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It would be presumptuous in the extreme to claim as original those thoughts, feelings, insights, 
etc. as expressed through the following set of propositions. As Newton long ago recognized, he was able 
to see so far only because he stood on the shoulder of giants. Those things which I have "discovered" 
in the course of doing science in general and in completing this work in particular, are the signposts 
already put up by countless preceding travellers, famous and anonymous, along the well trodden path 
of life's experience. Their inscriptions are sometimes serious, oftentimes witty, but always poignant as 
they strike a cord within each one of us who strive to make progress along this unending, tortuous and 
bumpy road. I feel fortunate to have come across these signposts and in recognizing and appreciating 
the inscriptions, share with their authors mutual experiences and feelings that transcend time and 
circumstances. Should I happen, through my efforts, abilities, and the guidance of my teachers, to 
venture a little further along this road, or take a slightly different route than my predecessors, I shall feel 
privileged indeed. I offer, then, the following propositions as signposts which I have recognized. 

1. Very few things are truly "original". " Originality" is, in most cases, an emergent property 
of seeing relationships and making connections where none existed before. 

Vision is the art of seeing things invisible. 

Swift, Thoughts on Various Subjects, 1711 

2. When a paradigm settles into orthodoxy through lack of constant challenge, it is but a 
short, abrupt collapse from dogma. 

When the torrent sweeps a man against a boulder, you must expect him to 
scream, andyou need not be surprised if the scream is sometimes a theory. 

Robert Louis Stevenson, Virginibus Puerisque, 1881 

The junction of the imagination is not to make strange things settled, so 
much as to make settled things strange. 

GX. Chesterton, The Defendant, 1901 

Conformity is the last refuge of the unimaginative. 

G.F. Whitmore, ca. 1993 

3. Theories are general statements and models are abstractions of the real world, and thus by 
definition cannot capture all aspects of reality. They are, therefore, more usefully viewed 
as guides to understanding reality rather than as emulations of i t 

The firmest line that can be drawn upon the smoothest paper is still jagged 
edges if seen through a microscope. This does not matter until important 
deductions are made on the supposition that there are no jagged edges. 

Samuel Butler (II), Notebooks, 1912 



It is desirable at time for ideas to possess a certain roughness, like 
drawings on heavy-grain paper. Thoughts having this quality are most 
likely to match the texture of actual experience. 

Harold Rosenberg, Discovering the Present, 1973 

4. The biggest responsibility of a scientist towards his theory or a modeller towards her model 
is to serve as its harshest critic To best fulfil this responsibility, it is much wiser to judge 
them on utilitarian grounds rather than on aesthetics. 

A theory has only the alternative of being right or wrong. A model has a 
third possibility: it may be right, but irrelevant. 

Manfred Eigen 

5. Although a theory or model is often described using mathematics in order to express our 
thoughts and ideas more precisely, let us not fall into the trap of thinking that the results 
are necessarily more accurate. Precision is not accuracy. 

God forbid that Truth should be confined to Mathematical Demonstration! 

Blake, Notes on Reynolds's Discourses, c. 1808 

6. Parsimony or the use of Ockham's razor is a time-tested heuristic as well suited for the 
practice of science as it is for the conduct of everyday life. 

To probe a hole we first use a straight stick to see how far it takes us. To 
probe the visible world we use the assumption that things are simple until 
they prove to be otherwise. 

EM. Gombrich, Art and Illusion, 1960, 

7. Everyone knows that you need the proper tools to do a job properly. That is why it is so 
astounding to see such a huge market for tools made in, and for, a one-dimensional world. 

If the only tool you have is a hammer, then everything around you starts 
to look like nails. 

G.F. Whitmore, ca. 1992 

8. Perfection should only be viewed as an asymptotic goal. If viewed as an end unto itself, 
perfection becomes the enemy of the good. 

There is no such thing as absolute certainty, but there is assurance 
sufficient for the purposes of human life. 

John Stuart Mill, On Liberty, 1859 



Fortunate is the scientist who asks the right question. 

A wise man's question contains half the answer. 

Solomon Ibn Gabirol, The Choice of Pearls, c. 1050 

The most fortunate is being able to devote one's life to answering (and getting paid for it!). 

A moment's insight is sometimes worth a life's experience. 

