalogue. In SR-Site, processes
for these system components are described in the SR-Site Buffer, backfill and closure process report
/SKB 2010k/ and corresponding process FEPs are included in the SKB FEP database. The names
and record identities of these process FEPs are given in Table 5-7 in Section 5.3. The numbers of
process FEPs included in the FEP database for each of these system components are listed below.

e Tunnel plug; 19 processes with record identities Pg01 to Pg19.

» Central area; 19 processes with record identities CAO1 to CA19.

» Top seal; 18 processes with record identities TSO1 to TS18.

* Bottom plate in deposition holes; 16 processes with record identities BPO1 to BP16.

» Borehole seals; 22 processes are defined in the process report and each process is represented by
a FEP record in the FEP database with record identities BhS01 to BhS22.

In general, the evolution of these system components is judged as of secondary importance for safety.
Nevertheless, a check of the NEA Project FEPs (version 2.1) associated with SR-Site process FEPs
for these system components has been conducted and the handling is documented in the SKB FEP
database.

4.2 Initial states

In SR-Can, all Project FEPs in version 1.2 of the FEP database categorised as initial state FEPs could
be further divided into two groups, FEPs that are related to the reference initial state and FEPs that
are related to deviations from the reference initial state /SKB 2006b/. The former group comprised
a checklist for the description of the initial states of the repository components as documented in
the SR-Can Initial state report /SKB 2006h/. The handling was documented in tables created for this
purpose and added to the SKB FEP database with a link to the appropriate Variable FEP record in
the SR-Can FEP catalogue. The checklist with FEPs sorted to the latter group resulted in the definition
of SR-Can Initial state FEPs for further consideration in the SR-Can assessment (see Section 4.2 in
/SKB 2006b/). These FEPs are related to deviations from the reference initial state of the canister,
the buffer and the backfill of the deposition tunnels, or to more general deviations, and are included
in the SR-Can FEP catalogue with FEP record identity starting IS and followed by a letter code, e.g.
Gen for general deviations in initial state and Bu for buffer.

In SR-Site, new Project FEPs in version 2.1 of the NEA FEP database classified as related to Initial
state FEPs were added to the check lists. The handling in SR-Can of NEA FEPs sorted to the reference
initial state was revisited and checked against the descriptions of the reference initial states for the
engineered barrier system components as provided in the SR-Site Production reports /SKB 2010a,
b, ¢, d, e, /. As in SR-Can, the handling in SR-Site of these FEPs as well as of new Project FEPs

in version 2.1 of the NEA FEP database was documented and added to the SKB FEP database with
a link to the appropriate Variable FEP record in the SR-Site FEP catalogue (see Section 5.4). This
check was conducted by Kristina Skagius, Kemakta.

The FEPs related to deviations from the reference initial state that are included in the SR-Can FEP
catalogue are also included in the SR-Site FEP catalogue. These FEPs and all associated NEA
Project FEPs are considered in the analysis of the reference evolution of the repository or in the
selection of scenarios in SR-Site as reported in the SR-Site Main report /SKB 2011, Chapters 10
and 11/. As in SR-Can, these FEPs are related to deviations from the intended reference initial state
of the canister, the buffer and the backfill of the deposition tunnels, or to more general deviations,
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and are included in the SR-Site FEP catalogue with FEP record identity starting IS and followed
by a letter code, e.g. Gen for general deviations in initial state and Bu for buffer (Table 5-1 in
Section 5.2). In addition, the SR-Site FEP catalogue contains corresponding FEPs for the system
components that were not treated in detail in SR-Can, i.e. the tunnel plug, the central area, the top
seal, the bottom plate in deposition holes and borehole seals. These system components are not of
primary importance for the safety of the repository. Therefore, the consequences of deviations in
their initial state are not analysed in detail, but are addressed in the analysis of the reference evolu-
tion as reported in the SR-Site Main report /SKB 2011, Chapter 10/ and, if relevant, considered in
subsequent parts of the assessment.

In the FEP processing in SR-Can, it was decided to exclude two of the SR-Can Initial state FEPs of
more general character from scenario selection. These FEPs are also excluded from scenario selection
in SR-Site. One of them is related to severe perturbations like fire, explosions, sabotage and severe
flooding (ISGenO1). The reasons for excluding this FEP are 1) the probabilities for such events are low
and i1) if they occur, they have to be reported to the Swedish Radiation Safety Authority (SSM), their
consequences assessed and correcting or mitigation actions made accordingly. The other FEP excluded
is related to effects detrimental to long-term safety caused by monitoring activities (ISGen04). This
FEP was excluded from further analysis because monitoring activities that could disturb the repository
safety functions will not be accepted.

Another FEP in the SR-Site (and SR-Can) FEP catalogue refers the effects of phased operation
(ISGen02). This affects mainly the geosphere and the subsequent development of the entire repository.
The hydrological state of the bedrock is perturbed as soon as repository excavation starts (a smaller
perturbation even occurs earlier during site investigations). Different parts of the repository, completed
at different times, will be exposed to different hydrological conditions, affecting e.g. the saturation of
the buffer and backfill. Possible upconing of saline water could also vary between different parts of
the repository due to phased operation. Other factors to consider are the effects of blasting and under-
ground traffic on completed parts of the repository. All these issues are part of the expected evolution
of the repository, but are not automatically captured in the system of processes describing repository
evolution over time or by the initial state descriptions. As they need to be adequately included in
the discussion of repository evolution, they were propagated to the analysis of the reference evolution
(see SR-Site Main report /SKB 2011/, Section 10.2.6).

The last initial state FEP of more general character in the FEP catalogue concerns the effects of an
unsealed or abandoned or monitored repository (ISGen03). These issues were propagated to scenario
selection (Chapter 11 in the SR-Site Main report /SKB 2011/).

