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Outline

 Background
- The Swedish waste system
— Safety Assessment
— Data and information for the safety assessment
- The KBS-3 concept
— The Forsmark site
— SKB Organization
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The Swedish waste system

Final repository
for long-lived LILW

Medical care, Final repository for
industry and short-lived radioactive
research waste

Transport
by M/S Sigrid

High-level waste

Nuclear power plant Interim storage for spent nuclear fuel Final repository for
with planned encapsulation section spent nuclear fuel
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The assessment should answer the question “Is the repository safe in the long term?”

Methods for analysis developed through international cooperation
But every country needs to find its own “dialect” to suit national legislation, geological conditions, repository concept,

etc.

In Sweden, relevant regulations by the Swedish Radiation Safety Authority, SSM, establishes what society considers as

“safe”
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The safety assessment SR-Site

« Supports SKB’s license application for a final repository at Forsmark, submitted in 2011
« Based on the KBS-3 concept

* At the Forsmark site

SR-Site
Main report

« Document structure

Main references

- Ma|n repOI't, abOUt 900 pageS, SKB Features, Events ; Six Production Fuel and Buffer, backfill Geosphere
and Processes fehoRE canister and closure process
TR-ll-Ol report P process report process report report
¢ 40 page Summary : Biosphere Model Radionuclide
Climate : Data Future human
. report synthesis summary report actions report transport
» 15 chapters in three volumes report report report

— 16 main references

Additional references

— About 100 additional references
— All reports available at www.skb.se 1 |



http://www.skb.se/
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Data and information for the safety assessment

A. Basic science M“() = M & exp(— 4.0+ S Mlo{ﬁﬂj} i;}p(—ﬂ,t)
= = N B A

B. More specific knowledge to apply basic science to repository conditions

C. The properties of the site

D. The engineered barriers’ properties at deposition
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The KBS-3 concept

Fuel pellet of Spent Ductile iron insert Bentonite clay Surface portion of final repository
uranium dioxide  nuclear fuel

500 m

Cladding tube =~ BWR fuel Copper canister Crystalline Underground portion of
assembly bedrock final repository

Primary safety function: Complete containment
Secondary safety function: Retardation
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Siting studies 1977-2009
"Geology and society”

32
& 5
6
{08

\ Possible
feasible
bedrock

Study areas Regional studies Feasibility studies

1977-1985 1990s 1993-2002

2019-04-24 8 EMB

\Osthammar

oS

=) .Oskarshamn

Site investigations
2002-2009
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The Forsmark site (Osthammar)

2019-04-24 € Emﬂ

« Selected in 2009 after seven years
of surface based site investigations
and site modelling at Forsmark and
Oskarshamn/Laxemar

« A comprehensive site description,
including a coupled Thermo-
Hydro- Mechanical-Chemical
model of the site published in 2009
forms the technical and scientific
basis for the handling of the site in

4

Osthammgzorsma rk
Uppsala o
Stockholm

Asp6 Hard Rock Laboratory

the safety assessment

Ln =~

. ?
Géteborg Y/ Simipevarp/Laxemar
\ Oskarshamn/ ?
iﬂ I

Malino6
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The Forsmark site

Geology
- Relatively homogeneous
— Steeply and gently dipping deformation zones

Rock mechanics
— Rock stress relatively high compared to typical levels in Swedish bedrock

Hydrogeology
— Highly transmissive fractures close to the ground
- Very few transmissive fractures at depth

Groundwater composition
— Fresh water only at shallow depth
— Salinity increases with depth

Site described in technical report (TR-08-05)
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What does the repository look like initially?