Oliver Wendell Holmes Sen., 
The Professor at the Breakfast Table, 1859 

Hubris is a poor choice of garment to wear during the conduct of science as it is for 
everyday life. Nature will soon show you naked for the amusement of your peers. 

There is an ABC ignorance which precedes knowledge and a doctoral 
ignorance that comes after it. 

Montaigne, 'Of vain subtleties', Essays, 1580-8 

A man should never be ashamed to own that he has been in the wrong, 
which is but saying, in other words, that he is wiser today than he was 
yesterday. 

Swfft, Thoughts on Various Subjects, 1711 

I am all for the freedom of thought and expression and all that — but I do feel that the 
dress code at universities these days should be tightened up a bit 

The University brings out all abilities, including stupidity. 

Chekhov, Notebooks, 1892-1904 
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A theory has only We alternative 
of being right or wrong. 

A model has a third possibility: 
It may be right, but irrelevant. 
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SAMENVATTING 

Dit werk behandelt de problematiek van de permanente opslag van nucleair afval, benaderd 
vanuit een systeemkundig standpunt. 

Behandeid worden: 
1) de huidige, internationale, stand van zaken ten aanzien van het opslag-concept 

voor sterk radioactief nucleair afval; 
2) de vcornaamste Problemen en uitdagingen voor deze opslag-technologie; 
3) een evaluatie, in de vorm van een case Studie - van de Canadese inspanningen om 

te komen tot een prestatie analyse vooraf van zulk een systeem 
en 

4) een geheel nieuwe aanpak voor het kiezen van de plaats voor ondergrondse 
opslag, die een aantal significante voordelen biedt ten opzichte van het huidige 
concept. 

Hoofdstuk 1 leidt de problematiek in. 

Hoofdstuk 2 beschrijft het -internatLonaal aanvaarde- concept van ondergrondse opslag in 
stabiele, continentale, geologische media met behulp van een systeem van meervoudige 
afscherming. Deze afscherming bestaat uit meerdere, natuurüjke en geconstrueerde hinderpalen 
die de beweging van radionuclides vanuit de onderaardse gewelven naar het humane milieu aan 
het oppervlak dienen tegen te houden of, op zijn minst, te vertragen. Verschiliende facetten van 
het onderzoeks- en ontwikkelingswerk, dat op vele plaatsen in de wereld wordt uitgevoerd, 
worden beschreven. De nadruk wordt hierbij met name gelegd op het Canadese Nucleaire 
Brandstof Afval Beheer Programma (Canadian Nuclear Fuel Waste Management Program: 
CNFWMP). 

Hoofdstuk 3 onderzoekt de technisch-wetenschappelij ke problematiek van het huidige 
opslag concept nader ten aanzien van onder andere: 

a) de huidige concentratie van de inspaiming op de lithologische aspecten voor wat 
betreft het geologisch/geotechnisch onderzoek, 

b) de onbevredigende situatie bij de pogingen tot 'validatie' van de modellen die 
worden gebruikt in computer simulaties van Systemen die onder invloed staan van 
toekomstige omstandigheden op zeer lange termijn, 

en 
c) de weinig doeltreffende aanpak van de bewaking van de kwaliteit van de 

programmatuur die gebruikt wordt voor het tot stand brengen van deze simulaties. 

De in dit hoofdstuk verzamelde publikaties kenschetsen deze problemen en behandelen een 
aantal 'software engineering' gereedschappen en technieken die gebruikt kunnen worden voor 
de verifkatie van programmatuur en zijn kwaliteitsbewaking. Het artikel in paragraaf 3.4 
presenteert daarenboven een gedetailleerde en systematische benadering waarmee een sluitend 
proces voor het valideren van modellen kan worden opgezet. 
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Hoofdstuk 4 betreft de case Studie en onderzoekt de Canadese prestatie analyse 
programmatuur, de daarbij behorende modellen en documentatie, op basis van de principes, 
gereedschappen en technieken die in hoofdstuk 3 werden bescnreven. Ook verscheidene andere, 
reeds ingeburgerde, ANSI/IEEE software engineering normen werden hierbij gebruikt. Deze 
grondige evaluatie is de eerste die extern op deze modellen en program ma's werd uitgevoerd en 
zal -naar alle waarschij nlij kheid- een van de kernen vormen van het uiteindelijke 
beoordelingsrapport over het Canadese prestatie analyse werk. 