The FEP tables with documentation of how NEA Project FEPs sorted to Initial state FEPs are handled
in SR-Site are provided in Appendix 3. The information in these tables is also included in the FEP
database together with documentation of the handling of matrix interactions associated with SR-Site
Initial state FEPs.

4.3 External factors

As described in Section 3.1.4, NEA Project FEPs and Matrix interactions defined as External factors
to the repository system were classified into the following four categories: “Climate processes and
effects”, “Large-scale geological processes and effects”, “Future human actions”, and “Others”, both
in SR-Can and in the complementary FEP audit conducted in SR-Site. Further processing and check-
ing of these FEPs in SR-Can resulted in the inclusion of relevant FEPs in the SR-Can FEP catalogue
to which a documentation of the handling of each Project FEP in version 1.2 of the NEA FEP database
is linked /SKB 2006b/. In SR-Site, the documentation of the handling of each NEA Project FEP was
revisited and updated as appropriate and the handling of each new Project FEP in version 2.1 of the
NEA FEP database associated with external factors was added to the SKB FEP database. This check
and update of the handling of NEA Project FEPs was carried out by the different experts assigned to
the task.
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4.3.1 Climatic processes and effects

Climate issues and their handling in SR-Site are described in the SR-Site Climate report /SKB 2010g/
and eleven Climate FEPs are included in the FEP database to represent these issues (see Table 5-10

in Section 5.6). Compared with SR-Can, one Climate FEP has been added. This additional FEP,
“Denudation” corresponds to the SR-Can geosphere process “Surface weathering and erosion”, which
in SR-Site has been categorised as a climate-related and biosphere issue rather than a geosphere
process. Another modification compared with SR-Can is that the SR-Can Climate FEP concerning
earthquake activity related to the removal of large ice sheets (Cli10), in SR-Site has been classified as
a large-scale geological process rather than a climate process and is, therefore, included in the SR-Site
FEP related to Earthquakes (LSGe02, see Section 4.3.2). However, a FEP record for this process with
the SR-Can identity (Cli09) is kept in the SR-Site FEP catalogue for traceability reasons, in which
a cross-reference is provided to the large-scale geological process FEP, see further Section 4.3.2.

In SR-Site, the handling of each NEA Project FEP has been revisited and updated as appropriate,
including new Project FEPs in version 2.1 of the NEA FEP database that are associated with these
climate FEPs. The FEP tables with documentation of how NEA Project FEPs sorted to climate issues
are handled in SR-Site are provided in Appendix 9. The information in these tables is also included
in the FEP database.

4.3.2 Large-scale geological processes and effects

Large-scale geological processes occurring in the past and currently ongoing and their impact on the
current mechanical state of the Baltic Shield and the repository rock are described in the Geosphere
process report /SKB 2010h/. Two SR-Site FEPs are included in the FEP database to cover these,
namely “Mechanical evolution of the Shield” (LSGe01) and “Earthquakes” (LSGe02) (see also
Table 5-11 in Section 5.6). These FEPs are the same as those included in the SR-Can FEP catalogue
/SKB 2006b/.

In SR-Site, the documentation in the SR-Can FEP catalogue has been revisited and updated as appro-
priate, considering also new Project FEPs in version 2.1 of the NEA FEP database that are mapped to
these large-scale geological process FEPs. The FEP tables with documentation of how NEA Project
FEPs sorted to large-scale geological processes are handled in SR-Site are provided in Appendix 9.
The information in these tables is also included in the FEP database.

4.3.3 Future human actions (FHA)

Future human actions and how these are handled in the safety assessment are described in the SR-Site
FHA report /SKB 2010i/. In SR-Can, seven FEPs were defined to represent future human actions, and
the same seven FHA FEPs are included in the SR-Site FEP catalogue (see Table 5-12 in Section 5.6).
In SR-Site, the documentation of the handling of each NEA Project FEP mapped to these SR-Site FEPs
has been revisited and updated as appropriate, considering also new Project FEPs in version 2.1 of the
NEA FEP database that are mapped to these SR-Site FHA FEPs. The result is provided in Appendix 9
and also included in the FEP database.

4.3.4 Others

In SR-Can, all NEA Project FEPs sorted to this group were related to meteorites and their impacts
on repository performance. Meteorite impact was excluded from further analysis in SR-Can, but was
defined as a FEP in the SR-Can FEP catalogue. The audit of the new NEA Project FEPs in version
2.1 of the NEA FEP database has not indicated any need for modifications. Therefore, meteorite
impact is kept as a FEP also in the SR-Site catalogue for documentation purposes, but excluded from
further analysis in SR-Site. The justification for excluding meteorite impact is that the probability
is very low that a meteorite, large enough to damage the repository, will actually impact Earth, e.g.
on the order of one collision every 500,000 year for objects of roughly 1 km in size /Morbidelli

et al. 2002/ and about one collision every 10,000 years for objects causing craters larger than 1 km
in diameter /Melosh 1989/. The probability that the hit actually occurs at the repository site is then
significantly lower; e.g. an estimated frequency in the order of 10°"* per km? per year for impacts
causing craters larger than 1 km in diameter has been reported by /Hartmann 1965/. Since the depth
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of a crater is about one third of its diameter /Melosh 1989/, the crater has to be larger than 1 km

in order to expose the repository, but the rock would likely be fractured at repository depth due to
somewhat smaller impacts.. Furthermore, such an impact event would cause substantial damage to
the local and regional biosphere, including humans /Collins et al. 2005/, and these direct effects of
a meteorite impact are deemed to be much more severe than its possible radiological consequences.
The justification for excluding this FEP from further analysis is documented in the FEP record in
the SR-Site FEP catalogue and the FEP tables containing the documentation of the handling of NEA
Project FEPs associated with this SR-Site FEP are linked to the SR-Site FEP record in the database.

