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KBS-3H DEPOSITION DRIFT

Copper canister in supercontainer Supercontainer Drift end compartment plug
Compartment plug Filling block Distance block Pellet filling

Deposition niche
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KBS-3H drift including two compartments separated by
Compartment plug
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STRUCTURE OF DISPOSAL SYSTEM

DISPOSAL SYSTEM

Surface environment

Repository system

Natural barrier:
Host rock

=
/ Engineered barrier system:

Closure
Backfill
Buffer

Canister

Spent nuclear fuel




DESCRIPTION OF THE DISPOSAL SYSTEM

 Description of the KBS-3H
Disposal System is part of
the Safety Case portfolio
for a KBS-3H type spent
nuclear fuel repository

* The objective of this
report will be to present
the Initial state of the
KBS-3H Disposal System
for Safety Case Work

Safety Case - KBS-3H

Synthesis KBS-3H

Description of the overall methodology of analysis, bringing together all the lines of arguments for safety, and
the statement of confidence and the evaluation of compliance with long-term safety constraints

Site Description Biosphere Description

Understanding of the present state and ewolution of the
surface environment

Understanding of the present state and past
ewolution of the host rock

Design Basis KBS-3H

Performance targets and target properties for the repository system

Production Lines KBS-3H

Design, production and initial state of the EBS and the underground openings

Description of the Disposal System KBS-3H update

Summary of the initial state of the repository system and present state of the surface environment

Sealues Lvenc and brocesses KBS Sl updale

General description of features, events and processes affecting the disposal system

Performance Assessment KBS-3H

Analysis of the performance of the repository system and evaluation of the fulfillment of performance targets
and target properties

Formulation of Radionuclide Release Scenarios KBS-3H update

Description of climate ewolution and definition of release scenarios

Models and Data for the Repository

Bi h Data Basi
System KBS-3H update iosphere Assessment Data Basis

Models and data used in the performance
assessment and in the analysis of the radionuclide
release scenarios

Data used in the biosphere assessment and summary
of models

Biosphere Assessment: Modelling reports

Description of the models and detailed modelling of surface environment

Assessment of Radionuclide Release Scenarios, KBS-3H

Analysis of releases and calculation of doses and activity fluxes.

KBS-3H reports

Updates of KBS-3V reports (deposition drifts and
components in the drift: KBS-3H; other parts: KBS-3V)

Joint reports with KBS-3V




INITIAL STATE

 Initial state is a starting point for assessing long-term (post-closure) processes

» To be defined separately for different parts of the disposal system

Surface environment
Host rock

EBS

Spent fuel

* The background reports for Performance Assessment:
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Design basis
Description of the site: Site Description and Biosphere Description
Production Lines (3H specific)
 Buffer and Filling Components
« Underground Openings
* Plugs
« Supercontainer
Production Lines (common with 3V)
Description of the Disposal System evolution (Description of Initial State)




INITIAL STATE FOR EBS COMPONENT

* In principle, the initial state is a range of conditions prevailing
at the time of emplacement that meet the requirements set In
the Design Basis. The Initial State of a component in a repository
can be defined as follows:

— “the state when the direct control over that specific part of the
system ceases and only limited information can be made
available on the subsequent development of conditions in that
part of the system or its near-field”.

« Conditions for each component vary in time and space, due to the
time of emplacement and due to the tolerances set for the
compositions, geometries and other properties depending on the
component.
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DEFINITION OF INITIAL STATE FOR EBS COMP.

* It is expected that the Initial State has been achieved as
described in the design.

* The Initial State Is defined by giving the ranges to the
properties:
— Geometries
— Compositions
— Other properties
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INITIAL STATE/DESIGN OF SUPERCONTAINER

Super Container
with buffer and
copper canister

Bentonite
block
Bentonite rings

T Copper canister
Bentonite block

Perforated cylinder




INITIAL STATE/DESIGN OF SUPERCONTAINER

* The assembly of the Supercontainer in the reloading station is
done in an industrial process in a controlled environment,
which is likely to be more consistent than “manual’
emplacement of canister, backfill and buffer separately.

* A reduced amount of human involvement in the deposition
process which is preferable and should result in small
deviations and high guality.

« KBS-3H includes more prefabricated industrial components
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INITIAL STATE/DESIGN OF SUPERCONTAINER




INITIAL STATE/DESIGN OF SUPERCONTAINER

Reference design of Supercontainer

Design parameter Nominal design Accepted variation
Supercontainer
Material Titanium
Dimensions (mm) Length: 5,560 + 6 mm
Quter diameter: 1,761 + 0/-2 mm
Inner diameter: 1,749 + 0/-2 mm
Degree of perforation of shell, % 62 (shell)

(End plates solid)
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INITIAL STATE/DESIGN OF BUFFER AND
FILLING COMPONENTS

The following requirements on the design of the buffer must be fulfilled:
— The montmorillonite content of the dry buffer material shall be 75-90 %.