Hoofdstuk 5 introduceert een nieuwe benadering voor de keuze van de locatie van 
ondergrondse opslagplaatsen voor gevaarlijk afval: het Regional Recharge Concept (RRC). De 
nadruk bij deze nieuwe aanpak is gelegen in de duidelijke formulering en het gebruik van 
fundamentele kennis betreffende regionale grondwater stromingspatronen ten behoeve van de 
keuze van een adequate opslagplek. Het concept leidt ertoe dat de plaatsing zodanig kan zijn dat 
ontsnappende, contaminerende, Stoffen door het grondwater meegenomen zullen worden naar 
zones waar het water stagneert of naar een ondergrondse stroming die een zo lange baan aflegt, 
voordat hij weer aan het oppervlak verschijnt, dat de radionuclides vervallen zijn tot een 
onschadelijk niveau van radioactiviteit, zo ze ooit weer in de biosfeer verschijnen. Naast het 
uitwerken van de theoretische grondslagen voor de RRC, toont dit hoofdstuk de belangrijkste 
voordelen hiervan aan, door middel van relevante modellen. Zowel vanwege de visie van 
'passieve veiligheid', die aan dit concept ten grondslag ligt, als vanwege het verdwijnen van de 
noodzaak van een lithologie-centrische benadering (waarvan de ervaring heeft aangetoond dat 
deze leidt tot ernstige problemen in verband met de moeilijkheden bij het karakteriseren van 
breuken en barsten en nun toekomstig gedrag), leidt de RRC tot nieuwe mogelijkheden bij het 
zoeken naar een haalbare aanpak voor de opslag van nucleair afval. 

Hoofdstuk 6, tenslotte, bevat de conclusies van het werk op basis van de resultaten uit de 
voorgaande hoofdstukken. 
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SUMMARY 

This work (1) reviews the current concept adopted internationally on the disposal of high-
level nuclear wastes; (2) discusses some of the major challenges facing this disposal technology; 
(3) presents an evaluation of the Canadian performance assessment work as a case study; and 
(4) introduces a new paradigm within which to site an underground disposal facility that offers 
many significant advantages over the existing concept 

Chapter 1 explains the setup of the work and forms the "General Introduction" to the 
subject material. 

Chapter 2 describes the current internationally-accepted concept of underground disposal 
in stable, terrestrial, geologic media using a multi-barrier system of engineered (man-made) and 
natural barriers to prevent or retard the movement of radionuclides from depth to man's environ
ment at the surface. Various aspects of the research and development work being conducted 
internationally to demonstrate the efficacy of this technology are described with emphasis paid 
to the Canadian Nuclear Fuel Waste Management Program (CNFWMP). 

Chapter 3 examines some of the technical challenges of the current disposal concept 
including (a) the present focus on the lithologic aspects of the geologic/geotechnic research; 
(b) the unsatisfactory situation in attempts at "validating" models used in computer simulations 
to forecast very long-term future conditions; and (c) the unsatisfactory state of software quality 
assurance in such computer simulations. The collection of papers in this chapter points out these 
problems and presents some of the software engineering tools and techniques used for software 
verification and quality assurance. Paper 3.4 introduces a comprehensive and systematic 
approach with which a rigorous process of validating models can be applied. 

Chapter 4 presents a review of some aspects of the Canadian performance assessment 
code, its models, as a case study to illustrate the application of principles, and tools and 
techniques described in Chapter 3. As such, various widely-recognized ANSI/IEEE software 
engineering standards were used to carry out the evaluation. This review is the first in-depth 
evaluation done externally and will likely serve, in part, as a basis for the ultimate judgement 
as to the quality and credibility of the Canadian performance assessment work. 

Chapter 5 introduces a completely new approach, called the Regional Recharge Concept 
(RRC), to the siting of underground waste repositories. The emphasis of this new concept is 
on achieving understanding of regional groundwater flow patterns so as to exploit such know
ledge to locate a repository in an area where escaping contaminants will be carried by the 
groundwater into "stagnant zones" or on a flow trajectory long enough to render decaying radio
nuclides harmless if and when they do ever surface. The theoretic basis of the RRC is 
developed in this chapter and the many advantages of the concept are shown through a modelling 
exercise. Because of the "passive safety" philosophy inherent in this new concept, as well as 
the move away from the current international focus on lithologic studies (where experience has 
shown the great difficulties in characterizing fractures and predicting their future behaviour), the 
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