The rock: Knowledge through site investigations and geoscience

« Today: Data from surface based investigations
— Data and interpretations used to build site descriptive model

* Next stage: More detailed data collected during excavation of the repository

Engineered components: Specifications of canister, buffer, backfill etc.
» Today: Reference design, test manufacturing, plans for quality control

» Next stage: Successively more experience from test manufacturing and quality control

2019-04-24 11 Emg
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Outline

e The Swedish URL

History
Asp6 HRL
Examples
Concluding

2019-04-24 12 Emg
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The Swedish-American Cooperative (SAC)
program, 1977-1980, The Stripa mine

— evaluating the response of granite to elevated
temperature in a simulated repository environment

— developing techniques for characterising the
hydrological and mechanical characteristics of
naturally fractured granitic rock masses




US Nuclear Waste Technical Review Board, April 24-25, 2019 2019-04-24 14 EMB

The International Stripa Project, 1980- 1992

 Participating countries
— Canada
— Finland
— France (Phases 1 and 2)
— Japan
— Spain (Phase 2)
— Sweden
— Switzerland
— United Kingdom (Phases 2 and 3)
— United States
« Managerial oversight by
— Joint Technical Committee (JTC)
— Technical Subgroup (TSG)

» Task Forces on
— Sealing materials and techniques
— Fracture flow modelling
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research village!
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The first steps toward Aspd SKB’s RD&D
program 1986

* In September 1986 SKB presented the first RD&D
Program according to the new Act on Nuclear Activities.

* One of the major highlights of the program was the plan for
the construction of an URL.

 The main aim was to provide an opportunity for research
development and demonstration in a realisticand =
undisturbed rock environment
down to the depth planned for
the future final repository.
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Vital decisions taken in 1986

» The use of the underground laboratory is only for research purposes.
« The laboratory will not be converted into a repository in the future!

« Suitable geology, existing infrastructure and service should be
available. To begin with, the suitability of one of the nuclear power
sites, especially the regional area around Simpevarp in the municipality
of Oskarshamn should be explored.
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Asp6 HRL — Phases of realization

* Pre-investigations 1986-1990
— Regional geological investigations
— Surface and borehole investigations
— Predictions

« Construction 1990-1995
— Evaluation of predictions
— Methodology for detailed characterisation
— Modelling of groundwater flow

* Operating Phase 1995-

— Test models describing the
barrier function of the rock

— Demonstrate technology and
function of the repository system
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Aspo Hard Rock Laboratory

« SKB’s RD&D program includes full-time activities in the rock
laboratory until the end of 2023:

=  Approximately 15 ongoing experiments to be
interrupted and evaluated

= Several new large-scale tests are planned

/"\‘L Alternative
Buffer Materials
2 Backfiland
Plug Test

Deposition
Machine Tests

Alternative
Buffer Materials

(4-6)
T . l Buffer tests
4 i K A L L Lasgit —
« An international meeting point:
= SKB International with production &
five partner organizations Sy
= External and joint projects Goncrete and Clay o Dt vestistrs

hole drilling

= Training courses

Concrete & Clay

2019-04-24 19 Emg

KBS-3H MPT

Prototype Repository

Dome Plug Project

On-going
experiments
2019
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LOT-forsoket - Long Term Test of Buffer Material

n
| Hi

LOT-forsoket ska ge svar pa fragan hur bentonitleran uppfor sig i en miljo som liknar det framtida
djupforvaret.

The LOT experiment is intended to show how the bentonite clay behaves in an environment similar
to that in the future deep repository.

20
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LASGIT - Large Scale Gas Injection Test

Keppobaport

Barrhaviigg _ Gasn|ehiongiter
-3

Brvttroyaiiar

—— G metan dhha
Bentorenngar

Bonton it o ——

Genom att trycksatta en kapsel med helium kan vi mata hur gasen tar sig igenom den omgivande bufferten.
By pressurizing a canister with helium, we can measure how the gas moves through the surrounding buffer.

e {1 e |

LASGIT-forsoket

21
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Mikrobprojektet - Microbe Project

Mynning

J‘ . Av-gasning

Manometer

irkulati
CP Cl‘g ulationspump

jngar
Provtagning \
N Biofilms
reaktorer
M t
Barrhal 5 anometer /

Solid kropp

(I/) Fltidesméitning
—C

1,5 mm cylindriskt
utrymme

Tills&tining ™

Berg, 450 m under mark

Underjordiska mikrober forbrukar syre och forhindrar darmed att kopparkapslarna korroderar.
De kan ocksa producera amnen som Skar korrosionen.

