
Canadian 
Geoscience 
Council 
Published for the Council 
by the Geological Survey of Canada as 
Paper 79-10 

Disposal of high-level 
radioactive waste: 
The Canadian Geoscience Program 

Prepared by The Canadian Geoscience Council 

Edited by C.R. Barnes 

P. G. KILLEEN 
EOPHYSIC 



1+ Energy, Mines and 
Resources Canada 

Energie, Mines et 
Ressources Canada 

GEOLOGICAL SURVEY 
PAPER 79-10 

DISPOSAL OF HIGH-LEVEL 
RADIOACTIVE WASTE: 
THE CANADIAN GEOSCIENCE PROGRAM 

PREPARED BY 
THE CANADIAN GEOSCIENCE COUNCIL 

Edited by 
C.R. BARNES 

1979 

aijohnso
GEOSCAN Small



~Minister of Supply and Services Canada I 979 

Available in Canada through 

authorized bookstore agents and other bookstorcs 

or by mail from 

Canadian Government Publishing Centre 
Supply and Services Canada 
Hull, Quebec, Canada KIA OS9 

and from 

Geological Survey of Canada 
60 I Booth Street 
Ottawa, Canada KIA OE8 

A deposit copy of this publication is al so available for 
reference in public libraries across Canada 

Cat. No. M44-79/IO 
ISBN -0-660-10210-2 

Canada: $5.00 
Other countries: $6.00 

Price subject to change without notice 



CONTENTS 

Part I 

Commentary 

Commentaire 

Part II 

Introduction: H.R. Wynne-Edwards 
I. The regulatory role in the disposal of radioactive was te in bedrock : 

v· 

v 

v 

J.L. Wallach and V.E. Poliscuk 3 
2. Overview of the Canadian fuel waste management program: S.R. 

Hatther 9 
3. EMR Program for geological disposal of high-level radioactive 

wastes: J.S . Scott 13 
4. The DFE program in environmental impact of the disposal of 

high-level radioactive waste in geological form a tion s: H.C. 
Rothschild and C. Barraud 21 

5. The management of irradiated fuel in Canada: R. W. Barnes 23 
6. Risk assessment for radioactive waste disposal: R.B. Lyon and 

E.L.J. Rosinger 29 
7. The Canadian program for a high-level radioactive waste 

repository; a hydrogeological perspective: J.A. Cherry and J.E. 
Gale 35 

8. Geological engineering factors in the design of a radioactive waste 
repository in hard crystalline rock: R.G. Chanwood, A.M. 
Mahta b, A.S. Burgess, D.R. McCreath. P.E . Gnirk and J.L. 
Ratigan 45 

9. Nuclear waste disposal: geochemical and other aspects; W.S. Fyfe 
and Z. Haq 55 

10. Geophysical methods of selection and in situ testing of waste 
disposal sites; D .W. Strangway 59 

Part III 

Invited comments 
Dr. 0. Brotzen 
Dr. K. KUhn 
P.A. Witherspoon 

Part IV 

Edited discussions 

67 
68 
69 

71 





DISPOSAL OF HIGH-LEVEL 
RADIOACTIVE WASTE: 

THE CANADIAN GEOSCIENCE 
PROGRAM 

PART I 

COMMENTARY 

The Problem 

The problem of the disposal of high level radioactive waste is 
perceived by the Canadian Geoscience Council to be one of the 
major problems facing both the geoscience community and 
Canadian society. Because of the high technology of the nuclear 
power program, the immense costs involved , and the high toxicity 
of the irradiated fuel waste, the issue is of acute concern to all , and 
can generate fears that lead to illogical reasoning. The problem is 
not a simple one to discuss and perhaps because of this open 
discussions of all the problems are infrequent. The Canadian 
Geoscience Council ( CGC), therefore, organized a Forum in 
Toronto on October 24, 1978 to consider the Canadian geoscience 
program as related to this issue. The formal papers presented and 
the edited versions of the discussions are published in this volume, 
for which this commentary has been prepared by the Council. 

Cheap energy has been a fundamental driving force in 
industralized societies. With the rapid depletion of the world's oil 
and gas supplies, the role of electrical energy will increase, 
particularly that produced by nuclear power. In 1976, Canada's 
total installed nuclear capacity was 4000 megawatts and this is 
expected to rise to about 60000 to 75000 megawatts by the 2000 -
an amount approximating to the world's capacity in 1975. If the 
nuclear power program expands as predicted, there will be 50000 
tonnes of irradiated fuel in temporary surface storage by the year 
2000, with waste accumulating at about !0000 tonnes per year. 
The volume of this waste can be accommodated in one repository 
mine as shown in the paper by R. W. Barnes (Paper 5 ). 

Canada embarked on a program of nuclear power many 
years ago and until recently has not seriously faced the question of 
permanent waste disposal. Storage of waste, at least until the end 
of this century, can be accommodated in water-filled bays at 

The Geological Survey of Canada of the Departme111 of Energy. Mines and 
Resources is pleased to publish the text of the Symposium on Disposal of 
High-Level Radioactive Waste, which was sponsored by the Canadian 
Geoscience Council and held in Toro1110 in October, 1978, but it must not be 
construed that it necessarily associates itself with the recommendations 
contained in the imroductory Commentary 

STOCKAGE DES DECHETS TRES 
RADIOACTIFS 

PROGRAMME CANADIEN DES 
SCIENCES DE LA TERRE 

PARTIE I 

COMMENT AIRE 

Le probleme 

Le Conseil national des Sciences de la Terre per~oit le stockage des 
dechets tres radioactifs comme ecant I 'un des principaux proble­
mes de la communaute geoscientifique et de la societe canadienne. 
A cause des techniques avancees du programmed 'energie nucleai­
re , des depenses considerables qu'il faut y engager et de la toxicite 
des dechets du combustible irradie, la question du stockage 
preoccupe tout le monde au plus haut point et peut engendrer des 
craintes qui menent a des raisonnements illogiques. Le probleme 
est loin d'etre simple et c'est peut-etre pour cela qu 'ii y a si 
rarement des discussions ouvertes ace sujet. Le 24 octobre 1978, le 
Conseil canadien des Sciences de la Terre (C.C.S.T.) a done tenu 
un collogue, a Toronto, pour etudier le programme canadien des 
Sciences de la Terre en fonction de cette question de stockage. Les 
documents officiels presentes et les versions definitives des discus­
sions sont publies dans ce volume pour lequel le Conseil a prepare 
le present commentaire. 

L 'energie a bon marche a joue un role moteur essentiel dans 
les societes industrialisees. L'epuisement rapide des reserves 
mondiales de petrole et de gaz rendra plus important le role de 
1 'energie electrique, surtout celle qui est produite par I 'energie 
nuclcaire. En 1976, la capacite nucleaire totale installee au Canada 
etait de 4000 megawatts. Yers I 'an 2000, cette capacite augmente­
ra vraisemblablement jusqu 'a environ 60000 a 75000 megawatts, 
chiffre presque egal a la capacite mondiale en 1975. Si le 
programme d 'energie nucleaire prend de l 'espansion , comme 
prevu , ii y aura, d'ici l'an 2000 , 50000 tonnes de combustible 
irradie stockees provisoirement en surface, les dechets s'accumu­
lant a un rythme de !0000 tonnes par annee. Cette quantite de 
dechets peut etre logee dans une mine cimetiere comme I 'indique 
l'exposcde R.W. Barnes. 

II y a bon nombre d 'annees, le Canada se lan~ait dans un 
programmed 'energie nucleaire, mais ce n 'est que recemment qu 'ii 
s'est attaque serieusement a la question du stockage definitif des 
dechets. lls peuvent etre stockes au moins d 'ici la fin du siecle dans 

II est agreable a la Commission geologique du Canada du ministere de 
l 'Energie. des Mines et des Ressources de publier le texte du colloque intilllle 
«Storage des dechets tres radioactifs ». Ce colloque. organise par le Conseil 
canadien des Sciences de la Terre, eia lieu a Toronto en octobre 1978. A 
110ter, la Commission n 'est pas necessaireme/11 d'accord avec les recomman­
dations emises a la partie du 1ex1e titree " Co111me111aire,,. 
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power plant sites. However, because of the volume of waste 
accumulating, the increasing annual supply, and the hazardous 
toxicity, it has become essential to demonstrate that the waste can 
be disposed of safely and permanently. 

Simple disposal in sealed surface containers presents prob­
lems in controlling the emission of toxic substances, such as radon 
gas. Furthermore, such repositories could not readily be protected 
against terrorist attacks or nuclear strikes which , however unlikely, 
could have horrifying consequences. 

The Canadian waste disposal program is based on a concept 
of multiple barriers: waste dilution and solidification: its contain­
ment in an inert canister; this container than surrounded by special 
backfill material and sealed in an excavation created IOOOm or 
deeper in the geological subsurface environment. Thus, each 
barrier should provide a degree of containment should leaching of 
the waste occur. Several papers discuss current research aimed at 
finding appropriate methods of waste solidification / treatment 
(e.g. vitrification) , the types of long-term containers (e.g. copper, 
corundum ceramics) , the nature of impermeable backfill and 
sealing materials (e.g. bcntonitc clays) , the most desirable rock 
type, and the optimum depth of burial. Wallach and Poliscuk 
(Paper I) note that it is assumed that leached radionuclidcs will 
eventually be released, hence the disposal system must be 
designed so that any leakage to the biosphere is so slow or minimal 
that it docs not exceed acceptable levels. Rothschild and Barraud 
(Paper 4) acknowledge that should major leaks occur to the 
biosphere, no actions arc known at present that could correct the 
situation. Thus, the solution to the disposal problem for high level 
radioactive wastes is to verify the concept that deep disposal is 
safe, secure and desirable. 

The Uncertainties 
The solution to this problem is complicated by the presence of 
uncertainties relating to policy, technology, politics, and public 
acceptance. 

A major policy uncertainty is whether the waste should be 
eventually reprocessed to recover additional potential energy, but 
with the resultant production of plutonium and toxic liquid waste. 
If reprocessing is accepted, wastes must be retrievable from the 
deep repository: if not , the wastes can be permanently sealed in 
the repository. The handling of the waste, nature of the containers , 
and design of the repository are all affected by this current 
uncertainty. 

Radioactive wastes generate high temperatures unless diluted 
in the solidification process which in turn results in an increased 
volume of material to be buried. Relatively undiluted wastes may 
achieve temperatures of up to 400°C, whereas diluted wastes may 
be maintained in the 60°-I00°C range. High initial temperatures 
could also be accommodated through interim shallow storage, 
with permanent deep storage after significant cooling. Uncertainty 
in the actual burial temperatures in turn produces many uncertain­
ties in the composition of the canister, composition of the backfill 

VI 

des bassins remplis d 'cau situes pres des centrales. Toutefois, a 
cause des quantites de dechcts qui s'accumulcnt, de la production 
annucllc de dechets qui augmcnte et des dangers de toxicite, ii est 
devenu esscnticl de prouver que les deehets peuvent etre stockes 
definitivcment et en toute securite. 

Le simple stockage en surface dans des reservoirs scelles pose 
des problemcs parcc qu 'ii est difficile de contr61er lcs emissions de 
substances toxiqucs comme le radon. De plus, cc genre de 
cimeticre otfre peu de protection contre les attaques terroristes ou 
nucleaires qui, bien que peu probables, pourraient avoir des 
consequences desastreuses. 

Le Programme canadien de stockage des dechets se base sur 
le concept des barrieres multiples: diluer et solidifier les <lechers; 
les confiner dans des contenants en matiere inerte, entourer ces 
con tenants cl 'un remblai special, les sceller dans des excavations 
creusees a 1000 metres OU plus sous terre. Ainsi, s'il y avait 
infiltration des dechets , chaque barriere, devrait fournir uncertain 
degre de confinement. Plusieurs exposes traitent des travaux qui 
sont faits actuellement pour trouver des mcthodes appropriees de 
solidification et de traitement de ces dechets (par exemple , la 
vitrification). lls traitent cgalement des types de con tenants pour le 
stockage a long terme (par exemple, en cuivre, en corindon, en 
ceramique), de la nature des remblais et des materiaux de scellage 
impermeables (parexemple, l'argile bentonite) ainsi que du genre 
de roches et de la profondeur d 'enfouissement qui conviennent le 
mieux. MM. Wallach et Poliscuk notent qu 'ii est considere comme 
admis que les radionuclcides lixiviees seront liberees tot ou tare!. 
La methode de stockage doit done etre con<;:ue de fa<;:on que toute 
fuite vers la biosphere soit si lente ou si minime qu 'elle ne depasse 
pas les quantites acccptables. MM. Rothschild et Barraud souli­
gnent qu 'a I 'heure actuelle ii n 'existe aucun moyen de remedier a 
une fuite majeure vers la biosphere. Ainsi , pour solutionner le 
problcme du stockage des dechets tres radioactifs, ii reste a 
prouver que le stockage en profondeur est sur, fiable et 
souhaitable. 

Les incertitudes 
La solution a cc probleme est compliquee par les incertitudes en 
matiere de programmes et de techniques nucleaires, de considera­
tions politiques et d'approbation publique. 

Une question largement controversee reste a regler, soit celle 
de decider si les dechets devraient eventuellement etre retraites 
pour en rccuperer de 1 'energie supplementaire, et cela malgre tous 
les dechets liquides toxiques et la production de plutonium qui en 
resulteraient. Si le retraitement est accepte, ii faudra pouvoir 
recuperer les <lechers des cimetieres profonds; sinon, les dechets 
peuvent etre scelles definitivement clans ces cimetieres. La manu­
tention des dechets, le genre des contenants et la conception du 
cimeticre sont tous touches par cette controverse. 

Les dcchets radioactifs produiscnt une chaleur elevee sauf 
s'ils sont dilues durant leur solidification, ce qui augmente ainsi le 
volume de matiere a enfouir. Les dechets relativement non dilues 
peuvent a Iler jusqu 'it 400°C. Toutefois, lorsqu 'ils le sont, leur 
temperature peut se maintenir entre 60° et I00°C. Les dechets a 
haute temperature initiale pourraient egalement etre stockes 
provisoirement a faible profondeur, et apres un refroidissement 
considerable, etre mis en stockage permanent en profondeur. Les 
incertitudes q uant aux temperatures reelles d 'enfouissement en-



material, and influence on rock stresses , permeabi lities, a nd 
groundwate r flow systems. 

Many technological uncertainties arise from those related to 
repository depth, nature and properties of th e host rock, characte r 
of th e backfill material, and the type of canister, as discussed by 
Fyfe and Haq (Paper 9). Variations in the nature and design of 
one barrier may profoundly influence those of an adjacent barrier. 
In some instances the problem can clearly be ove rcome with 
appropriate study and design, for others fundamenta l questions 
have yet to be answered and current ly defy the logic of a strict 
timetable for the Canadian program. 

Uncertainties of a political nature relate to the geographical 
location of the repository, which appears destined fo r Ontario, and 
to the level of funding to resolve the problems, as deemed 
sufficient by government agencies and utilities. Uncertainties in the 
degree of public acceptance and aware ness cause problems in 
restriction on fie ld studies, future site se lection procedures, and 
their influence on government decisions that concern funding 
levels, environme nt al safety requirements, and th e actual 
timetable. 

The Organization of the Canadian Program 
The first five papers in this volume indicate the different roles and 
projects undertaken by government agencies: the Atomic Energy 
Board of Canada (AECB; the regu latory body), Atomic Energy of 
Canada Limited (AECL; the agency with responsibility for the 
federal nuclear power program and waste disposal), the Depart­
ment of Energy, Mines and Resources (EM R; subcon tracted by 
AECL to undertake much of the geo logica l work in waste 
disposal), the Department of Fisheries and Environment ( DFE; 
subcontracted by AECL to undertake hydrogeological and 
hydrogeochemical work in waste disposal; also with responsibili­
ties for environmental protection), and Ontario Hydro and other 
provincial utilities whose plants generate bot h the electrici ty and 
th e waste. Many of these governmen t agencies have been 
gradua lly providing externa l contracts to individuals/groups from 
universities and the private sector to undertake specific projects. 

Only very recently has there been a greate r integration of 
research and deve lopment both between these agencies and with 
externa l groups. It is essential that, with the urgency of the 
problem, efforts be made to identify and fully utilize a ll the 
expertise in Canada, with external support where necessa ry. There 
shou ld be ope nness in the administrative systems a nd decisions, 
with peer review an integral part of a ll major funding programs. A 
constant system of review and debate is esse nt ial, with ready 
access to published and unpublished data . The Co uncil welcomes 
two recent even ts of this nature : I) th e estab lishm en t of an 
Advisory Subcommittee by the Geological Survey of Canada 
(GSC) to investigate its Radioactive Waste Progra m a nd 2) the 
creation of a Technical Advisory Commi ttee by AECL comprised 
of externa l specialists. The Canadian Envi ronmenta l Advisory 
Council of DFE is also ab le to function as a cri tic of DFE activities 
and to investigate perceived problems. 

gendrent a leur tour un grand nom bre de questions sur la 
composition du co ntenant et du rcmblai et sur !'influence de cette 
chaleur sur les contraintes souterraines, lcs permeabilitcs et 
1 'ecoulement des eaux de la nap pc aq uifere. 

La profondeur du cimetiere, la nature et les proprietes de la 
roche encaissante, les caractcristiques du remblai et le genre de 
contenant sou leven t nombre de q uestions techniques qui on t ete 
discutees par MM. Fyfe e t Haq . Des varia tions dans la nature et la 
conception d 'une barriere peuvent grandemen t influencer celles 
de la barriere adjace nte. Dans certains cas, le probleme se resoud 
simplement par une etud e appropriee et une conception adequate. 
Dans d'aut res cas, certaines questions fondamentales restent 
toujours sans reponse et defient, a I ' heure actuelle, la logique d 'un 
ca lendrier rigoureux des travaux du Programme canadien. 

Les questions en suspend de nature politique se rapporten t a 
!'emplacement geographique du cimetiere, vraisemblablement 
I 'Ontario, ainsi qu 'au degre de fina ncement que les organismes 
gouvernementaux et les services publics jugent suffisant pour 
resoudrc les problemes. Le public est plus ou mains sensibilite a la 
question nucleaire e t plus o u mains d 'accord avec ses applications, 
cc qui impose des restrictions sur les etudes sur le terrain et le choix 
des emplacements futurs. Cet te situation influence les decisions 
gouverncmen ta les quant au financement, aux exigences de protec­
tion de 1 'environnement et au calcndrier reel des travaux. 

Structure du programme canadien 
Les cinq premiers exposes de ce vo lu me indiquent les divers roles 
et projets des organismes gouvernementaux: la Commission de 
contr61e de l 'Energie atomique (C.C.E.A., organ isme de regle­
mcntation), l'Energie a tomique du Canada, Limitee (E.A.C.L. , 
organisme responsable du programme federal d 'energie nucleaire 
e t du stockage des dechets ), le ministere de I 'Energie, des Mines et 
des Ressources ( E.M. R., sous-contractant de I 'E.A.C.L. pour 
traiter de I 'aspect geologique du stock age des dechets), le ministe­
re des Peches et de !'Environnement, (M.P.E., sous-contractant de 
I 'E.A.C.L., responsable des travaux hydrogeologiques et hydro­
geochimiq ues pour le stockage des dechets ainsi q ue de la 
protection de 1 'environnement) et I ' Hydro-Ontario et les autres 
services p ublics dont les cen trales produisent it la fois de l'electrici­
te et des dechets. Un grand nombrc de ces organismes donne 
graduellement it contrats des projets determines a des personnes 
ou des grou pes universitaires o u privcs. 

Ce n'est que depuis tres peu de temps qu'il y a meilleure 
integration de la recherche et du developpement entre ces organis­
mes et avec ces groupcs ex tcrnes. A cause de l 'urgence du 
probleme, ii est essentiel de trouver et cl 'utiliser a fond toutes les 
compe tences du pays, et me me de recourir it une aide exterieure si 
necessaire. II faudrai t introduire une certaine largeur d 'esprit dans 
les systemes et les prises de decision de nature administrative pour 
qu'une verification par des pairs fasse partie integrante de tousles 
principaux programmes de financement. Un systeme permanent 
de verifica tion et de discussion est esse ntiel e t doit donner 
faci lement acces aux don nees publiees o u non. Le Conseil co nsta te 
avec plaisir deux recents eveneme nts de cette natu re, soi t la 
crea tion par la Commission geologique du Canada (C.G.C.) d'un 
so us-comit~ consultatif charged 'ctudier son pro pre programme de 
dcchets radioactifs, et la mise sur pied par l 'E.A.C.L. d 'un comite 
co nsu lta tif technique compose de specialistes venan t de l'exte­
rieur. Le Co nseil consulta ti f canadien de I 'environnement du 

M.P.E. agit egalc ment en qualite de cri tique des activi tes de ce 
ministere et enq uete sur les p rob lemes perr,:us. 
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It is evident that AECB and AECL have mandates that are 
fundamentally different, requiring both agencies to play discrete 
roles in the waste disposal issue. The number of particu lar 
specialists within certain government agencies is relatively small 
and there has been and is a tendency for one department (e.g. 
EMR, DFE) to firstly propose a project, secondly to conduct the 
work under contract, and thirdly to make final recommendations 
to another government agency (e .g. AECL, AECB). In the open 
discussion period at the Forum, the potential conflict-of-interest 
that can develop was raised by Professors G.F. West and R.A. 
Freeze. The latter, in particular, advocated more of an adversary 
system with the energy producers clearly separated from the 
regulatory body and with a more equal funding of research and 
development from both agencies to provide adequate checks and 
balances. 

This proposal appears to be valid and could indeed by 
strengthened. The CGC proposes that AECB maintain complete 
independence as a regulatory body, with its budget increased to 
allow more funding of research in areas deemed critical for its 
regulatory role. The agencies with responsibility for energy 
production (AECL, Ontario Hydro and other provincial utilities) 
must primarily fund the program to dispose of the waste. It seems 
strange that the provincial utilities have spent so little in this area 
in comparison to Sweden where they are funding virtually all of 
the waste program. As energy producers, these agencies are now 
actively seeking a solution to the Canadian waste problem. 
However, their own vested interest must be recognized. Their 
objectives, methods, and timetable may not be that selected by an 
environmentalist charged with the same task. 

Many papers in the volume caution that public acceptability 
is crucial. It seems evident that in order for the protection to be 
seen to be truly protective another independent agency should be 
involved in these investigations. The most appropriate is DFE with 
its mandate for general environmental protection. To be effective, 
it must have substantially increased funding to engage in research 
and development and to provide external contracts related to the 
critical environmental aspects of waste disposal. DFE should use 
such funds to build up a capability and expertise to check the 
results of research conducted by AECL and provincial utilities. 
Furthermore, in order to be fully independent DFE should cease 
to conduct major research programs for AECL; these could be 
contracted externally. The role of EM R, universities, and the 
private sector would largely be to conduct research and develop­
ment for either or both of the energy producers and the 
environmental protectors. Thus, AECB would periodically receive 
submissions from different constituencies rather than largely a 
single dialogue and negotiation with AECL. 

Vlll 

II est evident que la C.C.E.A. et I 'E.A.C.L. ont des mandats 
fondamentalement differents qui leur demandent d 'agir avec 
discretion dans la question du stockage des dechets. Le nombre de 
specialistes donnes au sein de certains organismes gouvernemen­
taux est relativement peu eleve. Les ministeres (par exemple, 
l'E.M .R. et le M.P.E.) ont tendance a proposer un projet, a donner 
ensuite des contrats pour Jes travaux et enfin a faire des recom­
mandations finales a un autre organisme gouvernemental comme 
I 'E.A.C.L. et la C.C.E.A. Au colloque, durant la periode de 
discussion genera le, MM . G .F. West et R.A. Freeze ont souleve la 
question des conftits d 'inten~ts possibles qui peuvent resulter de 
cette situation. M. R.A. Freeze plus particulierement, est en faveur 
d 'un systeme contradictoire ou les producteurs d 'energie et 
1 'organisme de reglementation seraient totalement independants 
I 'un de I 'autre et ou le financement que Jes deux organismes 
federaux accordent a la recherche et au developpement serait du 
memc ordre afin d 'assurer des freins et contrepoids adcquats. 

Cette proposition semble valable et pourrait etre plus etoffee. 
Le Conseil canadien des Sciences de la Terre propose que la 
C.C.E.A. conserve une independance totale en tant qu 'organisme 
de reglementation et quc son budget soit augmente pour financer 
davantage la recherche dans les domaincs juges d 'une importance 
capitale pour I 'execution de ses fonctions. Les organismes respon­
sables de la production d'energie (l'E.A.C.L., !'Hydro-Ontario et 
Jes autres services publics provinciaux) doivent tout d 'abord 
financer le programme de stockage des dechets. II semble etrange 
que les services publics aient depense si peu dans ce domaine alors 
qu 'en Suede , ce sont ces services qui financent presque en totalite 
ce programme de stockage. Ces organismes, en tant que produc­
teurs d 'energie, cherchent activement la solution au probleme des 
dcchets au Canada. Toutefois , ii faut reconnaitre qu 'its ont des 
interets acquis. Leurs objectifs, mcthodes et calendrier des travaux 
peuvent differer de ceux d 'un specialiste de I 'environnement 
charge de la meme tache. 

Dans ce volume, de nombreux auteurs nous avertissent que 
I 'approbation publique est d 'une importance capitale. II semble 
evident qu'un autre organisme independant devrait s'occuper des 
enquetes pour que le public considere que les mesures de protec­
tion sont vraiment valables. Le ministere des Peches et de 
I 'Environnement est I 'organisme tout designe car son mandat 
.concerne la protection generate de I 'environnement. Pour fonc­
tionner de fac,:on efficace, le Ministere a besoin d 'une augmenta­
tion substantielle de fonds pour entreprendre des travaux de 
recherche et de developpemcnt et engager des sous-contractants 
qui s'occuperont des aspects environnementaux cruciaux du 
stockage des dechets. II devrait utiliser ces fonds pour obtenir les 
services de techniciens et de specialistes dont ii a besoin pour 
verifier Jes resultats des recherches menees par I 'E.A.C.L. et les 
services publics provinciaux. De plus, afin d'etre totalement 
independant, le M.P.E. devrait cesser d 'entreprendre de grands 
programmes de recherches pour le compte de I 'E.A.C.L.; ces 
programmes pourraient etre donnes a contrats. Le role de 
I 'E.M.R. , des universites et du secteur prive serait principalement 
de faire de la recherche et du developpement, soit pour les 
producteurs d 'energie ou pour Jes organismes charges de la 

protection de I 'environnement , soit pour Jes deux. Ainsi la C.­
C.E.A. rccevrait periodiquement des requetes de divers groupes 
plut6t que d 'entreprendre des discussions et des negociations 
uniquement avec I 'E.A.C.L. 



Research Priorities and Problems 
Most research in the was te program has been conducted in-house 
by government agencies. As Dr. J.O. Wheeler has noted in the 
Discussion , all expertise mu st be marshalled. More external 
contracts must be provided to make full use of nongovernment 
specialists. 

Some areas require only time, funds and effort to achieve the 
required barrier design as indicated , for example, by Chari wood et 
al. (Paper 8) for the engineering design or the repository. In sharp 
contrast, Cherry and Gale (Paper 7) and also Witherspoo n (in 
Part!!!) argue that in fracture hydrology and hydrogcochemistry, 
especially the dating or groundwaters, fu nd amental questions 
have still to be answered. A ten-year hydrogeological program is 
advocated that clearly is in conflict with the overal l program 
schedule described by Scott (Fig. 3.2) and other authors. It is 
do ubtful whether appropriate geophysical or geochemical sys tems 
are yet devised to adequately monitor the waste disposa l and 
barrier sys tem s during and a fter waste emplacement and after the 
sealing and decommissionin g of the repository. Strangway (Paper 
10) argues for adequate funding to develop the new technologies 
required and Witherspoo n strongly advocates refined monitoring 
sys tem s to check for leakage over the decades fol lowing 
decommissioning. 

Nea rly a ll of Canada's effective waste program is concerned 
with the hard rock (granite pluton) option . This may be wise for 
economic and geogra phic reasons, but perhaps not for scientific 
and political reasons. !fthe hard crysta lline rocks are shown to be 
too fractured to be sufficiently impermeable , it may be an 
embarass mcnt and perhaps too late sociopol itical ly to seek an 
alternative repository in so ft rocks. The CGC advocates that an 
effective program be mounted to examine sedimentary rocks as a 
po tential repository host. Many of the fracture hydrology a nd 
hydrogeological problem s will be simi lar to those or hard 
crystalline rock, but the effects or thermal loading will be more 
severe, and hence , significant. Altho ugh sa lt has been investigated 
extensively in the U.S.A ., little attention has been given to 
a rgillaceous rocks. 

A maj o r componen t in the Swedish waste program has been 
the use o f undergro und experiments at the Stripa mine in central 
Sweden. These arc discussed briefly by Brotzen, Cherry and Gale, 
Fyfe , and Witherspoon. The tests have been most valuable , but it 
must be cautioned that they were undertaken in a disturbed 
environment produced by the past mining excavations. Cherry 
and Gale and Witherspoon bring convincing argume nts for the 
construction of a test facility to conduct fundamental experiments . 
Witherspoon has estima ted its cost at $50 million over I 0 yea rs. 
This may seem a substa ntial expenditure but it must be remem­
bered that (a) this is a small fraction or the total waste program, 
( b) government test drilling has to be suspended in 1977 a nd 1978 

Problemes et priorites de la recherche 
Des organismes gouverncmcntaux ont effectue eux-memes la 
plupart des rccherches sur Jes dechets nucleaires. M. J.0. Wheeler 
(C.G.C., discussions) so uligne que toutes Jes competences techni­
ques doivent etre mises a contribution. Plus de contrats doivent 
ctrc accordes a fin d ' utiliscr pleinement Jes connaissances des 
specialistcs non gouverncmcntaux. 

Com me I 'indique Chari wood et a l. par exemple , certains 
secteurs n 'ont besoin quc de temps, de capitaux et d 'e fforts pour 
realiser le type de barriere necessaire a la conception technique 
d ' un cimetiere. MM. Cherry, Gale et Witherspoon soutiennent au 
contraire quc dans le domaine de I 'hydrologie et de I 'hydrogeochi­
mie des fractures , plus particulierement celui de la datation des 
nappes aq uiferes, certaincs questions fondamentales sont encore 
sans reponse. Certains so utiennent un programme hydrogeologi­
que de 10 ans qui entre nettement en conflit avec le calendrier 
general du programme decrit par M. Scott (fig. 2) et d'autres 
auteurs. II n 'existe probablement pas encore de bons systemes 
geophysiquc ou geochimiq ue pour surveiller adequatcment Jes 
methodes de stockage des dechets et Jes barrieres durant et apres 
I 'enfouissemcnt des dechets et apres le scellage e t la misc hors de 
service du cimetiere. M. Strangway insistc sur un financement 
approprie en vue de la misc au point des nouvelles techniques 
necessaircs et M. Witherspoon recommandc fortement des syste­
mes perfectionnes de survei ll a nce des fuites pouvant se produire 
pendant Jes dizaines d 'annees qui suivront la mise hors de service. 

La quasi-totalite du Programme canadien des dechets en 
vigueur actue llement , favorise I 'option de stockage dans la roche 
dure (pl uton granitique). Cette solution est peut-etre censee du 
point de vue economiquc et geographique, mais elle ne l'est pas 
pour des raisons scientifiques et politiqucs. Si Jes roches <lures 
cristallines son t trop fracturecs pour e tre suffisamment impermea­
bles, ii serait tres embarrassant, et pcut-etre trop tard socio­
politiquement , d 'opter pour le stock age dans la roche tend re. Le 
C.C.S.T. insiste sur la mise sur pied d ' un programme efficace pour 
e tudier la possibilite d 'utiliser Jes roches sedimentaires comme 
cimetiercs. Un gra nd nombre des problemes de I 'hydrologie et de 
I 'hydrogeo logie des fractures seront semblablcs a ceux de la roche 
dure cristalline. Toutefois, Jes effets de la charge thermique seront 
plus graves, e t ainsi, plu s importants. Meme si le stockage dans le 
se l a ete etudie soigneusemen t aux Etats-Unis, on a accorde peu 
d 'a ttention aux roches argi leuses. 

