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Abstract

Early in the Aspo project a need for structuring and clarification of the models used
for different purposes was identified. The problem lied not in the numerical codes or
the data base used for the modelling but rather in the process of how the real world
was conceptualised into descriptive and predictive models. A proposal on how to
structure these conceptual assumptions was made on which a standardised
representation of used models was worked out. An essential objective has been to
condensate the model descriptions to one page and still present the essential aspects
of each model. It is hoped that in this way it is easier to obtain an overview of the
assumptions underlying each model and facilitate comparison between different
models.

The base for the description is the intended use of the model. Based on the
intended use the next step is to identify what physical processes should be
included in the model. In some cases these processes can be represented by
constitutive equations. The next step is to define the concepts needed to solve the
problem. The concepts may be separated into four groups. Firstly, the type of
geometrical framework and the framework-related parameters have to be defined.
Secondly, the type of material properties to be assigned to the domains defined by
the geometrical framework must be decided. Thirdly, the spatial assignment
method of the material properties within a domain has to be described. Finally, the
model normally has a limited extent and the boundary conditions have to be
defined to compute or judge the effects within the model. For a real case the data
can now be defined for the four groups of concepts by analysing measurements
representing the actual case. If needed a numerical or mathematical tool that
handles the processes and concepts should the be chosen. Output parameters of
interest for model purposes must then be defined.
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1 Introduction

The performance and the safety assessments of a repository for spent nuclear fuel
needs to be based on a chain of models which describe the action of the natural
and engineered barriers that confine the deposited high level waste. Each of these
models summarises in some way the qualitative and quantitative knowledge,
which we have for the repository area in such a way that we can consider it to be
possible to judge its future behaviour.

The development of these models generally follows a number of steps during the
course of a project. An important part of this evolution is the development of the
conceptual models, defined as a set of assumptions used to describe a system for a
given purpose. These assumptions concern the geometry and dimensionality of
the system, and the nature of the physical and chemical processes.

2 Models in a scientific context

The basic theories of physics are based on a set of fundamental principles which
are held to be generally valid by the scientific community. We may regard these
principles as basic laws of nature. Examples of such laws are:

- conservation of energy
- conservation of mass
- conservation of charge
- principles of thermodynamics

Essentially, all theories describing specific phenomena and processes are based
on, or have to be consistent with, these laws, see Figure 1. In this context we may
define a theory as a description of the principles and relationships which control a
specific process or group of processes.

To qualify as a theory, the principles and relationships should be assumed to have
a general validity rather than be applicable only in specific situations. In this way
a theory should provide a means for describing phenomena that occur under many
different circumstances.

Thus in our view, there is an essential distinction between a theory and a model. A
theory is expected to be generally applicable whereas a model is used to provide a
representation of a process or a system for a specific purpose. Hence a model
generally attempts to describe those aspects of nature which we think are
important for the problem we wish to solve or the predictions we attempt to make.
It should also be recognised that it is essentially in the definition of a model that
approximations are introduced. Whether these approximations are valid or not has
to be judged in relation to the purposes of the application.
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3 Key issues and scales

Early on in the Aspo project there was a need to structure the work both with
respect to the issue that was studied and on what scale the characterisation was
done. This way five key issues were identified, each reflecting an important issue
regarding repository safety. The geometrical scales were originally introduced
because we very soon found out that the same level of detail could not be kept
throughout the large rock volume that was of interest for the Aspo Laboratory.

3.1 Rationale behind key issues

The geological-structural model describes structures on different scales and
represents a simplification of the real physical medium. The geological model
forms the geometrical basis of all models of the geosphere, regardless of the
processes described. The geological model not only forms the geometrical basis of
the models, but is also of vital importance as decisions on the design of the
repository will be influenced by it. A repository volume will in the future be
selected to avoid major fracture zones. Deposition tunnels and spent fuel canisters
will be positioned to avoid the major flow paths.

Mechanical stability of the rock mass is of interest both in a short and a long-term
perspective. Mechanical stability is a necessary condition during construction. The
long-term issue is to identify potential zones of movement, so that these can be
avoided for emplacement of the spent fuel canisters.

