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Overview

* What is a safety case?

* Role of Research

 Building an environmental safety case
e The multi-barrier concept

* Environmental safety functions

» Features, events and processes

e Modelling

» Safety over long timescales
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The post-closure safety case

« Examines long-term, environmental safety
after the GDF has been sealed and closed, no
longer any human intervention

e Considers long timescales (hundreds of
thousands of years) and different evolution
scenarios

o Identifies and assesses what is important to
safety, in terms of environmental safety
functions:

— “the various ways in which components of the
disposal system may contribute towards Geological Disposal Facilities on
environmental safety, e.g. the host rock may provide r'a_-ﬁ‘j"dfnprf":l'dt'faft'hﬂaft"’e Wastes

a physical barrier function and may also have Febmian 2009

chemical properties that help to retard the migration

of radionuclides” - uk GRA definition
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UK example: The generic Disposal System
Safety Case

st Geological Disposal:
An Overview of the
Disposal System
Safety Case
[
o1 | | |
1er Transport Operational Environmental
Safety Case Safety Case Safety Case
Tiar 2 [T I [
ere | | ] | |
Transport Transport Safety Case Operations Post-closure
System Production Safety
Package Safety
Safety Safet and Assessment Assessment
Assessment y Management (4 Volumes)

~—

I I I I

Supporting Reports

Other Supporting Reports
Disposal System Specification A O @
Derived Inventory A O @
Nature and Quantity of Waste A D @
Geological Disposal Concept Options A O @
Generic Transport System Designs a
Geological Disposal Facility Design
- Higher Strength Host Rock A O @
- Lower Strength Sedimentary Host Rock 4 O @
- Evaporite Host Rock A oD @

@ = Environmental Safety Case

Status Reports

Package Evolution A D e

Waste Package Accident Performance A O
Near-field Evolution e

Radionuclide Behaviour A o @
Geosphere @

Biosphere @

Gas AD®

Criticality Safety A o @

Key:
A = Transport Safety Case

O = Operational Safety Case
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Research status reports (for UK generic DSSC)

— SUite of reports on key Wasteform Container  Backfillbuffer ~ Geosphere Biosphere

topics

[ Package evolution ]

— Summarise evidenceto .

support safety arguments in [ Nearfeld evolution }

DSSC |

[ Geosphere ]

— Draw on R&D carried out by |

and for RWM, sister | Bosphen

organisations and others

Gas

— Justify key parameters used

In DSSC Radionuclide behaviour
_ I_dentify knowledge gaps — [Waste package accident performance

link to forward programme

[ Criticality safety J
|

0954-01-NDA
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The role of Research in safety case development

ITERATIVE DEVELOPMENT PROCESS

INPUTS

Regulatory
Inventory Requirements Stakeholders

AN | =
v

DISPOSAL SYSTEM
SPECIFICATION

EXPAND
KNOWLEDGE DESIGN(S)
BASE
ASSESSMENTS
= .
= v ~
Safety Cases LoC/WAC Environment &
Sustainability
Reports
OUTPUTS
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Developing scientific understanding

M8_304 2 2 Y0399

Gaining Fundamental Scientific

Understanding
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Multi-factor Safety Case

Safety functions 5 Safety arguments
Containment in Wasteform, Natural analogue Numerical
waste canister packaging studies modelling
Chemical barrier Geological Demonstration Complementary

barrier . experiments indicators
Intrinsic safety Safety assurance

\Y

V4
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Generic components of a multi-barrier
disposal concept

Wasteform

— stability (e.g. cement or resin for ILW, glass for HLW)

Waste container

— safe transport and handling
— physical barrier post-closure

Local backfill / buffer

— protection of containers
— chemical barrier

Mass backfill

Geosphere

— long-term isolation and stability
— retardation and retention of radionuclides

Seals
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lllustrative multi-barrier disposal concept for spent fuel

Geological Geological
Isolation containment

Bentonite clay




Environmental safety functions

e |solation

— Removal of wastes from people and surface environment

e Containment

— Retaining the radioactivity from the wastes within various parts of the
disposal facility for as long as required to achieve safety

« Hierarchy of environmental safety functions contribute to
Isolation and containment

— Provided by different components in a multi-barrier concept
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Wasteform

Key:

C) Component
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Stability of
Avoid criticality EBS
in package

Wasteform

Protection of
internal surface

of waste container Limit release

of radionuclides

%
O

Component

Environmental Safety Function
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Gas
Generation

Thermal

Chemical Properties

Properties

Waste
inventory Radiolysis

in package

Stability of
Avoid criticality EBS Voidage

Mechanical
Strength

Thermal

properties Wasteform

Pre-treatment/
conditioning

Radiolysis Protection of
internal surface

of waste container Limit release

of radionuclides

Build up of

gases leading ' Encapsulation
to pressurisation
Chemical &

physical
properties

Physical & chemical properties
and both radiological &
non-radiological inventories