Subterranean microbes consume oxygen, and therefore prevent the copper canisters from
corrosion. They can also produce substances that increase the corrosion.

am T
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RNR-forsoket - Radionuclide Retention Experiment

Vatteninlopp Filter v
A -——\—‘ ) ____—— Vatteninlopp
Tatning & \ A
ph—eleEk't‘r-o%%r:

Filter

Sparamnes-
behallare

- Filter

Elektro-
magnetisk
ventil

Behallare

Pumpar

Pump

Experiment-
cell

Tryck-
reduog'ing

Tryck-
reducering

Fraktions-
uppsamling

7 P Intern
‘ ' l tryckregulator

A7 l Extern
iz 3 tryckregulator

En utbytbar cell i en specialbyggd sond gor det mojligt att gora experiment om hur radioaktiva amnen ror sig.

An exchangeable cell in a specially built probe makes it possible to conduct experiments on how
radionuclides move.

o
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LTDE-forsoket - Long Term Diffusion Experiment

Tunnel Berg Spricka
Provtagnig av
cirkulerande vatten A
3 Testsektion Karnstubbe

Detektor H

N

Manschett

| LTDE-forsoket undersdker vi under realistiska forhallanden i vilken utstrackning olika radioaktiva
amnen tar sig in i bergsmatrisen.

In the LTDE experiment we investigate to what extent different radionuclides migrate into
the rock matrix. .




2019-04-24 25

US Nuclear Waste Technical Review Board, April 24-25, 2019

> ;_u;. ‘:'

Prototypforvaret — Prototype Repository

\

Prototypférvarets inre sektion(l) installerades 2001 och den yttre sektionen(ll) 2003. Den yttre sektionen dppnades under 2011 och de tva kapslama atertogs.
Den inre inre sektionen med fyra kapslar r fortfarande i drift.

The inner section of the prototype repository (I) was installed 2001 and the outer section (ll) was installed 2003. The outer section was excavated during 2011,
and the two canisters were retrieved. The inner section with four canisters is in continued operation.

- ISSE e DEeIEE
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Canister Retrieival Test (CRT)

Three stages:
1.

Boring of deposition holes
and installation of
instrumented bentonite
blocks and canisters with
heaters. 2000

Saturation of the bentonite
and evolution of the
thermal regime with
measurement of thermal,
hydraulic and mechanical
processes. 2000-2006

of freeing the canister
from the bentonite and
retrievingit. 2006

2019-04-24
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Mechanical rock excavation methods

* Levelling of a tunnel floor by wire sawing
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Domplu (Deposition tunnel dome plug)

 Demonstration of the construction method and testing of water
tightness of the plug system at high pressure (4 MPa)

* Check of gas tightness and strength testing at very high pressure

Cooling pipes Grouting pipes Bentonite seal  Geotextile delimiter

LECA delimiter

@ O O O

\
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Concrete pug——» o o | Transition

zone

O )
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/
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I = =
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O O O O

Drainage Watertight weir Concrete delimiter Gravel filter
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The activities at Aspd HRL lead to increased technological maturity in the
geological disposal program and provide flawless proof to the safety
assessment and the license application for the repository.

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

-
TRL9

TRL 8

TRL7

The term "Technology Readiness Levels" was originally created by NASA in
1974 and was formally defined in 1989.

TRL 9 — actual system proven in operational environment (competitive manufacturing in the
case of key enabling technologies; or in space).

TRL 8 — system complete and qualified

TRL 7 — system prototype demonstration in operational environment

TRL 6 — technology demonstrated in relevant environment (industrially relevant environment
in the case of key enabling technologies)

TRL 5 — technology validated in relevant environment (industrially relevant environment in
the case of key enabling technologies)

TRL 4 — technology validated in lab

TRL 3 — experimental proof of concept

TRL 2 — technology concept formulated

TRL 1 — basic principles observed

The TRL scale is also used extensively in Swedish and European research
programs, often requiring the TRL level to be achieved in the projects



https://en.wikipedia.org/wiki/File:NASA_TRL_Meter.jpg
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Thanks you for the attention!