4.4 Biosphere FEPs

In SR-Can, provisional Biosphere FEPs were defined and included in the SR-Can FEP catalogue,
for traceability reasons /SKB 2006b/. In SR-Site, new biosphere FEPs have been defined based on
the content of the SR-Site Biosphere process report /SKB 2010m/. In total, 51 biosphere process
FEPs are included in the SR-Site FEP catalogue, each represented by a FEP record in the FEP
database with record identities BioO1 to Bio51 (see Table 5-8 in Section 5.5). All NEA Project FEPs
associated with these SR-Site biosphere process FEPs have been checked by the experts involved in
the biosphere analyses for SR-Site and the handling of each NEA Project FEP has been documented
and included in the FEP database. FEP tables with the documented handling are also provided in
Appendix 10.

4.5 Methodology issues

A large number of the NEA Project FEPs are related to basic assumptions for the assessment and to
the methodology adopted for the assessment. Most of them are of a very general nature and it could
be argued that these issues are not FEPs in the sense that they affect the future evolution of a reposi-
tory. However, for the sake of comprehensiveness, these issues were, in SR-Can, also propagated to
the SR-Can FEP catalogue and associated with two SR-Can FEPs, “Assessment basis” (Meth01) and
“Assessment methodology” (Meth02) /SKB 2006b/.

The audit in SR-Site of the new NEA Project FEPs in version 2.1 of the NEA FEP database has not
resulted in any need for modifications. Therefore, the SR-Site FEP catalogue contains the same
methodology FEPs as the SR-Can FEP catalogue. NEA Project FEPs and Matrix interactions assigned
to these two SR-Site FEPs have been checked against the basic assumptions in the SR-Site assess-
ment and the assessment methodology and the result is documented in the SKB FEP database and
linked to the SR-Site FEP records in the SR-Site FEP catalogue.

As in SR-Can, NEA Project FEPs categorised as belonging to the assessment basis in SR-Site relate to:
+ Biological evolution that might lead to other effects of radiation in the future compared with today.
* Changes in society’s ability to treat cancer or its view on radiation hazards.

* Issues that are addressed in the environmental impact assessment rather than in the safety assessment.

In addition, NEA Project FEPs concerning technological advances in food production have been
assigned to this SR-Site FEP.

NEA Project FEPs associated with the SR-Site FEP “Assessment methodology” are, as in SR-Can,
related to data and modelling issues such as correlations and uncertainties, design issues and
implementation of various features in the modelling.
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5 The SR-Site FEP catalogue

Based on the FEP processing conducted in SR-Can, an SR-Can FEP catalogue was established. In
SR-Site, the SR-Can FEP catalogue has been further developed using the outcome of the complemen-
tary FEP processing described in the previous chapters. The resulting SR-Site FEP catalogue contains
all FEPs defined for the SR-Site assessment. The SR-Site FEP catalogue is included in the SKB FEP
database together with registers for documentation of the FEP processing results. The SKB FEP data-
base also encompasses the SR-97 version and the SR-Can version of the FEP database (see Figure 2-4
in Section 2.3.1). The SR 97 version contains the SR 97 processes and variables. The SR-Can and
SR-Site versions contain all FEPs in the NEA database and in the national databases linked to the NEA
database, versions 1.2 and 2.1, respectively, including the classification and characteristics of these
FEPs. The content of the SR-Site FEP catalogue and the information it provides are described in this
chapter. An electronic version of the SKB FEP database is available on a CD together with instructions
on how to navigate in the FEP database.

5.1 General
The SR-Site FEP catalogue contains FEPs for the following categories.
 Initial state FEPs.

* Processes in fuel, canister, buffer, backfill, tunnel plug, central area, top seal, bottom plate in
deposition holes, borehole seals and geosphere.

» Variables in fuel, canister, buffer, backfill, tunnel plug, central area, top seal, bottom plate in
deposition holes, borehole seals and geosphere.

* Biosphere FEPs.
» External FEPs.
»  Methodology issues.

In addition, there is a possibility to enter in the FEP catalogue any issue that is, for whatever reason,
identified as relevant for the safety assessment. For SR-Can, some site-specific issues identified in
the preliminary safety evaluation of the sites were included /SKB 2006b/. For Forsmark these issues
concerned the potential impact of nearby nuclear power plants and the power cable to Finland and
the effect of a deep mine excavation near, but outside, the tectonic lens at Forsmark. For SR-Site, no
additional issues that are not covered by FEPs already included in the SR-Site FEP catalogue have
been identified.

In the FEP catalogue, each SR-Site FEP is represented by a FEP record containing the SR-Site FEP
ID, the FEP name, a short description/definition, a summary of the handling of the FEP in SR-Site
and references to reports where more extensive documentation of the FEP and its handling are to
be found. An example is given in Figure 5-1. More FEP-type specific information is also accessible
through the FEP records. This is further discussed in the following sections.

In total, the SR-Site FEP catalogue contains 407 FEP records. As shown in Appendix 3 to 10,
one FEP in the SR-Site catalogue can be linked to a large number of NEA Project FEPs.