— The content of organic carbon of the buffer material should be less than 1
wt-%

— The sulphide content of the buffer material should not exceed 0.5 weight
percent of the total mass

— The total sulphur content of the buffer material (including the sulphide)
should not exceed 1 wt-%

— The density of the buffer shall be between 1950 < pm <2050 kg/m3 after
saturation

— The minimum thickness of the buffer around the canister in any direction
should not be less than 350 mm after saturation

— The buffer shall be possible to manufacture and install with high reliability.
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INITIAL STATE/DESIGN OF BUFFER AND
FILLING COMPONENTS

Reference design of buffer blocks inside Supercontainer

Design parameter

Nominal design

Accepted variation

Solid bocks inside the supercontainer

Inner diameter: 1,058

Dry density (kg/m®) 1,753 +20
Water content 17 % 1 %
Dimensions (mm) Height: 350 +1
Quter diameter: 1,740 +1/-2
Ring shaped blocks inside the supercontainer
Dry density 1,885 +20
Water content 11 %’ +1 %
Dimensions (mm) Height: 1,211 t1
Quter diameter: 1,740 +1f—2
*

” This is the water content of the bentonite at the delivery. The water content is expected to vary
between 9-12% depending on the weather conditions.
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INITIAL STATE/DESIGN OF BUFFER AND
FILLING COMPONENTS

Reference buffer block outside Supercontainer i.e. Distance Block

Design parameter Nominal design Accepted variation
Solid blocks outside the supercontainer (distance blocks)
Dry density (kg/m”) 1,712 +20
Water content (%) 21 +1
Dimensions (mm) Height: 500 +1
Quter diameter: 1,765
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INITIAL STATE/DESIGN OF BUFFER AND

FILLING COMPONENTS
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INITIAL STATE/DESIGN OF BUFFER AND
FILLING COMPONENTS

Nomogram presenting the dimensioning of the filling
block as a function of the angle between drift axis and
the fracture plane in three different inflow range
categories, with specific respect distances. The length
of the distance block that has been used in this case is
2.874 m.
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INITIAL STATE/DESIGN OF PLUGS

Design of Drift Plug
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INITIAL STATE/DESIGN OF PLUGS

FEM-analysis parameter values for the drift plug design based
on titanium alloy grade 12

Design data Geometry of the model

Water pressure 5 MPa (uniform)

Swelling pressure 10 MPa (uniform) Diameter of the cap 1,650 mm

Heterogeneous pressure -2 MPa (eventually acting on casual areas)

Material Titanium grade 12 (ASTM) Hight of the cap 400 mm

Safety factor 1.0 (water pressure) Thickness of the membrane 36 mm

on load (EC) 1.35 (swelling pressure)

Material Safety factor 1.0 (titanium grade 12) Thickness of grout layer 40 mm
Thicknes of rock layer 50 mm
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INITIAL STATE/DESIGN OF UNDERGROUND
OPENINGS

Geometry (outcome)

— The properties of host rock after excavation but before installation of other EBS
components

— Timing of Initial state is dependent on the timetable of the excavation

— The initial state of the near-field rock and, to some extent, the broader geosphere,
IS determined - or at least constrained - by the rock suitability classification (RSC -
still under development) that are applied in locating suitable rock volumes for
repository construction and for canister deposition. The initial state of the
geosphere will differ from the undisturbed conditions in the bedrock due to the
effects of repository construction

— Description of Initial State includes also Inventory of foreign materials
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INITIAL STATE/DESIGN OF DRIFT

« The mechanical excavation (full face reaming of the pilot holes by push reaming)
of deposition drifts will also be more consistent than the “manual” excavation of
deposition tunnels.

- In the horizontal variant using artificial water filling will also ensure a better
defined initial state, which is beneficial for evaluating long-term safety aspects.

* The nominal drift diameter is 1,850 mm with an allowed increase of 5 mm.
Further quality requirements in the KBS-3H drift, which originate from transport
technique of the supercontainers are as follows:
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The maximum allowed deviation from the theoretical centre line of the drift at the
end of the deposition drift (300 meters) is < 2 meters in total, which includes all
horizontal and vertical deviation components.

The maximum allowed waviness from the centre line is £ 10 mm over the length of
the supercontainer (6 m).

The maximum allowed roughness is < 5 mm over a length of 1 meter.

The deposition drift must have an inclination angle of 2° + 1° upwards towards the
end of drift; the larger inclination is favorable for muck flushing
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ARTIFICIAL WATER FILLING

A favourable initial state of saturation is obtained by using DAWE
(Drainage, Artificial Watering and air Evacuation) design
methodology.

« After artificial water filling the buffer should swell uniformly and fill
all the open space. The bentonite should have sealed the drift so
that there is no flow inside the drift that can cause piping and
transport of bentonite.

 The artificial water filling system is required to fill all void spaces in
the drift compartment at approximately the same time, thus
ensuring that the bentonite will swell and seal the drift uniformly.
This minimizes the risk of bentonite piping and erosion, as well as
water pressure displacement of distance blocks and/or

Supercontainers during the saturation phase after sealing of the
drift.
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INITIAL STATE: HOST ROCK

* The Initial State of the host rock is the state before
construction works starts (base line conditions)

— Geology

— Thermal and mechanical properties
— Seismic activity

— Hydrology

— Hydrogeochemistry




INITIAL STATE: SURFACE ENVIRONMENT

« The Initial State of the Surface Environment defined
according to current conditions (start of the deposition)

— Climate

— Land uplift

— Soll

— Forests and marshes

— Shallow groundwaters

— Water systems

— Flora and fauna

— Interactions with bedrock

— Human actions and land use
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