Grotmdwater flow is an important factor that may influence the service life of the
spent fuel canisters and the dissolution of the spent fuel. The description of the
groundwater flow provides a necessary, but not sufficient, basis for calculating the
transport of nuclides from the repository to the biosphere if the waste package
should fail.

Hydrochemistry is an issue as the chemical situation influences the corrosion of
the spent fuel canisters and the dissolution of the waste. Hydro chemistry provides
a necessary, but not sufficient, basis for calculating the transport of nuclides from
the repository if the spent fuel canisters should fail.

Transport of solutes provides a necessary, but not sufficient, basis for calculating
radiation doses from a sealed final repository.

3.2 Rationale behind the geometrical scales

Characterisation on a regional scale >1000 m provides a basis for selecting a
suitable rock volume for the repository and defining boundary conditions for the
site scale. Areas of groundwater recharge and discharge can be defined. The
regional assessment will provide a basis for long-term predictions of the future
location of discharge areas as well as where potential zones of movement can be
found.

The site scale characterisation, 100 -1000 m, will be used to locate major fracture
zones and/or major flow paths. These investigations are essential as they will
provide guidance in determining the repository depth as well as the main layout of
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the repository. Characterisation on this scale also provides data to assess the far-
field groundwater flow through the repository and flow paths to the biosphere.

Block scale characterisation and data, 10 -100 m, will be used for detailed layout
of the repository. Safety assessments include the transport of solutes from a
leaking waste package to major flow paths.

The detailed scale, 0 -10 m, may be the most important scale, as properties on
this scale define the geohydrological, chemical and mechanical near-field of the
waste package. By proper selection of waste package positions it will be possible
to provide the suitable environment for long-term isolation of the waste.

This definition of geometrical scales is, however, more or less subjective. It may
also be pointed out that a real site is likely to be larger than a square kilometre and
is of course not limited by the so-called site scale.

4 Model components

As described in the introduction, the performance and safety assessment for a
repository consists of a series of modelling activities which together represent the
function of the repository system as a whole. Each sub-model in this sequence
describes a process or a set of processes which are important for the overall
performance of the system. For each of these models we must decide which
physical processes are to be included. In this context, chemical processes are
considered to be a sub-set of physical processes. These processes should be
described by some generally accepted theory. If the theory is quantitative, it
should include a mathematical formulation in terms of some directly, or indirectly,
measurable quantities. The relation between these quantities can normally be
described by a set of constitutive equations. The processes take place in an
environment defined by a structural framework constrained by some boundary
and initial conditions. All these factors can be e defined with differing degrees of
generality. A model can thus be separated in a hierarchical way based upon the
generality of the assumptions. We therefore propose the following distinction,
which is based upon the definition given in the introduction:

- a conceptual model which defines the physical processes and the structural
framework within which the problem is to be solved; this includes constitutive
equations and boundary conditions.

- a model realisation, whereby data are introduced into the conceptual model and
a numerical or analytical tool is used to compute the effects, i e to generate
output.

One must, however, bear in mind that the development of the mathematical tool
generally has to be closely coupled to the structural framework of the conceptual
model. The choice of the computational approach will thus be far from arbitrary
with respect to the realization.

In this context, the conceptual model becomes a relatively general description of
the way the model is constructed. This should be regarded separately from any
specific realisation of it. Hence a conceptual model should consist of:
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- a scope for the modelling.

- a specification of the processes (including constitutive equations) that are
included in the description.

- a specification as to which way the model should be divided into structural
units or entities.

- a specification as to how boundary and initial conditions are to be included in
the model.

- a specification of the parameters (state, material and geometry) pertinent to the
model.

- a specification of the principles as to how assignment of parameters is to be
made for each of the structural units.

If needed a numerical or mathematical tool thai handles the processes and
concepts should then be chosen. Output parameters of interest for model purposes
must then be defined.

Behind these concepts lies rationale based on experience, logical reasoning and
test procedures, but note also that the conceptual model may need to be different
depending upon what behaviour we actually want to model in a particular
problem.