Key:

O Component
Q Environmental Safety Function

Features, Events and Processes
(that might affect the Environmental
Safety Function)
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Container

Key:

O Component
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Prevention of
failure through
over
pressurisation

E%
-,

Component

Environmental Safety Function

EBS

Stability nf)

-

Container

Limit release
of
radionuclides
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Consideration of
interactions of
wasteform and

container

Gas Thermal
Generation Properties

Chemical ]
Properties Voidage
Stability of
EBS

Mechanical
Strength

Prevention of
failure through
over
pressurisation

Limit release
‘Z/ of
radionuclides

Are vents
present / pressurisation
capacity of container
Container

lifetime

Container

Key:

Q Component
C) Environmental Safety Function

Features, Events and Processes
(that might affect the Environmental
Safety Function)
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Mechanical
properties

Permeability

Permeability . ¥
and porosity

and porosity

Chemical
properties
e.g. pH/eH

Mechanical
properties

Radiolytic
stability

Stability of

EBS
Protect the
waste container /

Thermal
Buffer/ properties
Local Backfill

Voidage

Chemical
Properties

Thermal
properties

Permeability
and porosity

Permeability
and porosity K———;

Limit gas
pressurisation Limit release
of radionuclides

Chemical properties
e.g. carbonation/

gas generation

(e.g. Ducrete)

Physical properties

‘ —
Chemical properties

(solubility and pH/eH)

Thermal
properties

Key:

O Component
Q Environmental Safety Function

Features, Events and Processes
(that might affect the Environmental 1 9
Safety Function)
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Groundwater

Geological
flux (q)

stability

=

Isolate waste

from surface

Protect the environment
EBS

Geosphere
Groundwater
composition \

Limit release
of waste from
EBS

Geological
stability

Physical properties
(e.g. sorption

Geological
stability

Groundwater composition
(chemical properties
of groundwater)

Key: Travel time (depth, driving
D heads, Darcy velocity)
Component

C) Environmental Safety Function

Features, Events and Processes

(that might affect the Environmental
Safety Function) 2 O
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Permeability
and porosity

Mechanical

Chemical Properties

Properties
Mechanical .
properties Voidage

&

e Stability of
Maintain EBS

geosphere

functions %
Permeability Mass backfill
and porosity

Limit and release of [ Permeability
radionuclides Limit gas and porosity
Colloids pressurisation

Groundwater

flux Gas

release

Key:

Q Component
Q Environmental Safety Function

Features, Events and Processes
(that might affect the Environmental
Safety Function)
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Radionuclide behaviour in the

safety case

e Two high level objectives of a GDF:
e |solate waste from biosphere
e Contain radionuclides associated with waste

e Understanding radionuclide inventory and radionuclide behaviour enables
evaluation of the containment afforded by the multiple barrier system

e Two main pathways for radionuclides to leave GDF:
e Via groundwater pathway

e Viagas pathway

groundwater flow
| natural barrier
geosphers

waste glass .|| |

container and
overpack

buffer materal — -
[Enginecred Barmers|
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S
Impact of colloids on radionuclide transport

Solubility limitation, sorption and
precipitation retard or immobilise
radionuclides

There are many factors which may
affect solubility and sorption
processes for example:

e Colloids
e Complexants
e Microbes

Need to understand these factors
in order to assess them in safety
case
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General approach to modelling

System model
Top level » engineered system

model * geosphere
* biosphere

Regional scale

Component Source term model hydrogeological Biosphere model

models * engineered system model * biosphere
* geosphere

Examples Local scale
of process fracture network
models model

Data, Information, Understanding
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Monte Carlo Simulation

0835-01-NDA

Probabilistic calculations to
explicitly represent parameter
uncertainty

Experimental and process model
data can be used to input into
N expert elicitation

Relative likelihood

Parameter value

A probability density function (PDF) describes the relative
likelihood that a parameter will have different values.
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Potential approaches to representing distant

timeframes
1 Probabilistic assessment
2 Probabilistic assessment with increasing uncertainties
3 Probabilistic assessment
4 Probabilistic assessment
5 Probabilistic assessment
Deterministic calculations and/or simplified probabilistic assessment
6 Deterministic calculations
7 Frobabilistic assessment Qualitative arguments
Time al which biosphere ]
I B Boess and geosphere 19" yware
uncertainties greatly
increase




Cigar Lake, Canada — a geological analogue

Uranium ore body formed
1,300 million years ago

430 metres depth

Clay rocks surrounding
ore have prevented release
of uranium radionuclides
to the surface

Provides an analogue for a
spent fuel disposal facility




Thank you!

lucy.bailey@nda.gov.uk
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