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Outline

« Part1 - ISAM methodology
— Definition of Conceptual Model
— Role in a Safety Assessment
— Approaches to development
— Level of detail

 Part 2 - Experiences from application
— Examples of conceptual models

— From Conceptual Models to Mathematical Models
— Analysis of conceptual uncertainties
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CONCEPTUAL MODELS
ISAM METHODOLOGY
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Conceptual Model Definition

The conceptual model is a set of model-
level assumptions (about dimensionality,
boundary conditions, FEPs, FEPs
relationships, etc) defined for each scenario
Included In the Safety Assessment.
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Components of a conceptual model

A conceptual model should comprise a
description of:

* The model FEPs
 The relationships between these FEPs

« The model’s scope of application in spatial and
temporal terms (the model domain) — this includes
the initial and boundary conditions
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From scenarios to models

Scenario 1

PN

Model 1A

Scenario 2

/]\

Model 1B

Model 2A

Model 2B

Model 2C

Parameter set 1Ai
Parameter set 1Aii

Parameter set 1An

Parameter set 1Bi
Parameter set 1Bii

Parameter set 1Bn

Parameter set 2Ai
Parameter set 2Aii

Parameter set 2An

Parameter set 2Bi
Parameter set 2Bii

Parameter set 2Bn

Parameter set 2Ci
Parameter set 2Cii

Parameter set 2Cn

Interpretation

Decision

Source: NCRP Report 152
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FEPs - Scenarios - Conceptual Models

FEPs
Assessment Disposal System Domain External Components
Context (Internal Components): Repository Factors
Regulatory Geological processes and
requirements, Radionuclide/Contaminant Factors _ events
endpoints, time frames, Environmental Factors Engineered barriers
approach Human behaviour

A 4 A 4 A 4

Conceptual models Scenarios

A
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Approaches to conceptual model development

« SACO approach
* Influence diagram approach
* Interaction matrix approach
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The SACO approach

FEPs for each scenario

A

y

Key release,

exposure media

transport and

A

y

Release, transport and
exposure mechanisms

Deductive strategy:
From possible
releases to impacts

Inductive strategy:
From possible
Impact to releases




Facilia

The Interaction matrix approach

Component Influence of Aon B
A
1,1 1,2
Influence of B on A Component
B
2,1 2,2

A connected chain of interactions through the matrix is called a PATHWAY
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Ecolego Concept

 Tool for development and hierarchical
visualization of conceptual models using
Interaction matrices

e Link to a FEP database

 Possibility for screening and ranking of FEPs by
several criteria

» Recording of reviewers comments
 Version handling
« Automatic report generator.
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Report generator - html and PDF reports
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Development of models for quantitative assessments

Conceptual Model

Mathematical Model

Parameters

Computer code
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Types of models and level of detall

Fundamental
understanding of
physics and chemistry

State of Knowledge

Uncertainties in events,
processes, and parameters

Detailed (Process)
Modelling

System-Level
Modelling

Deterministic modelling
with sensitivity analysis
to understand the
response to known inputs

Probabilistic modelling
and sensitivity analyses
to understand the
response to uncertain inputs

Improved understanding of
key technical issues
and the role of

uncertainties in decisions

Identify data gaps to address
key technical issues

'

New data collection
to address gaps

Structure of a safety
assessment model showing the
relationship between process
and system-level modeling

Courtesy from Matt Kozak
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EXAMPLES OF CONCEPTUAL
MODELS
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Model of the whole disposal system

Geosphere To
Biosphere

BMA f291d
BMA f292d
BMA f293d

BMA f39d
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Near field conceptual model (BMA)