5 The structure of conceptual models

In order to clarify the assumptions behind models used, a proposal of how to
structure these assumptions was made in1. The structure is presented in Table 1.
An essential objective has been to condense the model description to one page and
still present the essential aspects of each model. It is hoped that in this way it will
be easier to obtain an overview of the assumptions underlying each model and
facilitate comparison between different models.
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Table 1. Format for a condensed description of models in the Aspd HRL project1.

MODEL NAME

Model scope or purpose
Specification of the intended use of the model

Process description
Specification of the process accoimted for in the model,

definition of constitutive equations

CONCEPTS DATA

Geometrical framework and parameters
Dimensionality and/or symmetry of model. Specification of the size of the modelled
Specification of what the geometrical (struc- volume. Specification of the source of data
tural) units of the model are and the for geometrical parameters (or geometrical
associated geometrical parameters (the ones structure). Specification of the size of the
fixed implicitly in the model and the geometrical units and resolution,
variable parameters).

Material properties
Specification of the material parameters Specification of the source of data for
contained in the model (it should be possible material parameters (could often be the
to derive them from the process and output from some other model). Specifica-
geometrical units). tion of the value of material parameters.

Spatial assignment method
Specification of the principles for the way in Specification of the source of data for
which material (and if applicable geometri- model, material and geometrical parameters
cal) parameters are assigned throughout the as well as stochastic parameters. Spec-
modelled volume. ification of the result of the spatial assign-

ment.

Boundary conditions
Specifications of (type of) boundary condi- Specification of the source of data on
tions for the modelled volume. boundary and initial conditions.

Specification of the boundary and initial
conditions.

Numerical or mathematical tool
Computer code used.

Output parameters
Specification of the computed parameters and possibly derived parameters

of interest.
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6 The development of the conceptual model

Both in general terms and within a specific project, models and their concepts develop and
thus change with time. The way this is done may be called updating, using an analogy with
the terminology of Bayesian statistics.

This approach towards making progress is, in our belief, deeply rooted in the scientific and
engineering methodology. So deeply is it rooted that it is applied in most cases and in more or
less an intuitive way. So is the pre-investigation for the Aspo Hard Rock Laboratory2

(AHRL). If we look at the regional and site scale groundwater modelling, we see that it has
been developed in a stepwise manner from generic studies, leading on to development of a
site scale model wherein the changes caused by the excavation of an access ramp could be
predicted. In hindsight, one finds a reasonable logic to the development of the conceptual
models, even if our analysis of the problems initially was far from strict. Overviews of the
results at each of a number of different stages, and also of the conceptual models used, have
been published in a series of evaluation reports3'4'5'617 for the AHRL, here named from their
report numbers in the SKB series: TR 88-16 (Site-localisation stage), TR 89-16 (Site-
investigation stage) and TR 91-22&23 (Site-characterisation and prediction stage). In Table 2
we have tried to extract the overall concepts from the reports. We will now try to use that
table to examine the progress of our modelling.

A quick look at the table shows that the list of concepts grows during the project. First of all
we have to consider the lack of information that prevails at the early stage of a project. This
means that even if we know that eventually we will have to model different features in detail,
we have insufficient information to meaningfully do that at the beginning and therefore it is
best to refrain in order to have a balance between input and output. The growth of the data-
base for the area then both stimulates a development of the conceptual models and makes it
feasible.

From the table, we find that we do not introduce every conceivable concept into the model,
but only those for which we have a rational use to meet with a certain scope. In the best case,
the rationale will be logic reasoning, statistical tests or professional experience, but also
prejudice and preoccupation cause us to adopt concepts. Analysing of the rationale will thus
stimulate development of the conceptual models. New scientific results or new phenomena,
perhaps found in the course of the project or obtained from elsewhere, has played a lesser role
than expected. In the case of AHRL, the reason for the introduction of conductive fracture
zones in TR 89-16 is not that we were unaware of them before, but that we then knew too
little about their properties to be able to incorporate them. However, if we look at a subset of
the concepts of different types of fracture zones, new and important types have been identified
which will exert a considerable influence on the transport modelling.

A more detailed and comprehensive scope for the model implies the need for further
development of the concepts. This follows directly from the subtitles, so that the target is
successively homed-in upon by characterisation and predictions made at the actual site.