5.2 Initial state FEPs

The initial state FEPs in the SR-Site FEP catalogue are related to deviations from the intended
reference initial state of the engineered barrier system components or to more general deviations.
These FEPs are listed in Table 5-1. Initial state FEPs in the SR-Site FEP catalogue that are related to
the reference initial state are handled in the category “variables” in the SR-Site FEP catalogue (see
Section 5.4).
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FEP catalogue
Version: SR-Site
Start menu
FEP database SR-Site FEP record FEP database
[ Internal process | [Fuelicavity in canister |
Radioactive decay FO1 |
Description/Definition
Transformation of radionuclides in the fuel due to radioactive decay. A
v
Handling in SR-Site
Intact canister. Thermal model. A
Failed canister. COMP23
v
References: Section number
| SR-Site Fuel and canister process report, TR-10-46 | | 1.6,2.1.1 m
| || v
Linked NEA FEPs Process diagram | List Internal processes |
Linked Matrix interactions Content categories
Return to List Found records

Figure 5-1. Print-out from the SR-Site FEP catalogue to illustrate the basic information available for each
SR-Site FEP.

As mentioned in Section 4.2, two of these FEPs (ISGen01 and ISGen04) are excluded from the
assessment. This and the reasons for exclusion are documented in the FEP records. The remainder
of the more general FEPs and the initial state FEPs for the engineered barrier system components
were considered in the reference evolution, the scenario selection and scenario analysis in SR-Site.
The handling of these FEPs in the analysis is documented in the FEP record and reference is given to
the appropriate section in the SR-Site Main report /SKB 2011/ where the handling is described.

Other information accessed via the Initial state FEP records in the FEP catalogue is lists of NEA
Project FEPs associated with each SR-Site FEP and if and how these are addressed by the SR-Site
FEP, including the documentation related to the FEP. The FEP tables showing the handling of
the NEA Project FEPs associated with SR-Site Initial state FEPs are provided in Appendix 3.
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Table 5-1

. Initial state FEPs in the SR-Site FEP catalogue.

FEP ID FEP name Description
1ISGen01 Major mishaps/accidents/ Major mishaps/accidents like fire, explosions, earthquakes and flooding in
sabotage encapsulation plant, during transport and repository operation. Possible
decontamination following severe mishap.
Ditto sabotage (chemical, physical etc), improper management.
1SGen02 Effects of phased operation Phased operation mainly affects the geosphere and the subsequent
development of the entire repository. The hydrological state of the bedrock
is perturbed as soon as repository excavation starts (a smaller perturbation
even occurs earlier during site investigations). Different parts of the repository,
completed at different times, will be exposed to different hydrological condi-
tions, affecting e.g. the saturation of the buffer and backfill. Possible upcon-
ing of saline water could also vary between different parts of repository due
to phased operation. Other factors to consider are the effects of blasting and
underground traffic on completed parts of the repository. All these issues
are part of the expected evolution of the repository, but are not automatically
captured in the system of processes describing the repository evolution
over time or by the initial state descriptions. As they need to be adequately
included in the discussion of the repository evolution, they are propagated to
the analysis of the reference evolution.
1SGen03 Incomplete closure Concerns the effects of an unsealed, abandoned repository.
1ISGen04 Monitoring activities Implications of monitoring activities, including underground monitoring
boreholes, on long-term safety.
1ISCO01 Mishaps — canister Concerns mishandling and breakage of a canister during manufacturing,
sealing, transport and deposition. Random defects are considered, despite
quality control in manufacturing and sealing.
A number of defects may be related by a common cause, despite quality
control in manufacturing and sealing.
1ISC02 Design deviations — canister Welding or material defects (geometry, material composition), e.g. loss of
ductility due to impurities in the copper material or bad manufacturing meth-
ods or “cold cracks” due to bad manufacturing methods. Random defects
despite quality control in manufacturing and sealing.
A number of defects may be related by a common cause, despite quality
control in manufacturing and sealing.
1ISBu01 Mishaps — buffer Faulty or deviating buffer emplacement caused by e.g. difficulties due to
inflow, problems with remote control handling, etc leading to e.g. inhomo-
geneous buffer and/or reduced density.
1ISBu02 Design deviations — buffer ~ Deviations in buffer properties despite quality control.
ISBfTO1 Mishaps — backfill in tunnels Faulty or deviating backfill emplacement due to e.g. difficulties due to inflow,
etc leading to e.g. inhomogeneous backfill.
ISBfT02 Design deviations — backfill  Deviations in backfill properties despite quality control.
in tunnels
ISBP0O1 Mishaps — bottom plate in Faulty or deviating emplacement of bottom plate in deposition holes.
deposition holes
1ISBP02 Design deviations — bottom  Deviations in structural material (concrete bottom plate) properties despite
plate in deposition holes quality control.
1ISPg01 Mishaps — plugs Faulty or deviating emplacement of plugs.
1ISPg02 Design deviations — plugs Deviations in plug properties despite quality control.
ISCAO01 Mishaps — central area Faulty or deviating backfill emplacement in central area due to e.g. difficulties
due to inflow, etc leading to e.g. inhomogeneous backfill.
ISCA02 Design deviations — central ~ Deviations in central area backfill properties despite quality control.
area
ISTS01 Mishaps/Design deviations  Faulty or deviating top seal emplacement leading to e.g. inhomogeneity and
— top seal deviations in top seal properties despite quality control.
ISBhS01 Mishaps/Design deviations  Faulty or deviating emplacement of borehole seals and deviations in
— borehole seals properties despite quality control.
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5.3 Process FEPs

All processes included in the SR-Site process reports are represented by a FEP record in the SR-Site
FEP catalogue. The SR-Site FEP IDs and references to the corresponding process descriptions for
all process FEPs are given in Table 5-2 (Fuel processes), Table 5-3 (Canister processes), Table 5-4
(Buffer processes), Table 5-5 (Backfill processes and in Table 5-6 (Geosphere processes). This infor-
mation is included in the FEP records in the FEP-catalogue together with a few lines describing the
process and the handling in SR-Site as provided in the summary tables in the introductory chapters
in the SR-Site process reports. The SR-Site FEP catalogue also contains FEP records for processes in
the tunnel plug, central area, top seal, bottom plate in deposition holes and borehole seals. The SR-Site
FEP IDs and references to the corresponding process descriptions for these process FEPs are given
in Table 5-7.