Les experiences souterraines effectuees dans la mine Stripa au 
centre de la Suede ont constitue un element important du 
programme des dechets de ce pays. M.M. Brotzen , Cherry, Gale, 
Fyfe et Witherspoon en parlc brievement. Ces essais ont bea ucoup 
de valeur, ii est toutefois necessaire de mentionner qu 'i ls ont ete 
faits dans un environnement perturbe par Jes anciens forages de 
puits de mines. MM. C herry, Gale et Witherspoon apportent des 
arguments convaincants en faveur de la co nstruction d 'insta ll a­
tions pil o tes pour realiser des experiences fondamentales. M. 
Witherspoon en a evalue Jes couts a 50 millions de dollars 
echelonnccs sur 10 ans. Cette depense, peut sembler considerable 
mais ii nc faut pas oublier a) qu'il nc s 'agit que d'une petite 

IX 



because of adverse public reaction to a potential pilot repository 
(rather than a test facility that would never become a repository), 
(c) drilling is currently restricted to AECL property at Pinawa, 
Manitoba, and Chalk River, Ontario, where geological conditions 
are not typical for a desirable hard rock repository, and ( d) it is 
essential to fully demonstrate the safety aspects, of which 
groundwater transport of radionuclides is one of the most critical 
factors . Thus, the CGC advocates serious consideration of such a 
test facility rather than a pilot repository. This would probably 
overcome public reaction and allow adequate demonstration of 
some key aspects of safety in the waste program . 

Funding 
Funding levels for the Canadian radioactive waste program have 
been insignificant compared to other parts of the nuclear power 
program. After continued efforts, AECL finally succeeded in 
receiving a substantial increase in the budget of the waste 
program, doubling to $9.9 million for 1977-78. In the period 1973-
1978 Ontario Hydro contributed just $1.8 million. Of these 
amounts, only a fraction was devoted to primary geoscience 
research. These costs are a small fraction of the costs of building 
nuclear power plants or heavy water plants. Yet the waste issue 
has become the Achilles heel of the industry. Canada's activity has 
been small compared to that of some other countries. For 1977-78, 
the U.S.A. program received about $80 million and the Swedish 
program has been funded at about $20 million for the initial 18 
months of research and development and such expenditures in the 
forseeable future will be about $5 million annually. 

For the required advances in fundamental knowledge and for 
applied research and development, adequate funding is essential. 
For a $50 million test facility to be developed over 10 years, 
additional funds are required. The waste problem has been largely 
ignored in the past and to ensure a relatively rapid solution, 
significantly increased budgets are mandatory. The CGC can only 
emphasize that the scale of the problem ·is probably proportional 
to certain other phases of the nuclear power program such as the 
construction of a power plant, and the priorities of utilities and 
governments seem strangely misplaced in terms of funding. CGC 
must ask why the utilities are not contributing a larger share to the 
solution of the problem. S.R. Hatcher (Part IV) indicated that the 
total construction cost for the commercial repository would only 
represent 0.02-0.04 cents per kilowatt hour; the actual construction 
cost is likely to be in the order of$500 million. 

Timetable 
The timetable for the Canadian program has been discussed by 
Wallach and Poliscuk, Hatcher, and Scott (Papers I, 2 and 3). 
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fraction du programme global des dechets, b) qu 'en 1977 et 1978, 
le gouvernement a du suspendre le forage d 'essai parce que le 
public voyait d 'un mauvais oeil I 'installation d 'un cimetiere pilote 
(plut6t qu'une installation d'essai qui ne serait jamais utilise 
comme cimetiere), c) que le forage est actuellement restreint aux 
terrains de l 'E.A.C.L. a Pinawa (Manitoba) et a Chalk River 
(Ontario) ou les conditions geologiques ne sont pas representati­
ves de I 'installation souhaitable d 'un cimetiere dans de la roche 
du re et d) qu 'ii est essentiel de bien demontrer les aspects 
securitaires de la question, dont le transport des radionucleides par 
la nappe aquifere represente l 'un des facteurs les plus cruciaux. Le 
C.C.S.T. recommande done fortement que I 'on songe serieusement 
a une installation d 'essai plut6t qu 'ii un cimetiere pilote. Cette 
decision pourrait calmer I 'opinion publique et permettre de 
prouver certains aspects cles de la securite du programme des 
dechets. 

Financement 
Compare aux autres parties du programmed 'energie nucleaire, le 
degre de financement du programme canadien des dechets ra­
dioactifs a ete plutot minime. Apres des efforts continus, l 'E.A.C.L. 
a finalement reussi a faire doubler, pour 1977-1978, Ies fonds 
budgetaires alloues au programme des dechets, soit un nouveau 
montant de 9,9' millions de dollars. De 1973 a 1978, l 'Hydro­
Ontario a seulement contribue 1,8 million de dollars. Une fraction 
seulement de ces montants a ete allouee a la recherche geoscienti­
fique primaire et cette fraction ne represente a son tour qu 'une 
petite partie de ce q u 'ii en coute pour construire les centrales 
nucleaires et les usines d 'eau lourde. Malgre cela, la question des 
dechets est devenu le talon d 'Achille de l 'industrie. Les realisa­
tions du Canada en ce domaine sont bien faibles si on les compare 
a celles de certains autres pays. Pour 1977-1978, le programme des 
Etats-Unis a re~u environ 80 millions de dollars et celui de la 
Suede a ete finance a environ 20 millions de dollars pour les 18 
premiers mois de· recherche et de developpement et, dans un 
avenir previsible , de relies depenses seront d 'environ 5 millions de 
dollars chaque annee. 

II faut absolument trouver des fonds suffisants pour I 'acquisi­
tion de connaissances essentielles et pour la recherche et le 
developpement appliques. Pour que I 'on puisse mettre sur pied en 
10 ans une installation d'essai de 50 millions de dollars, ii faut 
obtenir d 'autres fonds. Dans le passe, le probleme des dechets a 
ete grandement negligee et ii est imperatif que les budgets soient 
largement augmentes pour regler rapidement la question. Le 
Conseil ne peut qu'insister sur le fait que cette question est 
probablement aussi importante que certaines autres etapes du 
programme d 'energie nucleaire telles que la construction des 
centrales et juge que les priorites des services publics et des 
gouvernements semblent etrangement deplacees lorsqu 'ii s 'a git de 
financement. Le Conseil demande done pourquoi les services 
publics ne participent pas plus activement a solutionner ce 
probleme. M. S.R. Hatcher (discussion) a indique que la construc­
tion d 'un cimetiere commercial ne. representerait au total que 0,02 
a 0,04 cent par kilowatt / heure; le cout reel de construction sera 
vraisemblablement de 500 millions de dollars. 

Calendrier des travaux 
MM. Wallach, Poliscuk, Hatcher et Scott ont parle du calendrier 
des travaux du programme canadien. Le concept de stockage 



Verifi ca tio n o f the co ncept of dee p subsurfa ce disposa l is 
estimated to be co mpleted by 1982, with site selectio n for a pilo t 
repository being completed by 1986. CGC views these estimated 
dates with considerable concern. If fundamental hydrogeo logica l 
problems have yet to be a nswered and with resea rch having only 
recently started, it seems unlikely th a t the concept verification ca n 
be attained by 1982 . Further, the problem will predicta bly a rise 
that scientists will be viewed as having failed or that the concept 
verification is not possible. Thus, the public a nd the politicians 
may not understa nd why target dates have no t been met and may 
draw unwarra nted conclusions. A realistic timet a ble is o nl y 
possible when the fundamental questio ns have been a nswered and 
the re maining work is primarily applied science. The time required 
to find fundamental scientific solutions cannot be co nfidently 
predicted . Nor can the attitudes of the public be readily estima ted , 
as seen by the rece nt co llapses of government in Sweden and 
Austria on the nuclear power issue. Dr. KUhn admirably requested 
politicians to try to understa nd the problems of the scientists a nd 
not to view these long-term problems within the span of half-lives 
of government. 

The CGC acknowledges the diffi cult problems associated 
with high-level radioactive waste disposa l a nd also the scientifi c 
challenges and opportunities it prese nts. Geoscientists, unlike the 
public, are trained to understand long- term phenomena. There is 
no doubt that such wastes, unless properly disposed of, represe nt a 
major problem to be passed on to future generations. Given the 
appropria te support, it is likely, though not yet proven , that the 
disposa l problem can be solved. 

Summary of Recommendations 

The following recommendations fro m CGC arise from this 
commentary: 

that efforts be increased to involve all expertise both inside and outside 
the government agencies in an integrated allack on the disposal 
problem 
that the integrity, independence and regulatory power of the Atomic 
Energy Control Board be made manifest and that the Department of 
Fisheries and Environment be given an expanded role of examining, 
conducting and funding research on the waste disposal problem from 
the viewpoim of environmental protection. A EC L and the public 
utilities, the energy producers, should continue to investiga te the 
feasibility of waste disposal f rom both the engineering and social 
aspects. The f unding of both AECL and DFE should be in a more 
reasonable balance. AECB must also have sufficielll f unds to assure 
necessary research for decision making, based on the A EC Land DFE 
submissions. 

that the responsibility for the waste disposal lies primarily with the 
waste producers, i e. AECL and the public utilities. Funding levels must 
be substantially increased for research and development. These are 
presently small compared to some other countries and certainly when 
compared to construction and operating costs of the nuclear power 
pla111s generating the waste. Much of the additional funding could come 
from provincial utilities or governments that have adopted nuclear 
power. 

that particular research emphasis must be placed on those technical 
areas where fundamental scientific questions remain unanswered 

sou terra in en profondeur sera vraisemblablement verifie d 'ici 
1982 et le choix d 'un end roi t pour la construction d ' un cimetiere 
pilo te sera fixed 'ici 1986. Le Conseil voi t le choix de ces dates d ' un 
oeil tres sce ptique. Si les proble mes fondamentaux d 'hydrogeolo­
gie ne so nt pas encore resolus et que la recherche ne fait que 
co mmencer, ii semble peu proba ble que la verification de ce 
procede puisse etre terminee d 'ici 1982. De plus, ii es t fort possible 
que ce retard cree I 'impression que les scientifiques n 'o nt pas 
reussi ou que la verification de ce concept est impossible. Ainsi, le 
public et les politiciens peuvent ne pas comprendre pourquoi le 
del ai n 'a pas e te respecte et ainsi tirer des conclusions injustifiees. 
Un calendrier realiste des trava ux n 'es t possible que lorsq u 'ii ne 
reste plus de problemes fondamentaux a resoudre et que le restant 
des travaux se rapportent avan t to ut a la science a ppliquee. Le 
temps necessaire a la solution des problemes scientifiques fonda­
menta ux ne peut etre predit avec certitude, pas plus que ne 
peuvent l 'etre aisement les reactions du public, comme no us le 
de montre la defaite recente des go uvernements de Suede e t 
d 'Autriche sur la question nucleaire . M. Kuhn s 'es t adresse 
admirablement bien aux politiciens pour leur demander d 'essayer 
de co mprendre les difficultes a uxquelles se heurtent les scientifi­
ques et de ne pas s'a ttendre ace que soient trouvees des solu tio ns 
rapides a des problemes qui ne peuven t se regler qu 'a long te rme. 

Le C.C.S.T. reconnait qu ' ii y a des difficultes associees a u 
stockage des dechets tres radioactifs , avec to ut ce que ce la 
comporte de defis et de possibilites dans le domaine scientifique. 
Contrairement a u public en general, les specia listes des sciences de 
la terre so nt habitues a comprendre les pheno menes qui s'echelon­
nement sur de longues periodes. II ne fait aucun doute que si ces 
dechets ne sont pas stockes de fac;on adequate, les ge nerations 
futures heriteront d 'un grave probleme. Meme si rien n 'es t encore 
prouve, ii est probable qu 'avec I 'aide necessaire , ce probleme de 
stockage soit resolu. 

Resume des recommandations 

Suite a u prese nt commentaire, le Conseil ca nadien des Sciences de 
la Terre reco mmande: 

qu 'if y ail recrudescence des efforts pour reunir IOUS /es specialistes des 
organismes gouvernementaux et d'ailleurs qui s'a11aqueron1 ensemble 
au probleme du stockage; 
que /'integrite, /'independance et les pouvoirs de reglementation de la 
Commission de co/I/role de /'energie atomique soient manifestement 
erablis et que le mini.Here des Peches et de /'Environnemem se voit 
accorder un plus grand role. du poim de vue de la protection de 
/'environnement, pour l 'er ude, la realisation et le jinancement de la 
recherche en matiere de srockage des dechets. Les producteurs d'energie, 
/'EA.CL et les services publics devraient poursuivre les etudes de 
faisabilite du stockage des dechets du do_uble poim de vue technique et 
social Le jinancemem de /'EA.CL, et du M.PE devrait etre mieux 
equilibre. La CCE.A. doit egalemem disposer de fonds suffisants pour 
fa ire la recherche necessaire a la prise de decisions basee sur Jes 
preselllations de /'EA.CL er du M.PE.; 
que les producteurs de dechets, c'est -a-dire /'£.A.CL et Jes services 
publics, aiem la responsabilite premiere en matiere de stockage des 
dechets. Le jinancement de la recherche et du developpement doit 
augmenter considerablement, les mo111an1s actuellement alloues eta/I/ 
foibles compares a ceux d'autres pays et surement s'i/s sont compares 
aux couts de construction et d'exploitation des centrales nucleaires qui 
produiselll ces dechets. Les fonds supplementaires pourraient venir en 
grande partie des services publics ou des gouvernements provinciaux qui 
ont optes pour /'energie nucleaire; 
que soil accentuee la recherche dans les domaines techniques ou Jes 
questions scientifiques fondamentales som toujours sans reponse. L 'hy-
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Fracture hydrology. hydrogeochemistrr and geophysical monitoring 
systems are examples of such areas. 
that an effective program he mounted to examine sediment{//)' rocks as 
a potential reposi101y host. in addition to the curre/I/ hard nystalline 
rock program 
that a test mine he developed as soon as possihle for research and 
development, rather than as a pilot repasilo~) ' with the potential for a 
fu ll-scale reposit01) ' This would ensure excellent scientific results and 
offset local public concerns of the location of a final reposito1y in their 
area. 
that the timetahle for concept verification and site selection be made 
more flexihle to accommodate the present scientific uncertainties. With 
fu ndamental problems still unresolved, scientists cannot be held 
accountable for failure to meet such deadlines. The recent restrictions 
on drilling alone prohablr mean that the schedules should be extended 

that a major prohlem is seen to be the low level of public knowledge of 
the nuclear waste program The waste problem must he tack led with 
openness. appropriate speed, and priority to allow the verification of the 
concept. Politicians must recognize the long-term aspect of much of the 
research and development in the program 

that nuclear wastes should he viewed as part of a larger Canadian 
prohlem of disposal of all kinds of toxic wastes. 

that the waste disposal isrne be seen in the perspective of the energy 
requirements of Ca nadian society. 

Published with the approval of the Canadian Geoscience Council 
after prepa ration by the Executive Commitcc: 

E.C. Appleyard. C.R. Barnes, G.W. Mannard , K.A. Morgan , 
E.R.W. Neale, P.J . Savage, and A. Sutherland Brown . 
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drologie desfracture.1·. l'hydrogeochimie et Jes systemes de surveillance 
geophysique sont des exemples de ces domaines: 
qu 'un programme ejjicace soil mis sur pied pour etudier les formations 
de roche.1· sedimentaires comme cimetiere possihle. et cela en plus du 
programme ac111el des roches dures crista llines: 
qu'une mine pilote soit amenagee. des que possible, en installation de 
recherche et de developpe111e111 et non en cimetiere pilote pouvant servir 
ulterieur<>ment de cimetiere. Ceci do1111erai1 des resultats scientifiques 
excelle111.1· et calmerait les inquietudes des habita111s de la region au sujet 
de l'etahli.uement. sur leur territoire. d'un cimetieredefinitif; 
que le calendrier des travaux de verificat ion des concepts et de selection 
des emplacements soil plus flexihle, pour tenir compte des incertitudes 
scientifiques actuelle.1·. Certaim prohlemes fo ndamentaux n'i!ta111 pas 
encore resolus. les scientifiques ne pe11ve111 etre tenus responsables si Jes 
delais ne sont pas respectes. A elles seules. les recentes restrictions sur le 
forage signifient prohahle111e111 qu 'ii fa udra reporter les delais; 
q11 'u11 des principaux prohlemes est le peu de sensibilisation du public 
au programme de dechets nucleaires. II faut que le prohleme soit traite 
ouvertement. aussi rapideme/I/ que possible et en tollle priorite si la 
verification du procede doit se faire. Les politiciens doivent admettre que 
la plupart des travaux de recherche et de developpement du programme 
doive111 .1· 'echelonner sw· 1111e tongue periode: 
que le probleme des dechets nucleaires do it et re vu comme faisant partie 
d 'un prohleme heaucoup plus vaste. celui du stoc/..age de toutes sortes de 
dechets toxiques au Canada: 
que la question du stockage des dechets soil vue clans l'optique des 
he.w ins energet iques de la socii!te canadienne. 

Publie avec I 'approbation du Conseil canadien des Sciences de la 
Terre d 'a prcs une redaction du Comite cxccutif compose des 
perso nnes suivantcs: 

E.C. Appleyard , C.R. Ba rnes, G.W. Mann a rd , K.A. Morga n, 
E.R .W. Neale , P.J. Savage et A. Sutherland Brown. 



PART II 
INTRODUCTION 

H.R. Wynne-Edwards1 
Moderator 

On October 24, 1978 in Toronto the Canadian Geoscience Council 
organized a forum on the "Disposal of High-Level Radioactive 
Wastes: The Canadian Geoscience Program". The formal papers 
and edited discussions that were generated are presented in this 
volume. 

The occasion was the joint annual meetings of the Geological 
Association of Canada, the Mineralogical Association of Canada, 
and the Geological Society of America. The forum was a first-ever 
review of the Canadian radioactive waste management program 
before an audience of professional peers. Perhaps the most 
impressive aspect of it was that 600 people came and stayed 
throughout a 5-hour afternoon session . The geological profession 
is plainly deeply concerned and anxious to gain information and 
insight into a critical responsibility that has come its way. 

The developed world went nuclear after World War II in the 
search for peaceful uses of the Atom. The " big" physics and 
chemistry of the war effort was ready to concentrate on the science 
and technology involved in developing the capacity to harness first 
fission and then fusion as controlled energy-producing reactions. 
The success of the fission reactor is a matter of record, and the 
technology is now ready to provide a major new energy option for 
a world population concerned with dwindling and politically 
vulnerable conventional fuel supplies. 

The exercise of the nuclear fission option however, will 
depend less on the "hardware" of the nuclear power generator 
than on the "software" that surrounds the question of environ­
mental and resource management. Adequate nuclear fuel supplies, 
mine and mill waste containment, safe transportation systems, 
safeguarded reprocessing techniques, and above all satisfactory 
radioactive waste handling, storage, and disposal will determine 
the extent to which it is feasible to adopt nuclear power as a major 
alternative energy source. The scene and the responsibility has 
thus shifted abruptly from physics and chemistry to the environ­
mental , the social and the earth sciences. The people who 
participated in this forum are representative of this new generation 
of policy advisors and specialists addressin g a momentous 
question , not only for individual governments but for Man in 
general. They must provide unequivocal answers to "Can it be 
done?". 

The current examination of the management of high-level 
radioactive waste will have a huge impact on the course of the 
human future. There are parallel programs of research and 
development on these issues in many countries. High-level 
radioactive waste disposal requires engineering and design on the 

1 Ministry of State for Science and Technology. Ottawa, Ontario 

From: Geological Survey of Canada Paper 79-10 

scale of geological time. The 111tegrity and stabili ty of the structures 
involved must be ensured for tens or hundreds of thousands of 
years, or perhaps in some cases for millions of years. 

Un like most forms of waste management, the problem is 
containment rather than disposal. Unlike most forms of engineer­
ing, the time scale is far beyond a human lifespan . If nuclear power 
goes ahead, the waste disposal sites must be the most enduring 
monuments of our civilization. 

The geoscience profession is facing severa l difficulties. 
Perhaps the greatest is that there is a rooted public impression that 
to dispose of somet hin g in this world, one need on ly dig a hole in 
the ground. If the something is particularly noxious or toxic, one 
need only dig a deeper hole, and fill it up again. Whereas the 
public is well aware of the enormous complexity and technological 
difficulty of, for example, nuclear power plants or sa tellites, it is 
extremely difficult to persuade people that a hole in the ground 
may be just as complicated and just as technically cha llenging. But 
it is. 

Geology is one of the few sciences concerned with " both sides 
of the street". If objectivity is lost , the profession could split into 
proconservation and prodevelopment camps. We are involved 
with the enhancement of our technological capability to do things 
and with the desirability of doing so in the light of environmental 
and other assessments. Both kinds of effort need to be made 
objectively and not emotionally. Unfortunately science is rarely 
value-free and the possibility of a split in the ranks is , in my view, a 
real possibility. 

We geoscientists have a responsibility in this world , to ensure 
the adequacy of the resource supply of the thirteen billion tons of 
solid materials extracted from the crust of the Earth every year, 
and to see that the uses to which these materials are put and the 
manner in which they are disposed of are fully satisfactory. These 
two activities shou ld go hand in hand, but as one places a 
constraint on the other, this may not happen . It is a problem our 
profession needs to recognize and face. 

Some of the authors of the papers in this volume, are from 
government agencies and carry major responsibility for the 
Canadian nuclear waste management program and others are 
specialists involved in the assessment of the physical, chemical and 
dynamic properties of the waste itself, the geologica l materials that 
will surround it , the groundwater flow patterns, and the interac­
tions that go on among these. There are also edited contribu tions 
from the large and participating audience, members of a 
profession suddenly in the public eye, required to discharge an 
awesome public responsibility. 



The papers in this volume, as presented orally at the CGC 
Forum, belong in several groups. First, there are contributions 
from representatives of government agencies who are designing 
the waste management program in Canada. The next group of 
papers are largely from specialists from universities or the private 
sector and are concerned with the major technical problems to be 
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overcome in nuclear waste disposal. Following these are com­
ments from foreign specia lists from countries which are at a 
similar or comparable stage of examining their own waste disposal 
possibilities (USA, Sweden, Germany). The main points made 
during an hour of general discussion are also included together 
with the responses of the pane lists (authors). 



1. THE REGULATORY ROLE IN THE DISPOSAL OF RADIOACTIVE 
WASTE IN BEDROCK 
J.L. Wallach 1 and V.E. Poliscuk' 

Introduction 
From the regulatory point of view, the objective for all radioactive 
wastes is that the ultimate form of management will be disposa l. 
The concept of disposa l involves a method of ma nagement which 
does not re ly for its integrity on the continued need for institutio nal 
controls. Furthermore there is no intention of retrieval. Where 
disposal is practiced by techniques such as emplacing the wa ste in 
bedrock , it is acknowledged that radioactive waste cannot be 
absolutely isolated from the biosphere. It is assumed, therefore, 
that the material will eventually be released, but that its return to 
the biosphere will be at an acceptable rate. 

Canada is one of several countries concerned with finding a 
suitable method of effecting disposal. To date there is no official 
policy in Canada which specifies the manner of disposal although 
a method under serious consideration is that of emplacing the 
waste in bedrock deep beneath the earth's surface. A working 
agreement now exists between the Federal government and the 
government of Ontario that proposes to verify that burial in 
plutonic rock is " safe , secure and desirable ." 

By virtue of the Atomic Energy Control Act of l 946, the 
Atomic Energy Control Board (AECB) has the authority to 
provide for the control and supervision of the development, 
application and use of atomic energy in Canada. Included among 
the many facets of this authority is the development of guidelines 
for a radioactive waste repository. As presently conceived the 
guidelines will initially be general in nature for the following 
reasons. First of all technology is not sufficiently advanced to 
permit the development of specific guidelines. Secondly, although 
plutonic rocks are currently thought to be the preferred generic 
rock type in Canada in which waste is to be em placed , there is, as 
yet, no firm commitment to them . Thus, at some future date 
Canadian resea rchers may decide to abandon plutonic rocks in 
favour of some other host such as salt or argillaceous rocks. 

Besides issuing guidelines the AECB will also pubiish the 
rationale behind the guidelines to improve public awareness and 
to provide information about the regulatory role in waste 
management. Publica tion of the rationale will not on ly inform the 
public of the Board's requirements, it should also point out that 
the guidelines are the result of careful consideration rather than a 
product of some arbitrary processes or decisions. It is hoped that 
the public will be assured that the safety of the biosphere is 
paramount when applications to license a repository are 
evaluated. 

1 Atomic Energy Control Board, Ottawa, Ontario ( AECB Report I 140) 
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Regulatory Procedures 
In Canada, before a nuclear facility can be constructed and 
permitted to operate , the applicant must obtain , in sequential 
o rder from the AECB, site approval, construction approval a nd an 
operating license. For the waste disposal program it is proposed 
that site approval and construction a pproval be retained, but that 
they be fo ll owed by a licen se to emplace the waste and 
authorization which will permit closure of the facility (Fig. l . I, 
1.2 ). Although these discrete phases can be observed , all factors 
(subject areas) germane to establishing and operating a nuclear 
facility will have to be identified during the period leading to site 
approval. Each should continue to be addressed throughout the 
program until by virtue of the granting of an appropriate approval 
or license , no further information on that factor (subject area) 
would be required. Prior to the conclusion of each phase a 
complete assessment of the individual and combined factors is 
required . If the Board's evaluation is favourable then the applicant 
will receive approval or a license (Fig. I. I) . If, on the other hand , 
the evaluation is unfavourable then the license will be denied 
unless the applicant can provide information to the Board's 
satisfaction . 

Because al l factors related to a nuclear facility are identified in 
the early stages and then carried through to the appropriate license 
or approval , the entire licensing procedure can be thought of as a 
continuum. Before the onset of each phase in the licensing 
procedures, certain factors are identified by the Board as priority 
items which should receive the greatest emphasis during that 
phase (Fig. l.2). However all other factors should still be 
addressed , though with less emphasis , during that phase. As the 
program proceeds from one phase to the next , the level of 
attention required for each factor either increases to an intermedi­
ate or maximum level or is reduced to zero. This concept is 
illustrated in Figure l .2 for a radioactive waste repository. For 
example in the site approva l phase , sociopolitical and regional and 
site geo logical , geographical , meteorological and other environ­
mental factors are top priority items which should receive the 
highest level of attention whereas the remaining factors would be 
studied less intensively. In the phase leading to the issuance of 
construction approval , al l factors, except those a lready mentioned , 
become higher priority items with designs of waste, repository and 
backfill subjected to the highest level of attention while the others 
are receiving only an intermediate level of attention . From the 
Board 's point of view the regional and site investigations, along 
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Figure 1.1 Flow diagram illustrating licensing procedures for radioactive waste disposal. 

with the sociopolitical factors, should theoretically have been 
completed during the site approval phase and therefore need not 
be considered in the application for construction approval. Before 
a license for emplacement is issued, underground geological 
investiga tions within the constructed repository will be required 
and will be designated as a top priority item along with all other 
factors noted in Figure 1.2 . The phase leading to the authorization 
for closure of the repository will feature three areas of concern, all 
of which should be considered as high priority items (Fig. 1.2 ). 

Since site approval is the first formal step in the licensing 
procedures it is critical that the guidelines for this phase be 
established first. Among the most important aspects of this phase 
are the geo logical factors, which will be considered throughout the 
remainder of this paper except for the last section which presents a 
tentative schedule for the issuance of guidelines. 

Geological factors 
The objective of guidelines concerned with the geological factors 
of waste management will be to direct the applicant to seek a site 
possessing natural conditions which will ensure that if migration to 
the biosphere takes place it will be at a n acceptable rate. An ideal 
setting would be in an isotropic host rock situated in a seismically 
stable area that is totally free of fluids. Since this situation is 
unlikely to exist, careful analyses will be necessary to determine 
that, despite the deviations from the ide a l, the conditions that do 
prevail will, nonetheless, fulfil! the regulatory objectives for the 
disposal program. In order to effect these analyses, regional 
investiga tions as well as site-specific studies are recommended. 
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Regional studies 

General statement 

A well documented knowled ge of the regional geology is 

imperative for several reasons. First of a ll it is necessary to ensure 

that all phases of the work have been carefully conceived and 

executed Any apparent oversight rn any port10n of the study may 

cast doubts upon the rest of the work and will not aid in gai ning 

and/or retaining confidence of the regulatory agencies or the 

public. Thus, even though geologically old events, such as folding, 

may have no apparent impact on present day site selection, 

knowledge of these events and the conditions under which they 

formed will help convince the public of the thoroughness and care 

with which the work has been performed. Secondly, it permits first 

order selection of potential sites from which a final choice may be 

made. Thirdly, a region a l study provides a more complete picture 

of the geological framework than a study restricted to a si te. This is 

because any region is characterized by geological features which 

may be well preserved and clearly understood at some locations, 

but which may be absent, imperfectly prese rved or poorly 

understood elsewhere. A potential site may be pl agued by these 

problems, thereby rendering a proper comprehension and 

assessment of the geo logica l setting at the site difficult if not 

impossible. Lastly, since the length of faults is an importan t 

parameter in estimating earthquake potential , the true lengths of 

faults must be determined which , for many, would necessitate 

tracing within the region. 



Description and 
evaluation of 
techniques of 
planned retrievabdity 

Description and 
evaluation of 
loading techniques 

Waste design 
and preparation . 

Repository design 
and construction. 

Regional and 
site area investigations. 

Backfill design 
and preparation. 

Descr1pt1on, evaluation 
and application of 
monitoring techniqu es. 

Description . evaluation 
and application of 
health and safety 
factors. 

Evaluation of 
political , economical 
and sociological factors. 

:;: 
c: 

"' u 

~ .J 
0 c 

<ii a. "' > c. E 0 
a. <t "' c: u 
c. .Q 

.. 
<t a. 
~ 

u E 
u; ~ !:'. 

c: 
0 
0 

Figure 1.2 Relative priority of subject areas as a function of the regulatory phase . 

Structural geology and geomorphology 

Much of the regional work essentially revolves around locating 
major faults and fractures and identifying their characteristics. A 
comprehensive study of these structures is essential because their 
characteristics may cause a rejection of a site for two reaso ns. 
Firstly , they se rve as potential pathways for groundwater 
movement and seco ndly, they may be reactivated, resulting in 
seismic activity. Understanding the evolution, or paleotectonic 
function(s) , of faults and fractures is an important first step in 
assessing the probability of future earthquake activity along them. 
In this regard it would be advisable in evaluating a site for waste 
disposal to attempt to determine the age of the latest fault 
movements. The reason is that if it can be demonstrated that no 
movements have occurred in recent geological time then a good 
possibility exists that natural tectonic processes will not disrupt the 
satisfactory retardatio n of radionuclides to the biosphere. 

If there is no way to date structures at a site, an understanding 
of the relation ship of such structures to others, which may occur in 
the region , will help to establish relative or absolute ages. This is 
illustrated in a simplified example. If the age of an orogeny is 
known and if the site structures are geometrically, kinematically 
and dynamically compatible with structures known to have 
resulted from this orogeny, then the age of the site structures may 
be interpreted as being geologically the same as that of the 
orogeny. Furthermore it might appear that the site structures have 

not been rejuvenated since they were formed, although caution 
must be exercised when making this interpretation. However, if no 
evidence to the contrary were uncovered, then , in this very simple 
example, the age of last movement could be interpreted as being 
the age of the orogeny. 

Another pragmatic aspect of understanding the evolution of 
the faults lies in attempting to establish the periodicity of faulting. 
The capability to do this may also be very important in trying to 
assess the likelihood of future crustal instability in the site areas 
and its effect on the return rate ofradionuclides to the biosphere. 

One significant problem , which is all too common in most 
regions, is that many major lineaments are concealed beneath 
vegetation thereby hindering a complete understanding of their 
nature and evolution. However, examinations of faults and 
fractures on an outcrop scale may prove invaluable in interpreting 
the larger scale structures. Geomorphic features may also be 
extremely useful in this context because they can provide a means 
of assessing the tectonic influence (or lack of same) in an area 
despite the presence of overburden and vegetation. For example, 
valleys and ridges can outline folds, scarps and sag ponds are good 
indicators of recent fault movements, and entrenched meanders 
may imply differential vertical movements. Furthermore, it may 
be possible to correlate terrace levels or unconsolidated strati­
graphic units across known or suspected faults to detect , within 
limits, the presence or absence of fairly recent vertical separation. 
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Seismicity 

In addition to knowing the loca tions of faults and their paleotec­
tonic functions, it is also important to determine whether they are 
currently generating, or may potentially generate, earthquakes. 