Table 2. Conceptual models in regional and site scale modelling for the Aspd Hard Rock Laboratory

Model stage SKB TR 88-16 Regional flow modelling
Gustafson et al/1988/

SKB TR 89-16 Regional flow modelling
Gustafson et al/1989/

SKB TR 91-22 & 23 site scale modelling
Wikberg et al, Gustafson et al/1991/

Scope

Processes

Structural units

Boundaries

Parameters

Natural flow
Flow to underground laboratory

Darcian 2D flow

Homogeneous sub-volumes
(lithology, depth)

Constant head on top
No flow for the rest

Hydraulic conductivity
Head on boundaries
Space coordinates

Parameter assignment method Inference from other areas
Analysis or regional data
Inference from generic modelling
Boundary heads = topography

Natural flow
Flow to underground laboratory
Cross-hole tests (calibration)

Darcian 3D flow
Salinity

Planar conductive fracture zones
Homogeneous sub-volumes
(lithology, depth)

Constant head on top
No flow for the rest

Hydraulic conductivity
Zone transmissi vities
Head on boundaries
Space coordinates

Inference from TR 88-16 modelling
Analysis or regional data
Site specific conductivity data
Boundary heads = topography

Natural flow
Flow to underground laboratory
Cross-hole tests (calibration)

Darcian 3D flow
Salinity

Planar conductive fracture zones
Stochastic continuum in sub-units
(lithology, depth)

Top: Fixed recharge (land), constant head (water)
Sides: Prescribed pressures
Bottom: No flow
Tunnel: Given pressures (with or without skin)

Stochastic distributions for hydraulic conductivity
Transmissivity (deterministic for each zone)
Salinity linearly increasing with depth
Heads and recharge rates on boundaries
Space coordinates

Inference from TR 89-16 modelling
Analysis of regional data
Site specific conductivity data
Site specific transmissivity data
Water chemistry data
Recharge from sensitivity studies
Calibrations

to
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7 Accepting or discarding concepts

Every model step is made from an update of the previous model. Old concepts have to be
revised as new information is acquired and as new concepts are added. Special attention
nevertheless has to be given to those major changes where we have been shown to be wrong.
When printed as a table such as Table 2, it is not possible to see such mistakes, but for
example our ideas concerning the depth dependence of hydraulic conductivity start up as a
simple logarithmic decline, but this had to be changed radically as the first generic models
evoluted towards the final site-model in which we rely more heavily on rock-type and tectonic
setting. It is not always easy to discard concepts, which you have once believed in and
became familiar with.

The question of which criteria to use, as to what to accept, keep or discard when dealing with
a conceptual model is not easily answered. We definitely believe that it is impossible to set up
quantitative or formal criteria. Our practical suggestion is to take a more pragmatic approach
whereby we try to identify those good things which will follow if we adopt the concept in
question. We propose that each conceptual model should be analysed with respect to its
usefulness and feasibility. We suggest the establishment of a set of questions such as the
following which can be used to sift or sort out those concepts which should be kept from
those which should be rejected:

Are the concepts useful:
- Do they reflect the physics behind your problem sufficiently well?
- Do they describe the model area in a way that reflects your knowledge about it?
- Do they make it possible to model the requested parameters with an acceptable accuracy?

Are the concepts feasible:
- Has the simplest set of concepts been used to describe your problem in relation to the data

available?
- Can parameter values be assessed with reasonable effort?
- Do they give robust results?

The list can be made more comprehensive and needs to be discussed and revised, but we
believe that this may be a good approach towards finding out whether or not you have an
appropriate set of concepts in your model.

Finally, the very first model is worth some reflection. What was the origin of the very first
model? One can specify experience, generic modelling and professional judgement, but also
prejudice and preoccupation. We believe that this is a fact with which we have to live. It is not
easy to define the "start" since many of the processes described here are self referential, semi-
intuitive and may even be creative. The important point, however, is that we are able, with an
open but critical mind, to let the conceptual models grow and develop. With a travesty of an
old saying: It is the way, not the start, that is of importance to achieve the goal.
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