As for the Initial state FEPs, lists of NEA Project FEPs and Matrix interactions associated with the
SR-Site Process FEPs are linked to the SR-Site FEP records as are also tables with documentation
of the handling of the linked NEA Project FEPs and Matrix interactions. Examples of FEP tables
showing the handling of NEA Project FEPs as documented in the FEP database are provided in
Appendices 4 through 8.

Within a system component, each process is influenced by one or several of the variables describing
the state of the component, and the process, in turn, influences one or several of the variables. These
couplings within a system component are described by influence tables, one for each process, in

the process reports. These influence tables have been included in the SKB FEP database and are
accessible via the process FEP records as are also process diagrams that are generated based on

the contents of the influence diagrams. This is further described in Section 5.9.

Table 5-2. SR-Site process FEPs for the system component Fuel/cavity in canister and reference
to the corresponding process description in the SR-Site Fuel and canister process report /SKB
2010j/.

SR-Site FEP ID  SR-Site FEP name Section in SR-Site process report
FO1 Radioactive decay 211
F02 Radiation attenuation/heat generation 212
FO3 Induced fission (criticality) 21.3
F04 Heat transport 2.2.1
FO05 Water and gas transport in canister cavity, boiling/condensation  2.3.1
FO6 Mechanical cladding failure 241
FO7 Structural evolution of fuel matrix 242
FO08 Advection and diffusion 2.5.1
F09 Residual gas radiolysis/ acid formation 252
F10 Water radiolysis 253
F11 Metal corrosion 254
F12 Fuel dissolution 255
F13 Dissolution of gap inventory 256
F14 Speciation of radionuclides, colloid formation 257
F15 Helium production 25.8
F16 Chemical alteration of the fuel matrix 2.5.9
F17 Radionuclide transport 2.6
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Table 5-3. SR-Site process FEPs for the system component Cast iron insert and copper canister
and reference to the corresponding process description in the SR-Site Fuel and canister process
report /SKB 2010j/.

SR-Site FEP ID SR-Site FEP name Section in SR-Site process report
co1 Radiation attenuation/ heat generation 3.1.1
C02 Heat transport 3.2.1
C03 Deformation of cast iron insert 3.4.2
Cco4 Deformation of copper canister from external pressure 3.4.3
C05 Thermal expansion (both cast iron insert and copper canister) 3.4.4
Co06 Copper deformation from internal corrosion products 3.4.5
co7 Radiation effects 3.4.6
Cco8 Corrosion of cast iron insert 3.5.1
C09 Galvanic corrosion 3.5.2
C10 Stress corrosion cracking of cast iron insert 3.5.3
C11 Corrosion of copper canister 3.54
C12 Stress corrosion cracking of the copper canister 3.5.5
C13 Earth currents — stray current corrosion 3.5.6
Cc14 Deposition of salts on canister surface 3.5.7
C15 Radionuclide transport 3.6

Table 5-4. SR-Site process FEPs for the system component Buffer and reference to the
corresponding process description in the SR-Site Buffer, backfill and closure process report

ISKB 2010k/.

SR-Site FEP ID SR-Site FEP name Section in SR-Site process report
Bu01 Radiation attenuation/ heat generation 3.1.1
Bu02 Heat transport 3.2.1
Bu03 Freezing 3.2.2
Bu04 Water uptake and transport for unsaturated conditions 3.3.1
Bu05 Water transport for saturated conditions 3.3.2
Bu06 Gas transport/dissolution 3.3.3
Bu07 Piping/erosion 3.34
Bu08 Swelling/mass redistribution 3.4.1
Bu09 Liquefaction 3.4.2
Bu10 Advective transport of species 3.5.2
Bu11 Diffusive transport of species 3.5.3
Bu12 Sorption (including exchange of major ions) 3.5.5
Bu13 Alterations of impurities 3.5.6
Bu14 Aqueous speciation and reactions 3.5.7
Bu15 Osmosis 3.5.8
Bu16 Montmorillonite transformation 3.5.9
Bu17 Iron-bentonite interaction 3.5.10
Bu18 Montmorillonite colloid release 3.5.11
Bu19 Radiation-induced transformations 3.5.12
Bu20 Radiolysis of porewater 3.5.13
Bu21 Microbial processes 3.5.14
Bu22 Cementation 3.5.15
Bu23 Colloid transport 3.5.4
Bu24 Speciation of radionuclides 3.6.1
Bu25 Transport of radionuclides in the water phase 3.6.2
Bu26 Transport of radionuclides in a gas phase 3.6.3
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Table 5-5. SR-Site process FEPs for the system component Backfill in tunnels and reference to
the corresponding process description in the SR-Site Buffer, backfill and closure process report
ISKB 2010k/.

SR-Site FEPID  SR-Site FEP name Section in SR-Site process report
BfT01 Heat transport 411
BfT02 Freezing 412
BfT03 Water uptake and transport for unsaturated conditions 421
BfT04 Water transport for saturated conditions 422
BfT05 Gas transport/dissolution 423
BfT06 Piping/erosion 424
BfT07 Swelling/mass redistribution 4.31
BfT08 Liquefaction 4.3.2
BfT09 Advective transport of species 441
BfT10 Diffusive transport of species 442
BfT11 Sorption (including exchange of major ions) 4.4.3
BfT12 Alterations of backfill impurities 444
BfT13 Aqueous speciation and reactions 445
BfT14 Osmosis 446
BfT15 Montmorillonite transformation 447
BfT16 Backfill colloid release 448
BfT17 Radiation-induced transformations 449
BfT18 Microbial processes 4410
BfT19 Colloid formation and transport ="
BfT20 Speciation of radionuclides 451
BfT21 Transport of radionuclides in the water phase 452
BfT22 Transport of radionuclides by a gas phase -2

" This process is not specifically addressed in the Buffer, backfill and closure process report, but the corresponding
process is described in the Geosphere process report, see Ge18 in Table 5-6

2 This process is not specifically addressed in the Buffer, backfill and closure process report, but in Section 13.8 in
the SR-Site Main report /SKB 2011/.