Although it seems logical that the effects of seismicity would 
not be nearly as profound on a sealed underground repository as 
they would be on surficial structures such as buildings, dams, and 
nuclear power plants they may, nonetheless, have some influence 
on the integrity of the repository. They may also change the 
direction of groundwater flow which , as described below, 
constitutes the principle envisaged means of transporting waste to 
the biosphere . Thus, it is recommended that a potential site be 
located in an area historically, and presently, characterized by no, 
or only low level , seismicity. 

If a site is to be located in an area presently assumed to be 
either aseis mic or characterized by only low level seismicity a 
seismic network may not exist for that area. Questions concerning, 
among other things, the presence of seismicity, the magnitudes, 
peak accelerations, location of foci, focal mechanisms , and 
potentia l effects at a site will need to be answered and this is 
obtained through a seismic network. A network that is both 
regiona l and site specific in scope is recommended b~cause 
region al context and implications are as important in assessing 
seismic conditions as they are in establishing the overall geological 
framework and history. 

Regional limits 

A region within which geological and seismological investigations 
are to be conducted may theoretically be "limitless" in size. The 
guidelines, therefore, will attempt to generically define a study 
area of sufficient size to permit an assessment of all seismic 
conditions which may directly or indirectly impact on a site. The 
concept of tectonic or seismotectonic provinces is presently being 
considered by the AECB as a possible means of achieving this 
objective. Briefly, a tectonic province is an area marked by an 
assemblage . of tectonic characteristics that distinguishes it from 
adjacent areas. If seismic activity occurs over all, or a portion of, 
that tectonic province then the entire province may be described as 
a seismotectonic province. If a belt or zone of seismic ~ctivity 
crosses juxtaposed portions of two or more adjacent provinces 
then all of these tectonic provinces may collectively be referred to 
as a single seismotectonic province. Recognition of distinctive 
characteristics leading to reliable definitions of such areas may 
prove to satisfactorily delimit the region enclosing an intended site. 

Site specific studies 
General statement 
In the site selection process site specific studies should be similar to 
those undertaken in the region except that concentration should be 
placed on the characteristics of the host rock and the hydrogeolog­
ical regime. 

The host rock and the hydrogeological regime along with the 
waste, canisters, and backfill constitute an integrated , highly 
complex system herein referred to as the repository system. Since 
this system is integrated it should be treated as a unit. For ease of 
presentation in this paper, however, the naturally occurring 
components of the system, host rock and hydrogeology, will be 
treated separately. 
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Host rock 
Many different rock types have been identified as potential hosts 
for a radioactive waste repository. Each possesses various 
capabilities for providing an acceptable retardation rate of long­
lived radionuclides to the biosphere, yet each seems to have 
drawbacks as well. No matter what rock type is selected there may 
always be the nagging thought that a better choice could have 
been made. For example, plutonic rocks are being considered 
because they have low permeabilities and many occur in 
tectonically quiescent environments. Furthermore, they are all 
strong so there would be little or no tendency for the rock to creep 
into the excavation during the interval from construction to 
closure. Despite these positive attributes plutonic rocks are brittle 
and may be so highly fractured , even at the depths of the 
repository, that the fracture permeability may be too high to insure 
a sufficiently low migration rate of presumably dissolved radionu­
clides. Also in these competent rocks, at depth , there is the threat 
of rock bursts which could endanger the safety of workers. 

Salt is favoured because it is ductile at shallow depths beneath 
the earth's surface and has the potential to flow and tightly seal the 
repository. Salt also has a high thermal conductivity. Furthermore, 
by virtue of its presence, this highly soluble rock indicates that 
there is no circulating groundwater. Nonetheless because of its 
ductility salt may creep during the construction, emplacement and 
observatioh phases disrupting the underground procedures. Also 
salt may be interlayered with argillaceous rock or may contain 
fluid inclusions which, if too voluminous, could release significant 
quantities of water that could , in turn, dissolve the salt and render 
the waste vulnerable to transport. Lastly, salt is an economic 
commodity which may be the object of future exploration. 

Argillaceous rocks are potential hosts because they are 
generally considered to be impermeable. Certain clay minerals, 
such as montmorillonite, have good sorptive properties. Thus, in 
argillaceous rocks groundwater circulation may be adequately 
impeded but, if not, the presumably dissolved radionuclides may 
be fixed by the clay minerals in the host rock, which would assist in 
minimizing the return rate of radionuclides to the biosphere. On 
the other hand, argillaceous rocks may contain significant 
quantities of both connate and bonded water. Shale , defined here 
as a fissile , argillaceous, sedimentary rock with clay-sized grains, 
has a directional permeability parallel to the fissility. Thus, the 
potential exists for an unacceptable radionuclide migration rate 
from an argillaceous medium to the biosphere. 

In summary, it appears that all rock types, which are 
commonly considered as possible host rocks for a repository, have 
the potential to satisfy the objective of geological disposal , yet 
none has been shown to be unequivocally acceptable. It is 
therefore clear that a complete understanding of all properties of 
the host rock such as mineralogy, chemistry, texture, etc. is 
extremely important in arriving at a final decision. 

Hydrogeology 
The hydrogeology of the region and the site area is one of the most 
important factors in the site selection process, because ground­
water is considered to be the principle medium by which the 
radionuclides can be transported to the biosphere. 

Ideally, a radioactive waste repository should occur in an area 
with little or no circulating groundwater. However, the occurrence 
of groundwater should not necessarily remove an area from 
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Figure 1.3 Tentative AECB schedule for radioactive waste disposal in bedrock. 

consideration as a potential site if the collective capabilities of all 
other hydrogeological parameters are judged to be acceptable 
barriers to waste migration . To ascertain acceptability it is 
important to understand regional hydrogeological conditions, as 
well as having detailed and thorough comprehension of site area 
aquifers , their locations, sizes, and recharge and discharge areas. 
In this regard assessing flow rates and flow paths is critical and 
calls for a knowledge of the permeability, porosity, hydraulic 
conductivity and storage capacity of the host rock and the 
hydraulic gradients of the aquifers. In addition, both the age and 
the chemical properties of the water need to be considered. If the 
age can be reliably determined it should be a good indicator of the 
stability or activity of the hydrogeological regime; this, in turn 
should provide a means of estimating whether or not the objective 
of disposal can be met. Knowledge of the water chemistry is 
important in order to evaluate the potential of the water to dissolve 
or react with the other components of the repository system. If the 
waste is dissolved it will presumably be transported back to the 
biosphere unless it is" fixed" by either the host rock or backfill. If 
the radionuclides react with the solution to form precipitates their 
migration rate will be greatly reduced. 

Safety analysis 

Determining paleogeologic and existing geological conditions is 
generally the task of geoscientists and can be, and quite often is , 
frustrating. Yet geoscientists are now required to enter a totally 
different realm, that of attempting to predict future geological 
episodes. Not only must there be some attempt to predict the 
likelihood of events but an attempt should be made to assess their 
effects on the entire waste disposal system. Natural phenomena to 
be considered are seismicity, glacial activity and volcanism. 
Following is a sample of the questions which need to be addressed 
in order to evaluate the capability of the selected environment to 
satisfy the objective of disposal in bedrock. Is it conceivable that 
one or more earthquakes would be capable of either rupturing a 

repository or generating new fractures which would greatly 
facilitate water flow to the repository and ultimately to the 
biosphere? Could an earthquake change the hydrogeologic flow 
regime? Would the pathway to the biosphere be shortened? What 
would be the effects of glaciation? Would it change the hydrogeo­
logic flow regime? Is it likely to remove enough overlying bedrock 
to significantly shorten the vertical distance from the repository to 
the biosphere? Would the weight of the superincumbent ice load 
induce further fracturing in the bedrock? 

Tentative schedule for publication of guidelines 
In establishing a schedule for the issuance of guidelines for the 
radioactive waste disposal program it is clear chat the guidelines 
should be available before the actual work on the program is 
underway. According co the joint Canada-Ontario agreement on 
nuclear waste management, released June 5, 1978 , the site 
selection process is intended to cake place between 1981 and 1983. 
Since this process constitutes the initial step in the disposal 
program, the tentative AECB schedule for the publication of 
guidelines (Fig. 1.3) is based on this. However, if for some reason 
the AECB schedule cannot be maintained as presently envisaged, 
it will be revised as required. 

The order in which the AECB guidelines are to be issued is 
the same as the order in which each phase of the licensing 
procedures is to be carried out thus guidelines for site selection will 
precede those for repository construction , etc. Preliminary 
guidelines will be published for each phase and will be subjected 
to a critical review. Following this review , final guidelines will be 

published. 
As presently conceived, the preliminary guidelines for site 

selection are estimated to be issued by the end of 1980 and the 
final guidelines will appear by the end of 1982. Final guidelines 
for the repository design and construction will be issued between 
1982 and 1984, those for waste emplacement are planned for 1988 
to 1990 and final guidelines for closure are expected to be 

available by 1991 to 1992. 
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2. OVERVIEW OF THE CANADIAN FUEL WASTE MANAGEMENT 
PROGRAM 

S.R. Hatcher1 

Introduction 
The objectives of the fuel waste management program are: 

Safety - to manage radioactive by-products and wastes so 
that the potential hazards of the material are negligible. 

Responsibility - to manage radioactive by-products and 
wastes in such a way that the trouble and concern to future 
generations in keeping them safely will be minimized or 
eliminated. 

There are several steps to the management of irradiated fuel , 
and a quick review of these will put the disposal requirement into 
perspective and show the interaction between the different 
technologies (Fig. 2.1 ). Irradiated fuel discharged from the 
reactors is first put into storage so that it can be effectively cooled 
and shielded to protect man and the environment from the 
radiation emitted. The universal method of storage is in water­
filled pools. These have been proven over several decades to be 
safe, convenient and economic. Such storage can be technically 
and economically feasible for many decades and Ontario Hydro is 
building and using additional pool facilities at the Pickering and 
Bruce Generating stations. 

The importa nt feature of storage is the recognition that the 
material will be retrieved for further treatment at some time in the 
future. In view of the responsibility objective it is desirable to 
eventually dispose of radioactive waste safely, with no intent to 
handle it further. However, in addition to waste , irradiated fuel 
still .contains nuclear fuel materials with an enormous energy 
potential , so there are two options at this point. Firs t, the 
potentially useful materials such as plutonium and uranium cou ld 
be separated and recovered , while the true wastes - the fission 
products and some other actinides - could be disposed of. The 
second option is to discard the energy content of the irradiated fuel 
by disposing of it in entirety. In either case there is a requirement to 
make sure that the material going into disposa l is immobilized in 
such a way that both objectives are met. 

About 20 years ago Atomic Energy of Canada Limited 
(AECL) pioneered work on the immobilization of separated 
wastes using a vitrification method . Monitoring of some immobi­
lized wastes buried in wet sand at Chalk River has given valuable 
long term information on the leaching of radionuclides from the 
glass (Merrit, 1976 ). Other countries have continued the work and 
made improvements to both the process and the matrix. Very little 
has been done on the immobilization of fuel since it has been 
assumed by most countries that the residual fuel materials will first 
be recovered through reprocessing. Meanwhile the consistent 

1 Atomic Energy of Canada Ltd. , Pinawa, Manitoba 

From: Geological Survey of Canada Paper 79-10 
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Canadian philosophy has been to store irradiated fuel retrievably 

until the decision on its ultimate disposition is necessary or 

desirable. 

With the storage technology in hand and with the feasibility 
of waste immobilization demonstrated , AECL turned its attention 

to optimization of the disposal technology in the early 1970s. 
Discussions with the Geological Survey of Canada (GSC) led to 
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the conclusion that while many types of geology would likely be 
suitable for disposal , igneous rock formations in the Canadian 
Shield offered a particularly attractive approach for Canada. 
Accordingly, GSC proposed a program with major emphasis on 
plutonic rock and a smaller backup program to identify potential 
salt formations in Canada. 

Within recent years there have been several studies by 
international interdisciplinary groups of scientists who have 
reached the conclusion that deep geological disposal is feasible in 
a variety of geological formations ( IAEA/NEA, 1976; Flowers, 
1976; Kenny, 1977; Polvani et al., 1977; Hebel, 1978 ). Most 
countries with significant nuclear power programs are now 
mounting major programs along these lines. Co-operation 
between these programs is very active and Canada is contributing 
to and benefiting from this exchange in its own program. Last year 
the Minister of Energy, Mines and Resources commissioned a 
study by a small group under the chairmanship of Professor F.K. 
Hare of the Institute of Environmental Studies at the University of 
Toronto to review the management of Canada's nuclear wastes. 
Their report (Aikin et al., 1977) gave general endorsement to the 
Canadian program and recommended an acceleration of the 
research and development effort. By the end of 1977 the federal 
government had approved the first phases of the program and 
authorized acceleration of the work. 

Program approach 
It is clear that there is a need for proof of the safety of deep 
geological disposal and for the further development and demon­
stration of the technology for immobilization of fuel, the 
immobilization of waste, and disposal. The long-term safety of the 
system will rely upon a defense-in-depth principle, which is 
achieved by a series of man-made or natural barriers or 
impediments to the transport of radionuclides from the em placed 
waste to man and the environment. The important factors include 
the stability and low solubility of the immobilized materials, the 
flow rates and chemistry of groundwater, the sorption of 
radionuclides by emplaced and natural mineral surfaces, the 
length of the pathways to the biosphere, the rate of transport of 
radionuclides through the biosphere and ultimately their effect 
upon man and the environment. On the basis of qualitative and 
semiquantitative studies there is international consensus that there 
are good prospects for the safety of deep geological disposal in 
formations of hardrock , salt, clay, and shale. However considera­
bly more research and development will be necessary to provide a 
detailed quantitative safety assessment for specific sites. This work 
will involve the construction and verification of theoretically sound 
mathematical methodology for the pathways analysis, together 
with collection of detailed physical data and transfer coefficients 
for the types of geological disposal sites to be considered. This 
pathways analysis and the resulting safety assessment is crucial for 
the license application for a potential site and for the technical 
community to be able to assure the general public that the 
proposed method and location is safe. 

Consequently the disposal program (Boulton, 1978) has been 
divided up into four phases, reflecting the gradual evolution from 
research and development to full-scale industrial operation. 

Phase 1 Concept Verification 

Phase 2 Site Selection and Acquisition 
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Phase 3 Demonstration Repository 
Phase 4 Full-Scale Operation 

Each phase will Include an active public interaction program 
which will seek to: 

provide full details of the program to the public as 
effectively as possible, 
provide ample opportunity for public discussion of the 
details of the program, and 
accommodate the program to specific community and 
group interests wherever possible. 

Phase 1 - Concept Verification 
It is expected that many rock formations and locations will be 
found to be technically suitable for disposal. Therefore, an 
important objective is to keep open a wide range of alternatives for 
all investigations and for the eventual process of site selection. 

Verification of the concept of deep underground disposal will 
involve much theoretical, laboratory, and field work. Painstaking 
geotechnical evaluations will be required for perhaps six to ten 
formations, chosen so that they cover a spectrum of rock types and 
gross fracture patterns. The data obtained from these investi­
gations and from laboratory studies of immobilized fuel and 
wastes will be used in the pathways analysis. It is expected that the 
pathways analysis will show that the radioactive materials will 
have decayed to harmless daughter products long before they 
could reach the biosphere. There is a good deal of general 
evidence from the behaviour of natural radioactive materials to 
support this expectation but specific information is required on the 
physical , chemical , and hydrological properties of the candidate 
rock types to prove it. The analyses will also identify which types 
of geological formation are likely to be suitable for disposal and 
which are not. 

Phase 2 - Site Selection 
It is expected that by the end of Phase 1 a large number of sites, 
perhaps 50 to 100, will have been identified as potentially suitable 
from a technical point of view. The next task will be to select a site 
for the proposed waste management centre. Communities in the 
vicinities of technically suitable sites will be kept up-to-date on the 
progress and those which express continuing interest in the 
prospect of the centre will be included on a list of potential sites. 
Meanwhile governments will decide on the mechanisms by which 
a specific site will be selected and acquired . If no community shows 
an interest in having the facility, governments could select a site 
remote from existing communities and establish there the facility 
and a new community. 

When a reference site has been so designated , detailed 
environmental and geotechnical evaluations will be required to 
confirm its suitability. If the site cannot be technically confirmed, it 
will be abandoned and effort will be concentrated on another site. 

Following approval and licensing, the necessary land will be 
acquired for the repository and its associated surface facilities. 

Phase 3 - Demonstration Repository 
Once the site has been acquired and serviced, a pilot scale 
repository will be built. It will be similar in design to a 
conventional hard rock mine. At a working level of 500 to 1000 m 
rooms will be excavated for test purposes. The initial testing will 
include chemical and physical characteristics at both ambient and 
elevated temperatures but will not involve radioactive waste. 



When the results of these tests are considered satisfactory by both 
experimenters and licensing authorities some radioactive wastes 
will be em placed in holes in the floor of the room. This waste will 
be prepared in the immobilization pilot plants at AECL's 
laboratories. An extensive sampling program will be established to 
determine ifthere is any movement of radioactive materials, and a 
wide range of other measurements will be taken to confirm 
predictions of repository behaviour. 

Provided the performance continues to be satisfactory, the 
repository will be expanded to a larger scale demonstration 
involving several rooms, and the tests continued for a period of 
perhaps ten to fifteen years. 

Although it is not expected that it will be necessary to recover 
wastes from the repository at any time, the design and operation 
will be such that the materials can be recovered if the ongoing 
assessments indicate that the wastes will not be retained for their 
hazardous lifetimes. If recovery were necessary the wastes would 
be returned to an interim storage facility where they could be held 
safely pending investigation of other geological formations. 

Phase 4 - Full-Scale Repository 
Provided the results from the pilot and demonstration scale 
operations confirm that the site is suitable, the repository could 
then be expanded for full-scale operation by building horizontal 
drifts off the vertical shafts with a number of disposal rooms off 
each of the drifts. It is anticipated that one repository of this type 
could handle all the radioactive materials likely to be produced in 
Canada during the next 50 years. 

Progress to date 
Approval by the federal government of the Research and 
Development ( R and D) program has allowed AECL to 
accelerate the work and increase both the breadth and depth of 
the program by the involvement of expertise from government 
departments, consultants and the universities, as well as by the 
expansion of its own effort. 

In June 1978 the Minister of Energy, Mines and Resources for 
Canada and the Minister of Energy for Ontario jointly announced 
that agreement had been reached on co-operation between the 
two governments in this program and that AECL and Ontario 
Hydro would participate as the technical agencies. 

The program is under the direction of the Vice-President and 
General Manager of AECL 's Whiteshell Nuclear Research 
Establishment (WNRE). Much of the work on immobilization of 
fuel and of separated waste is being done in these laboratories, 
and research contracts are in effect or under negotiation with a 
number of universities. Most of the geological work is being 
undertaken by various branches of the Department of Energy, 
Mines and Resources (EMR) , again with several university 
research contracts in effect or under negotiation. Prime responsi­
bility for the hydrogeological progam is with the Department of 
Fisheries and Environment (DFE) , reinforced by university 
contracts. Acres Consulting Services Limited are under contract to 
WNRE for conceptual studies on the design of the deep 
underground repository. The pathways and safety assessment 
incorporating all this other work is being done at WN RE. 

Other papers in this volume report in some detail on various 
aspects of the Canadian nuclear waste management program, and 
in particular on those segments of the disposal program which are 

of particular interest to the geotechnical community. We are 
pleased with recent developments and there has been significant 
technical progress during the past year. EMR has completed the 
massive task of compiling, from the literature, a list of all known 
plutons in Ontario, and is presently preparing maps which will 
display this data. A high temperature, high pressure triaxial test 
unit has been put in service at Elliot Lake. Geophysical surveys at 
Chalk River and Whiteshell have provided us with evidence that 
one can indeed learn a great deal about a rock mass without 
riddling it with drillholes. DFE hydrogeologists, in co-operation 
with AECL staff and Canadian industry, have developed 
equipment and techniques for downhole measurements which are, 
we believe , at least as advanced as any in the world today. 

In waste immobilization various glass compositions are being 
evaluated using simulated wastes to determine the effect of waste 
content on glass properties. Bench scale equipment is being 
assembled to conduct experiments using active wastes and during 
the next year composition-property relationships of these active 
glasses will be studied. Fluid bed and rotary-spray type calciners 
are also being studied. During the next year a bench nonactive 
facility will be designed to study on an integrated basis the 
operations of calcination, vitrification and off-gas clean-up. 

The fuel immobilization program is becoming well defined, 
and work is underway on simple containers and multiple barrier 
containers for intact fuel bundles. Conceptual design studies have 
been started for a small scale plant to demonstrate the technology 
and to provide immobilized fuel for emplacement in the 
demonstration repository. 

The safety assessment, which puts all this together, is going 
well and the paper by Lyon and Rosinger(Paper6) provides more 
detail. 

With a broad program involving such a wide range of 
disciplines, it is most important that we take advantage of the best 
technical expertise within the country and that the progress of the 
programs have the benefit of peer review. This approach has the 
concurrence of the Canadian Geoscience Council whu have 
agreed to help set up an external advisory committee to provide 
this peer review. 

Summary 
Canada is now launched on a well-defined, long range research 
and development program on the immobilization and disposal of 
radioactive fuel waste. This program is consistent with the broad 
international consensus which is now developing on the suitability 
of deep geological disposal. Through international contacts 
Canadian scientists are well aware of advances being made in 
other countries and are themselves contributing to this important 
technology. This year has seen the rapid expansion of the 
program, the involvement along with AECL of government 
departments and agencies at both the federal and provincial level, 
and the growing involvement of universities and private contrac­
tors. We particularly value the interest of the Canadian Geo­
science Council as expressed through the Forum and this resulting 
volume, through the direct participation of its members in the 
technical program, and through its willingness to help provide an 
on-going peer review system. 
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3. EMR PROGRAM FOR GEOLOGICAL DISPOSAL OF HIGH-LEVEL 
RADIOACTIVE WASTES 

J.S. Scotti 

Introduction 
The current program of the Department of Energy, Mines and 
Resources (EM R) for geological disposal of high-level radioactive 
wastes has evolved over the past five years from an initial request , 
early in 1973, by Atomic Energy of Canada Limited (AECL) to 
EMR for geoscience advice on geological disposal. AECL 's 
request arose from the requirements of their continuing responsi­
bility for , and research in, nuclear waste management which has 
been an integral part of the Canadian nuclear power program 
initiated in the early 1950s. 

Throughout the course of this nuclear power program the 
interim nature of surface storage facilities for management of 
nuclear wastes was recognized fully, as was the need for eventual 
long-term disposal of these wastes. Among the various schemes 
that have been proposed for long-term disposal , such as burial in 
ice caps or transport to outer space, the mined-cavity concept was 
considered to offer greatest promise for development with 
available technology. 

EMR was requested specifically to: (a) identify fac tors for 
consideration in the concept of geo logical disposal of high-level 
radioactive waste; ( b) eva luate the proposal of the United States 
for high-level , radioactive waste storage in salt (then the preferred 
rock type in the United States) in relation to geologica l criteria; (c) 
determine the extent to which Canadian sa lt deposits meet the 
geologica l criteria; and (d) examine the suitability of other 
geologica l formations in Canada for disposal of radioactive 
wastes. This latter task was considered to be the largest and one of 
particular significance as a complement to the extensive develop­
ment work done on salt both in the United States and e lsewhere. 

Throughout 1973 and 1974, EMR responded to the request 
from AECL through information exchange, on a formal and 
informal basis, between scientific staff of EM R and AECL and 
through the work of an EM R committee drawn from the relevant 
branches (Geological Survey, Earth Physics, Canada Centre for 
Minerals and Energy Technology (CAN MET)) of the Science and 
Technology (S&T) Sector of the Department. During this period a 
preliminary list of factors for consideration in the selection of a 
rock type and repository site was prepared (Table 3.1 ), a review of 
American reports on salt was completed, and an initial assessment 
was made of the potential within Canada for geological disposal in 
rock types other than salt. It was recognized that the diversity of 
Canadian geology, physiography, and demography afforded a 
wide range of choice of rock types as an alternate to salt. However, 
choice of alternate rock types was also conditioned by the fact that 

1 Geological Survey of Canada, Ottawa. Ontario 

From: Geological Survey of Canada Paper 79-10 

the Province of Ontario was, and is anticipated to be , the major 
area for growth in nuclear power in Canada and that all possible 
alternate rock types could not be studied simu lt aneously . 
Therefore, the decision was taken to direct the geoscience activities 
to the study of igneous rock types prevalent within the extensive 
area of the Canadian Shield in Ontario and to examine further the 
potential within various regions of Canada for salt as a disposal 
medium. 

Early in 1975, EMR scientific staff prepared proposals and 
budgets for geoscientific activities to be included in the AECL 
program. These activities were: further evaluation of factors for 
consideration , preliminary examination of igneous rock masses in 
Ontario, case history studies of engineering structures and mines in 
crystalline rock with reference to the occurrence and distribution 
of discontinuities, evaluation of exploration techniques for 
determination of the structural integrity of igneous rock masses, 
compilation of data on thermal and mechanical properties of 
igneous rocks, and an evaluation of salt deposits in western, 
central and eastern Canada. All of these activities were incorpo­
rated in the program and were supported with resources provided 
by AECL and EMR. Thus, 1975 became the first year of a 
substantive program which was developed further in subsequent 
years to form the current program being conducted by EMR in 
concert with AECL and other agencies including industrial and 
university contractors as shown in Figure 3. 1. 

During the fo rmative years of the program the need for public 
information on the objectives and scope of the program was 
recognized. Thus, as field work expanded in 1976 to various areas 
in Ontario to evaluate exploration methodologies and techniques 
and to accumu late basic geo logical and geophysica l data on the 
petrological and structural characteristics of igneous rock masses, 
press releases describing the scope and purpose of the program 
were issued by both AECL and EMR. However, by late 1976 and 
early 1977 it was apparent that the prograf!J was encountering 
concern from some sectors of the public through misunderstanding 
of the objectives and by others through opposition to all aspects of 
nuclear power development. In view of these concerns, and in 
consideration of the then preliminary state of planning for a joint 
Canada/Ontario agreemen t on nuclear waste management, a 
decision was taken by AECL to suspend field operations planned 
for Ontario during 1977. Throughout the balance of that year 
activities were confined to office and laboratory studies and to 
minor field work on igneous rocks underlying the AECL faci lity at 
Chalk River, Ontario. In 1978 the restriction on field work in 
Ontario remained in effect, thus all current field activities have 
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TABLE 3.1. FACTORS FOR CONSIDERATION 

A . Site and Environmental 

Accessibility 
Distance from population and waste land centres 
Distance from restricted use land 
Buffer zone avai lability 
Topography 
Hydrology and hydrogeology 
Overburden 

Tenure of property rights 
Alternate use conflicts 
Popula tion densi ty 
Site security 

B . Legal and Political 

8. Mining and drilling history 
9. Mine waste disposal 

10. Seismicity 
I I . Geothermal environment 
12. Future geological events e.g. glaciation 
13. Risk of external - source hazards 

5. Anticipated demographic patterns 
6. Pub lic acceptance 

C . Rock Mass and Rock Substance Characterist ics 

Economic value 
Structural geology 
Underground opening stability 
Rock substance characteristics 
Erosional stability 
Thermal properties 

7. .Stress resistance 
8. Moisture migration under 

hydraulic and thermal 
gradients 

9 . Chemical stability 
10. Radiation stability 
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Figure 3.1 Components of fuel cycle waste management program. 

been confined to AECL properties a t Chalk River, Ontario a nd 
Pinawa, Manitoba. 

Within the con text of the Nuclear Wa ste Ma nageme nt 
Progra m (Fig. 3.1) the part pertaining to geological disposa l has 
evolved such that it co mprises fo ur phases, viz., I. Concept 
Verification; 2. Site Selection ; 3. Pilo t Scale Demo nstrat io n 
Repository; and 4. Commerical Repository. Each of the ph ases is 
sequential in time as shown in Figure 3.2. 

All of EM R 's activi ties within the progra m are prese ntly 
being directed toward the Concept Verification phase. However, 
geoscience activities conducted for Phase I of the progra m a nd 
information o btained therefrom will bo th have direct applicability 
to la ter phases. 

Current EMR program 
The objectives of the current progra m are: to de termine the 
suit ability of ig neous rock masses for geo logical disposa l of 
nuclear wastes, with specific reference to those of the Canadian 
Shield in Ontario; to evaluate further the potential for geo logica l 
disposal afford ed by sa lt , limestone, a nd sha le; a nd to main tain a 
watching brief on international research and development in 
seabed disposa l. Thus, the program co mprises three geo logical 
se ttings with emphasis , both in terms of resource a llocat ions and 
tasks, pl aced upon igneous rock studies. 

To provide a rational basis for the ultimate se lection o f an 
ig neo us rock type fo r the development of a demonstration 
repository, attention is being focused o n fou r principa l rock types, 

1 VERIFICATION 

2 SITE DI SELECTION 

3 PILOT 0 H REPOSITORY 

4 CO MM ERICAL • REPOSITORY 

Figure 3.2 Schedule for overall program for geological disposal of 
radioactive waste. 

viz. granite , a northosi te , sye nite, and gabbro in combination with 
structural se ttings ra nging from high ly to weakly fractured. 

The program is o rga nized in a n Activity / Task structure as 
show n in Figures 3.1 and 3.3 in which discipline-oriented tasks are 
gro uped for program management purposes. Each of the ac tivities 
and many of the individua l tasks a re interrelated as are the major 
c.:ompo nents of the Geotechnical Program. 

An Activity ma nager, provided by the appropria te branch of 
EMR, is responsible for a gro up of task leaders. These man agers 
a nd the program director form the management team which, 
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Figure 3.3 EMR program - igneous rock tasks. 

through co-ordination with AECL and ot her agencies contributing 
to the program , collectively provide management for the EMR 
program. 

Geological Activity 
Objectives 
The Geological Activity (Fig 3.3) as it relates to the several 
geo logical settings, has as its primary objectives the identification 
and eva luation of the physical , structural, and petrological 
attributes of rocks and re lated geological materials of significance 
to geological disposal. These overall objectives are defined further 
for each of the geologica l settings under considera tion in the 
program. 

From an international perspective of geologica l disposal , 
igneous rocks have not received the level of research accorded salt. 
Thus, the primary objective of igneous rock studies is to establish 
whether or not intrusive rock masses possess the requisite 
structural and petrological characteristics such that a demonstra­
tion and evenwal commercial repository could be constructed 
within them. 

The objectives ofswdies on sa lt and o ther sedime ntary strata 
such as sha le and limestone are to identify those areas in Canada 
possessing suitable basic geological characteristics that wou ld 
warrant their consideration for geologica l disposal and to identify, 
within these areas, locations that would warrant, on scientific and 
technical grounds, further examination as a potential repository 
site. 
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As a maritime nation Canada has an interest in the 
international work being done on seabed disposal. Through 
membership on the OECD / NEA Working Group on Seabed 
Disposa l, through contact with United States' scientists involved 
in resea rch on seabed disposal and through ongoing marine 
geo logica l and oceanographic research, the Atlantic Geoscience 
Cen tre of the Geological Survey of Canada (EMR) maintains a 
watching brief on seabed disposal research with the aim of being 
able to provide objective commentary on this aspect of geological 
disposal. 

Since the current program is oriented primarily toward 
studies of igneous rock, the description s of the following tasks, 
wi thin the Geological Activity and those of the Geophysics and 
Rock Properties Activities , all pertain to igneous rock. 

Office and field investigations 
To develop a rationale fo r the selectio n of field resea rch a reas; to 
inves tigate various plutonic (igneous) bodies with particular 
emphasis on determining the orientation and spacing of fracturing 
and faulti ng and the interpretation of the geological history; and 
to assess and differentiate igneous rock types and structural 
geo logica l settings to provide a geoscientific basis for repository 
site selection. 

Core drilling 
To provide subsurface information on the petrological and 
structural characteristics of igneous rocks; to develop field and 
laboratory techniques for analysis of structural geological 



information obtained from drill cores; to provide subsurface 
access for in situ geotechnical, geophysical, and hydrogeological 
measurements; and to provide samples of subsurface materials for 
various analyses within the Rock Properties Activity. 

Borehole television (TV) logging 
To provide a photographic record of structural discontinuities 
within the borehole as basic data for the calculation of discontinu­
ity orientation and spacing in relation to permeability; to establish 
a data system for storing, processing, and analyzing structural 
geological and related field data. 