Waste

Water

Caoncrete structure
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[l Rock
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Near field model discretisation (BMA)
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D Concrete
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[ 85 | | 100 ][ [ | | 103 ] o1 | [ 106 ] 24 ] | 109 ][ o7 | [ 12 | |:| Waste
| 86 | | 101 |1 89 | | 104 |1 o2 | | 107 |1 95 | | 110 |1 98 | | 13 | I:l Fictitious compartment
| 149 | | 154 11 150 | | 185 11 151 | | 156 11 1582 | | 157 11 153 | | 158 |
1-2, 11-12, 21-22, 31-32, 41-42 Waste stabilised with cement in concrete moduls 61-63 Wall at short side of the structure (passage) 116 Inner wall between room 11 and 12 123-125 Wallat short side of the structure (loading zone)
34, 13-14, 23-24, 3334, 43-44 Waste stabilised with cement in steel containers 64-78 Ceiling of the structure 117 Inner wall between room 12 and 13 126-128 Gravel at the end of the tunnel (passage)
25-26, 35-36, 4546 Waste stabilised with cement in steel drums 79-83 Bottom of the structure 118 Inner wal betwsen oom 1 and 2, 2 and 3, 3and 4 (sink) 129-143  Gravel at the top of the tunnel
7-8, 17-18, 37-38 Waste stabilised with bitumen in steel containers 84-08 Wall on left side of the structure 119 Inner wall between room 5and 6, 6 and 7, 7 and 8, 8 and 9 (sink) 144-148  Gravel at the bottom of the tunnel
8-10, 19-20 Waste stabilised with bitumen in steel drums 99-113 Wall on right side of the structure 120  Inner wall between mom 10 and 11 {sink) 148-153  Lateral gravel on the left side of the tunnel
5-6, 15-16, 27-30, 3940, 47-50 Fictitious source terms 114 Inner wall betweenroom 4 and 5 121 Fiditious compartment (no inner wall, only one room) 154-158 Lateral gravel on the right side of the tunnel
51-55 Walls of concrete moduls 115 Inner wall between room 9 and 10 122  Inner wall between mom 13 and 14/15 and between room 14 and 15 (sink) 158-161 Gravel at the end of the tunnel (loading zone)

56-60 ‘Water inside encapsulation
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Near field model in Ecolego (BMA)
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Simplified near field model (BMA)
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Comparison simple between simplified and

detailed near field models (BMA)

Nuclide Max Timefor | Original Original | Ratio [-]

value max [y] maxvalue | timefor

[Ba/y] [Ba/y] max [y] simple/original
C-14-in 8.70E+05 | 5.61E+04 | 1.26E+06 5.61E+04 0.69
C-14-org 6.88E+07 | 1.00E+03 | 2.79E+08 1.05E+03 0.25
Cs-135 1.99E+05 | 5.60E+04 | 1.13E+05 5.60E+04 1.76
Ni-59 1.02E+08 | 9.10E+04 | 2.00E+08 9.10E+04 0.51
Pu-239 1.28E+02 | 9.10E+04 | 3.26E+02 9.10E+04 0.39
Se-79 1.47E+05 | 5.61E+04 | 1.68E+05 5.61E+04 0.88




Source: SKB R-04-44webb.pdf
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BRT for reactor tanks
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Reactor tanks inventory
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Reactor tank repository model without barriers

Water ToGeosphere

Geosphere To
Geosphere Biosphere




Facilia

Geosphere conceptual model

* Processes
— Advection
— Dispersion
— Matrix diffusion
« Parameters
— Water travel time
— Path length
— Flow wetted area
— Peclet number

— Rock matrix properties
» Kd, De, porosity
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Detailed particle tracking
model is used to derive
parameters used in a
simper compartment
model — system level
model.

It is also used for
comparisons with the
system level model
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The landscape at year 10000 AD

10000 AD

- Forest

- Pine forest on bedrock
E Arable land

m Wetland

I:I Lake

River 1
Present shoreline




.. SO Facilia

Biosphere conceptual model for SFR

Atmosphere
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Analysis of conceptual uncertainties

Peak doses for Ra-226
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Sensitivity Analysis
Ra-226
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Concluding remarks

« Conceptual models contribute to the transparency of a
safety assessment and are also the focus of attention of
Independent reviewers.

« They are useful for designing and justifying qualitative
assessments of scenarios.

 Are the basis for the development of mathematical models,
which are used In quantitative assessments of scenarios.

« A systematic approach to the development and
documentation of conceptual models is recommended.
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Concluding remarks

Use of several conceptual models of different level of
detail Is recommended.

Combination of system and process level models in the
safety assessment has proven useful and practical.

An iterative and graded approach to the development of
conceptual models is nearly a necessity.

Uncertainty analyses of the conceptual model should be an
Integral part of the overall uncertainty analysis and are best
performed in combination with analysis of system and
parameter uncertainties.
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