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Well, who is " Pelle”?

« B.Sc. Mechanical engineering (1993)

EXxperience:
o 2years Consultant/Designer
e 11years Oskarshamn NPP (Project Manager)

§ Design, licensing and construction of a repository for Low-Level Waste
§ Re-licensing of NPP including power upgrades of unit 2 and 3
§ Advanced security upgrade of the NPP site (checkpoints, S-systems, UPS)

* 6 years SKB (Project Manager, Team Manager)
§ Technical development of Engineered Barrier Systems (several projects)
§ DOPAS experiment leader
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Now, say something about SKB...
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Outline of this lecture

Waste types to be disposed
The KBS-3 system

Engineered Barriers Systems (EBS) for passive safety of
the repository

Host rocks (European geologies, focus on crystalline rock)
The Swedish and Finnish repositories for Spent Fuel
Different types of plugs and seals needed

Closure of a repository
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Different waste types — different solutions

Waste from Operation
and Decommissioning

Long Lived Waste
categories:

e Spent Fuel

* Control rods

* Reactor vessel
(PWR)

e Core components

* Legacy waste
(Transuranic waste,
TRUW)

High Level Waste (HLW)

Radioactive Waste

B Manageqent
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The Swedish RWM*-system (SKB’s mission)

* Radioactive Waste Management

Medical care, industry Final repository for short-lived
and research S radioactive waste (SFR)

= M/S Sigrid

At ..-’

High-level waste

Central interim storage facility
Nuclear power plant for spent nuclear fuel (Clab) Final repository for spent nuclear fuel

©

Svensk Kémbriinslehantering AB

nl nagra R N N3G s.mg

FOsSIVA FSv

Radlaactlve Waste _fw
B Management

NS o -
A1} Galson Sciences Ltd Dbi:Tec

DBE TECHNOLOGY GmbH




The Swedish and Finnish repository
concept for Spent Nuclear Fuel

Source: SKB ©




KBS-3V - Engineered Barrier Systems

Surface part of
Cladding tube Spent nuclear fuel  Bentonite clay the repository

500 m

Fuel pellet of Copper canister Crystalline Underground part
uranium dioxide with cast-iron insert bedrock of the repository
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European geology

http://portal.onegeology.org/

https://en.wikipedia.org/wiki/Geology of Europe#/me
dia/File:Europe geological _map-en.jpg
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Schematic of suitable host rock In
Europe for deep geological repository

Geological inventory for deep
Countr geological repositor

Crystalline
hard rock
m-
C | san
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Source: LUCO@X

Clay

Clay, Crystalline rock
Crystalline rock
Crystalline rock

Clay

Clay, Crystalline rock, Salt
Clay

Clay, Crystalline rock

Clay, Sal

Clay, Crystalline rock, Salt
Clay, Crystalline rock, Salt
Clay, Crystalline rock
Clay, Crystalline rock
Clay, Crystalline rock
Crystalline rock

Clay, Crystalline rock
Clay, Crystalline rock, Salt
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Countries with planned start year for

O p e r at I O n _ Year for start of operation of
Countr deep geological repositor
sauce: | UCOEX
ource.
2065
2022
2025
2035
2064
2055
2065
2029
2050
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How far the member states have
come in their repository work _, ____

f [
Bulgaria ‘ United Kingdom Source: LUCO@X

Lithuania Slovakia
The Netherlands ' I Czech Republic
| S ‘ Sweden
M_ Hungary ‘ Belgium
cmania | | | Finland
Slovenia . | | ewis ) France
== Spain ) Germany | | Switzerland |
Croatia | ¢ | | |/ 71 1 %
w ,/, Technology Development (barriers and technical systems) Detailed Design
Italy Ty

Safety Evaluation

]
Safety Analysis

1 [ ] | |
Select Reference Design Site Selection
|
Inventary Gealogy Basic Design Facility Applization
|
Inventory Waste

Create Program Implement Program

Construction Operation

/
’ Program Advancement

W Countries in this area can benefit primary advantage of the results from LUCOEX b
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Choice of geology (to be made..)

« Belgium, Bulgaria, France, Germany, Hungary, Lithuania,
the Netherlands, Poland, Romania, Slovakia, Slovenia,
Spain, Switzerland and United Kingdom consider clay as
an option for host rock.

* Bulgaria, Czech Republic, Finland, Germany, Lithuania,
Poland, Romania, Slovakia, Slovenia, Spain, Switzerland
and United Kingdom consider crystalline rock as an option
for host rock.
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Crystalline rock Photos by SKB

» Site investigations - Rock type and fracture zones are studied from drill cores

YLx 805 8235058 44 kod g \\Ih.

B raora, NRG i ﬁ

FOsSIVA FSv

All\
r!?daa?_:ggg_areen*faste %ﬁl -fw- ?S - Galson Sciences Ltd ﬁ?ﬁ{fg@%ﬁ

sp

.- ‘-iiw; . 2 “ .- ';
SURAC Waste y

Svensk Kémbriinslehantering AB




Finding a site in Sweden...