Glacial erosion studies 
To define and summarize methods of quantifying rates, depths, 
and volumes of glacial erosion; to identify and evaluate parame­
ters of significance to the control of glacial erosion on the 
Canadian Shield; to measure the extent of glacial erosion in 
selected field areas; and to evaluate the evidence underlying 
published differences of opinion on the extent of glacial erosion on 
the Canadian Shield. 

Geophysics Activity 
Objectives 
The primary objectives of the Geophysics Activity (Fig. 3.3) are to 
assist in the establishment of criteria that must be met to validate 
the concept of geological disposal for igneous rocks and to provide 
appropriate exploration methodology that can be applied in the 
search for sites which meet those criteria. The Geophysics Activity 
thus supports and extends geological and other studies directed 
toward the concept verification phase and will contribute to the 
exploration methodology required for the subsequent site selection 
phase. In order that the Activity contribute effectively and 
efficiently to the program, various tasks within the Activity are 
integrated fully, both within the Geophysics Activity and among 
the tasks of the Geological , Rock Properties, and Hydrogeology 
activities. 

The main tasks within the Geophysics Activity program are 
summarized below. 

Airborne surveys (Electromagnetic, Aeromagnetic 
(Gradiometer)) 
To ·provide interpreted electromagnetic and aeromagnetic maps 
for the purpose of complementing and extending geological 
information on the structural characteristics of igneous rock 
masses. 

Gravity surveys 
To conduct surveys and provide interpretation of gravity fields of 
research areas and adjacent areas for the purpose of providing 
information on the three-dimensional shape of igneous rock 
bodies and their variation in density; and to determine the extent 
of isolation of the igneous rock body of specific interest. 

Magnetotelluric surveys 
To provide interpreted electrical resistivity depth profiles at 
intervals across igneous rock structures to assist in the identifica­
tion and delineation of structural discontinuities, and to assist in 
the characterization of igneous rock masses with respect to their 
hydrogeological properties. 

Surf ace electrical surveys 
To provide maps and profiles of the distribution of apparent 
electrical resistivity and charge storage capabilities of near-surface 
materials; to provide further detail of geophysical information on 

anomalies detected by airborne sucveys; to determine the presence 
of other anomalous structures; and to provide electrical characteri­
zation of igneous rock bodies as a means for parametric 
corn panson. 

Surf ace seismic refraction surveys 
To provide maps and profiles of the configuration of overburden 
and to identify anomalous structures within the igneous rock body. 

Seismic lateral borehole surveys 
To determine anisotropy and estimates of rock quality through the 
measurement of velocities of seismic body and surface wave as a 
function of azimuth around boreholes. 

Electrical and standard borehole surveys 
To provide detailed logs of standard borehole parameters, 
acquired in industry-accepted formats, as reference for evaluation 
of their application to experimental work in igneous rock masses; 
to conduct and evaluate experimental electrical surveys within 
boreholes for the purpose of determining bulk electrical resistivity 
and identifying structural features in the rock mass surrounding 
the borehole. 

Seismic downhole borehole surveys 
To provide an estimate of rock quality and structural integrity 
through measurement of seismic velocity distribution throughout 
the wall rocks of drill holes. 

Geothermal logging 
To detect the flux of groundwater through micro-temperature 
measurements at appropriate intervals and to determine the 
temperature / depth gradients in rock masses. 

Regional aquifer strain investigation 
To determine regional pore pressure and fluid diffusion coeffi­
cients and to detect possible tectonic activity associated with 
structural discontinuities through measurement of the response of 
water levels in boreholes to periodic strain at earth-tide 
frequencies. 

Borehole radar surveys 
To develop equipment and interpretation methodologies to permit 
studies of structural features and discontinuities within a range of 
approximately 50 m from the hole . The experimental state of this 
method is such that measurements presently are limited to a depth 
of 150. m. However, it is expected that further development will 
enable routine surveying to a depth of 1000 m thus enabling 
acquisition of rock quality information throughout the full depth 
range required by the program. 

Borehole gamma-ray spectrometer surveys 
To provide gamma-ray spectral logs of drillhole~ for the purpose 
of determining concentrations of radioactive elements (potassium, 
uranium, and thorium) in wall rocks of the holes. Concentration of 
these elements and their concentration ratios may be diagnostic of 
certain structural discontinuities within the wall rocks. At present 
this survey technique is in the development stage. 

Topographic mapping 
To provide topographic base maps of research areas at appropri­
ate scales as required for geological and geophysical surveys. 

Seismic risk evaluation 
To assess regional and local seismic risk at research sites through 
evaluation of existing information and through the establishment 
ofmicroseismic networks as required. 
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Rock Properties Activity 
Objectives 
The primary objectives of this Activity are to develop and 
construct equipment , develop techniques, and apply methodolo­
gies arising therefrom for the testing of rocks under the th erma l 
and mechanical stress condit ions required by the program; to 
provide appropriate comparative rock-property data required for 
concept verification; to provide quantitative data on strength , 
deformation , a nd thermo-physical properties of igneous rocks for 
reposito ry design purposes; and to provide such additional rock 
property data as may be required by the Geological, Geophysics, 
and Hydrogeology act ivities. Tasks within this Activity, as with 
those of o ther activities, a re fully integrated both internally a nd 
with the other compone nt tasks of the program. 

Thermal rock properties 
To obtain data on the therm al properties of various igneous rocks 
for parametric compa rison within the Concept Verification phase 
of the program; to obtain preliminary data on thermal properties 
for repository design purposes; to investigate the effects of 
elevated temperature, confinement , and poros ity on thermal 
properties of rocks, to obtain measurements of thermal co nd uctiv~ 
ity , therma l diffusivity, density, and porosity of drill core 
specimens and to relate these thermal characteristics to the 
petrograp hic and petrofab ric character of rocks; and to collate 
data derived from existing information and field investigations for 
the analysis of heat f1ow in a reas of interest to the progra m. 

Magnetic rock properties 
To measure magnetic properties of drill core specimens for the 
purpose of providing depth control for surface and airborne 
magnet ic surveys and for co mparison with seismic, optical , and 
other assess ments of an isotropy of rock fabrics. 

Mechanical rock properties 
To obtain data on the mechanica l properties of various igneous 
rocks for parametric comparison within the Concept Verification 
Phase and for repository design purposes. 

Electrical and dynamic elastic properties 
To obtain data on electrical and seismic properties of drill core 
specimens to assist in the interpretation of surface a nd bore hole 
geophysical surveys; and to provide complementary information 
on hyd rogeological, se lf-hea ling, a nd leachabi lity characteristics 
of igneous rocks. 

Rock crack properties 
To measure crack content, rock fabric pa ra meters, and related 
propert ies of drill co re and surface rock samples as a basis for 
interpretation of rock properties derived from seismic, electrical 
resistivity, and porosity measurements; to assist in the assessment 
of such properties as permeability and shear strength; and to 
provide a basis for estimating the behaviour of rock masses at 
elevated temperatures and pressures. 

Underground heater experiment 
To develop equipment, experimental techniques, and interpreta­
tion methodology to permit the evaluation of repository design 
concepts; and to provide information on the performa nce of 
igneous rocks under field conditions at elevated temperatures. 

Borehole and shaft sealing 
To review and establish appropriate technologies and materia ls 
required for the filling and sealing of boreholes, shafts, and 
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underground openings associated with the exploration for and 
development of an underground nuclea r waste repository. 

The EMR program thu s comprises a spectrum of interrelated 
tasks designed to evaluate rock mass and rock substance attributes 
at both field and laboratory sca les of investigation . Some of the 
ta sks, pa rticularly several within the Geophysics and Rock 
Properties activities, involve considerable research and develop­
ment prior to their application as standard techniques. Others are 
either direct applications or modifications of existing exploration 
and laboratory techniques having direct relevance to the program. 
A may be expected , a nalysis, interpretation , and synthesis of the 
large amounts of data arising from even the current level of 
activity constitute a major task. Therefore , efforts are being 
directed toward the development of a user-oriented data manage­
ment sys tem that will permit use of the data and information in the 
most effective and efficient ma nner. 

Within the Concept Verification phase a primary purpose of 
the various tasks is to establish a rational basis for the se lection of a 
corn bination of rock type and structural se tting that will provide a 
suitable geological environment for a repository. In the larger 
sco pe of the nuclear waste management program these tas k data 
will provide a significant and essential input to the pathways 
analysis, which will be used to examine the interrelations between 
and effectiveness of the various components of the entire waste 
disposal system . 

Progress of Research 
A complete summary of progress covering each of the tasks within 
the progra m is beyond the scope of this paper. Accordingly, the 
following examples have been chosen to illustrate results of 
resea rch which have a direct bearing upon the present and future 
directions of the program . 

One of the background studies (Raven and Gale , 1979) 
carried out during the early part of the program was a survey of 
the geological structure and groundwater conditions occurring in a 
number of operating mines a nd in severa l large civil engineering 
subsurface projects. Study sites located in Precambrian Shield 
areas of Manitoba , Ontario , Quebec, and Labra dor were 
examined. Results of this survey, as shown in Figure 3.4, show that 
the principal zo nes of seepage are located within depths ranging 
from 300-350 m. Zones of seepage were encountered below 
depths of 350 m; however, seepage from these zones commonly 
was not continuous and diminished rapidly with time. A major 
conclusion from this study was that the undisturbed rock mass is 
saturated at depth and th a t a lack of water in the deeper mine 
workings is due primarily to low hydraulic conductivity rather 
than to a dry rock mass. 

One of the primary geological factors for consideration in the 
study of igneous rocks is an evaluation of the extent of occurrence 
of fractures and related structural discontinuities within the rock 
mass. Analysis of aerial photographs and other remotely sensed 
imagery in concert with surface mapping provides a means for 
relatively rapid assessment of these structural features particularly 
in areas of relatively extensive outcrop. However, these methods 
provide information only on the surface expression of structural 
discontinuities ; thus , a method is required to correlate this 
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Figure 3.4 Range of groundwater seepage with depth from 
observations in mines (after Raven and Gale , 1977). 

information with that obtained from the subsurface. A detailed 

study (Brown, in prep.) of the occurrence of structural discontinui­

ties in the igneous rocks underlying the AECL facility at Chalk 

River where core drilling has been done indicates that the concepts 

of fracture number (FN)I and number of intersections (1)2 can be 

used to effect the required depth correlations. 

A calculation of fracture intersects for 5 m intervals of core 

obtained from boreholes at Chalk River plotted against values of 

hydraulic conductivity obtained from packer tests in these holes 

shows a high degree of correlation over the depth examined (Fig. 

3.5 ). It is possible that further analysis of the fracture data , 

including measurement of fracture apertures, may yield a closer 

correlation with hydraulic conductivity values. Further develop­

ment of this correlation would enable the use of surface fracture 

data for the prediction of structural and hydrogeological condi­

tions at depth. 

The recent development at the Geological Survey of Canada 

(Hood et al. , 1976) of an inboard digital recording vertical 

gradiometer system for high resolution aeromagnetic surveying 

has been opportune for the geological disposal program. Although 

developed primarily as a technique for mineral exploration , the 

system, comprising two vertically separated tail boom magnetom­

eters with ancillary data recording and analysis equipment, has a 

demonstrated capability for detecting short wave length, near­

surface magnetic anomolies produced by both petrological and 

structural features. As shown in Figure 3.6 delineation of structural 

features, as interpreted from a measured vertical gradient map, is 

a useful complement to structural geological information obtained 

from surface examination and from remotely sensed sources. 

I Fracture Number ( FN) - the average number of parallel or 
subparallcl fractures in a given set per linear distance measured in 
a linear direction normal to the fracture plane. 

2lntcrscctions (I) - number of fracture intersections calculated for a unit 
volume of rock on the basis of the number of fracture set; and frequency of 
occurrence of fractures within a set. 
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Figure 3 .5 Comparison of fracture intersect (I) values and hydraulic 
conductivity (from Brown, in prep.). 

Contract magnetotelluric surveys (Redman a nd Strangway, 

1979) have been conducted at Chalk River, Ontario using 

thunderstorms and VLF transmitter sources producing frequen­

cies of from 12 to 20 OOO Hz. These surveys have shown that the 

igneous rock complex at Chalk River has resistivities of a few 

thousand ohm-metres indicative of a substantial content of fluid 

within the bedrock. This interpretation is confirmed by other 

geologica l and hydrogeological investigations a t this site. 

Both the depth penetration a nd resolution capabilities of this 

geophysical survey method are such that it provides a useful 

exploration tool for preliminary field surveys. 

Through the co-operation of the International Nickel 

Company, the Canada Centre for Minerals and Energy Techno.I­

ogy (CANMET) has been able to acquire access to Creighton 

Mine, in the Sudbury Basin , for the purpose of conducting an in 

situ heater experiment at the 700 m level (Larocque et al., 1979). 

Rock at the test site is a medium-to coarse-grained quartz biotite 

gabbro that has been subject to shear deformation. 

In preparation for the installation (initially a single 30 cm 

diameter, 6.1 m long heater to be placed vertically beneath the 

floor of the test chamber) testing of the thermal and mechanical 

properties of the test chamber rocks has been carried out, in situ 

stress measurements have been made, and sensor designs and 

emplacement arrays have been completed. The experiment is 

expected to provide such basic information as temperature and 

stress distributions and the influence of thermal gradients on 

groundwater movement and will provide a field check on 

theoretical calculations of temperature and stress distributions. 
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Task leaders have the responsibility for preparing periodic 
reports of progress of their work as contributions to the ongoing 
documentation of the program. While much of the documentation 
is in a preliminary form and is thus internal to EMR and AECL, 
the need for wider distribution of this information to the 
geoscience community and to the public is clearly recognized. 
Therefore , attempts are being made to establish a documentation 
handling system that will permit prompt external release of reports 
of work done under the program. 
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Future Directions of the EMR Program 
In the immediate future the program will be focused primarily on 
studies of igneous rock as continuing contributions to the Concept 
Verification Phase of the nuclear waste management program. 
Studies will contin ue-on the evaluation of salt, limestone, and 
shale. and the seabed at essentially the present levels of activity. 

A major task, currently under development within the Rock 
Properties Activity but which as yet to attain a fully integrated 
status. is geochemistry. Inclusion of a geochemical task to 
complement geochemical studies being undertaken by AECL thus 
will complete the spectrum of tasks for which EM R has both 
expertise and program responsibility. 

The program is faced with a number of internal and external 
constraints which will affect the ability of those involved in the 
program to attain program objectives by a specified date. 
Internally, some of the program tasks arc, of necessity, sequential 
whereas others may be carried out in parallel. Further, all tasks are 
subject to the need for rigorou s data analysis and interpretation 
which resist acceleration. Externally, the EM R program is subject 
to the overa ll schedule of the nuclear waste management program 
and to the conditions of the Canada / Ontario agreement on 
nuclear waste management which, as yet, have not been fully 
formulated. However, the most critical external factor affecting the 
program is that of public relations as no field work can be 
undertaken in the absence of acceptance of such field research by 
the communities involved. 

Given such public acceptance and sufficient resources such 
that the Canadian geoscicncc community can become fully 
involved in the program , Canada, as a nuclear nation, can proceed 
to contribute significantly. both nationally and internationally, 
toward the development of a safe method for di sposal of 
radioactive wastes. 
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4. THE DFE PROGRAM IN ENVIRONMENTAL IMPACT OF THE DIS­
POSAL OF HIGH-LIGHT RADIOACTIVE WASTE 

IN GEOLOGICAL FORMATIONS 
H.C. Rothschitd1 and C. Barraud1 

The disposal of high-level radioactive waste material in geological 
formations encompasses a challenge involving a variety of 
technical and scientific expertise, as well as an area where many 
branches of government have an expressed interest and responsi­
bility or even some degree of jurisdiction. The activities of the 
Department of Fisheries and Environment Canada (DFE) in this 
area involve the participation of two services: the Environmental 
Management Service (EMS) and the Environmental Protection 
Service (EPS). EMS is supporting applied research in hydrogeol­
ogy and groundwater geochemistry for eventually determining the 
transport / retardation mechanisms in the deep underground 
environment. EPS is evaluating the long-term physical and 
chemical stability of granitic rocks of plutonic origin and also the 
efficiency of the geological barrier in containing long-lived 
radionuclides. 

The EMS program has the following long-term objectives: 
To assess and develop methodology for collection and 
analysis of field data for the purpose of determining the 
hydrogeological parameters relevant to groundwater 
flow and radionuclide transport from deep underground 
disposal zones; 
To develop, and encourage development of, field and 
laboratory testing techniques which will provide infor­
mation concerning the origin, age , subsurface flow path , 
and hydrogeochemical evolution of groundwaters in 
deep underground zones; and 
To assess the possibility of providing a hydrogeological 
monitoring capability for the physical and hydrogeo­
chemical evaluation of potential groundwater migration 
paths. 

The proposed hydrogeology program for fiscal year 1978-79 
can be essentially subdivided into three main components; ( 1) 
physical aspects, (2) hydro geochemical aspects and (3) computer 
modelling. 

The elements relating to the physical aspects component are 
concerned with obtaining and assessing the reliability of field 
measurements of fluid potential , hydraulic conductivity, storage 
coefficients and groundwater velocity, as well as a laboratory 
investigation of the fundamental nature of the stress-hydraulic 
conductivity relationship. The laboratory investigation will assist 
in the interpretation of field hydraulic conductivity tests as well as 
provide information on the nature of the stress-hydraulic 
conductivity relationship which could be of use in future modelling 
work. 

The elements relating to the hydrogeochemical aspects are 
concerned with in situ measurements of groundwater chemical 
parameters and obtaining water samples which have not under­
gone changes due to degassing or water column effects. A borehole 
geochemical probe and pressure sampling apparatus has been 
designed which can be used either in open 3-inch boreholes or in 
the permanently installed multi-level monitoring device. The 
probe and samplers will be used to assist in deducing the in situ 
hydrochemical conditions in the deep subsurface and to provide 
samples for laboratory age dating and chemical and isotopic 
analysis. A laboratory based study will be undertaken to 
investigate what mineral equilibria reactions tend to control 
groundwater geochemistry in the Precambrian Grenville gneiss of 
the Chalk River area, Ontario. The experimental study on one of 
the cores from the Chalk River borehole will hopefully be 
integrated with field sampling of groundwater from various 
depths in a similar borehole, which should serve as a test for the 
applicability of the experimental data and methodology. 

During the fiscal year 1978-79, the hydrogeological program 
will be directed towards investigating.two boreholes drilled at 
Chalk River and three boreholes drilled at the Whiteshell Nuclear 
Research Laboratory, Manitoba. The two adjacent boreholes at 
Chalk River are 1000 and 500 feet in depth and two of the 
boreholes at Whiteshell are 1500 and 500 feet in depth. The third 
Whiteshell borehole will be air-drilled to a depth of 500 feet with a 
specially designed multilevel sampling system for the purpose of 
comparing hydrogeochemistry and shut-in pressure tests with the 
open, diamond-drill boreholes. 

· The elements concerned with computer modeling of ground­
water systems are very preliminary in nature, in fact a prime 
objective in this fiscal year is to establish what types of models may 
be required at various stages of the overall deep underground 
disposal program. A continuous groundwater flow model will be 
adopted for the purpose of investigating the effect of the natural 
geothermal gradient and the effect of the repository on ground­
water flow patterns. 

EPS interest is to develcp a methodology that will permit the 
evaluation of the long term physical integrity, chemical stability 
and isolation capability of deep underground nuclear waste 
repositories following backfilling and decommissioning. There are 
two major reasons for undertaking such an evaluation: (I) there 
will be limited possibility to monitor the site after sealing the 
repository, (2) in case of future release of radionuclides into the 
biosphere in quantities higher than acceptable, no known actions 

1Environmental Protection Service. Department of Fisheries and the Environment , Ottawa, Ontario 
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to correct the situation are presently available. It is thus mandatory 
that the efficiency of the host rock and of the backfill material to 
contain the radionuclides be thoroughly assessed before deep rock 
disposal can be considered safe and environmentally suitable . 

To achieve this goal , the long-term objective of EPS is to 
develop thermodynamic models that , in conjunction with hy­
drogeological data, will permit the forecast of: 

any potential mineralogical modifications of the host 
rock after sealing of the cavity, especially along rock 
discontinuities such as faults , joints and fractures; 
any potential chemical destabilization of the backfill 
material following abandonment, and the nature of new 
materials or minerals likely to be formed; 
the sorptive properties of minerals and materials that will 
be in direct contact with the groundwater flow , e.g. 
backfill materials and minerals lining the rocks 
discontinuities. 

At first , emphasis will be given to granitic rocks considering 
the actu al Canadian waste disposal program. In a second step, the 
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models will be modified for applicability to other rock types, 
especially the high sorptive argillaceous rocks. 

Ultimately, in conjunction with other concerned organi­
zations, results and conclusions drawn from these studies are 
intended to lead to the identification of the rocks type(s) that will 
offer the maximum reliability for predicting and evaluating long­
term isolation capability. 

For this fiscal year, the EPS program will focus on the 
qualitative evaluation of potential modifications in the minerals 
lining the fractures of the host rock due to pertubation in the 
groundwater flow system following the excavation and the 
backfilling of the repository. The nature of the backfill material , its 
chemical equilibrium with host rocks, its potential sorptive 
properties and the sealing mechanisms will also be investigated. 
Verification of the preliminary results and conclusions of the 
above qualitative studies will be verified by the development of 
the thermodynamic models mentioned earlier. Work done in EPS 
and by outside contracting firms are considered for this model 
development. 



5. THE MANAGEMENT OF IRRADIATED FUEL IN CANADA 

R.W. Barnesi 

Introduction 
The nuclear power program in Canada has been , until recently, 
relatively modest. Most of the effort by the organizations involved 
has been concentrated on establishing a safe, viable, economic 
industry. However, the point has been reached where Canada, like 
other industrial nations, is looking to nuclear reactors to provide a 
basic source of economic energy. 

In Ontario, nuclear electric stations generate 4500 MWe wit.h 
a further 9000 M We in various stages of construction planned to 
be in service by the late 1980s. During 1977, 26. 7 per cent of the 
electrical energy generated in the province of Ontario was by 
nuclear electric generating stations. Nuclear-electric stations are 
under construction in Quebec (638 MWe) a nd New Brunswick 
( 633 MWe) and these will begin operation in the early 1980s. 

Recent estimates by the federal Department of Energy, Mines 
and Resources for installed nuclear-electric generating capacity in 
Canada, suggest 60 OOO MWe by the year 2000. This would 
amount to approximately one third of Canada's estimated 
electrica l generating capacity at that time. 

Experience has shown that nuclear energy is sa fe , reliable and 
economical for generating electricity. In 1977, the average overall 
capacity factor for units _of the Pickering generating station was 
90. 7 per cent. The cost of producing the electricity was significant ly 
less than the equivalent cost of comparable coal-fired generation. 
Other benefits from nuclear electric power include security of foe! 
supplies (particularly for Ontario) , low environmental impact , 
potential for future development and overa ll benefit to the 
provincial and Canadian economies. 

Reactor system 
The reactor that forms the basis of the commercial nuclear po wer 
generation is the CANDU-PHW (Pressurized Heavy Water) 
reactor. This reactor consists of horizontal tubes which hold the 
fuel bundles. The heavy water coolan t which flows through the 
tubes removes the fission heat from the bundles and transfers it by 
heat exchangers to a secondary circuit of light water. The steam 
produced in the seco ndary circuit is used to drive the turbine­
generator system. 

The reactor is moderated wit h heavy water and natural 
uranium is used in the fuel bundles. The basic unit of fuel for the 
CANDU reactor is the 50 cm long bundle shown in Figure 5.1. 
The elements in the bundle are thin zircaloy sheaths containing 
high density natural U02• Zircaloy end plates hold the elements 
toge ther. Spacers are brazed to the sheaths to provide separation 
between elements. 

I Ontario Hyd ro. Toronto, Ontario 
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Canadian power reacto rs are designed for on-power fuelling. 
The fuelling is carried o ut by two co-ordinated machines which 
lock o nto each end of a horizo nt a l tube. The operation is 
controlled from the station con trol ce ntre. ew fuel is inse rted into 
a magazine, remotely transferred to the fuelling machine and from 
there into the reactor. Irradiated fuel is discharged from the 
fuelling machine to a transfe r mech a nism which in turn transfers 
the fuel to underwater storage in the statio n irradiated fuel storage 
bay. 

Nature of irradiated fuel 
The irradia ted fuel discharged from the reactors contains more 
than 99.999 per cent of the radioactivity produced by the nuclear 
station. The radioactive nuclides in irradiated fuel may be 
considered as two main groups. The first group, called fission 
products, consists of those materials produced as a direct result of 
the fission process. The seco nd group, called actinides, is produced 
by various nuclear reactions such as neutron capture that result in 
heavy elements such as plutonium, curium, americium, etc. Many 
of these nuclides continue to emit radiation after being discharged 
from the reactor and in doing so, undergo the process known as 
radioactive decay. 

Essentially the highest levels of radioactivity in the early life 
of discharged fuel are associated with decay of the fission 
product s. The radio ac tivity of the fission products decreases· 
relatively rapidly and after several hundred years the actinides 
beco me the dominant source of radioactivity in the irradiated fuel. 

Radiation emitted by irradiated fuel constitutes a potential 
hazard and methods of management of the fuel must provide 
protection against this hazard. 

Heat is generated by the radioactive decay process and 
cooling of the irradiated fuel is necessa ry. A Pickering irradiated 
fue l bundle generates approximately 60 watts of heat after being 
out of the reactor one year. This decreases to about 6 watts in the 
next four years as the level of radioactivity also decreases. 

Irradiated fuel storage bays 
The station irradiated fuel bays a re thick walled, reinforced 
concrete structures, lined on the inside with stainless steel or 
fiberglass reinforced epoxy paint. The water in the bays is 
generally about 9 m deep in the fuel storage areas and a little 
shallower in fuel transfer and handling areas. A cross section 
through the auxiliary irradiated fuel bay at Pickering GS is shown 
in Figure 5.2 . 
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Figure 5. 1 28 element CAN DU fuel bundle. 

The fuel bundles are discharged automatically into fuel 
storage containers. The containers are stored in stacks up to 4.5 m 
high with 4-4.5 m of water above the top of the stack. This 
provides shielding from the radiation emitted. 

Cooling circuits are provided to remove decay heat from the 
fuel and to keep bay water temperature within design limits. 

Leakage collection systems are provided to deal with 
contaminated water should any leak through the primary liner in 
the bay. 

Purification circuits which contain filters and ion exchange 
columns are provided to remove dissolved and suspended 
radioactive material from the bay water for personnel protection 
a nd to maintain water clarity for good visibility during fuel 
transfer opera tions. 

Ventilation of space above fuel bays is provided to maintain 
comfortable air temperature and humidity and to control airborne 
radioactivi ty, should this be necessary. 
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Irradiated fuel storage capacities 
The capacity of the station storage bays at Pickering and Bruce is 
augmented by additional storage bays. The nominal storage 
capacities of the bays at Pickering a nd Bruce stations are: 

Pickering Station Bay 
Auxiliary Bay 

Bruce Station Bay 
Secondary Bay 

:n OOO bundles 
162 OOO bundles 
2 I 300 bundles 

262 OOO bundles 

These capacities do not include the space allowed in the 
station bay for a reactor core load offuel. 

Future stations are planned to have sufficient irradiated fuel 
storage space for six station years of operation at 80 per cent 
capacity factor, in addition to space for one reactor core load of 
irradiated fuel. Sufficient space will also be reserved to extend the 
on-site capaci ty as required. 



Storage bay filling dates 
A forecast of the filling dates for the storage bays in operation , 
under construction, or planned has been made but like any 
forecast , many fac tors can introduce uncertainty. Some of these 
are the actual capacity factor achieved in station opera tion, the 
actual burn-up levels of the fue l discharged, the operating power 
level of the reactors, and the packing efficiency achieved in 
irradiated fuel storage . Consideration of these factors has resulted 
in a range of filling dates of the various storage bays. 

The calcu lated filling dates for the various bays are: 

Most 
Earliest Probable 

Pickering GS A Main Bay May 1979 July 1979 
Auxiliary Bay Jan. 1990 Apr. 1991 

Bruce GS A Main Bay Dec. 1978 Mar.1979 
Secondary Bay Oct. 1988 Mar.1991 

Pickering GS B Main Bay Jan. 1989 Sept. 1989 

Bruce GS B Main Bay Nov. 1985 Mar. 1986 
Secondary Bay Dec. 1994 Aug. 1996 

Darlington GS A Main Bays Feb. 2000 May 2002 

Potential energy resource 
The irradiated fuel discharged from CANDU reactors contains a 
potentially valuable future energy resource in the actinide 
plutonium. Each irradiated fuel bundle con tains abou t 80 g of 
plutonium of which about 55 g is fissile. This fissile plutonium, if 
mixed with natural uranium fuel and recycled in the current type 
of CANDU reactors , would permit a doubling of the energy 
ob tained from each ton of mined uranium. When used in this way, 
the plutonium contained in a single irradiated fuel bundle is 
equivalent to 1800 barrels of oil. The fuel discharged from one 
year's operation of the Pickering Generating Station on the same 
basis contains the energy equivalent of 25 million barrels of oil 
(see Table 5.1 ). 

The plutonium in the irradiated fue l could also be used to 
start a nuclear fuel cycle involving the use of thorium in CA DU 
reactors. This would provide an opportunity for the extraction of 
many times the amount of useful energy than would be obtained 
from our uranium resources using the once-through CAN DU fuel 
cycle. However, the reuse of the plutonium contained in irradiated 
fuel either with uranium or with thorium would require the 
development of a reprocessing industry which has not been 
undertaken in Ca nada. Whether or not such development should 
be undertaken, is the subject of debate and discussion and a 
national decision on the subject could be some time away. 

Whether o r not recovery and reuse of the plutonium in the 
irradiated fuel is economic depends in part on the price of uranium 
and the costs associated with reprocessing irradiated fuel. Current 
estimates of these factors show that it 1s not economic at present, 
but it is an ticipa ted that the real price of uranium will increase as 
resources are used up. This is most likely to occur in the next 

century. 
These considerations have led Ontario Hydro to propose that 

the irradiated fue l be stored for a period of20 to 30 years. 

Announced joint program 
On June 8, 1978, the Federal Minister of Energy, Mines and 
Resources and the Minister of Energy for the Province of Ontario 
announced a joint program on "the first phase of a long-term 
program to assure safe and permanent disposal of radioactive 
waste from nuclear power reactors". 

Under the announced program , the Federal Government and 
its agencies have prime responsibility for the program and will 
undertake research and development of the immobilization and 
disposal of radioactive wastes whereas the Provincial Government 
and its age ncies will be responsible for studies on interim storage 
and transportation of irradiated fuel. 

Ontario hydro's program activities - status 

Irradiated fuel lransporlation 
At some tim e all Ca nadian irradiated CAN DU fuel will have to be 
transported from the various nuclear generating stations to a 

TABLE 5.1 POTENTIAL ENERGY RESOURCE IN IRRADIATED FUEL 

M. BTU EQUIVALENT BLS. OIL 

Barrel of Oil 5 8 

I kg of Irradiated Fuel 532 92 
( 2. 6 g Pu - 239) 

Annual Fuel Discharged 145 Million 25 Million 
from Pickering G. S . 'A' 
(80% C .F.) 

100 Gg of Irradiated Fuel 530 Billion 9 Billion 
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radioactive waste isolation facility or to a centralized interim 
storage facility. A program has been developed to determine the 
optimum system. The program is divided into four main areas of 
effort briefly outlined below. 

Shipping flask 
A conceptual design of a shielded container or flask is being 
developed. All credible accidents that could occur during 
transportation will be considered in the design. 

Shipping module 
Various concepts of the container or module that will support the 
fuel in the flask while it is being transported are being developed. 
The module design must prevent damage to the irradiated fuel 
bundle by the shock and vibration environment during shipment. 

Shipping modes 
A program is now underway to determine which of the modes -
road, rail or barge should be used to move the irradiated fuel. 

Shipping environment 
A study has been started to determine the advantages and 
disadvantages of transporting irradiated fuel with either a dry or a 
wet environment inside the shipping flask. 

Interim storage of irradiated fuel 
Aspects of this program are outlined below. 