Table 5-6. SR-Site process FEPs for the system component Geosphere and reference to the
corresponding process description in the SR-Site Geosphere process report /SKB 2010h/.

SR-Site FEP ID SR-Site FEP name Section in SR-Site process report
Ge01 Heat transport 21
Ge02 Freezing 2.2
Ge03 Groundwater flow 3.1
Ge04 Gas flow/dissolution 3.2
Ge05 Displacements in intact rock 4.2
Ge06 Reactivation — Displacement along existing discontinuities 4.3
Ge07 Fracturing 4.4
Ge08 Creep 4.5
Ge09 Surface weathering and erosion 1)
Ge10 Erosion/sedimentation in fractures 4.6
Gel1 Advective transport/mixing of dissolved species 5.2
Ge12 Diffusive transport of dissolved species in fractures and rock matrix 5.3
Ge13 Speciation and sorption 5.4
Ge14 Reactions groundwater/rock matrix 5.5
Ge15 Dissolution/precipitation of fracture-filling minerals 5.6
Ge16 Microbial processes 5.7
Ge17 Degradation of grout 5.8
Ge18 Colloidal processes 59
Ge19 Formation/dissolution/reaction of gaseous species 5.10
Ge20 Methane hydrate formation 5.1
Ge21 Salt exclusion 5.12
Ge22 Radiation effects (rock and grout) 513
Ge23 Earth currents 5.14
Ge24 Transport of radionuclides in the water phase 6.1
Ge25 Transport of radionuclides in the gas phase 3.6.3

" In SR-Site classified as a Climate process and included as a Climate FEP in the SR-Site FEP catalogue (Cli11),
see Table 5-10.
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Table 5-7. SR-Site process FEPs for the system components Tunnel plugs (Pg), Central area (CA),
Top seal (TS), Bottom plate in deposition holes (BP) and Borehole seals (BhS) and reference to
the corresponding process description in the SR-Site Buffer, backfill and closure process report
ISKB 2010k/.

SR-Site FEP ID SR-Site FEP name Section in SR-Site process report
BP01, Pg01, CAO1, Heat transport 8.1.1,5.1.1,6.1.1,7.1.1,9.1.1
TS01, BhS01

BP02, Pg02, CA02, Freezing 8.1.2,51.2,6.1.2,71.2,91.2
TS02, BhS02

BPO03, Pg03, CA03, Water uptake and transport under unsaturated conditions 8.2.1,5.21,6.2.1,7.2.1,9.2.1
TS03, BhS03

BP04, Pg04, CA04, Water transport under saturated conditions 8.2.2,522,622,7.22,9.2.2

TS04, BhS04

BP05, Pg05, CA05, Gas transport/dissolution 8.2.3,5.2.3,6.2.3,7.2.3,9.23
TS05, BhS05

BP06, Pg06, CA06, Piping/erosion 8.24,52.4,6.24,724,924
TS06, BhS06

BPO7, Pg07, CAO7, Swelling/mass redistribution 8.3.1,5.3.1,6.3.1,7.3.1,9.3.1
TS07, BhS07

Pg08, CA08, TS08, Liquefaction 243,6.3.2,7.3.2,9.3.2
BhS08

BP08, Pg09, CA09, Advective transport of species 8.4.1,541,6.4.1,7.4.1,9.4.1
TS09, BhS09

BP09, Pg10, CA10, Diffusive transport of species 84.2,542,642,74.2,94.2
TS10, BhS10

BP10, Pg11, TS11,  Sorption (including exchange of major ions) 8.4.3,543,74.3,94.3
BhS11

CANM Sorption 6.4.3

CA12 Alteration of central area backfill 6.4.4

BP11, Pg12, TS12, Alteration of concrete 8.44,544,744,944
BhS12

CA15 Alteration of concrete components 6.4.5

BP12, Pg13, CA13, Aqueous speciation and reactions 845,545,64.5,74.5,945
TS13, BhS13

BP13, BhS14 Copper corrosion 8.4.6,9.4.6,

BhS15 Alterations of impurities in bentonite 9.4.7

Pg14, CA14,BhS16 Osmosis 54.6,6.4.7,9.4.8

Pg15, BhS17 Montmorillonite transformation 5.4.7,9.4.9

Pg16, BhS18 Montmorillonite colloid release 5.4.8,9.4.10

TS14 Colloid release 7.4.6

TS15 Steel corrosion 7.4.7

CA16 Corrosion of steel components 6.4.8

BP14, Pg17, CA17,  Microbial processes 8.4.7,54.9,6.4.9,7.4.8,9.4.11
TS16, BhS19

BP15, Pg18, CA18, Speciation of radionuclides 8.5.1,5.5.1,6.5.1,7.5.1,9.5.1
TS17, BhS21

BP16, Pg19, CA19, Transport of radionuclides in the water phase 8.5.2,552,6.52,752,952
TS18, BhS22