Alvkarleby Osthammar
{9 Tierp s
Osthammar

Source: SKB

<>
Nykoping
Hultsfréd’ Oskarshamn ) .Oskarshamn
Type areas Overview studies Pilot studies Site Investigations Choice
1977-1985 1990s 1993-2002 2002-2008 2009
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SKB has chosen Forsmark

* The rock in Forsmark offers much better prerequisites for
long-term safe disposal and facilitates implementation

o The rock is homogenous and has only sparsely fractured water-
carrying fractures at repository depth

o Good thermal conductivity

allows the repository to take Buildings above ground can
Ep less Siace | be built within the existing
0 ©S3 rpc Mass an- Industrial area
material for backfill _
0 Access to infrastructure
Source: SKB o Limits environmental impact
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The Spent Fuel Repository

* Principle outline of the deposition area -470 m (licensing ongoing)
e Each deposition tunnel will be sealed by an end plug

Site: Forsmark
Source: SKB NG

Start of Construction =2020 Start of Operation = 2030
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Repository Layout
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Spent Fuel Repository — Construction phase
o After 6 years

fter 3 years
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Spent Fuel Repository in the future

Construction Operation Site after closure
around 10 years around 40 years
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Finland: ONKALO layout and technical spec.

Status: 3 July 2015

i © Posiva
Technical specifications Source: Posiva Oy ©
' Exhaust air shaft Inlet air shaft
° 3
Excavation volume 365 000 m omtitaton ou) met airshaft

Access tunnel
 Length5km
e Inclination 1:10 &
- Dimensions5.5mx6.3m
 Total tunnels and shafts 9 km ; _
«  Shaft diameters Access tunnel

3.5mand4.5m . length 4987 M

e Shaft depths -435m

-435m =435 m

~~. Personnel shaft
=43 m

Schedule
e Start of excavation 2004
e Research level -420m in 2010

Technical facilities

e Excavation finished in 2011 Demonstration area
DT2, DT1, DT3, DT4 -435m
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Layout for the first years of operation in 2020’s

Source: Posiva Oy

© Posiva
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Extended disposal facility around 2120’s

Repository capacity is 6500 tU” (about 3325 canisters)

Depth of the tunnel system -420-455 m and the footprint is about 2 km?
Construction and operating time approximately 100 years

The total excavation volume about 2 million m3

Total length of tunnels ~ 60-70 km

© Posiva

*) This presented layout includes reserve for OL4, too
adapted from Posiva 2013. WR 2012-66, p. 51, 53)



Scope of Posiva’s construction license
application for 6500 tU (LO1-2 & OL1-3)

and layout reserves for potential OL4 and LO

Layout
determining

rock structure/
fracture zone,

Deposition
tunnel | A

© Posiva

ik

Source: adapted from Posiva 2008. EIA08, p.52



Backfilling of deposition tunnels

©
Source: SKB
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Deposition tunnel end plugs

Plugs are secondary barriers during the operational phase
of the repository (= 100 years) with following functions:

° C 0 nfl ne th e b ac kfl I I The KBS-3 repository fanili.t:.r with completed parts of the :_ZH repository
e Support saturation |

of the backfill S\p .o Y el
 Provide a barrier 29 )L NG
against water flow that ‘ R o

muclear fual

may cause harmful
erosion of the bentonite
In buffer and backfill

Bulter

Sub-surfaca tacilty

©  Source: SKB TR-10-12
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Closure of arepository
Source: SKB TR-12-08 (Fig. 2-5)
Plugs and Seals are installed at S — ©
predefined locations to cut off 119
hydraulic paths and/or to give
mechanical support to structures.

-250

-150

-

§ Seal deposition areas

-350

§ Seal the bottom level ramp B,
(to 100 m above repository level) P s -
§ Seal shafts N
§ Seal boreholes
8 Top seal Grey colour represents crushed rock, yellow bentonite-filled

sections, green crushed rock that has been optimised for low
hydraulic conductivity, blue installation plugs of concrete
and brown top seal of rock backfill with injected concrete.
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Closure of arepository

Generic Closure Design (c)
Posiva Oy

by Saanio&Riekkola

(not in scale)

T
/ Legend:
=" " BOREHOLEPLUG
Bl INTRUSIONOBSTRUCTING PLUG
B HYDRAULICPLUG

]

MECHANICALPLUG

DEPOSITION TUNNEL ENMD PLUG
(HYDRO-MECHAMNICAL PLUG)
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Sealing of investigation boreholes

0-50 m.
Rock cylinders,silica gel,
partial melting.

50-100 m.
Compacted bentonite/
Bentonite pellets.

Pereforated copper
tubes.

Concrete mixing.

©
Source: SKB TR-12-08 (Fig. 4-1)
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The road ahead — Building a
repository for spent nuclear fuel

Detailed design of EBS; Canister, buffer, backfill and plugs
Detailed design of installation process and quality control
Development of installation equipment

Manufacturing of EBS components

Integrated testing of installation

STRRC  Ratioactive Waste Repository Authorty  [eediilil e Ml
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Thanks for listening!

WwWw.posiva.fi/en/dopas

The research leading to these results has received funding from
the European Atomic Energy Community's (Euratom) Seventh
Framework Programme FP7/2007-2013, under Grant Agreement
No. 323273 for the DOPAS project.
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Conditions for use of this training material

The training materials for the DOPAS Training Workshop 2015 have been
produced partly with the European Commission’s financial support. The
materials can be downloaded from the DOPAS WP7 webpage and used in
general freely without a permission for non-commercial purposes providing the
source of the material and Commission support is referred to.

The figures and pictures in each presentation originate from the organisation
that has produced the specific training material unless mentioned otherwise.

Some photos and materials in the presentations present prior knowledge
(background information) of the consortium partners. This information is
marked with © and requires a permission for all uses from the copyright
OWnNer.

Non-commercial use means that if this training material is used e.g. in
education, training, or consulting no fee may be collected from using this
material. For other uses, please contact the DOPAS project.
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