Study of interim storage siting options 
Ontario Hydro has underway a study to evaluate the feasibility, 
S<tfety, economics, and timing of the options open for the safe 
storage and transportation of irradiated fuel, including: 

storage at individual generating station sites; 
centralized storage alone at an existing site or at a site 
acquired specifically for that purpose; 
centralized storage in conjunction with facilities to immobilize 
irradiated fuel or high level radioactive waste at an existing 
site or at a site acquired specifically for that purpose ; 
centralized storage in conjunction with immobilization 
facilities and a nuclear waste disposal facility. 

Design studies 
Conceptual design studies of alternative centralized interim 
storage concepts were undertaken as part of the work of the 
Ontario Hydro task group during the period 1974 to 1976. 
Extension of this work has continued in several areas including: 

timing of the need for additional interim storage facilities , 

specifications of engineering requirements for interim storage 
facilities including those related to safety, environmental 
protection, reliability, site conditions, fuel handling, construc­
tion and commissioning, decommissioning, safeguards, 
security, and economics, 

identification of aspects of interim storage that require further 
development, e.g., ( l) the behaviour of irradiated fuel during 
long term storage in water or air, (2) the effect of weathering 
on the integrity of concrete canisters, 

engineering design of interim storage facilities, e.g., develop­
ment of analytical methods for calculating temperature 
distribution in water pools. 

Conceptual studies 

Ontario Hydro is proceeding with conceptual design studies of 
interim fuel storage concepts. Additional storage facilities a t the 
nuclear stations will be very similar to the facilities now in 
existence at the s~ations. However, centralized interim fuel storage 
could make use of other storage concepts previously studied such 
as the concrete canister concept and the convection vault concept. 

Summary 
l. Irradiated fuel is accumulating at the nuclear electric 

generating stations. 
2. It is at present stored in water pools which have been proven 

to be a safe, reliable and economic means of storing 
irradiated fuel. 

3. Canada regards its irradiated fuel containing fissile plutonium 
as a potential resource. 

4. It will store its irradiated fuel until, 
(a) it is decided whether or not this potential can be used ; 
(b) a repository has been developed to dispose of the 

irradiated fuel or the reprocessing wastes that would 
result from the reprocessing of the irradiated fuel. 
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6. RISK ASSESSMENT FOR RADIOACTIVE WASTE DISPOSAL 

R.B. Lyon1 and E.L..J. Rosinger1 

All of man's activi ties carry some degree of risk. Some co uld be 
avoided , yet arc cont inued because th e activities carry some 
benefit which is judged, genera ll y implicitly, to balance the risk 
incurred. A good example is the widespread use ofautomobiles. 

Ri sk associated with radioactive waste disposal can be 
accepted in the same way if certa in aspects are considered 
carefully. First , since disposal of these material s is a part of the 
total nuclear electricity generation sys tem , the effects on the 
environment and the risks to people, now , and in the distant future 
must be considered. These effects and risks must then be 
co nsidered in the lig ht of the benefits ga ined from the electricity 
generated. Second, the effects on the loca l environment and on 
those who would be employed at the facility or living nearby, must 
be examined. 

The complex to be assessed consists ofa vault, 500 to 1000 m 
deep in a plutonic igneous formation , and its associated su rface 
facilities. There will be access shafts and a g rid of rooms for 
emplacing the waste containers, which wi ll either be pl aced in 
drilled holes or in excavated trenches in the floors of the rooms. 

To carry out risk assessments, information is ga thered from a 
wide range of disciplines. Often the data are interpreted by 
detailed analysis usi ng computer model s or by the development of 
empirical correlations. Sometimes only a qualitative interpretation 
is possible, with iden tification of the further research necessary to 
qu a ntify the risk. The research and development, which will 
provide th e data a nd basic unders tanding of the relevant 
phenomena , is underway in a number of organizations such as 
Atomic Energy of Canada Limited ( Whiteshell Nuclear Resea rch 
Establishment (WNRE) and Chalk River Nuclear Laborato ries 
(CRNL) ); Department of Energy, Mines and Resources (Ca nada 
Centre for Mineral a nd Energy Technology (CAN MET) , Geolog­
ical Survey of Canada (GSC), a nd Earth Physics Branch (EPB)); 
the Inl a nd Waters Directorate (IWD) of Department of Fisheries 
a nd Environment (DFE); and many unive rsities. This paper 
briefly describes the main aspects of the risk assessment studies 
a nd , in some cases, illustrates the factors to be taken into account 
by presenting preliminary assessments and extrapolations. These 
preliminary studies will be increasingly refined and supported by 
experimental data as the resea rch and development programs 
progress. 

It is convenient to divide the ri sk assessment studies into two 
major parts - the pre-closure assessment a nd the post-closure 
assessme nt. The pre-closu re period encompasses the time during 
which the nuclear waste vault is operational and requires attention 
by man. It includes the construction, demonstration, commercial 

I Atomic Energy of Canada Ltd .. Pinawa. Manitoba 

From: Geological Surveyo/Canada Paper 79- 10 

operation and backfilling phases . a nd it is assumed that it will last 
until at least the year 2025. The post-closure period starts when the 
vau lt has been backfilled, the surface facilitie s have been removed 
and the su rface environment returned to its origina l sta te or freed 
for some ot her use. 

Pre-closure assessment 
Risk assessme nt studies for the pre-closure phase will be similar to 
ot her studies carried out for nuclear facilities. and will be s ubject to 
well developed licensing procedures and therefore will be outlined 
here only briefly. 

Social and economic studies will be undertaken to assess the 
effects of increasing the labo ur force, employment oppo rtunities, 
the expanded economic base, and the loads on existing se rvices 
and facilities. 

Safety assessments will be undertaken to es tim ate the 
probability and consequences of acciden ts with particular 
attention to s ituation s where radioactive material might be 
relea sed. Radio ac tive a nd nonradioactive emiss ions during 
normal operation will be estimated based on experience with o ther 
facilitie s and handlin g operations. 

Pathway analysis ca lcul ations of the movement of radionu­
clides throu g h the environment and th eir uptake by man will be 
performed , using the es timates of the radioactive em issions. Such 
ca lculations provide the basis for estimating potential dose to man . 

Safef!,uards procedures will be specified to ensure that 
unauthorized diversion of nuclear material does not go unde­
tected , and secu rity operations will be designed to prevent theft or 
sabotage . 

The results of the pre-closure assessmen t swdies will be 
documented in Environmental Impac t Statements and faci lity 
Safety Report s for review and approva l by the approp riate 
regulatory authorities. Because of their experience with o ther 
nuclear facilities, Ontario Hydro will be assisting in the pre-closure 
st udies. 

Post-closure assessment 
The o nly significant potential risk to man, identified for the post­
closure phase. is the prospect that groundwater· may penetrate to 

the waste, leach out radionuclides and carry them to the surface. 
Thus the objective of the risk assessment sllldies for the post­
closure phase is to determine the integrity and reliability of the 
vario us barriers and protective features which prevent this transfer 
ofradionuclides to man. 
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Figure 6 .1. Features protecting man from nuclear waste. 

These barriers or protective features (Fig. 6.1) are: the 
integrity of the waste form itself, its container, the buffer material 
surrounding the container, the backfill and sealing material , the 
massive geological barrier, and finally dilution and retention in the 
environment. 

Each of these features is considered in turn. 

Waste form 
First is the waste form itself, which could be irradiated fuel or 
vitrified waste. 

The irradiated fuel consists mainly of irradiated uranium 
oxide pellets, contained in zirconium alloy sheaths. In this form, 
the fuel sheath has survived severe temperature and water flow 
conditions in a reactor for more than a year. In fact, eight bundles 
have remained in the core of the NPD power reactor at Rolphton , 
Ontario for sixteen years and they are still intact ( Mayman, 1978 ). 
The fuel sheath is thus expected to continue to provide contain­
ment. Further containment is provided by the very stable uranium 
oxide matrix. To quantify the integrity of this barrier, the rate of 
leaching of radionuclides from the uranium oxide pellets and the 
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rate of dissolution of the uranium oxide matrix itself must be 
determined. The leach rates of various radionuclides from 
irradiated U02 fuel are being measured at WNRE. From results of 
leaching of 144Ce and 154Eu from fuel pellet segments, it has been 
inferred that the dissulution rate of the fuel matrix in an unlimited 
amount of either distilled water or tap water, equilibrated with 
atmospheric gases , is less than I x 10·4 of the original amount 
present. per year. This would imply that total dissolution of the 
segments would take more than I 0000 years if the rate remained 
constant. The above extrapolation assumes that the dissolution 
rate is not limited by the availability of water, of dissolved gases or 
by the removal rate of the reaction products. In fact , it is expected 
that the flow rate of water past the U02, if water penetrated the 
container at all, would be very low. Second , U02 is virtually 
insoluble in reducing environments (Hostetler and Garrels, 1962: 
Langmuir, 1978) ( < 0. I /Lg/kg water at 25C), but is more 
soluble in the presence of oxidizing or complexing species 
(particularly fluorides, carbonates and sulphates). The vault 
chamber will probably contain an oxidizing environment for only 
a limited time after being backfilled, and the container should 
keep the fuel isolated from water for this period. A reducing 
environment could be assured by the incorporation of suitable 
reducing agents into the buffer material. The effects of temperature 
on radionuclide complexing are being investigated at WN RE and 
the University of Waterloo. There is also the possibility that oxide 
or hydroxide layers of the U02 inhibit dissolution under conditions 
where U02 is soluble and this is also being investigated at WNRE . 
Thus, there are good reasons to expect that the used fuel will 
provide a relatively insoluble waste form . 

A great deal of research work has been , and is being, carried 
out on the second possible waste form - vitrified waste. In 
Sweden, predictions have been made ( KBS, l 977a) of the time 
taken to dissolve glass blocks containing waste , placed · in a 
disposal vault. For the case where leaching of the glass is limited 
by the supply of water, and based on the solubility ofsilicic acid in 
water, the estimated leach fraction was 3 x 10·7 per year of the 
original weight of the glass, or complete dissolution in approx­
imately 3 million years. 

In 1960, twenty-five glass blocks containing small quantities 
of high-level fission product waste were placed in flowing 
groundwater at a depth of 4 m at the CRNL site (Merritt and 
Parsons, 1964: Merritt, 1976 ). Measurements indicated that the 
leach rates of 90Sr from these glass blocks corresponded to 4 x 1 O·B 
of the original mass leaching per year after three years and 8 x 10-9 
after 15 years. This would indicate times to total dissolution of 25 
million years for the rate at three years and 125 million years for 
the rate at 15 years. 

The CRNL glass blocks were made from nepheline syenite. 
The high melting temperature required for the production of this 
glass makes it less attractive as a practical contender for our 
purposes. However, studies at Battelle North West Laboratories 
(Mendel et al. , 1977) with borosilicate glasses, which are more 
suitable, indicate that glass which remains intact and noncrystal­
line would be dissolved to a depth of less than 1 mm in 100000 
years in slowly moving water at 25°C. The same glass, even after 
crystallization by heat treatment would be dissolved to a depth of 
only 1 cm in the same time. The higher temperature for vitrified 
waste over the first hundred years or so would result in a higher 



initial leach rate. However, the container is expected to isolate the 
glass from the groundwater through this period. 

Extrapolations such as these obviously neglect many com­
plexities of long-term behaviour. However, the low solubility of 
the glass does give confidence that it will provide a highly effective 
barrier to the escape ofradionuclides. 

Waste container 
The waste container is the subject of detailed study in which 
parallel approaches are being taken. The first approach is design 
and demonstration of a simple container which would be expected 
to last for at least a hundred years. Candidate materials for the 
simple container include stainless steel, lnconel, Hastelloy, 
titanium and copper. 

The second approach is the development of a long-term 
container which would last for thousands of years. One option 
being explored for long-term containment is the use of lead in a 
composite container. Research at WNRE in this area is at an early 
stage but studies have been carried out in Sweden on composite 
steel containers with an outer lead layer and a titanium shell. 

A group in the Swedish Corrosion Research Institute has 
estimated (KBS,1977b) that the steel/lead/titanium container 
would remain completely intact for at least 500 to 1 OOO years. This 
failure time is based on localized corrosion. They suggest also that 
the lead could act as a cathodic protector for the inner steel 
cylinder. In this case, a large fraction of the lead might have to be 
corroded before the steel container would fail. The Swedish group 
postulates that the corrosion of lead in the vault will be limited by 
the availability of oxygen. Based on this, it would take 1.8 million 
years to oxidize all the lead in the container. It is also suggested 
that the corrosion products might slow down the corrosion rate if 
they are not carried away. Gelin ( 1977) has calculated the lead 
levels and the time required for complete dissolution on the basis 
of levels of sulphate. and carbonate in the groundwater under the 
Swedish vault conditions. He estimated that it would require 700 
billion years before the lead in the container would be carried 
away by groundwater. 

Buffer and backfill 
Buffer material may be placed around the container. Factors 
influencing the choice of buffer material include its physical 
properties (thermal stability, compressibility, permeability) and 
its chemical properties. It will be chosen to impede the movement 
of water, to condition incoming water to reduce its capability for 
corroding the containers and dissolving the waste, and to have 
suitable chemical properties to attenuate radionuclides which 
might be leached out. The simplest concept is to use crushed rock 
excavated from the vault , mixed with filler material such as 
bentonite clay. Backfill material, used to fill the rest of the rooms 
and shafts, could differ from buffer material since it has only to 
provide physical support and to impede water movement. Studies 
on buffer and backfill material are being undertaken by the 
University of Western Ontario and the Universite de Quebec. 

For the risk assessment it is necessary to draw on all of the 
vault studies - leaching of the waste, corrosion of the container, 
and transfer through the buffer and backfill material to develop 
models which can be put together to estimate the behaviour of the 
system as a whole. Such models can then be used to estimate the 
rate at which radionuclides might be expected to leave the vault 
and enter the geological formation. 

Geological for,nation 
A wide range of studies is in progress which will provide design 
information and safety assessment data relating to the barrier 
provided by the geological formation. Involved in these studies are 
EM R, DFE, consultants, universities, and manufacturers. 

Investigations are being carried out on specific formations to 
develop tools and techniques, and to acquire generic information 
on the internal structure and hydrogeology of plutonic igneous 
rock masses. No steps have yet been taken to select the actual site 
for the vault. Field investigations, with drilling at the CRNL and 
WN RE sites, are now in their second year. 

Geochemistry 
Geochemical studies have been initiated at WNRE and in several 
Canadian universities. Generally, the studies indicate that 
radionuclides which are cations in solution tend to be sorbed on 
rock surfaces quite effectively. For anionic species, such as iodine 
and technetium, a suitable buffer is being designed to act as a 
specific scavenger. Work presently in progress at WN RE suggests, 
for example, that oxides and sulphides of lead or copper may be 
suitable. 

Computer programs 
The hydrogeological and geochemical information will be 
incorporated into computer programs for the risk assessment 
studies. One of these is the GARD program (Geochemical 
Assessment for Radionuclide Disposal), developed at WN RE 
(Rossinger and Tremaine, in press). Input data to GARD consist 
of the effective water velocity, volume flow rate, effective path 
length and parameters for a simplified geochemical model. The 
output is the rate at which radionuclides would traverse the pluton 
barrier. Radioactive decay during transport is taken into account. 
The chemistry model assumes that the description of all radionu­
clide/ rock /solution interactions can be combined into one 
parameter K which is assumed to be constant for a given 
radionuclide. The resulting model is specified by a set of partial 
differential equations which are solved analytically by the Laplace 
Transform technique, similarly to the method used by Burkholder 
and Defigh-Price ( 1977). 

With the information available so far, a "first cut" analysis 
has been completed for the pluton pathway for all the radionu­
clides of interest. The results indicate that most of the radionu­
clides will decay to minute quantities before traversing the barrier. 
Calculational methods are being improved in two major areas. 
First, hydrogeological models are being developed at !WO and 
WN RE, and second, chemistry research is providing a basis for 
the development of a more sophisticated chemical model. There is 
still a wide range of uncertainty on many of the parameters used in 
pluton pathway analysis. Nevertheless, it is believed that realistic 
estimates have been developed of the effectiveness of the features 
which protect man and the environment from the radioactive 
material. The results of this first cut analysis are encouraging. 

Potentially disruptive events 
Various potentially disruptive events or phenomena have been 
and are being considered, such as earthquakes, erosion, intrusion 
by man, meteorite impact and glaciation. 

While earthquakes are always possible, they tend to occur 
near previously faulted zones. Siting of the facility in a stable 
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region or the Precambrian Shield away from fault zones makes the 
possibility or a major earthquake remote . 

It is unlikely that erosion or ruture periods or glaciation will 
have an effect down to the depths under consideration. 

Man-made intrusions into such a facility have been analyzed. 
Nuclear war and sabotage arc not likely to breach the facility. It 
has been calculated (Clairborne and Gcra . 1974) , for example, 
that a facility 600 m deep would not be breached by a 50 megaton 
nuclear weapon exploded at the surface directly over the facility. 
The possibility or sabotage leading to containment failure is also 
considered remote (Kenny, 1977 }, once the waste has been buried 
and the facility scaled. 

Estimates have been made or the size and frequency or 
meteorites which can cause damage at significant depth. One 
estimate ( Gcra and Jacobs, 1972) suggests that the frequency or a 
meteorite impact causing a release rrom a facility 600 m deep is 
one in 5 x JOI J years. Such events or phenomena have been 
considered in several studies in Sweden and the United States. So 
far none a ppears to be or significant importance to the sarcty or the 
vault. 

Vau It perturbations 

or interest , however, are the various perturbations to the 
properties or the existing system caused by the excavation or the 
vault and emplacement or the material , i.e. heat-generating 
radioactive material , structural material , unintended material 
(nitrates rrom explosives etc.} , and backfill. There will be a 
chemical transient as the mixture slowly reverts to some equilib­
rium state , and a temperature transient. The extent or the 
temperature transient will be significantly different for rue! than 
for glassified waste. The peak in the transient for vitrified waste is 
expected to occur about thirty years arter the vault is backfilled, 
with subsequent cooling, whereas, for rue!, the transient is 
expected to last much longer due to the presence or long-lived 
actinides, such as plutonium and americium. The temperature rise 
could have significant effects on the rates or chemical reactions, 
and the effects or thcrmohydraulic gradients and thermal stress 
must be estimated. TemperatLJre effects on the chemical reactions 
are being studied at universities and at WN RE. Also, a continuum 
groundwater tlow and solute transport model is being developed 
at IWD . This model will study the transient temperature 
distribution. Peak temperatures can, or course, be limited by 
choice or waste-packing density, but the system must be optimized 
since the wider the spacing between waste packages, the more 
costly the mine. 

CAN MET is carrying out an underground heater experiment 
in a mine at Sudbury to verify thermal and stress analysis 
computer codes and to assess rock properties and responses on a 
large scale and under appropriate boundary conditions. (Sec 
Paper 3 ). DFE is studying the possibility or initiating hydrogeo­
logical tests coupled to the heater tests. WNRE is applying the 
methods or linear elastic rracture mechanics ( LEFM) to predict 
long-term crack growth under the inlluence or the stresses in the 
rock caused by excavation and by heating. 

The end product or the geological formation studies will be an 
estimate or the rate at which radionuclides could enter the surface 
environment. 
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Surface environment 

Retention and dilution in the surface environment provide further 
major barriers which reduce transrer to man. Research into the 
movement or radionuclides in the environment is underway in the 
Environmental Research Branches at CRNL and WNRE as well 
as at various nuclear sites and research institutions around the 
world. Some or the results of these studies are assimilated in the 
use or computer programs. Typical of these is the RAMM system 
(Radioactive Materials Management) developed at WNRE 
(Lyon, 1976 ). As input , this program requires a model of the 
system under consideration in the form or compartments with 
pathways between. Transrer coefficients define the fractional rate 
or transrer between compartments. The program solves for the 
time-dependent contents or the compartments, taking into account 
radioactive decay. Most effort is required to estimate the transfer 
coefficients. Detailed finite difference or finite element codes may 
be used to estimate their values for some pathways. For others, 
their values may be inrerred from measured transrer rates (for 
example or fallout plutonium) between various compartments in 
the biosphere.These surface pathway analysis studies give the 
estimation or the radiation dose to man. This provides a basis for 
judging the acceptability or the disposal concept from the 
radiological point of view. 

Conclusions 
The risk assessment considerations and procedures, which are 
underway for the pre-closure and post-closure phases of the 
disposal facility for radioactive wastes, have been described. The 
efficiency and reliability of the multiple barriers in sequence 
between the radioactive material and man are being assessed 
using information from a wide range of scientific disciplines and 
studies. 

Preliminary results have been presented which estimate the 
probable efficiency of the barriers. Until a deeper understanding 
of the relevant processes has been developed, conservative 
estimates erring on the sare side must be used when the complete 
study is assembled. However, the preliminary results indicate that 
the multiple barriers should provide sufficient redundancy of 
protection and that the disposal facility can be accepted as safe by 
the scientific community, the regulatory and environmental 
bodies, and by the general public. 

References 
Burkholder. H.C. and DeFigh-Price. C. 

1977: Diffusion of radionuclide chains through an absorbing 
medium; Ba11elle Nuclear Waste Laboratory. BNWL-SA-
5787. 

Clairborne. H.C. and Gera. F. 
1974: Potential containment failure mechanisms and their conse­

quences at a radioactive waste repository in bedded salt in 
New Mexico; Oak Ridge National Laboratory. ORNL-TM-
4639. 

Gelin, R. 
1977: Dissolution and transport of lead from waste canisters by the 

groundwater; AB Atomencrgi Report. AE-TPM-SM-75. 
(Discussed in KBS. 1977a). 

Gera. F. and Jacobs. D.G. 
1972: Considerations on the long-term management of high level 

radioactive wastes; Oak Ridge National Laboratory. 4762. 



Hostetler, P.B. and Garrels. R.M. 
1962: T ransportation and precipitation of uranium and vanadium 

at low temperatures with special reference to sandstone type 
uranium deposits; Economic Geology. v. 57, p. 137. 

KBS ( Karnbranslesakerhet) 
I 977a: Handling of spent nuclear fueld and final storage of vitrified 

high level reprocessing waste, vo l. IV Safety Ana lysis. 
KBS , Swedish Nuclear Fuel Supply Co .. Fack 10240. 
Stockholm. 

K BS ( Karnbranslesa kerhet) 
i 977b: Eva luation of corrosion resistance of materials intended for 

encapsulation of nuclear fuel waste; Status Report 1977-09-
27. T he Swedish Corrosion Resea rch In stitute and its 
Reference Group. KBS Tech nica l Report 31. (Discussed in 
K BS . I 977a.) Swedish Nuclear Fue l Supply Co .. Fack 
10240. Stockholm. 

Kenny. S.M. (Chairman) 
1977: Nuclear power issues and choices; Report of the Ford 

Fou nd ation's nuclear ene rgy policy study group. Ballinger 
Publishi ng Company. Cambridge. Mass. 

Langmuir, D. 
1978: Uranium so lution mineral equilibria at low temperatures 

wit h applications to sedimentary ore deposits; Geochemica 
et Cosmochemica Acta. v. 42. p. 547. 

Lyon, R.B. 
1976: RAMM. a sys tem of compu ter programs for radionuclide 

pat hway ana lysis calcu latio ns; Atomic Energy of Canada 
Limited Report , AECL-5527. 

Mayman , S.A. 
1978: CAN DU experience with wet and dry fuel storage concepts; 

Atomic Energy of Canada Limited Report. AECL-6191. 
Mendel, J.E. et al 

1977: Annual report on the characterist ics of high level waste 
glasses; Battclle Nuclear Waste Laboratory. BNWL-2252. 

Merritt, W.F. 
1976: The leachin g of radioactivity from highly radioactive glass 

blocks buried below the water table: fifteen years of results; 
Interna tional Atomic Agency/Nuclear Energy Association 
Symposium. 22-26 March 1976. Vienn a; a lso as AECL-
53 17. 

Merritt, W.F. and Parsons, P.J. 
1964: The safe buria l of high-leve l fi ss ion product solutions 

incorporated into glass; Health Physics. v. 10, p. 655-664. 
Rosinger , E.L. J. and Tremaine. K.K.R. 

In press: GARD. A computer program for the geochemical assess­
ment of radionuclide disposal; Atomic Energy of Canada 
Limited Report. 

33 





7. THE CANADIAN PROGRAM FOR A HIGH-LEVEL RADIOACTIVE WASTE 
REPOSITORY: A HYDROGEOLOGICAL PERSPECTIVE 

J.A. Cherry1 and J.E. Ga1e1 

Introduction 
It is generally agreed by geoscicntists that there must exist zones, 
at various locations in the earth 's crust. in which repositories could 
be created for isolation of spent fuel or fuel reprocessing wastes 
from the biosphere for hundreds of thousands or even millions of 
years. As a result of this viewpoint and the lack of practical 
alternatives for "permanent" waste isolation, all industrialized 
countries with major commitments to nuclear power are planning 
research programs or are actively looking for rock masses suitable 
for repository development. Canada is no exception. Like other 
countries, Canada developed a considerable capacity for produc­
tion of nuclear power prior to seriously addressing the problem of 
high-level waste disposal. Almost complete emphasis in the 
management of spent fuel was directed toward the development 
and operation of surface facilities (spent fuel bays) for safe wet 
storage of spent fuel. With this technology now well established, 
the thrust moved to the problem of developing a national facility 
for waste disposal. With this shift , geoscientists and geotechnical 
engineers moved to centre stage in the waste management field 
and now find themselves facing demands for predictions of the 
behaviour of hydrogeological, geochemica l, and geotechnical 
systems over time periods extending much farther into the future 
than has previously been the case. The involvement of geoscien­
tists in the nuclear power industry is now occurring on an 
UJlprecedented scale and seems to have led to some misunder­
standing of the nature and sca le of the" problem". 

Our purpose in this paper is to provide a hydrogeological 
perspective within which the Canadian program for research and 
development of a repository can be considered. A significant, but 
nevertheless quite modest scale of repository-related hydrogeolog­
ical research was not initiated until about 1977. Results of 
consequence will not be produced for several years and, therefore, 
it is inappropriate to attempt to reflect on detailed aspects of this 
program at present. Hydrogeological research related to reposi­
tory development began somewhat earl ier in the United States 
and Sweden, but relative to the scale of the problem can also be 
considered to be in its early stages. As an alternative to focusing on 
specific aspects of on-going hydrogeological research , this paper 
attempts to outline, within a hydrogeological framework , the 
nature of the problems and to identify some general areas of 
concern with regard to the hydrogeological component of the 
Canadian program. 

1 Department of Earth Sciences. University of Waterloo. Waterloo, On ta no. 

From: Geological Survey of Canada Paper 79-10 

The Premise and the Corollary 
The basic premise normally associa ted with the concept of deep 
rock repositories for high-level radioactive waste is: 

For a repository to be capable of providing for long-term isolation 
of radionuclides from the biosphere, the rock mass that separates 
the repositoryjrom shallow zones of active groundwater.flow (in the 
upper part of the rock mass or in the overburden) must have long­
term containment capability. 

A corollary from this premise is that: 
For a proposed repository to be acceptable for waste disposal, ii is 
necessary to achieve (i) detailed understanding of the site's 
hydrogeological conditions and (ii) a reliable predictive capability 
for detailed analyses of radionuclide migration in groundwater 
through the hydrogeological system to the biosphere. 

The hydrogeological perspective presented in this paper is 
developed within this framework. If it can be established that 
other" barriers" in the repository system (i.e. the waste form, the 
cladding or waste capsule, repository backfill) are sufficient to 
provide the desired confidence in long-term containment, the 
above stated premise and corollary would become unnecessary. 
Research is of course proceeding on these other potential barriers, 
but at present reliable predictions with regard to their long-term 
containment capabilities are not possible. 

The concept of deep rock repositories for radioactive waste 
has its roots in the belief that there is good potential for finding 
rock masses in which groundwater flow is very slow or nonexis­
tent , thereby enab ling the rock mass to ac t as a barrier between the 
waste and the biosphere . There is no basis at present to shift 
reliance towards other barriers, although development of other 
barriers must be a continuing objective and may eventually lead to 
sufficient redundancy of barriers inside the repository to warrant 
some measure of relaxation of the requirements for containment 
capability oft he rock mass. 

Basic Concept and Potential Problems 
In the Canadian context, various rock types are worthy of serious 
consideration at this stage . They can be grouped into two 
categories: 

I. Plutonic igneous and metamorphic rock 
2. Marine sedimentary rock 
The plutonic igneous rocks of primary consideration for 

repository development are granite, diorite, and syenite. Of the 
marine sedimentary rocks, bedded sa lt and shale (argillaceous 
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rocks) are most promising. From a hydrogeological viewpoint 
bedded salt and shale have some common ingredients because 
analysis of groundwater conditions associated with salt will 
necessitate detailed consideration of shale , which in most 
stratigraphic settings forms the cap rock on the salt and other 
laterally extensive zones in the stratigraphic sequence. Pathway 

analyses designed to evaluate the consequence of groundwater 
migration into a repository in salt would depend heavily on the 
hydrogeological containment capabilities attribu ted to sha le in the 
stratigraphic sequence. 

Figure 7.1 shows the mined cavern concept. It consists of a 
room and pillar excavation some !OOOm or so below ground 
surface. The waste , enclosed in canisters, will be placed in holes 
drilled in the floor or placed within the room itself. As indicated in 
Figure 7.1, there are at least two potential problems. First, there is 
the possibility of groundwater flow providing a pathway for the 
migration of radionuclides from the repository area to the 
biosphere. Second , there is the possibility of significant perturba­
tions of the rock mass and the groundwater flow system by the 
thermal-mechanical loads induced by the heat from the decaying 
waste and by the development oft he excavation. 

In the first case the rock mass will be saturated and , a lthough 
the porosity and permeability may be low, after backfilling the 
groundwater flow system will be re-established and groundwater 
will flow through the repository area. It can be assumed that in a 
carefully selected site the porosity and permeability of the rock 
matrix wou ld be so low that no significant flows will occur throug h 
the matrix itself. Thus, the only potential pathway for migration of 
radionuclides is through fractures in the rock mass. A major 
problem confronting hydrogeologists is to determine the ground­
water flow conditions in fractured crystalline or argillaceous rocks 
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Figure 7.1. Mined cavern concept for radioactive waste storage. 
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prior to mining and to predict what the flow conditions will be long 
after the repository is closed. 

When long time periods are considered , there are two 
possible mechanisms for radionuclide migration in groundwater. 
They are advection (transport by bulk groundwater flow) caused 
by hydraulic gradients, and molecular diffusion due to concentra­
tion gradients. Both proces es require interconnected , water-filled , 
pore space in the rock mass. 

Thermal-mechanical disturbances of the rock mass are of 
direct concern to hydrogeologists. Excavation of the storage 
rooms, access shafts, and drifts and the thermally induced stresses 
may produce significant displacements in the rock mass. These 
displacements, which generally will be localized by existing 
fracture planes or discontinuities , may alter significantly the 
porosity and permeability of the rock mass. In addition , the 
groundwater flow system may be altered in the short or 
intermediate term by thermal gradients and in the long term by 
thermal-induced solution and / or deposition of mineral phases in 
the fracture planes. Changes in the nature of the fracture surfaces 
may cause alteration of capacity of the surfaces for radionuclide 
uptake. Little is known about the response of rock to moderate 
increases in temperature ( <1IOOC)over time periods of 50 years or 
greater. Hence, a major question is whether new cracks or 
fractures will form in the immediate vicinity of the repository. If 
fractures do form, their potential impact on the flow system is not 
known. 

Hydrogeology of Fractured Rock Masses 

Basic considerations 
Presently , the Canadian repository research program focuses 
almost entirely on plutonic rock. Figure 7.2 illustrates the nature of 
such rock masses. The main flowpaths anticipated are joints, 
fracture zones, and shear zones. Joints , as shown, are discontinu­
ous in their own planes. In rock masses dominated by joints the 
hydraulic characteristics are in part a result of the interconnection 
of the different joint sets. Fracture zones are defined as zones of 
closely spaced, and highly interconnected, discrete fractures . 
Fracture zones measure from less than a metre to tens of metres in 
width but need not be continuous throughout the rock mass. Shear 
zones also measure from metres to tens of metres in width and are 
generally filled with broken and crushed rock; depending on the 
rock type this material may be embedded in a clay matrix. Shear 
zones tend to be hydraulically continuous throughout large parts 
of the rock mass. Large-scale features can extend for tens of 
kilometres but their hydraulic properties can vary considerably 
over such distances. 