5.4 Variables

These FEPs are the variables needed to describe the evolution of the state of the engineered barrier
system components and the geosphere over time. They are thus essentially tables with definitions.
The identification of variables has been made by the experts responsible for the documentation of
the processes relevant to long-term safety. The sets of variables were established in conjunction with
the documentation of the processes, since it had to be ensured that the variable sets were suited to
describing all conceivable alterations of the barrier properties as a result of the long-term processes.
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The variable FEPs are either related to the reference initial state of the system components or to the
evolution in states as a result of on-going processes. This is also reflected in the NEA Project FEPs
and Matrix interactions associated with the SR-Site variables. The documentation of the handling
of these aspects linked to the SR-Site variables is therefore of two kinds, where one relates to the
aspects being addressed in the description of the initial state and the other to the impact of system
processes on the state. In SR-Can, documentation relating to the initial state was made in cooperation
with the person responsible for developing the description of the reference initial state (Karin Pers,
Kemakta Konsult), whereas documentation of the impact of processes was made by the person
responsible for the FEP database (Kristina Skagius) based on the documented handling of processes
provided by the experts developing the process descriptions. In SR-Site, the SR-Can documentation
has been revisited and updated as appropriate by Kristina Skagius. As for other FEP records in the
SR-Site FEP catalogue, these tables, together with the documented handling, are accessible via the
FEP records. In addition, each variable record contains a reference to the description of the reference
initial state for that variable. For the engineered barrier system, this reference is to the appropriate
section in the SR-Site Production reports /SKB 2010a, b, c, d, e, f/. For variables in the geosphere
system, reference is given to the section in the SR-Site Data report /SKB 20101/ where data for this
variable are assessed.

For the system components “Fuel/cavity in canister”, “Cast iron insert and copper canister”, “Buffer”,
“Backfill in tunnels” and “Geosphere”, the variables are the same as those defined in SR-Can, with
only some small modifications mainly in the naming of the variables. The SR-Site FEP identity, FEP
name and definitions of these variables are given in tables in Appendix 2.

5.5 Biosphere FEPs

Processes and interactions between components in the biosphere that may be important in a safety
assessment for radioactive waste disposal are described in a biosphere process report developed for
SR-Site /SKB 2010m/. The basis for the descriptions is a biosphere interaction matrix that has been
used to support the biosphere analyses in SR-Site and which is a further development of the interac-
tion matrix set up for the safety assessment of the Swedish repository for low and intermediate level
waste (SFR), the SAFE project /SKB 2001/. In the interaction matrix, components of the biosphere
are included as diagonal elements and process interactions between the components as off-diagonal
elements in the matrix.

In total, the biosphere interaction matrix for SR-Site contains 51 process interactions and 15 system
components. For each process interaction in the matrix a corresponding process FEP record is included
in the FEP database. The SR-Site FEP IDs and references to the corresponding process definitions
for all process FEPs are given in Table 5-8. The NEA Project FEPs (version 2.1) that are associated
with each of these SR-Site biosphere FEPs are linked to the appropriate FEP record in the SR-Site
FEP catalogue. In addition, FEP tables with the documented handling of each NEA project FEP are
linked to the SR-Site FEP records. These FEP tables showing the handling of NEA Project FEPs as
documented in the FEP database are provided in Appendix 10.

FEP records for the components of the biosphere, as defined in the biosphere interaction matrix, are
also included in the FEP catalogue. This makes it possible to reproduce the SR-Site biosphere inter-
action matrix in the FEP database and make all documentation accessible from an electronic version
of the interaction matrix, as well as to use the electronic version in the FEP database as a tool for
further developments of the interaction matrix. These SR-Site FEPs for the biosphere components
are listed in Table 5-9.
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Table 5-8. SR-Site process FEPs for the biosphere and reference to the corresponding process

description in the Biosphere process report /SKB 2010m/.

SR-Site FEP ID SR-Site FEP name

Section in SR-Site process report

Bio01 Bioturbation 6.1.1
Bio02 Consumption 6.1.2
Bio03 Death 6.1.4
Bio04 Decomposition 6.1.3
Bio05 Excretion 6.1.5
Bio06 Food supply 6.1.6
Bio07 Growth 6.1.7
Bio08 Habitat supply 6.1.8
Bio09 Intrusion 6.1.9
Bio10 Material supply 6.1.10
Bio11 Movement 6.1.11
Bio12 Particle release/trapping 6.1.12
Bio13 Primary production 6.1.13
Bio14 Stimulation/inhibition 6.1.14
Bio15 Uptake 6.1.15
Bio16 Anthropogenic release 6.2.1
Bio17 Material use 6.2.2
Bio18 Species introduction/extermination 6.2.3
Bio19 Water use 6.2.4
Bio20 Change of pressure 6.3.1
Bio21 Consolidation 6.3.2
Bio22 Element supply 6.3.3
Bio23 Loading 6.3.4
Bio24 Phase transitions 6.3.5
Bio25 Physical properties change 6.3.6
Bio26 Reactions 6.3.7
Bio27 Sorption/desorption 6.3.8
Bio28 Water supply 6.3.9
Bio29 Weathering 6.3.10
Bio30 Wind stress 6.3.11
Bio31 Acceleration 6.4.1
Bio32 Convection 6.4.2
Bio33 Covering 6.4.3
Bio34 Deposition 6.4.4
Bio35 Export 6.4.5
Bio36 Import 6.4.6
Bio37 Interception 6.4.7
Bio38 Relocation 6.4.8
Bio39 Resuspension 6.4.9
Bio40 Saturation 6.4.10
Bio41 Decay 6.5.1
Bio42 Exposure 6.5.2
Bio43 Heat storage 6.5.3
Bio44 Irradiation 6.5.7
Bio45 Light-related processes 6.5.4
Bio46 Radiolysis 6.5.5
Bio47 Radionuclide release 6.5.6
Bio48 Change in rock surface location 6.6.1
Bio49 Sea level change 6.6.2
Bio50 Terrestrialisation 6.6.3
Bio51 Thresholding 6.6.4
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Table 5-9. SR-Site FEPs for the components of the biosphere and reference to the corresponding
description in the Biosphere process report /SKB 2010m/.