Figure 7.3, adapted from one produced by Swedish research­
ers (Stokes, 1977), shows a hypothetical regional groundwater 
flow system in crystalline rock. The flow system is short circuited in 
numerous places by near-vertical shear zones or fracture zones. 
Between the shear and fracture zones, flow occurs in joints. 
Presently, this type of flow system concept seems to provide a 
reasonable framework for a hydrogeological perspective. It must 
be emphasized, however, that the hydraulic characteristics of 
fractured crystalline and metamorphic rocks have not been 
studied in any detail. Almost no studies have been undertaken of 
deep flow systems in fractured crystalline rock masses. Most field 
estimates of the porosity (porosity is computed, not measured 
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Figure 7.2. Main flowpaths in fractured crystalline rocks. 

directly) and permeability of fractured rocks have been made 
during dam si te investigations (such sites a re generally located 
near major structural features) and during the development of 
domestic and industrial groundwater supplies (generally restricted 
to depths of less than 150 m ). In both cases, the near surface zone 
in which these measurements have been made forms the most 
permeable zone within fractured crystalline and metamorphic 
rocks. 

Field values that have been reported for the porosity and 
permeability of fractured crystalline rocks have been obtained 
using different testing procedures and the results have been 
interpreted using widely different theoretical models. Table 7.1 is a 
compilation of hydraulic conductivity values ( L TI) for different 
igneous and metamorphic rocks. The values in Table 7.1 were 
computed on the basis of the "equivalent porous medium 
concept". For example, if water was injected into a borehole that 
intersected a number of fractures , no attempt was made to 
determine what contribution each fracture made to the total 
permeability. The permeability was computed by assuming that 
the entire section of the borehole being tested was permeable . This 
method o f computation ignores the distribution of fracture 
apertures and can result in para meter values that are unsuitable 
when one attempts to predict the transpo rt of a contaminant in 
fractured media. 

Figure 7.4 is a compilation of porosity data that was 
summarized by Brace ( 1975) from field test results computed by 
Snow ( 1968) and others. This figure a lso shows the range of crack 
and pore porosities of about 30 crystalline rocks determined by 
laboratory measurements. These data suggest that porosity 
decreases with depth. It should be no ted that the field porosity 
values were computed using models for which verification has not 
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yet been established. Few daia a re available on the porosity of 
crack and pore spaces under confining press ures found at 1 OOO m 
or more below ground surface. The relative values of fracture 
porosity versus crack and pore porosi ty achieve some degree of 
importance if diffusion of radionuclides into the rock blocks, as 
discussed later, is assumed to be a significant mechanis m of 
radionuclide attenuation. 

The available permeability versus depth data have been 
tabulated by Davis and Turk ( 1964) a nd Snow ( 1968 ). In both 
cases the data show a rapid decrease of permeability with depth. 
The factors that control the movement of fluids throug h fractured 
rocks and hence contribute to this o bse rved decrease in permeabil­
ity with depth will be discu ssed later in this paper. 

Conceptual problems in the hydrology of fractured rock 
Nearly all hydrogeol ogica l analyses of groundwater flow in 
fractured rock have proceeded o n the assumption that fractured 
rock masses can be represe nted as an equivalent porous medium. 
Figure 7.5 portrays the concept commonly used in representing a 
fractured medium as a poro us medium. A parallel plate analogy is 
used for the fractures. In this example, fractures with apertures of 
0.002 cm and space 1 m apart a re equivalent to a porous media 
hydraulic conductivity of 10-6 emfs. The hydraulic conductivity of 
the single fracture would be approximately 10-2 cm /s. In this 
development the fractures are assumed to be continuous in their 
own plane. This, of course, is unrea lis tic. Fractures in most cases 
are continuous over distances that are probably on the o rder of 
three to four times the average fracrnre spacing. As shown 
schematically in Figure 7.6, the real situation is one in which the 
hydraulic continuity depends on the degree of frac ture intercon­
nection . Thus, there is need for additional. conceptual studies in 
fracture hydrology, some of which a rc currently underway (Gale 
a nd Witherspoon , 1978 ). Extensive work will be necessa ry to test 
the adequacy of the concepts and to determine the conditions 
under which they apply. 

For hydrogeological evaluation of the concept of a waste 
repository in crystalline rock, a detailed data base must be 
acquired from a variety of intensive laboratory a nd field s tudies. 
Realistic numerical models for fracture fl ow and for radionuclide 
transport in fracture networks must be developed to yield the 
needed confidence in analysis of these sys tems. To put it simply, 
the problem of detailed analysis of fl o w in fractured crystalline 
rock is an exceptionally difficult o ne. In the repository research 
program , analyses based o n normal porous media concepts seem 
in most s ituations to be irrelevant o r, even worse, misleading. Until 
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Figure 7.3. Hypothetical flow system in fractured crystalline rocks (after Stokes, 1977) 

37 



TABLE 7.1 HYDRAULIC CONDUCTIVITY VALUES FOR DIFFERENT ROCK TYPES (AFTER GALE, 1976) 

Rock Type 

Basalt 

Chert 

Dolomite 

Gneiss 

Gabbro 

Granite 

Granodiorite 

Greywacke 

Greywacke 

Iron Formation 

Iron Formation 

Marble 

Meta basalt 

Migmatites 

Quartzite 

Quartz Mica 
Schist 

Rock Salt 

Schist 
Slate 
Slate 
Slate 

Tuff 
Tuff zeolitized 

pumiceous 
friable 
welded 

Location 

Oaktlat Dam. Cali f. 

Hrazdan River. 
Yeravan. Aremenean SSR 

Sulky Site. Nevada N.T.S. 

Sulky Site. Nevada N.T.S. 

Snake River. Idaho 

Oahu. Hawaii 

Marquette Iron Mining 
District . Michigan 

Okanagan Highland. B. C. 
Okanagan Highland. B. C. 

Marquette Mining 
District Michigan 

Marquette Mining 
District Michigan 

Marquette Mining 
District Michigan 
Caro ll & Frederick counties 

Caroll & Frederick counties 

? 

Marquette Iron Mining 
District Michigan 

? 

? 

Marquette Mining District. 
Michigan 

Oak Spring Fm. Nevada 
Oak Spring Fm. Nevada 
Oak Spring Fm. Nevada 
Oak Spring Fm. Nevada 

Hydraulic Conductivity cm / sec 

2 . 0 x I 0-9 - 5 . 0 x I o-s 
4. 0 x 10-s 

3 . 0 x I 0-5 5 . 0 x lQ-3 

3.0 x I0-3 

5. 6 x 10-3 

.0 x 10-1 

.0 x 10-1 - 3.0 x 101 

. 35 x 10- 10 

. 84 x 10-10 

9.66 x 10-7 

. 18 x 10-1 - I . 91 x I 0-3 

.4 x 10-1 - 2.26 x 10-1 

4.28 x I0-7 

5. 25 x I 0-8 

4. 91 x I 0-11 - 9 . 99 x I 0-11 

5. 15 x lQ-6 

2 .30 x lQ-7 

6. 17 x I0-7 

9 . 31 x lQ-7 

2 .4 x I 0-7 

4 35 x 10-s 

2 . 6 x I 0-11 - I . 4 x I 0-8 
mean 3.1 x I 0-9 

5.3 1 x I0-7 5.3 x I0-5 

I . 06 x I O-lll - 3. 7 x 10-s 
mean I . 59 x I 0-6 
1.74 x 10-2 

. 8 x 10-3 

3. 30 x 10-3 

I . 84 x I0-9 

3.19 x 10-s 
9. 37 x I0-4 

7. 05 x 10-9 

.35 x I0-3 
1.62 x 10-10 - 7.45 x 10-11 
I . 3 x I 0-9 
4.83 x 10-10 - 4.3 x 10-s 
mean 5.8 x I0-9 

8.39 x I0-6 
4. 3 x I 0-8 

1.11 x 10-s 

I. 3 x I0-6 

3.2 x I0-7 

Remarks 

Varies with degree 
of folding & crushin g 

Vesicular to dense 
basalt. computed from 
packer tests in holes 
penetrating full strata 
depth 

Vesicular basalt. 
computed from packer 
test resul ts 

Field measuremen ts 

Field measurements 

depth 79. 5' 
depth 45. 3' 

lab data (matrix) 
field measurements 

22. 5' depth 
38 .O' depth 
46. 5' depth 
66 .O' depth 
96.0' depth 

I I field tests 

Matrix permeability 
5 tests 

field measurements 
fractured 

Matrix permeability 
36 tests 
field measurements 

field measurements 

field measurements 

lab. . 21 tests 
field 

field tests 
lab test; jointed 
9 samples 
unfractured 

Source 

Richter pers. comm. ( 1968) 
Snow ( 1968) 

Ter Stepanian & 
Arakelian ( 1960) 

Sherman and 
Banks ( 1970) 

Lutton and 
Girucky ( 1966) 

DeWeist ( 1969) 

DeWcist ( 1969) 

DeWeist ( 1969) 

Stuart et al ( 1954) 

Murray (1960) 

Stimpson ( 1976) 

Stimpson ( 1976) 

Lawson ( 1968) 
Lawson ( 1968) 

Stimpson ( 1976) 

Stimpson (1976) 
Stimpson ( 1976) 
Stimpson ( 1976) 
Stimpson ( 1976) 
Stimpson ( 1976) 

Lewis ( .1966) 

DeWeist ( 1966) 

Stuart ( 1954) 

DeWeist ( 1966) 

Meyer and Beall ( 1958) 

Meyer and Beall ( 1958) 

Stimpson ( 1976) 

Stuart et al.(1969) 

Stewart ( I 964) 
Stewart ( 1964) 

Gloyna & Reynolds ( 1961) 

Meyer and Beall ( 1958) 
Stimpson ( 1976) 
Stuart et al. ( 1954) 
DeWeist ( 1966) 

DeWeist ( 1966) 
Keller ( 1960) 
Keller ( 1960) 
Keller ( 1960) 
Keller ( 1960) 



sophisticated concepts and models for flow in fractured rock are 
developed, there will be little basis for determining the conditions 
or scale under which the equivalent porous medium approach is 
applicable. At present the equivalent porous medium approach is 
used almost without exception in investigations of flow in 
fractured rock. This is not done because this approach has been 
established as being valid under a wide range of scales or 
conditions, but rather because of the lack of rigorous and verified 
theories founded on other concepts. In nearly all investigations of 
flow in fractured rock reported in the literature, the focus is on flow 
in a water resources development or engineering excavation or 
construction framework. Prediction of bulk flow over large areas 
at shallow depth is usually all that is desired and, therefore, the 
objectives are significantly different than those inherent in 
hydrogeological evaluation of potential repository sites. In the 
repository case a major interest in acquiring a detailed under­
standing of the groundwater flow conditions is to provide a 
framework for prediction of radionuclide migration through the 
fractured rock mass in response to scenarios with various 
probabilities. 

In regard to dispersion of contaminants migrating in 
groundwater in fractured rock the statement by Castillo et al. 
( 1972, p. 778) is still a reasonable indication of the current statu; 
of the topic: 

"Although the basic theoretical aspects of ... (dispersion) ... 
have been treated at length for the case where permeable 
stratum is composed of granular materials, the classical 
concept of flow through a porous medium is generally 
inadequate to describe the flow behaviour in jointed rock, 
and it becomes increasingly unsuitable for the analysis of 
dispersion. Despite these limitations, little work has been 
directed toward extending these ideas to handle flow through 
jointed rock formations ... " 

Research Needs in Fracture Hydrology 
It is reasonable to state that in order to proceed with evaluation of 
crystalline or argillaceous rock masses, many types of hydrogeo­
logical information will be necessary. Two specific areas of needed 
research are ( 1) determination of the factors controlling the 
volume and rate of groundwater movement through fractured 
rock masses and (2) development of methods for describing the 
permeability characteristics of fractured rock masses. 

t. Factors controlling the movement of fluids through 
fractured rocks 
For discussion purposes, the factors controlling the movement of 
fluids through fractured rock masses are grouped into two 
interelated categories: (a) geological variables and (b) hydraulic­
mechanical properties. In the geological properties category, there 
is a need to determine the degree of fracture interconnection and 
its impact on flow in fracture systems and how fracture intercon­
nection is affected by rock type, fracture type, and tectonic setting. 
Fracture porosity and fracture surface area are also important in 
the analysis of radionuclide migration. In the hydraulic-mechani­
cal properties ca\~gory , there is a need to determine fracture 
permeability as a function of rock type, fracture type, sample size, 

normal and shear displacemen't, thermal loading and fracture 
geometry. Also included are such questions as will the thermal­
mechanical effects produce new fractures , will the thermal­
mechanical loads produce changes in the stress-permeability 
relationship for old fractures, and will there be changes in water 
chemistry and fracture surface properties? 

2. Measurement of directional permeabilities 
Flow in fractured argillaceous rocks may in some cases be 
dominated by high permeability layers. In such cases current 
testing and analysis techniques permit determination of later.al 
permeabilities in the high permeability zones and vertical 
permeabilities in the low permeability zones (Witherspoon et al., 
1967). Waste disposal considerations require that the nature and 
distribution of the fractures in the more impermeable layers and 
their hydraulic characteristics be described. The principal 
permeability components in the more permeable zones tend to be 
parallel and perpendicular to the lithologic boundaries. More 
impermeable, fracture-flow dominated layers tend to be highly 
anisotropic and the principal components of the permeability 
tensor need not be geometrically related to the lithologic 
boundaries. 

In fractured crystalline rocks, through-going structural 
features such as shears and fractures are major hydraulic features 
and as such can usually be characte;;rized in detail. In other parts of 
the rock mass, flow is controlled by the fracture system (i.e. 

fracture permeability) and is highly anisotropic. For nuclear waste 
storage, it may be necessary to determine the directional 
permeabilities of the fracture system. Three possible approaches to 
determining directional permeabilities have been identified (Gale 
and Witherspoon, 1978 ). The first method consists of the use of 
discrete fracture data to describe the rock mass in the form of a 
permeability tensor (i.e. an anisotropic continuum). This approach 
requires careful mapping of the fracture system, the drilling of 
boreholes approximately perpendicular to the principal fracture 
sets, oriented core drilling, detailed logging of the drill core in 
order to describe the geometry and characteristics of the fracture 
plane, detailed injection testing to determine effective fracture 
apertures, and the mathematical integration of these data into the 
form of a permeability tensor. 

The second approach , described by Louis and Pernot ( 1972 ), 
requires careful mapping of fracture orientations to calculate the 
directional permeability axes for the rock mass. A central 
borehole , with peripheral boreholes. is drilled parallel to each of 
the three principal permeability axes. Interpretation of multiple 
packer injection test results are based on fluid pressures measured 
in the peripheral holes. 

A third approach consists of drilling orthogonal boreholes 
oriented with respect to the fracture system and testing the 
boreholes with increasing packer spacing. It is anticipated that 
with increasing packer spacing the permeability should approach 
an average value. 

It must be recognized that carefully designed tests will have to 
be carried out in a number of different rock masses representing 
different fracture systems and boundary conditions in order to 
properly evaluate the various approaches and build confidence in 
the more useful techniques. It is important to be able to identify 
which of the approaches is most applicable to each of the different 
fractured rock masses, fracture systems and permeability regimes 
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that will have to be explored in the near future. It should be 
stressed that no one method will be applicable to all the physical 
situations that will be encountered. 

Diffusion in Fractured Porous Rocks 
There is little doubt that sites can be found where rock has 
sufficiently low permeability to provide conditions such that 
groundwater inflow will not prevent or endanger mining or 
engineering activities during repository excavation and waste 
emplacement phases. If the natural rock conditions are not 
adequate, grouting could be used to achieve levels of groundwater 
inflow low enough for these activities to proceed. The concern with 
regard to groundwater flow focuses on the postoperational phase 
of the repository and revolves around the question of whether or 
not there will be a significant potential for radionuclides to migrate 
to the biosphere via the groundwater system in the rock in a 
manner that will result in an unacceptable radionuclide Oux to the 
biosphere . To provide a basis for analysis of radionuclide 
transport in the fractured rock mass, it is necessary to be able to 
predict the influence of molecular diffusion of radionuclides in 
groundwater as well as that of flow of groundwater and associated 
radionuclide advection. 

Molecular diffusion occurs as a result of concentration 
gradients and, therefore , would be capable, in the presence or 
absence of advection and in the presence of interconnected 
porosity in the rock mass, of causing radionuclide migration. In the 
event th a t radionuclides are leached from the waste mass and that 
they eventually reach the exterior of the repository, molecular 
diffusion has potential to be a process that in some situations 
enhances the eventual flux of radionuclide migration to the 
biosphere or that in other situations decreases or prevents a flux to 
the biosphere. 

In this discussion, it is assumed that in some manner 
radionuclides have migrated to the exterior of the repository and, 
consequently, are avai lable for transport in groundwa ter in the 
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Figure 7.4. Variation in three types of porosity from data compi led 
by Brace, 1975. 

40 

rock mass. If the rock mass has fractures with a significant degree 
of interconnection, and if the matrix porosity of the rock is very 
sma ll , molectilar diffusion , in the absence of appreciab le hydraulic 
flow directed inward to the repository, will cause radionuclides to 
move outward . For radionuclides that do not undergo significant 
chemical retardation by reaction with the fracture surface , 
diffu ion coefficients in the fracture network may be significant 
and in some situa tions be capab le of causing the radionuclide front 
to advance appreciab le distances in fractures. This may produce a 
gradually expanding radionuclide diffusion halo around the 
repository. Hydrogeologists normally regard molecular diffusion 
as a process of no practical significance. In the perspective of a 
high-level waste repository, however, where it has been deemed 
necessary to consider containment capabilities for tens of 
thousands of years and more, the consequences of molecular 
diffusion must be evaluated. A pessimistic approach is to consider 
the diffusion coefficients for nonreactive radionuclides in fractures 
to approach their magnitude in free water. This can lead to 

computed diffusion distances that are considerable. The magni­
tude of diffusion coefficients of radionuclides or other solutes in 
crystalline or argill aceous rock (or any other rock type) has, to our 
knowledge, never been investigated in detail. 

The above discussion pertains to situations in which radionu­
clides migrate in fractures in rock masses with very smal l effective 
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matrix porosity. In situations where the rock mass has a much 
larger matrix porosity, the influence of molecular diffusion can be 
much different. If radionuclides move by advection or diffusion 
along fractures in fractured porous rock , part of the radionuclide 
mass in the fracture is continually removed from the fluid in the 
fracture. This occurs as a result of migration into the porous matrix 
due to molecular diffusion. As the radionuclide front in the fracture 
moves forward a concentration gradient directed from the fracture 
to the matrix progressively develops along the fracture. If the 
fracture aperture is small and if the diffusion coefficients for the 
porous matrix are appreciable, the diffusive loss of radionuclides 
from the system of groundwater now in fracture networks can 
cause the advance of the front of contaminated groundwater to be 
greatly retarded (Fig. 7. 7 ). The porous rock matrix in effect acts as 
a contaminant sink which buffers the system of contaminant 
transport in the fracture network. Given this conceptual frame­
work for diffusion in fractured porous rock, the question arises as 
to whether or not this diffusive buffer to contaminant transport in 
fractured rock can be assessed in a quantitative manner at 
potential repository sites and whether or not particular rock types, 
such as shale , offer advantages in this regard. These questions have 
yet to be addressed in any significant research effort. Dete;mina­
tion of the role of matrix diffusion in solute migration through 
fractured rock also will be a necessary prerequisite for quantitative 
interpretation of naturally occurring isotopes, such as carbon-14, 
for groundwater dating. 
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Hydrogeology in A Historical Perspective 
Although the basic empirical relation between groundwater flux 
and hydraulic gradient, now known as Darcy's law, was 
developed by Henri Darcy in 1856, it was not until the work of 
C.V. Theis in 1935 and M. King Hubbert in 1940 that the theory of 
groundwater flow and aquifer behaviour was formvlated in a 
rigorous manner. This provided the foundation for modern 
developments in hydrogeology. From the 1930s to the late 1950s 
both the practical and research activities in hydrogeology focused 
on the behaviour and evaluation of aquifer systems, with fractured 
rock aquifers being treated as equivalent porous media. The first 
research-oriented Canadian groundwater group was formed in the 
mid- I 950s. In the 1960s, hydrogeology began to blossom as a 
subdiscipline in the earth sciences and engineering. Progress·was 
made in many areas, including the behaviour of low permeability 
( unfractured) deposits, regional flow systems in sedimentary 
terrain , hydrogeochemistry, isotopic groundwater age determina­
tion , and particularly the development of numerical (computer) 
models for groundwater flow. Some of the earliest significant 
theoretical work on groundwater flow in fractured rocks was done 
during this decade. The 1970s marked the beginning of a gradual 
shift in research emphasis towards topics related to contaminant 
behaviour in groundwater systems, with emphasis almost entirely 
on nonfractured systems. Modelling of contaminant and energy 
transport in groundwater began in the early 1970s, with the 
advection-dispersion equation for contaminant transport in 
isotropic granular media serving as the theoretical foundation. In 
the mid- l 970s, the first significant attempts at treating ground­
water environments as s·tochastic systems began to appear in the 
literature. In all of the above-mentioned endeavours, however, the 
geological domains were treated with porous media concepts. 
It is appropriate to appraise the hydrogeological nature of the task 
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of developing a high-level radioactive waste repository in deep 
rock environments within this historical perspective. There is little 
within the knowledge base of modern hydrogeology that equips us 
for the analysis of regional flow and contaminant transport in 
fractured rocks, and particularly fractured rocks of low permeabil­
ity. The thrust of hydrogeological research has been generally on 
topics remote from this particular problem. Research areas that 
are most relevant, such as flow and dispersion in fractured media 
and the incorporation of probabilistic concepts to assess uncertain­
ties, are in their infancy. For pathway analyses of rock masses for 
repository systems, reliable contaminant transport models will be 
necessary and in this regard it should be noted that the 
hydrogeological community is in the very early stages of trying to 
model contaminant transport in flow systems in unconsolidated 
granular deposits that possess a significant degree of heterogene­
ity. In general , these systems are viewed as having much greater 
simplicity than regional flow systems in fractured rock. Contami­
nant dispersion in groundwater in unconsolidated deposits is a 
subject of considerable debate by various research groups. 
Dispersion in fractured rock is not yet a subject of significant 
discussion because little or no detailed field data on this topic are 
being generated, nor have useful conceptual models been 
developed. 

Hydrogeology and the Canadian Program 
It has yet to be shown, with an appropriate level of confidence, 
that multiple barriers within a repository are capable over long 
periods of time of preventing excessive release of radionuclides to 
the rock mass containing the repository. Therefore, in the 
development of Canada's high-level radioactive waste repository 
it is necessary at present to require that the rock mass provide, 
within a high degree of probability, long-term radionuclide 
containment capability. This will necessitate that the hydrogeolog­
ical nature of the rock mass be understood in considerable detail, 
and that hydrogeological factors play a major role in the process or 
rock-type evaluation and actual site selection and evaluation. 

Given the present hydrogeological uncertainties noted above, 
the present schedule for repository site selection and development 
is unjustifiable on scientific grounds. The recent joint agreement 
between the Minister of Energy, Mines and Resources and the 
Ontario Minister of Energy suggests a tentative schedule for 
planning of 6 to 10 boreholes about 1 OOO m deep to be drilled in 
1979-80, that site selection for a demonstration repository occur in 
1981-1983, that repository site acquisition proceed in 1983 and 
that a disposal demonstration program begin in 1985. This 
tentative schedule fails to recognize the nature and magnitude of 
the hydrogeological segment of the problem, and as well fails to 
recognize the current paucity of knowledge and available 
expertise with regard to the hydrogeology of deep rock masses. 
Making a repository is an endeavour tha.t is well within the present 
capability of the mining industry, whereas hydrogeologically­
based site selection methodologies and radionuclide pathway 
analyses in deep rock systems are not presently within the near­
term capability of the hydrogeological community in Canada or 
elsewhere. There is little indication that government agencies 
responsible for repository search and development have devel­
oped a realistic view of the hydrogeological segment of the 
problem. Without this view, it will probably not be possible to 
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proceed in a manner that will have credibility within the Canadian 
hydrogeological community, and without this view repository 
search and development eventually may lack credibility within the 
geoscience community at large. 

To some readers, the hydrogeological perspective that we 
have outlined may seem unreasonable. The question can be raised 
as to the means by which the various government agencies with 
responsibilities in the Canadian repository program arrived at a 
state whereby tentative schedules and research emphasis seem to 
be divorced from the major limiting factors, namely the current 
inadequacies of the hydrogeological methodologies and models. 
This situation is viewed as having arisen because none of the 
agencies involved have had what generally would be regarded as a 
critical mass of hydro geological research expertise. Thus, it is not 
surprising that when a task (the radioactive waste repository) with 
major hydrogeological components arose, the components were 
not brought into focus. This lack of recognition of the hydrogeo­
logical n.ature of the problem culminated in 1977 with a 
publication by the Department of Energy, Mines and Resources 
(Aikin et al., 1977). This report was "Commissioned by the 
Department of Energy, Mines and Resources to provide the 
government and the public of Canada with the views of an 
independent expert group on the subject of nuclear waste 
disposal" ibid., p. iii. The three man "independent expert group" 
that authored this report did not include a member with any 
experience in the field of hydrogeology or geotechnical engineer­
ing. It appears that none of the authors of this report had 
discussions with a significant spectrum of the Canadian hydrogeo­
logical community. Furthermore, views were not acquired from 
any of the well recognized, experienced, research-oriented 
hydrogeology groups in the United States. These shortcomings in 
the report by Aikin et al. ( 1977) appear to be partly due to the 
inadequate time, only four months, allocated to its preparation. It 
is not surprising, therefore, that this report has inappropriate or 
misleading statements on hydrogeological matters and significant 
omissions. In general, it does not identify the nature and scope of 
the problem. 

Recommendations 
We have attempted to develop a realistic hydrogeological 
perspective and within this perspective we have identified some 
concerns with regard to the Canadian program for rt.search and 
development of a high-level radioactive waste repository. In 
proposing some positive suggestions, we first should point out that 
the criticisms indicated above do not reflect a pessimistic view with 
regard to probabilities for eventual success in the search for and 
development of a deep repository. Success is anticipated , if this 
endeavour proceeds at a reasonable pace in light of the scientific 
nature of the problem. The paucity ofhydrogeological knowledge, 
data acquisition methodologies, and conceptual models for deep 
rock systems must be fully recognized and accounted for in the 
research and development process. 

I. Our first recommendation is that a "go-slow" progression 
towards selection of an actual site be adopted. site selection 
should be delayed until the knowledge base can be developed 
to an adequate level. This will probably require 5 to 10 years 
of intensive research. There is no point in entering into a 
serious site-search phase until more is known about the 



thermal-mechanica l and hydrogeological properties of the 
various rock types under consideration . It is unrealistic to 
expect to obtain definitive data from boreholes until borehole 
testing methodologies are much more advanced. Drilling and 
testing of boreholes are, of course, necessary endeavours, but 
it is too soon to decide on the overall value th a t they may have 
in the progression towards identification of suitable rock 
masses for repository development. 

It seems essential to mount a long-term hydrogeological 
research effort with a commitment to a reasonable progres­
sion and continu ity, and involving governme nt , industry, and 
university research groups in a co-ordinated effort. This 
shou ld not be a crash program with an intensive effort for a 
few years fo llowed by a rapid withdrawal of resources. It 
should be recognized th a t an exceptionally intensive program 
of hydrogeological research cannot be mounted in th e next 
year or two because of limitations of scientific manpower 
within the hydrogeological community. The current Cana­
dian effort can and should be expanded co nsiderably (rela tive 
to the 1978 effort) , but it cannot be expanded quickly by 
orders of magnitude. In other words, we recommend that a 
program of Canadian hydrogeological research should be 
mounted over a I 0 year period within a schedu le based on 
scientific realities rather than on short-term political expedi­
ency. In the long-run, verification of the deep rock repository 
concept will have to survive debate in the scientific commu­
nity at large as well as in the public and political domain . 

2. To have a reasonable chance of arriving at a n appropriate 
conceptual framework and hydrogeological methodology, we 
recommend that large-scale, virgin site studies (test shafts 
and rooms) be undertaken. These studies sho uld be con­
ducted at experimen tal sites rather than sites of priority for 
repository development (i.e. not a pilot repository for 
transformation into a full scale repository). This will decrease 
public relations difficulties and will enable the rock mass to be 
drilled and instrumented in a manner th a t would not be 
appropriate for an actual repository. In our opinion , one 
virgin site study should be brought into operation in Canada 
in the near future. Although considerable appropria te 
hydrogeologica l research is now underway in many countries, 
including an active research program begun in Canada in 
1977, the nature and magnitude of the problem of radionu­
clide transport in slightly fractured rock is such that 
hydro geo logical experience fac tors related to deep rock 
environments can be accelerated on ly marginally without 
virgin site studies. Laboratory studies, borehole studies, and 
mode lling efforts will provide for improvement of the 
hydrogeological know ledge base, but can be expected to be 
inadequate for verification of key hydrogeological concepts or 
predictions. 

3. The Canadian research and development program for the 
high- level waste repository is focused almost entirely on 
plutonic crysta lline rock (i .e. the Precambrian Shield) in 
Ontario. In hydrogeological terms, so little is known abou t 
plutonic crystalline rock in Canada or e lsewhere that it seems 
to us that it would be prudent to gradua lly mount a significa nt 
Canadian hydrogeological research effort directed a t other 
rock types, primarily shale and sa lt (a salt option would 
necessitate research on shale and associated stratigraphic 
zones). The level of funding necessary to begin this effort is 

not so large that it would appreciably detract from the 
crystalline rock program. 

Plutonic crysta lline rock is recognized as being reasonably 
convenient from a mining point of view and offers many areas 
in which repository searches could be undertaken far from the 
population centres of southern Ontario and even from cities 
farther north. With regard to remoteness from population 
cen tres, it is our understanding (and on this point we are 
certainly open for correction from risk assessment research­
ers) that the construction and operation (possibly excluding 
transportation of waste) of a high-level waste repository does 
not represent, to the population in the repository region , a risk 
of significance relative to the many other risks with which 
people coexist within our industrial society. For repository 
sitings, remoteness from southern Ontario increases the 
transportation distance for the waste, which may in itself be a 
significant disadvantage. In other words, with public relations 
factors aside, we are aware of no scientific reaso ning (other 
than mining convenience) that would lead at this time to the 
conclusion that plutonic crystalline rock is the only rock type 
worthy of a significant level of resea rch in the Canadian 
program. A thick sequence of Paleozoic sedimentary rocks, 
wi th appreciab le thicknesses of salt and shale exist in 
so uthern Ontario very close to existing nuclear power centres. 
On the basis of current hydrogeological knowledge, or lack 
thereof, it is reasonable to state that the probabilities of 
achieving a repository, with long-term rock mass containment 
capabi lity, in plutonic crystalline rock or in the Paleozoic 
stratigraphic sequence are very similar. Thus, for example, 
there is no reason to believe that there is a better chance of 
finding a suitable rock mass at a remote site in north-central 
Ontario than there is in some part of the Paleozoic strati­
graphic sequence in southern Ontario. T here is a lso the 
possibility th a t a repository could be located in crystalline 
Precambrian rock beneath ma ny hundreds of metres of 
Paleozoic sedimen tary rock in southern Ontario, perhaps 
combin ing the advantages of both rock groups. 

4. As a concluding recommendation we would like to stress that 
what is actu ally needed are national and provincial plans for 
disposal of nonradioactive industrial wastes as well as for 
radioactive wastes. With regard to hydrogeological matters, 
th.ere is an urgent need for a compre hensive long-term 
research effort, of which hydrogeological matters related to 
the high -leve l repository would be an important segment but 
only one segment within a careful ly designed overall 
framework. Problems that face hydrogeologists in Canada 
with regard to development of a high-level repository are just 
one gro up within a large number of important hydrogeolog­
ical problems of an environmenta l nature in Canada at the 
presen t tim e. When considering the nuclear fuel cycle and the 
role of groundwater in the transmission of radionuclides to 
the biosphere, the problem of uranium mine / mill tailings 
cou ld be viewed as having an urgency far beyond that of the 
high-level repository. 