SR-Site FEP ID SR-Site FEP name Section in SR-Site process report
CompBio01 Geosphere' 5.1
CompBio02 Regolith 5.2
CompBio03 Primary producers 5.3
CompBio04 Decomposers 5.4
CompBio05 Filter feeders 5.5
CompBio06 Herbivores 5.6
CompBio07 Carnivores 5.7
CompBio08 Humans 5.8
CompBio09 Water in regolith 5.9
CompBio10 Surface water 5.10
CompBio11 Water composition 5.11
CompBio12 Gas and local atmosphere 5.12
CompBio13 Temperature 5.13
CompBio14 Radionuclides 5.14
CompBio15 External conditions’ 5.15

" These components are included in the biosphere interaction matrix in order to capture interactions with the
geosphere and impacts from external conditions through biosphere process interactions recorded in the appropriate
off-diagonal elements in the matrix.

5.6 External FEPs

External FEPs included in the SR-Site FEP catalogue are Climate FEPs (Table 5-10), Large-scale
geological FEPs (Table 5-11) and FHA FEPs (Table 5-12). In addition, the FEP catalogue contains
one single FEP in the category “Other” — OthO1 Meteorite impact.

As with the process FEP records, the external FEP records contain a short description, a brief note
on their handling in SR-Site and references to the SR-Site reports where the SR-Site FEP and its
handling are described. As described in Section 4.3, lists of NEA Project FEPs (version 2.1) associ-
ated with the SR-Site FEPs and tables with notes on how the aspects identified in the NEA Project
FEPs are addressed in the SR-Site FEP are also included in the FEP database and accessible from
the SR-Site FEP record. Printouts of these FEP tables are provided in Appendix 9.

Table 5-10. SR-Site Climate FEPs and references to corresponding descriptions in the SR-Site
Climate report /SKB 2010g/.

SR-Site FEP ID SR-Site FEP name Section in SR-Site Climate report
Clio1 Climate system — Components of the climate system 21
Clio2 Climate system — Climate forcing 2.2
Clio3 Climate system — Climate dynamics 2.3
Clio4 Climate system — Climate in Sweden and Forsmark 2.4
Clio5 Climate related issues — Development of permafrost 3.4
Clio6 Climate related issues — Ice-sheet dynamics 3.1
Clio7 Climate related issues — Ice—sheet hydrology 3.2
Clio8 Climate related issues — Glacial isostatic adjustment 3.3
Clio9 Climate related issues — Shoreline migration 3.3
Cli10 Climate related issues — End-glacial faulting 1)
Clin Climate related issues — Denudation 3.5

" Classified as a large-scale geological process and included in FEP LSGe02 in the SR-Site FEP catalogue.
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Table 5-11. SR-Site Large-scale geological FEPs and references to corresponding descriptions in
the SR-Site Geosphere process report /SKB 2010h/.

SR-Site FEP ID SR-Site FEP name Section in SR-Site Geosphere process report
LSGe01 Mechanical evolution of the Shield 412
LSGe02 Earthquakes 41.3

Table 5-12. SR-Site FHA FEPs and references to corresponding descriptions in the SR-Site FHA
report /SKB 2010i/.

SR-Site FEP ID SR-Site FEP name Section in SR-Site FHA report
FHAO1 General considerations 2

FHAO2 Societal analysis, considered societal aspects 5.2

FHAO3 Technical analysis, general aspects 4.2

FHAO4 Technical analysis, actions with thermal impact and purpose 4.4

FHAO5 Technical analysis, actions with hydraulic impact and purpose 4.5

FHAO06 Technical analysis, actions with mechanical impact and purpose 4.6

FHAO7 Technical analysis, actions with chemical impact and purpose 4.7

5.7 Site-specific factors

The FEP catalogue allows entry of any issue that is, for whatever reason, identified as relevant for
the safety assessment. For SR-Can, some site-specific issues identified in the preliminary safety
evaluation of the sites were included. One of these is specifically related to the Laxemar site
(SiteFact01 Aspd HRL) and has, therefore, been removed from the SR-Site FEP catalogue. For
SR-Site, no additional issues that are not covered by FEPs already included in the SR-Site FEP
catalogue have been identified. This means that the SR-Site FEP catalogue contains three FEP
records in this category.

The FEP SiteFact02 “Construction of nearby rock facilities” relates to the impact of future construction
of rock facilities similar to the existing repository for low-level waste at Forsmark (SFR). Such potential
future events have been considered in the selection and analysis of scenarios related to future human

actions, which is reported in Section 6.4 in the SR-Site FHA report /SKB 20107/.

The FEP SiteFact03 “Nearby nuclear power plant” related to the potential impact of the nearby nuclear
power plant at Forsmark and specifically the power cable to Finland. Corrosion has been observed
in down-hole sampling equipment in a borehole at Forsmark, and the effect has been attributed to
the influence of electric power cables. Since “Earth currents” is one of the processes included in the
Geosphere process report /SKB 2010h/ and “Earth currents — Stray current corrosion” is included in
the Fuel and canister process report /SKB 2010j/, it is judged that this site-specific factor is covered by
the descriptions and handling of the processes as reported in the process reports. Therefore, references to
these two process descriptions are given in the FEP record for SiteFact03.

The FEP SiteFact04 “Mine excavation” relates to the effect of a mine excavation near the repository,
but outside the tectonic lens at Forsmark. Such a potential future event has been considered in the
selection and analysis of scenarios related to future human actions, which is reported in Section 6.5
in the SR-Site FHA report /SKB 2010i/.

5.8 Methodology issues

Although not regarded as FEPs