In Ontario , there is a critica l problem with regard to the 
treatment and disposal of a multitude of types of hazardous 
nonradioactive industrial wastes. It is generally accepted that a 
considerable portion of this waste mass, even with advanced 
treatment and processing methods, will have to be disposed of by 
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subsurface burial. These and many other urgent problems require 
a considerable component of hydrogeological research and 
development. The Canadian hydrogeologica l community is small 
at present. It is growing at a steady but slow rate and it will be 
many years before the number of hydrogeologists with appropri­
ate training a nd experience begins to come close to the number 
needed to address the many existing problems associated with 
subsurface storage or disposal of wastes. It would be unfortunate if 
hydrogeological research in Canada were to become excessively 
focused o n the" high-level radioactive waste repository problem". 
This would ensure a continuation of neglect in these other 
importan t and in some cases more environmentally urgent a reas. 
Calling on the Canadian hydrogeological community to focus its 
major resea rch and development efforts over the next few years on 
the high -level radioactive waste repository may be analogous to 
calling the fire department to water the lawn while the house burns 
down. 
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8. GEOLOGICAL ENGINEERING FACTORS IN THE DESIGN OF A RADIO­
ACTIVE WASTE REPOSITORY IN HARD CRYSTALLINE ROCK 
R.G. Charlwood 1, M.A. Mahtab1, A.S. Burgess i, D.R. McCreathi, P.F. Gnirkl, and J.L. Ratigani 

Introduction 
A program to develop techniques for the ultimate disposal of high­
level radioactive wastes into geological formations was announced 
by Atomic Energy of Canada Limited (AECL) in 1975 (Tamme­
magi, 1976 ). The present paper summarizes the studies carried out 
by the authors and associates o n the development or design 
concepts lo r a vault sit uated in crystalline rocks of the type present 

in the Canadian Shield as pan oft he AECL program. 

The design studies have been carried out in three phases, the 

elements or which are described below (Fig. 8. 1 ). The design 

concepts under consideration provide for emplacement or either 

immobilized fuel or so lidified reprocessing wastes in a room and 

pillar facility located at a depth or 1000 m. 

The principal design considera tions are reviewed from the 
construction, operation and thermal / mechanical response aspects. 
The project has been studied in both the tempora l and spa tia l 
domains, and the requirements and responses assessed in each as 
appropria te. 
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From: Geological Survei•of Cwwda Paper 79-10 

FY 78 

PHASE 111/1 

Detailed Thermal 
Rock Mechanics 
Studies on 
Reference HLW 
and IF Concepts 

The availability or relevant experience from previous major 
underground construction projects is a lso discussed. 

Finally. brier comments are given regarding the interfaces 
with other programs, design-oriented research and development 
requirements, and preliminary findings of the current sllldies. 

An overview of the vault design program 

Program 
The principal e lements or the three phases or the studies to date 
are shown in Figures 8.2, 8.3 and 8.4. 

The major objectives of the Phase I studies were: 

to develop preliminary facility design concepts for the 
disposal or reprocessing wastes arising from an upper limit 
estimate of nuclear power generation to the year 2025; 

to assess the feasibility or crystalline rocks as a vault-host 
medium; 

to es timate development and construction costs; and 

to identify research and development requirements to 
validate feasibility. 

Conceptual Design 

PHASE 111/2 

Development 
of Conceptual 
Designs. Layouts, 
Schedules, Costs 
for HLW and IF 
Repositories 

Figure 8.1. 

Repository design studies. 
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PHASE I 

TASK 1 

Preliminary 
Conceptual 
Layout 

Hepository Preliminary 
Specifications Reference 
from AECL t-----tHLW Rcpositor 

Concept 

TASK 2 

Design Studies 

Geotechnical As.essment 

Thermal Loading 

Rock Mechanics 

Waste Handling 

Retrievability Sealing 
Decommissioning and Monitoring 

Hydrology and Waste Containment 

TASK 3 

Evaluation 

Alternative Layouts 
and Cost Estimates 

Executive Summary 

PHASE II 

Detailed Design Studies 

Room Stability 

Ventilation and Cooling Options 

Figure 8.2. Phases 1 and 11 studies, repository design FY 76 and FY 77. 

The results of these studies were submitted in a report to 
AECL by Acres Consulting Services Limited ( 1977). A summary 
of the studies was presented at Rocks tore 77 ( Charlwood and 
Gnirk, 1977). Thermal/rock mechanics aspects were described by 
Mahtab et al. ( 1977), and layout considerations discussed by 
Grams et al. ( 1977). The principal conclusions of the Phase I 
studies were as follows: 

a reference concept was developed which could be 
constructed using state-of-the-art techniques. 

it was recommended that the crystalline rock design 
program should proceed into the detailed site study stage 
and that conceptual studies should continue. 

Consequently, AECL initiated the Phase II detailed studies of 
key aspects of the reference concept in fiscal year 1977. 

In early 1978 , AECL significantly modified the vault design 
objectives to include the disposal of either immobilized irradiated 
fuel (IF) or solidified reprocessing wastes ( R W) , and initiated the 
Phase Ill studies which are currently in progress by the authors 
and associates. Two design concepts are being considered as the 
bases for analysis and design studies (one for each fuel cycle 
option) and are presented below. These waste emplacement and 
backfilling concepts were developed to illustrate the alternatives 
available for design. They are for the purposes of current studies 
and will be subject to complete review , and possibly modification, 
on completion of Phase Ill. 

Preliminary Design Concepts 
The deep geological vaults are expected to accommodate all IF 
containers fabricated to 2025 or all R W containers fabricated to 
2045 from the operation of all Canadian CANDU-PHW reactors 
until 2015. This requires emplacement of 246000 IF or 186300 
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R W containers using the preliminary packaging concepts. The 
heat generation rate per container for both IF and R W at the time 
of disposal will be 269 W. Other dates for emplacement are being 
considered, which may afford the advantage of additional decay 
prior to emplacement. 

The vault(s) will be located on a single level at a depth of 
I OOO m in granite or gab bro. Access to the vault will be provided 
via main waste handling and service shafts and haulage and 
ventilation drifts , as shown in Figure 8.5. Room and pillar 
(actually lane and pillar) type of excavation , using conventional 
mining procedures, will be employed. 

The preliminary layouts were developed prior to undertaking 
the detailed analyses. The arrangement of the vault will be based 
primarily on construction and operational considerations. It will 
consist of several panels 400 m in width , with lengths varying 
between 800 and 1400 m. Each panel will contain between 50 to 
80 rooms depending on the type of waste and the results of the 
thermal / mechanical analyses. A generalized layout is shown in 
Figure 8.5. The required storage capacity for IF packages to the 
year 2025 and R W packages to the year 2045 will be provided by 
I 0 and 7 such panels, respectively. 

In particular the following factors were considered in 
determining the layout of the vault: 

the method of excavation chosen was conventional 
drilling and blasting for hard igneous rock. Trackless, 
diesel-powered excavation equipment was used for 
optimum performance and flexibility. 
it was estimated that effectively ambient rock tempera­
tures would prevail beyond a distance of about 200 m 
from the storage rooms during the operational life of the 
vault. Therefore , the recommended layout includes 
placing the shafts at least 200 m from the active zone of 
the repository. 



TASK 1 

Preliminary 
Design 
Criteria 

1.1 
Define construction 
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requirements and 
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TASK 2 

Preliminary 
Design 
Concepts 

2.1 
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TASK 3 

Analysis 
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Synthesis 
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4.1 

1.2 
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3.1 
Global 
thermal 

r+ rock 
mechanics 
analyses 

1-----+-l pillar 
thermal 
rock 
mechanics 
stability 
analyses 
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Figure 8.3. Conceptual design phase 11111 study flow chart, repository design studies FY 78. 

the size, shape and spacing of the storage rooms are 
functions of the rock properties, gross thermal loading, 
characteristics of the excavation and backfilling equip­
ment, and ventilation requirements. The thermal/rock 
mechanics analyses are to determine the thermal 
loadings th at are compatible with the specified tempera­
ture and mechanical constraints (both aspects are 
discussed below). 

the size of the panel was determined by the optimum 
tramming distance for the rock loading and the ventila­
tion system requirements. 

the layout employed the retreat system of mining and 
emplacement away from the heated areas. Also incorpo­
rated into the layout was a unidirectional flow of 
ventilation air from the access shafts, through exca­
vations and storage rooms, to the exha ust shafts a t the far 
end of the vault. 

initial development of a ll the main drifts would a llow 
access for on-site investigations of the en tire repository 
area at the vault level. The pilot panel(s) would be at the 
exhaust end of the vault. 

Various ot her cons tru ction, operationa l an d long-term 
isolation considera tions are being incorporated into the conceptua l 
designs which are expected to be completed by early 1979. 

The IF containers will be placed within the backfill, as show n 
in Figure 8.6. One metre of a geochemica lly designed backfill will 

be provided above and below the containers to possibly provide 
an additiona l barrier for long- term isolation. The upper part of the 
room wi ll be backfilled 20 years after emplacement unless 
continued access is required for some time for retrieval or other 
purposes. 

As shown in Figure 8. 7, the R W containers will be em placed 
in holes drilled in the floor of the room. This concept simplifies the 
handling operations since the waste will be effectively shielded 
once it is in the drillhole. The pillar will be at least 7 m wide. The 
design concept assumes that the room will be backfilled after 
waste emplacement with a mixture of 20 per cent clay and 80 per 
cent crushed rock. 

The width oft he room ( 7.5 m for bo th IF and R W) is dictated 
by the container spacing ( 1. 5 m) across the room. The heights of 
the rooms (6.15 m for IF and 5 m for RW) are governed by 
considerations of access and container handling, backfill depths 
(IF), a nd hole drilling ( R W). The waste transport and panel 
drifts , as well as th e main hau lage drift, are excavated to a height 
of 4 m by 5 m wide to allow for good tramming conditions for the 
trucks, and to provide an adeq uate cross section fo r the air flow. 

Design considerations 
Construction and operation phases 
The time frames for construction a nd operation of the vault are 
shown in Figure 8.8, and consist of the initial construction, shon­
term and lo ng-term periods. The figure also gives a brief 
description of the principal processes, occurring in each period, 
which need to be considered in the design. 
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Preliminary design specifications 
The IF and R W vaults are considered to be located at a depth of 
1000 m in granite or gabbro. The thermomechanical design 
specifications (that have evolved during Phases I to III of the 
studies) arc given in Figure 8.9. The specifications refer to three 
distinct geometric regions of the vault. The container near-field 
region contains the container cavity, and the rock mass along the 
room and pillar, extending from the floor of the room to a few 
metres below the conta iner. The room and pillar region contains 
the rock mass around a room and pillar unit, extending to severa l 
room diameters above and below the room. The far-field region 
envelops the rock mass around the vault. extending from the 
ground surface to two or more times the vault depth below the 
vault, and to at least a vault length beyond the edges of the vault. 

Thermal/rock mechanics analysis framework 
The framework for thermal / rock mechanics analysis stems from 
the specific objective of the studies, which is to establish the areal 
emplacement density of the IF or RW in term s of the thermal 
loadings that are acceptable in view of the design specifications. 

48 

Figure 8.4. 
Conceptual design phase 111 /2 study flow chart , 
repository design studies FY 78. 

The matrix of principal parameters to be used in the analysis 
contains these elements. 

Gross thermal loading (GTL) 
GTL is the thermal loading per unit (plan) area of the vault, 
including haulageways, at the time of emplacement. GTL is a 
function of initial container power (269 W), container spacing, 
and extraction ratio (width of room / width of room pi us width of 
pillar). 

Rock type 
The two rock types which are being studied, granite and gabbro, 
are assumed to have similar mechanical properties, including the 
geometries and strength of joints. The significant thermal 
properties, which are different for the two rock types, are the 
conductivity and the coefficient of expansion. 

Ventilation and retriel'a/ option 
The possibility of access for retrieval or other purposes is an option 
that is considered for the IF vault on ly. An access period of 20 
years from emplacement of the waste has been assigned for design 
study purposes; longer periods are possible if required. An 
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Figure 8.5. General layout of RW and IF vaults. 

assessment of the cooling caused by air ventilation required for 
these operations is also necessary. 

Among the principal parameters, gross thermal loading, 
being a composite of severa l geometric variables, provides a large 
number of degrees of freedom. For design we actually use the 
panel thermal loading, PTL, (which neglects the influence of 
haulageways and is about 2 per cent larger than the GTL). The 
relationship of the PTL to the geometric variables, extraction ratio 
(ER), spacing of containers along room (pitch), and spacing of 
containers across room, is given by PTL = (269 x S x ER)/(pitch 
x width of room) . 

Preliminary results of the investigation show that several 
combinations of the geometric variables provide a range of 
acceptable PTL and GTL values. 

The thermal / rock mechanics considerations also include th e 
in situ stress, the geometry and strength of joints, the failure 
characteristics and nonlinear behaviour of a rock mass, and the 
requirements for conventional support in the room and pillar 
region of the vault. 

Other considerations 
Additional design considerations include: 

identification and assessment of the potential modes or 
mechanisms (local as well as global) of creep rupture that 
could affect the vault design ; 

understanding and prediction of the response of the vault to 

seismic events in term s of stability of the excavations and 
operation of the facility; and 

an assessment of the requirements for safety in handling the 
waste, including shielding, hoisting and underground haul­
age , and ventilation. 

Design precedent 
In order to set the vault design task in perspective , we have 
reviewed certain aspects of underground construction experience 
which are relevant to this task. These are summarized in Figure 
8.10. 

Experience can be drawn from a range of facilities including 
mines, civil works for hydroelectric projects , transportation 
tunnels , underground storage, compressed air energy storage, and 
various other special projects currently in the development stage 
(Oberth, 1978; Margison , 1977; Bach, 1977; Livingston and 
Goodwin , 1951; Milne et al., 1977; Bjurstrom , 1977; Crowley et 
al. , 1977; Morfeldt, 1974; Witherspoon et al., 1974; Willett, 
1977). 

Many underground projects were constructed hundreds of 
years ago, and detailed study of their performance should provide 
valuable data for vault design studies. Current mine design 
practice is usually to provide an operating life of JO to 50 years. 
However, cavities have frequently remained open for hundreds of 
years and should provide data on long-term performance of 
pillars, shafts, etc. (Bateman, 195 l; Legget, 1962 ). 
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Ma ny facilities have been constructed and operated success­
fuly in crystalline rocks at depths greater than the 1000-m depth 
currently under consideration for the Canadian vault. Techniques 
to handle potential rock spalling and rock bolting for roof support 
at these depths are available. 

The heat generation aspect of the vault design is a major 
variable. However, options exist to disperse the waste sufficiently 
to reduce maximum temperatures to required limits. For instance , 
in Sweden the KBS studies used a design with an initial areal 
therm al loading density of 5.25 W / m2, which results in tempera­
ture increases of about 60°C (Ratigan , 1977). If temperature 
effects a re limited to these low values, then the analyses show that 
thermal / mechanical effects are minimal compared to the geostatic 
and construction effects. Previous experience in facilities in which 
moderate thermal effects were present includes certain deep 
mines, the effects of concrete liner hydration in penstocks, oil 
storage and cold storage facilities. However, in general the thermal 
rock responses were not considered critical to the operations and , 
therefore, have not been studied in detail. 

The vault design is based on the use of present design , 
operating and construction technology from the mining and civil 
underground industry, and consequently considerable precedent 
exists. 

The environmental features arising directly from the vault 
construction, waste emplacement and backfilling are encountered 

so 
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elsewhere in current activities. Consequently, the practices should 
be readily adaptable to the vault development. However, the long­
term isolation requirements present new problems in the determi­
nation of environmental impact. 

In summary, there is a substantial body of experience 
available to form the basis of the design of the vault for the 
construction, waste emplacement and backfilling operations. If 
design concepts are adopted which minimize temperature rises, 
then some data may be obtainable to provide experience for 
thermal / mechanical aspects. Experience exists on the stability of 
underground openings for periods of several hundreds of years, 
and this is the time frame for fission product decay in the vault. 
Construction experience is limited for the very long time frames 
required for actinide decay; however, it may be possible to draw 
data from natural examples. 

Commentary 

General vault design development 
The overall program for the development of the vault is described 
by Hatcher (this volume, Paper 2 ). A possible general schedule for 
the design tasks is shown in Figure 8.11. This shows the expected 
progression from the current studies on "Mixed Concepts" to the 
consideration of" Alternatives" and the definition of the "Generic 
Design Concept" by about 1981. The detailed design of the entire 
vault and the development of the deep test facility would then 
follow according to schedule requirements. 



c~~ is lDERATION . 
INITIAL CONSTRUCTION SHORT TERM LONG TERM 

1. OperJtions Pre1111ning ·construction rock bolting, •Emplacement, ventilation Passive monito1 ing 
testing backfilling, mo111tor1ng sealing 

and decommissioning (possible 
retrieval o f IF) 

1 1 1.2 1.3 1.4 

2. G1 u11nUw~ter Reyional flow ·inflow into excava ti ons Probable recharge, thermal Return to modified 
pertubations to flow, saturation regional flow. Possible 
of backfill, air into solution environmental m ocJifi -

cation effects 
2.1 2.2 2.3 2.4 

3. He;.H Transf~r Geothermal flow Drying of cavities by ai r · conduction and convect ive 'Neadie ld cool ing, far 
ventilation heat transport from waste, field subject to thermal 

ventilation cooling cycle 
3.1 3.2 3.3 3.4 

4. Rock Mechanics In situ stress field •E xcavation stresses and •Thermal stresses in near field, ·Near-field thermal stress 
local fracture zones possible local fracturing relaxation, bulk thermal 

expansion o f far fie ld. 
Possible creep and seismic 
effects 

4 1 4.2 4.3 4.4 

5. RJdiat1on B<ic kground radiation Background radiation •Radiation from container Possible radiogenic effects 
requiring sh ield ing. on back fill rock etc. 
Decay of FP octivity Decay o f actinides 

5. 1 5.2 5.3 5.4 

·1 :nnsu..Je1dt1ons under study l>y authors and associa tes. 

Figure 8.8. Time frames for design conside rat ion s. 

GEOMETRIC REGION 
OF VAULT THERMOMECHANICAL CONSTRAINT RWVAULT IF VAULT 

Co11tL1 11 1c1 near field Container skin temperature 

Container cavity sta bility 

Neadield rock mass stabili t y 

Room and pillar Backfill volume - average tempera ture 

Roof and rib failure/support 

Integra ted average o f strength -stress 
ratio in the plllar 

Far f1elcl Rock mass s tabi lity 

Figure 8.9. Preliminary design specif ication s. 

Many interfaces a lready exist with other development 
activities, e.g., was te packaging, geochemistry, etc., and these have 
been input into the design tasks in the fo rm of specifications and 
constraints at the appropriate stages of development. The timing 
of certain inputs is suggested in Figure 8. 11 fo r hydrogeological , 
geoche mica l, rock mechanics, and sa fety factors to illustrate the 
ongoing interactive nature of the program. 

150°C absolute 150°C absolute 
135°c rise 135°C rise 

Open and stable hole Not applicable 

Not supported Not supported 

1 oo0 c ahsolute 100°c absolute 
85°c me 85°C rise 

Conventional rock Conventional rock 
bolting requirements bolting requiremen ts 

:;;;, 2 :;;;, 2 

Reversible deformation Reversible deformation 

Research and development requirements 
On the basis of the work done so far in this investigation , the 
fo ll owing areas for further research and development can be 
identified. 

In Situ stresses 
A data base for the in situ stresses (magnitude, direction, and 
varia tion with depth) needs to be ge nerated for the Canadian 
Shield gene ra lly and for plutons in Ontario particularly. 
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Figure 8.11. General schedule for development of vault design. 

Geometry of joints 
The attitude, spacing, continuity of joints and the variation in their 
geometric characteristics with depth need to be measured and 
quantified. 

Strength of joints 
The peak and residual strengths of joints in plutonic rocks need to 
be quantified. In particular, the cohesion and angle of friction 
values for the joints need to be catalogued for use in failure 
envelopes relating shear stress to the stress normal to the joint. 

Thermal properties of rock 
Thermal properties of the rock need to be confirmed both in the 
laboratory and in the field. Studies of the thermal/mechanical 
performance of existing underground facilities may provide useful 
data. 

Long-term creep 
Long-term creep characteristics of crystalline rocks need to be 
defined and key mechanisms identified. Again. studies of existing 
facilities may be useful. 

Failure criteria 
Rock bursts, thermal spalling, failure of rock under a polyaxial 
state of stress, and failure of joints need to be expressed in 
empirical relationships that can be included in numerical analyses 
for design. 

Backfill properties 
The thermal/mechanical properties of the backfill materials, such 
as mixtures of sand and clay. need to be quantified for input to 
analyses and design . 

General comments 
The preliminary results of the thermal/mechanical analyses 
indicate that satisfactory designs can be achieved using normal 
mine construction practices. The layout and operational design 
tasks appear to allow the use of state-of-the-art mining practices. 
Certain aspects will benefit from development, e.g. hole drilling 
equipment and backfill design and placing systems, but no 
insurmountable problems have been identified to date. The rock 
stabilization requirements during construction and emplacement 

are quite standard, and the thermal perturbations to room stability 
are minimal. 

Considerab le flexibility exists in the design concepts to 
accommodate waste packaging, backfilling and sealing inno­
vations as they are developed. The temperature limits which have 
been adopted in the Phase Ill studies can be adjusted up or down 
by simple layout changes to achieve either a more compact or 
dispersed design to suit other design factors. 
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9. NUCLEAR WASTE DISPOSAL: 
GEOCHEMICAL AND OTHER ASPECTS 

W.S. Fyfe1 and Z. Haq1 

Introduction 
There can be little do ubt that recent writings on the geological 
disposal of nuclear waste (Science, v.200, 1978 , p. 1135 ; 
Bredehoeft et al., 1978; Aikin et al., 1977; Utfen, 1977; Giletti , et 
al. , 1978; Nature, v.274, 1978, p. 6) wou ld hardly convince the 
educated layman or politician that scientists and engineers know 
what they are doing or even what they are going to dol Only one 
thing is certain: nuclear waste is accumulating at the earth's 
surface and so me of it is in contact with the biosphere. Workers are 
divided into those who think they can dispose of it now and those 
who think we can probably do it after much more research. In this 
report , it is suggested that there are reasonable solutions now but 
that future work may produce much lower cost solutions. 

In defining disposal it is clear that present trend s in 
environmental science show th at the desirable level for a toxic 
element is within the bounds of levels that existed before 
substantial interference by the human race. Some may say that this 
is an unrealistic target but it is the only certain target that can lead 
to acceptable levels. 

In this paper terminal storage is discussed. There are many 
ways of developing adequate schemes of well monitored tempo­
rary storage if one is prepared to pay the cost. Further, this paper is 
concerned only with disposal in the planet earth. 

Much of our experience with the nuclear waste problem has 
arisen from association with the Swedish Nuclear Fuel Safety 
Project (KBS) . In a broad sense , the target has been to develop 
systems which could be used to dispose of nuclear waste from 
power reactors in such a way that it could be detected millions of 
years in the future . At first sight such a time scale may seem 
unrealistic but such disposal processes are well known in nature 
where relatively easily transported materials (gas , oil, sal t ) are 
preserved in rocks for tens and hundreds of millions of years. 

The Approach 
Any approach to geological disposal of a material must include a 
series of decisions, and the exact details of the disposal process will 
depend on the integration of a ll the factors. Some of the basic 
questions that must be answered include; what rock , what 
location, what depth, what container, what backfill? In such a 
series of steps there can be a number of barriers with various 
degrees of predict.ability of behaviour. For safe deposition, at least 
two barriers must be highly effective, redundancy is vital. 

I Department of Geology, University of Western Ontario. London, Ontario 

From: Geological Survey of Canada Paper 79-10 

Repository rock type 
A major repository is likely to involve la rge dimensions. Depth of 
access and tunnel dimensions may easily be on the kilometre sca le. 
Hence, one is concerned with rock volumes on a scale in the order 
of JO km3. This implies that only major rock units are likely to be 
involved if we wish to predict the appropriate physical parameters. 
On the basis of volume considerations there are many candidates 
from salt to granites. 

Given an appropriate volume of rock, a number of additional 
features must be considered: 

The rock should be as free as possi ble from fractures and 
be as nonporous as possible. It should have minimal 
permeability. However, according to J.A. Cherry, Uni­
versity of Waterloo (pers. comm., 1978), it is very 
difficult to predict the permeability of 10 km3 of rock. A 
single major fracture may completely ch a nge the 
"average" permeability over a large volume of material. 
Recent analyses of ocean ridge heat flow ( Ribando et al., 
1976) have shown how small cracks (0.05 mm) at 
relatively large spacings (I 0 m) can generate significant 
permeability , enough for convective cooling on the 
sea floor. 
In general, the rocks should be salt free , for it is well 
known that high salt concentrations in the fluid will tend 
to block or compete with ion exchange on mineral 
surfaces and to complex many metals. 
The rocks should have low radioactivity and hence a low 
geothermal gradient. The lower the crustal gradient, the 
less will be the overall enhancement of temperature by 
the waste and the lower the chance of initiating strong 
thermal convection . Recently , Straus and Schubert 
( 1977) have shown that thermal convection is possible 
for all present crustal gradients, the adiabatic gradient is 
always exceeded . Thus, whether or not thermal convec­
tion occurs will finally depend on permeability and the 
thermal gradient. On this basis, granulite facies rocks 
could be ideal. 
The rock should show good ion exchange properties. 
Most of these processes will involve exchange in the 
outer few layers of the surfaces of minerals. Thus, rocks 
with the greatest mineral surface areas, fine grained 
rocks, should be best. It is not too difficult to estimate 
which minerals are the most likely to exchange with and 
dilute a radioactive species. Clay minerals and zeolites 
are like ly to be the best general cation exchangers. One 
wishes to present the solutions with a maximum array of 
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site~. both chemically and structurally. Highly zeolitized 
volcanics or black pyritic shale could easily be good 
candidates on this basis. Perhaps granite might be one of 
our last choices 1 

The rock should not be easily perturbed (dehydrated. 
etc.) by the local thermal aureole of the waste. The 
significance of this factor will depend on the depth , the 
thermal proximity to phase changes, and the waste 
loading. Here, Swedish colleagues indicate that tempera­
tures need not be perturbed by more than 50°C given 
their proposed loading. In this sense . zeolite facies rocks 
(with clays and zeolites) may be the most sensitive to 
thermal disturbance. Salt, with fluid inclusions, will also 
be strongly influenced depending on the exact nature of 
the fluid inclusions. 

It is desirable that the rock be as plastic as possible and 
resist the formation of large new open fractures. If rather 
shallow depths of burial are contemplated, few rocks 
with the exception of salt are likely to be plastic but one 
would expect shale and salt to be better than say granite. 
At low temperatures creep phenomena in rocks may be 
related to pressure solution phenomena (see below). 

Given that open fractures may form. it would be 
desirable to choose a rock with the best self-sealing 
properties. An open fracture filled with fluid in a water 
saturated porous rock represents an unstable state unless 
the fluid pressure and rock pressure are identical and the 
pressure regime strictly hydrostatic. In most cases of 
open fractures in the near surface environment where 
surface waters flow to considerable depths, pressure on 
solids will be two to three times the fluid pressure. This 
phenomena leads to pressure solution at highly stressed 
grain boundaries and deposition in the low fluid pressure 
regime (the crack or pore). Ideally. one should choose 
rocks with the greatest response via pressure solution and 
in general these will have the most soluble mineral 
phases. 

The pressure solution process ( Kerrich, 1978) depends 
on a pressure differential between mineral grain and 
fluid and depends on the free energy difference between 
a crystal in rock matrix and the open space 

As the change in solubility of the mineral is related to this 6G'""" 
and to the concentration in solution by a relation of the form 

Grod - G 11 u,J = 6G"'"" + RT In S_ 
C2 

where cl is the solubility in the hydrostatic system where p = prod 
and C2 is the solubility where P = P nuiJ• there will then be an 
exponential response to 6G"'""and (P,0 d - P 11 u,Jl· All parame­
ters, rate and equilibrium, imply that pressure solution sealing will 
become more effective with depth and large values of 6C, the 
supersaturation, and large values of C, the solubility. The more 
soluble minerals include salt , carbonates and quartz, in fact the 
minerals that commonly form veins. 

However, there is a second major contribution to crack 
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sealing. When fluid flows through a new crack, it will tend to 
dissolve the wall (ifT is rising), precipitate phases on the wall (ifT 
is falling - the normal route to the biosphere) and hydra te phases 
if there are appropriate phases in the rock. For example, if 
plagioclasc minerals arc present (as in basalt or granodiorite) 
these may form zeolites: if minerals like olivine or pyroxene are 
present these may form phases like serpentine or chlorite. In all 
these cases, the rock will expand because the volume of the 
hydrated phases exceeds that of the anhydrous present. On this 
basis. we could arrange rocks in an order of suitability: 

pcridotitc > basalt > granodioritc > granite. 

In fact, the only reason we find fresh peridotitcs at all at the earth's 
surface is that they preserve themselves by self sealing in an 
armour of impermeable serpentine. These hydration reactions will 
increase in rate with T and hence be more effective as depth 
increases. 

Many other properties could be mentioned such as thermal 
anistotropy. etc., but even with the factors listed above it is clear 
that there is no simple rule to use in choosing the rock . In the final 
choice, the first and last variables might be the most critical. 

Repository location 
The debate about socio-political restrictions cannot be 

considered herein, but on scientific grounds the first choice of a 
repositary site must be between continent or seafloor. Recent heat 
flow studies (Davis and Lister, 1977) have shown how imperme­
able even almost new marine muds can be. Where thick sections 
exist in relatively stable regions (away from subduction zones, 
faults. ridges) they could be attractive rocks for diaposal. 
However. we have much to learn about seafloor properties before 
this option is seriously considered. 

Repository depth 
In the literature concerning appropriate depths for waste disposal 
one encounters a magic number, one kilometre. Who chose this 
number and why9 

It is well known and documented that porosity and perme­
ability diminish with increasing depth (Fyfe et al .. 1978 ). The 
great generalization for metamorphism that fluid pressures attain 
lithostatic pressure at depths in the order of 5 km is a tribute to 
incredible impermeability of rocks at depth when water of 
dehydration reactions is released by hydraulic fracture mecha­
nisms. As discussed above, pressure solution crack sealing will 
become more effective with depth. Flow out from a deep (and 
hotter) repository is more likely to self-seal by deposition of 
minerals like quartz. 

Modern mines frequently operate be low 2 km, some below 4 
km depth. In the minds of these writers, the problem is one of cost 
versus advantage and the ultimate limit of mine safety. There is no 
obvious reason that depths of2-3 km should be not envisaged. The 
advantages of low permeability, long flow paths, etc. , may well 
outweight the additional costs and disadvantage of a slightly 
warmer repository. 

As several members of the nuclear waste population (Tc-99, 
1-129, Cs-135, N-237, Pu-242) have half lives in the million year 
range, we must consider what depth is safe with respect to rates of 
erosion. One cannot doubt, for example , that another ice age could 
occur long before the products of CAN DU become safe. 



Perusal or the existing literature reveals uncertainties 
regarding the amount or surface that can be stripped during an ice 
age ( cf Gilleti et al., 1978: and Laine, l 97R whose conclusions 
differ by a factor or ten). But in terms or erosion by water there is 
less uncertainty. In a region where 1 m or rain falls each year, the 
rate or erosion by solution alone is about 500 m in ten million 
years. Where there is active water now the rate appears greater. 
Gilluly et al. ( 1975) gave an average erosion rate or 500 m / 107 
years for the Mississippi basin. Much higher rates have been 
measured in the Colorado drainage system ( 100m/106 years) and 
in the Columbia River watershed, (380m / 106 years). Given these 
numbers, and the uncertainties or ice erosion, clearly I km is 
minimal , whereas 2 - 3 km would be far more secure. It is 
interesting that Gilluly et al. ( 1975) note the very slow rate or 
erosion in the Hudson Bay lowlands. 

Waste Containers 
At present two approaches are commonly considered with solid 
wastes: conversion to a glass with dilution in the glass matrix or 
packing in a long lire container shell. Great emphasis has been 
placed on the container concept in Sweden. 

Two major problems are evident with glass. To m<lke 
homogeneous glass efficiently on a large scale a high temperature 
process is required. This implies that any volatile elements like 
iodine, alkali metals, etc., must be contained by some process or 
prescparatcd, adding to the technological complexity or the 
process. To minimize the necessary temperature, low melting 
borate glasses have been considered. 

A problem with any glass is that on account or its high 
entropy and hence high low temperature free energy, glasses arc 
more soluble than their solid equivalents as witnessed by the use or 
slags as rertilizcrs. In this respect borate glasses should be very 
soluble indeed. Geological evidence suggests that "granitic" 
glasses have a longer lire as glass than most or the common types 
but their rusion characteristics are bad. 

All who have worked in the field or experimental petrology 
know that glasses, in the presence or water, tend to crystallize or 
devitriry very easily. They arc commonly used as the stan.ing 
materials to grow crystalline phases. Even at low temperatures 
( 100°C) crystallization can be rapid. At higher temperatures no 
silicate glass can survive as glass for more than days or weeks (e.g. 
the conversion or silica tube to a cristobalite tube at 300°C in 
water). Before any glass matrix is considered, this aspect or the 
problem must be quantified. 

It is also well known that when a glass crystallizes, the rate or 
each element depends on its ability to form solid solutions in the 
common host minerals (a runction or charge , size , electronegativ­
ity, etc.). Many or the exotic elements can be expected to simply 
concentrate as grain boundary phases and be easily available for 
leaching. 

Finally, glasses have lower densities than their crystalline 
products, a factor or 5-10 per cent by volume being common. I rthe 
g lass crystallizes it will shrink in volume and crack. It will become 
a porous medium which can be rapidly leached. 

Much more work is needed in this regard and some is under 
progress in our laboratory (see also McCarthy et al., 1978 ). What 
is the ideal glass composition? For example, zeolite composition 
glasses could be used that would expand rather than shrink and 

that would crystallize to good ion-exchangers, perhaps even anion 
exchangers. 

Multi-Million Year Containers 
Can a closed container be fabricated which will prevent leaks into 
the environment and will survive for a million years or more? This 
is the question that has been seriously addressed in the Swedish 
research effort. There is good geological evidence that this is not a 
wild dream. Some metals like Cu, Ag, Au, Ni, survive in rocks in 
small grains for billions or years. 

In working with the Swedish KBS research has been 
particularly concerned with two possible materials: copper metals 
and the ASEA corundum ceramics. 

Ir a rock is impermeable, copper will survive for a billion 
years or more. Copper is attacked by (a) solution via an oxidized 
species: ( b) oxidation: and ( c) conversion to sulphides 

In rocks, reactions (a) and (b) are controlled by flow and the 
action or the oxygen buffers in rocks. In general at depth redox 
equilibria arc controlled by the common rcrrous-rerric silicates in 
rocks which keep oxygen at very low levels. Many studies or active 
thermal areas shown that the copper content or waters is at the 
ppm level. In reaction (c), reduced sulphur species are again 
buffered by the rerrous silicate-pyrite system and again reduced 
sulphur levels in deep hot waters are generally at the level or ppm 
or less. Our laboratory tests have shown that in a mining 
operation , magnetite will scrub out residual oxygen faster than 
copper so trapped oxygen presents no serious problem. All in all , 
there is good reason to believe that a thick-walled copper 
container, would survive in a low permeability system for millions 
or years and this is well confirmed by natural occurrences or 
copper. 

The ASEA Corporation or Sweden has developed superb 
technology for the high P-T sintering or solid materials. They have 
rabricated large containers or sintered high purity corundum. 
Unlike copper. corundum will corrode or decay in natural 
environments by hydration reactions. The solubility is so low that 
this is not a significant factor in the lire or a container. 

Corundum corrodes by reactions such as: 

Al 10 1 + Hp -2AIOOH (boehmite) 

Alp3 + 2Si01 + 2Hp-A1 1Si,05(0H)4 (kaolinite) 

These reactions have been studied in detail in our laboratories 
in the temperature range 160 - 300°C and in Sweden at I00°C. 
Earlier studies were made by Fyre and Hollander ( 1964 ). All the 
available data show that a 10 cm wall or sintered corundum would 
survive at temperatures below I00°C for times or the order of IQS 

years. Again. this figure is not geological nonsense for residual 
corundum survives well in the lateritic weathering environment for 
times in the order of I 07 years. 

In summary, it appears that two types of containers could 
survive deep burial for times of 107 years or more. A ductile metal 
(Cu.) might be excellent for hard rocks where small movements 
could occur while A 120 3 might be more appropriate for salt 
deposits. Work on these materials continues but the present 
outlook is good. Irsuch containers are feasible (they are inside the 
bounds or economic possibility), then the nature of the host rock 
becomes less critical, as docs the geography of site selection. 
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Backfill 
One o f the major problems in the engineeringofterminal storage is 
that o f filling the hole. If this is not well filled and hence retains a 
high porosity and permeability , depending on the thermal 
loading, the possibility exists of creating a small geothermal 
convector. Amazingly, Bredehoeft et al. ( 1978, p. 5) state: 

" Moreover, current estimates (Union Carbide Corp., Nuclear 
Div., Office of Water Isolation , 1977) suggest that the 
backfilling process will fill the underground working to a 
density of perhaps 80 per cent of what it was before mining." 

The fact is that it is known now how to fill a hole to essentially zero 
porosity or at least 0.1 per cent. 

Much of the work done at the University of Western Ontario 
in collaboration with Sweden has been concerned with the entire 
problem of filling a deep hole . Here one wishes to fill the hole so 
that poposity and permeability are minimal. 

It is very difficult indeed to pack any solid material with much 
less than 20 per cent porosity. This led us to the concept that one 
could use materials that swell when in contact with water and are 
repla ced by·a more voluminous solid. Certain mineralogical 
examples are well known where thermal stability and rates of 
reaction (and cost) make them attractive. Typical of such reactions 
are: 

MgO - Mg(OH)z 
periclase brucite 

v 6. 44 cmJmot-1 15.09 c,.y > 100% 
Mg2Si04 + MgSi03 - Mg3Si20 5( OH )4 
peridotite serpentine 
75.26 108. 5 6.V -:::= 43% 

With such reactions, it should be possible to achieve I 00 per 
cent solid 1/ water invades the material. The packing must be 
designed so as not to achieve much greater than 100 per cent solid 
for the "swelling pressures" of these materials can be of the order 
of several kilobars. 

Another class of materials of great interest is the swelling 
bentonitic clays. As long as the cavity does not exceed about 
I00°C, there is good evidence that these will have long term 
stability. The great advantage of swelling clays is that they have 
the ability of swelling to fill new cracks. In our work compacts of 
bentonite have been used which are so dry that they have lost their 
"excess" interlayer water. To the present, systems based on 
bentonite-MgO and additives have been studied (Table 9. 1 ). MgO 
and particularly MgO plus silica gel ought to be seriously 
considered as container materials for two desirable qualities: (a) 
Extremely low permeability coupled with negligible void-ratio 
(0.03 ), and ( b) High absorption capability. 
The diffusivity of water in Mg(OH) 2 - silica gel compact at 20°C 
according to our measurements, is of the order of 10-11 cmzs-1. A 
simple calculation shows that water penetration is less than 20 cm 
in I million years I 

The above results are only a beginning but they are so 
promising that it is clear that the nature of the rock and the 
container become less important. Many other methods of self 
sealing are under investigation and encouraging results are 
expected. An ideal system might be one where a composite 
packing is used such as: 
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Table 9.1 

Composition 

Bentonitel• l + muscovite ( 150 mesh) 
(87: 13 )lb i 

Bentonite + muscovite ( 65 mesh) 
(87: 13) 

Bentonite 

Coefficients of 
permeability k a t 20C 
in microdarcies 
µ.D (cm sec 1 x 10°) 

'"' 0. 6 

"-'0. 58 

"-'0.4 

Bentonite + quartz ( 24 mesh) + Ti02 ( 300 mesh) 
( 72:24:4) "'0. 34 

Bentonite + quartz ( 24 mesh) 
(75:25) "'0 28 

Bentonite + quartz ( 24 mesh) + qu artz ( 80 mesh) 
(75:20:5) "'0.28 

Bentonite + quartz (24 mesh) + MgOlc l 
( 68:23 :9) 

MgO 

MgO + anhydrous silica gel ( 300 mesh) 
(87: 13) 

"-'0 . 18 

"'0 002 

"'0 00 I 

(a) Wyoming hen1o ni1e ( 80 mesh) air-dried fo r 5 hours al 290 °C. 
( b) All proportions given are by wei ght. 
(c} Air-dried JOO mesh size MgO for 4 hours al 500 °C. 

Rock / Bentonite/ MgO/ Waste I MgO I Bentonite / Rock 

Rock I Bentonite / Mg2Si04/ Waste I Mg2Si04/ Bentonite / Rock 

In both the above cases the MgO and Mg2Si04 (the latter reacts to 
form Mg(OH) 2 + Mg3Sip5 (0H)4) could be used to compact the 

bentonite. The advantage of MgO or Mg(OH)2 is that if silica 
charged waters do enter the cavity they will further tend to seal by 

processes like: 

3Mg(OH)z + (Si02lsoln---Mg3S1p5(0H)4 
6.V = +34 cmJ mot 1 

and because of the low chemical potential of silica in this system, 
they fix silica even when the temperature is higher in the 
repository. By such reactions the entire concepts of backfill can be 
greatly improved. Obviously, various buffer materials (e.g. Fe30 4 
for protection of copper oxidation) can be added to the backfill 
and will be chosen in accord with the container and ion exchange 

processes .. 

A system of precision tunnel boring with prepacked contain­
ers could lead to simple engineering systems with minimal 
manipulation at depth. Through controlled swelling reactions, 
there is no need to be concerned about complicated packing 

operations. 



Conclusions 
From the above discussion certain main conclusions can be drawn: 
(a) there is security with depth of disposal and 2- 3 km depths 

should be considered. 
(b) at such depths, copper and alumina (in the case of salt) 

containers should last for millions of years. 
(c) by using self-sealing backfill materials, diffusion into the 

repository will be so slow that leakage shou ld be essentially 
zero for I 0 million years. 

( d) if container and backfill problems can be solved as indicated 
above, then a repository can essentially be located in any rock 
at any place given due consideration to topography, erosion 
rates and tectonic (seismic) environment. 
If the waste disposal problem is solved as we believe it can be 

now if one pays the cost, then nuclear power can be environmen­
tally cleaner than power produced from coal, gas, or oil. 
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10. GEOPHYSICAL METHODS FOR SELECTION AND IN SITU TESTING 
OF WASTE DISPOSAL SITES 

D.W. Strangway1 

Introduction 
The disposal of high-level radioactive wastes is a current problem 
that must be sa tisfactori ly solved if nuclear power is to be a major 
element of our national energy program. This disposal is of 
concern to many of th e public, particularly to those who live close 
to proposed sites. The problem, however. is really on ly a subset of 
a much larger class of problems which relate to the disposal of 
chemical wastes, especia lly now that landfill sites are being closed. 
Millions of ga llons of nonradioactive industrial waste are already 
being po ured and pumped into subsurface formations. The result 
is that there is a lready a considerable body of data available 
relevant to the motion of fluids beneath the soil cover. In fact, the 
very operation of oi l and gas fields and the storage of fluids in the 
subsurface requires th at a so und knowledge of fluid flow be 
available. 

In understa nding a nd measuring th ese processes. the use of 
geophysical logging tools has become standard practice. In fact , 
the recent announcement of major new gas reserves in the Deep 
Basin of Alberta is based on drilling information and interpreta­
tion of electric log information s ugges tin g the presence of 
extensive gas in formations with low permeability. 

Physical Properties 
The physical properties of materials may be discussed under 
several catagories. The magnetism of rocks is controlled largely by 
the prese nce of a few per cent of iron-titanium oxides. These 
oxides control the magnetic suscep tibility and th e remnant 
magnet ism of the rock formations. Since this property is not 
related to either the bulk rock or to the pore spaces, it is of interest 
only for indirect information about the rock's capacity to contain 
fluid s. However, it is essentially useful as an extension to 

geological mapping and can be used in looking at the third 
demensio n. 

Seismic velocities arc controlled large ly by the bulk properties 
of the rocks present and are on ly sensitive to fissures and pore 
spaces in a secondary way. Nevertheless, there is evidence that 
seismic velocities can provide information about the presence or 
abse nce of faults a nd fissures. Seismic atten ua tion , on the o ther 
hand , is essentially controlled by the nature of the grain to grain 
contacts and the pore spaces. In this sense, it is a measurement th at 
is highly sensitive to th e pore space fluid s contained in bulk rock 
samples. These two properties form the basis for a number of 
interesting pheno men a. For example , the new , bright spot 
techno logy is dependent upon the differing character of water and 

hydrocarbons in pore spaces. Thus. techniques, which measure the 
seismic ve locities a nd the seismic attenua tion, will probably prove 
useful in providing some information about subsurface fluid 
distribution. Hi gh frequency seismic reflections in fairly homoge­
nous formations are likely to be useful for detecting and mapping 
fracture s. 

It is widely known that the electrical resistivity of rocks is 
almost entirely an effect of the electric transport th rough the 
materials contained in the pore spaces. In vacuum-dried rocks it is 
not uncommon to measure rcsistivitics of I 0+15 o hm.Ill or more , 
simi lar to th e p roperties of the best available commercia l 
insul ato rs. The introcution of even one monolayer of water can 
change this value by severa l orders of magnitude. Rock which is 
sat urated with sa line fluid may have a resistivity value as low as 
I 0-1 ohm. m. or less. There is thu s. little doubt that the use of 
electrical geophysical methods, in attempting to find very dry 
environments, is one of the most sensitive tools avai lab le to us. 

As fluids arc added to rocks, it is found th a t they acquire the 
capacity to store a charge. This observation forms the basis of the 
induced polarization technique and results from the presence of 
electrical barriers to ions migrating in free space fluids. These 
barriers arc typically either polarizable clays or metallic, electronic 
barriers. This phenomenon is related directly to the surface area 
avai lab le to fluids in the rock and to the ion exchange capaci ty of 
the material. 

The measurement of temperature gradients and of thermal 
properties has not. to date , been extensively used in geophysical 
mapping method s large ly because the variations from place to 

place are relatively small; many rocks arc relatively uniform 
thermally: and it is necessary to separate out the diurnal and 
annua l temperature cycles to exploit the temperature for m apping 
purposes. Most rocks have a fairly similar thermal conductivity, 
although it is known that quartzitcs have a higher value th a n most 
rocks. The major temperature anomalies in drillholes and in the 
subs urface arc undoubtedly related to convective heat transport 
due to fluid migrations in the subsurface in faults and fissures. 

We may apply the above physical properties in three separate 
problems rel ated to the management of radioactive wastes. The 
first of these is surface geophysics. The second is drill hole loggi ng 
by geop hysica l methods for the purpose of identifying sui tab le 
regions for extensive in si1u mining tests. The third relates to the 
tes tin g and long term monitoring of in si1u properties of excavated 
cavities. 

1 Department of Geology a nd Department of Phy>ic;. U nivcr;ity of Toronto, Toronto. On ta no 
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Surface Exploration 
It is clear that geophysical methods should always be correlated 
with geological mapping, so that various observations can be put 
into the most comprehensive con text possible. 

No clay in the overburden 
In using e lectrical methods for surface exploration we may 
consider two conditions which are prevalent in Canada. In one 
case, there is no clay present in the overburden. This means that 
geo-electrical methods from surface are expecially useful. It is 
common over much of the Canadian Shield to find a layer, a few 
tens of metres thick, which has a relatively low resistivity due to 
the presence of water in the pore spaces, and cracks in the soil and 
uppermost rock layers. Because of extensive glaciation, however, 
the weathered rock surfaces have largely been removed and at 
shallow depths the rocks become extremely resistive electrically. 
For one possible type of repository, this is an ideal case, the rock 
has few cracks and fractures and contains little pore space water. 
The electrically resis tive layer extends to depths of severa l 
kilometres or more as seen in Figure 10. IA. A schematic 
magnetotelluric profile over a typical batholith in northwestern 
Ontario is shown in Figure 10.2. (This paper will not dwell on one 
electrical method versus another since in general they can be set up 
to give similar information.) In the magnetotelluric method, the 
apparent resistivity is measured as a function of frequency. At high 
frequencies only shallow depths are being observed whereas the 
depth of observation increases as the frequency decreases. A 
second case is illustra ted schematically in Figure 10.1 B. This 
shows the situation encountered at Chalk River, Ontario, where 
there is extensive open faulting and water-filled shear zones are 
abundant. It should be noted that the resistivity values are lower 
and that there are many lateral variations. There is yet a third case 
enountered in our Precambrian work. In regions of metamor­
phosed sedimentary cover the resistivity values are even higher 
often approaching 100 OOO ohm/m. This is illustrated in Figure 
JO. IC and by a sc hematic magnetotelluric sounding in Figure 
10.3. 
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Figure 10.2. Schematic magnetotelluric sounding, sandy or gravelly 
overburden over massive igneous rock. 

If the target is for crustal regions o f minimum fluid content 
and porosity, it would be advisable to launch an extensive 
electrical study to se lect those sites with a) the highest resistivities 
and b) the least amount of lateral variations so that open faults 
and pore space fluid are at a minimum. This approach should be 
used as an important criterion for site se lection as it is a direct 
indicator of the fluid regime . 

Clay horizons in the overburden 
In many parts of the Canadian Shield there are extensive near­
surface clay deposits left behind by glacial lakes. These regions 
have proven to be relatively effective at shie lding normal 
electromagnetic exploration methods and they have consequently 
made exploration of the bedrock difficult. An example of such a 
condition is illustrated in Figure 10.1 D and in Figure 10.4. These 
soundings were taken at the Pinawa, Manitoba test site where part 
of the region is blanketed by about 10 m of clay. We have been 
able to see through the blanket to the resistive bedrock , but only 
dimly. It is extremely difficult to do effective testing of the bedrock 
in the top kilometre in such regions using an electrical method. 
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Figure 10.3. Schematic magnetotelluric sounding, overburden over 
Precambrian sediments. 
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Figure 10.4. Schematic magnetotelluric sounding, clay overburden. 
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None of the other geophysical methods mentioned above are 
particularly suited for mapping faults or moisture content, but, 
they can be used for mapping overburden thickness and for 
delineating various geological bodies and their contacts, if they 
have magnetic contrasts. Thus, geophysical mapping using the 
other methods is a useful direct adjunct to the mapping and 
selection of sites away from geological contacts. 

Drillhole Exploration 
The physical properties . discussed earlier. can also be employed in 
drillhole logging. Open fault structures with flowing fluids can be 
effectively located by temperature measurement, open faults by 
seismic or electrical methods. If the hole samples a target 
represented by a very dry, fissure-free and pore fluid-free zone 
there is no useful method of logging the holes, since the drilling 
fluids present in the hole will mask the condition being sought. To 
measure the moisture content directly in a very dry, massive rock, 
detailed testing must be done in surface workings. 

Underground Cavity Testing 
In developing and testing an underground cavity there are several 
philosophies to be considered. The first is to pick a massive, 
fracture-free rock with minimum pore space fluids and with low 
permeability. This is the nearest approximation nature can provide 
to a sea led container. The opposite philosophy is to pick a rock 
which has a maximum porosity and permeability and/or effective 
surface area and ion exchange capacity. Such a medium would, in 
principle, absorb any migrating fluids and thus prevent their entry 
into the groundwater regime. These two philosophies present 
different geophysical problems. A variation on the second theme is 
to pick a rock which expands when exposed to fluids and high 
temperatures so that it becomes self-sealing no matter what the 
distribution of fluid pathways. It should be noted that if the first 
container leaks, the products, while small in volume, might enter 
the groundwater regime rapidly, given a substantial hydraulic 
gradient. The present report does not attempt to distinguish which 
of these approaches is preferable, and given the present stage of 
the Canadian program , it seems appropriate to consider all three 
options. 

:•,::: .... ': Pore Space 

GEOPHYSICAL OBJECTIVES I 

i) determine water content in 

volume adjacent to cavity 

ii) detect open faults with water 

I METHODS I 
; ) in situ dielectric 

constant and loss 
tangent by radio 
frequency interferometry 

ii) D.C. resistivity by 
expanding electrode 

iii) infer porosity and 
permeability 

i) time domain reflectometry 

Figure 10.5. Trap fluids impermeable medium (batholiths or salt). 
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Disposal in salt or granite batholiths represents the first 
philosophy (Fig. 10.5 ). This is the Canadian approach although 
Canadian effort is directed only to the granite batholith case. Shale 
and clay disposal represent the second philosophy and are not yet 
being considered seriously as alternate possiblities in Canada (Fig. 
10.6 ). Shale capping or enclosing sa lt may represent an attempt to 
combine both cases. No work is underway on the peridotites or 
carbonatites which represent the third option. 

With any option there are a variety of in situ geophysical tests 
that can and should be made to test the nature of the excavated 
cavern. For the case of the sealed container, there should he 
extensive mapping of the highly resistive walls using any of the 
high frequency probing method s. These are illustrated schemati­
cally in Figure 10.5. It would be possible to ensure that the amount 
of water present was less than the equivalent of one monolayer, 
and to detect brine pockets in the order of 1 - 2 m in size at a 
distance perhaps 10 - 20 m from the wall. Similarly any nearby 

faults would be clearly detected. Thus in siru testing of the cavity 
could detect major nearby regions which might release fluids or 
which would serve as rapid paths to the surface. Experience of this 
type has been obtained in potash mining where brine pockets are a 
serious mining hazard. High frequency seismic methods for 
determining the in situ elastic properties of this uniform back­
ground material would also be of considerable interest. 

In the opposite case, where the object was to have a leaky 
container with the maximum possible surface area in the rocks to 
absorb fluids, induced polarization surveys within the cavity, 
operating at very low frequencies, would give a direct measure of 
the capacity of the formation to impede fluid flow. Analogous 
measurements to test which chemical species would be most 
effectively retarded need to be made. One might also consider 
establishing artificial electric field gradients using electrodes to 
develop potentials to retard the migration of various species, just 
as is done in corrosion protection of pipelines. It would appear that 
high quality geophysical testing of cavities and of associated 
backfill material would be very desirable. 

I GEOPHYSICAL OBJECTIVES I 
i) measure water con tent in 

volume adjacent to cavity 

ii) determine cloy content, 
surface area and ion 
exchonge capacity 

I METHODS I 

i) in situ resistivity 

ii) measure dielectric 
constant and loss 
tangent by low 
frequency induced 
polarization 

( if hydrofracing is done to enhance this, repeat measurements 

Figure 10.6. Trap fluids in highly absorbent host (shale, clay, 
backfill). 



Not only does it seem logical to use geophysical methods for 
"non destructive testing" of any cavity before it is used as a 
repository, but long term monitoring by these methods could be 
effective in detecting changes in the subsurface fluid regime 
resulting from either a disturbed subsurface pressure gradient or a 
thermal driving effect. 

Summary 
There are many things which can be done specifically in using and 
adapting geophysical methods so they are relevant to waste 
disposal. We must find areas that are free of anomalies, this being 
opposite to most geophysical endeavours in which the anomaly is 
the target. There should be extensive testing and subsequent 

monitoring of sites to observe the seismicity before and after 
excavation. 

In view of the magnitude of the problem it is discouraging to 
see how little research and development is being applied to this 
problem in Canada. The approach to date has been to use 
standard geophysical surveying with almost no effort being made 
to develop or modify methods so they are optimum. Those who 
have the responsibility for the radioactive waste disposal program 
should be developing procedures to tap into the pool of talent that 
exists in Canada to stimulate this type of development. This should 
clearly involve major funding, a senior advisory committee, and a 
process for proposed solicitations to be evaluated by peer group 
assessment. 

65 





PART III 
Invited Comments 

Dr. 0. Brotzen 1 

The Canadian Geoscience Council has kindly invited me to 
participate in this Forum on the disposal of high-level radioactive 
waste and to comment on the presentations given . In doing so, I 
only express my personal views, which do not necessarily reflect 
those of the Geological Survey of Sweden or of the KBS project. It 
must also be stated that the following comments represent a 
strongly revised version of what was actually said at the Forum. 

The following comments are based mainly on the work on 
disposal of high-level waste into the crystalline rocks of the 
Precambrian Baltic Shield, as carried out in Sweden. During the 
last two years, this work was organized as a major coordinated 
effort, called the KBS Project, which was jointly sponsored by all 
the Swedish utility companies. More than 450 experts from 
different fields participated in this development of a technology for 
the safe terminal storage of high-level waste . This provided a 
description, in considerable technical detail, of the principles, 
materials, equipment and facilities involved, which has been 
thoroughly examined by extensive safety analysis. 

The results have been presented in a four-volume general 
report on vitrifi ed high-level waste after reprocessing, and , with 
much additional data, a two-volume report on spent nuclear fuel. 
In addition around 120 technical reports on various aspects, 
including geology, geochemistry, geophysics, hydrogeology and 
rock mechanics, have been published to date. Many of these are in 
English and others are presently being translated. Copies of these 
reports may be obtained through the International Atomic Energy 
Agency, Vienna. 

In the course of this work , it has been shown that different 
geochemical processes lead to the retardation or retention of the 
various elements contained in the waste. Examples of transit-times 
for transport by fluid flow with the groundwater through I m of 
granitic rock, for a number of elements, are given below. They 
have been calculated for a hydraulic gradient of 0.01 , an average 
distance between fractures of 1 m, and on the conservative 
assumptions that retardation is due to reversible sorption on ly, and 
that , no diffusion of the nuclides into the walls of the fractures 
takes place. Transit-times (years) for flow th rough I m of rock: 

It might be added that these values are theoretically 
independent of the effective porosity of the rock, and that in one 
drillhole the conductivity of the rock was shown to be equal to or 
less than 2.10-12m/s for a length of more than 470m. 

Comparison of these figure with the radioactive half-lives of 
the elements show that many of them will decay to harmless levels 
during transit through very short lengths of rock. This does not 

IGranlialls V.5, S-1827 5 Stocksund . Sweden 

From: Geological Survey of Canada Paper 79-10 

Conductivity (hydraulic) I0-9m / s 2.10-12m /s 

Ni 2.7 x 106 I . 3 x 109 

Sr 1 .4 x 105 6.8 x 107 

Zr 2.7 x 107 I .4 x 1010 

Tc 4.3 x 105 2 . 1 x lOB 

Cs 5.5 x 105 2.7 x 108 

Ce 8.6 x 107 4.3 x 1010 

Nd 8.6 x 107 4 .3 x 1010 

Eu 8.6 x 107 4.3 x 1010 

Ra 4.3 x J06 2. I x 109 

Th 2. I x 107 1 .0 x 1010 

Pa 5.4 x 105 2.7 x JOB 

u I .0 x 107 5. I x 109 

Np 1.0 x 107 5. I x 109 

Pu 2.6 x 106 I. 3 x 109 

Am 2.7 x JOB I .4 x 1011 

apply to elements with very long half-lives, such as uranium and 
the other actinides. Again, it has been shown in our studies, that 
nearly complete retention of these elements will occur due to their 
insolubility in the reducing environment of the groundwater in 
granitic rocks at depth. These geochemical processes therefore 
represent one of the most significant factors in the protection of the 
biosphere. 

These geochemical aspects have not at all been discussed at 
this symposium, in spite of their obvious importance. For instance, 
they very effectively refute the claim made by Cherry and Gale 
that we need to know in detail the hydrogeological conditions of 
cubic kilometres of rock. 

In fact, no adequate description of the principles of the 
containment concept the Canadian program sets out to verify has 
been presented at this meeting. The absence of such a basis for 
constructive ~iscussion leaves room for considerable uncertainty 
and even for unwarranted concern. 

As an example I would like to cite a paper by Maini and 
Runchal, presented at this meeting only yesterday (Geological 
Association of Canada, Abstract with Program, v.3, p. 449). 
There, considerable concern was expressed over the possible 
effects of thermal convection, which may lead to very short transit­
times for the groundwater from a repository situated under an 
extremely extensive slope. Such conern would appear unwar­
ranted in view of the geochemical barriers. It should also be 
obvious that upward flow of groundwater would not occur if the 
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repository is placed helow a local groundwater-divide, where it 
can be balanced by the downward tendency created by the 
hydraulic head. Alternatively. no nuclides would reach the 
biosphere if the waste is isolated from the groundwater by a 
copper canister. which last throughout the period of thermal 
convection. 

Therefore. it appears that even highly qualified and interested 
members of the gcoscience community arc not fully aware of the 
various factors and options that can be utilized to obtain safe 
containment of high-level waste. Consequently. it may seem 
worthwhile to compile such options. within the framework of the 
Canadian program, and to combine them into geological models, 
which may then be tested by standard procedures of safety 
analysis. This would illuminate the relative importance of the 
different factors involved, and indicate what kind of actual 
geological settings you should be looking for. This would be more 
useful than perpetuating a listing of ideal conditions, and might 
also provide valuable guidance in your work on conccpt­
verification. If publicized, such studies might further serve as a 
basis for discussion with external parties and thus stimulate 
suggestions for improvement and modification of the concept. 

It must be realized that the presently suggested concepts for 
safe disposal of high-level waste represent early stages of 
development. Hence, they are both crude and controversial. Open 
discussion and effective acquisition of pertinent data are needed to 
improve this situation. I am confident that the Canadian program, 
as presented at this Forum will be of very great value in this 
context. In a few years' time the planning of a repository for H L W 
will no doubt be regarded as a non-controversial form of 
advanced engineering geology. Important steps to reach that stage 
are the development and combined interpretation of the different 
methods to determine the age of groundwater. Likewise geophysi­
cal methods to investigate the rock-conditions in the near field of 
the individual waste-packages will be increasingly needed. 

Dr. K. Kiihn 1 

I appreciate the kind invitation of the Canadian Gcoscience 
Council to comment on th e oral presentations at the Forum. I 
would like to cover three items in my short statement: 

1. an outline of' some differences between Canada and Germany 
and these differences arc. of course. true for most of the 
Western European countries; 

2. to indicate that we arc not only doing paperwork and drilling 
holes into the ground but that since about 196 7 there has been 
a repository operating in Germany; and 

3. some general comments on what I have heard at the Forum 
on what is the situation as compared to Germany. 

In Canada. you use the CANDU reactor whereas in 
Germany, as in the United States, we use the light water reactor 
(LWR). The largest operating station of this type in the world, the 
station is named "BIBLIS", is situated on the Rhein River in 
Germany and has two 1300 MW reactors in operation; they have 
quite a good record, similar to Canadian ones mentioned earlier. A 
second difference between Canada and Western Europe is that in 
Canada you possess a large amount of uranium ore. There arc no 
uranium deposits available in Western Europe, with the exception 
of Sweden and a small deposit in France. A third difference, 

covered in the paper by R.W. Barnes, is the question of 
reprocessing of the spent fuel elements. In Canada , this decision is 
still pending while it is clearly decided in our country that we must 
opt for reprocessing and use the rest of the fissile material in the 
fuel elements. If the uranium and plutonium is only recycled in the 
L WR cycle , there is a factor of 2 in saving natural uranium 
compared to the "once through" - L WR-fuel cycle and a factor of 
1.5 using the Canadian fuel system. If the recycled uranium and 
especially plutonium will be used in fast breeder reactors this 
factor of saving natural uranium is increased to 80. These facts are 
presently being discussed in an international frame, mainly after 
President Carter of the United States invited all interested 
countries in October 1977, to participate in the IN FCE ( Interna­
tional Fuel Cycle Evaluation) study. In this connection I would 
like to answer one question which was asked by a member of the 
audience: The problem of transportation of irradiated fuel 
elements in Western Europe is considered to be solved. Several 
thousand tonnes of irradiated fuel elements have been transported 
to the two reprocessing plants in La Hague , France, and 
Windscale in Great Britain, a lso using ship transportation, without 
any difficulties. 

Another difference is, and this was outlined in many papers, 
that Canada has put the main emphasis on hardrock formations, 
considering at the same time some others. whereas from the 
beginning in the early 1960 's , Germany has placed emphasis on 
salt formations because of the favorable geological setting. 

The Assc sa lt mine is used at present (and has been for the 
past 12 years) as a pilot plant. The repository which I will touch on 
later, wi ll be located on the Elbe River and the salt dome is named 
Gorlcbcn. There is a difference in the USC of the repositories. In 
Canada. the pilot plant is scheduled to become the final repository 
whereas in Germany the Asse salt mine is the pilot repository and 
the final repository will be developed at another site, namely a t 
Gorlebcn. 

In Germany. all types of wastes have to go into a repository, 
i.e. also the low-level and intermediate-level wastes from the 
operating power sta tions, the reprocessing plants and the nuclear 
research centres. A great part of these goes presently to the pilot 
facility in the Asse salt mine. No shallow land burial is used for 
these types of wastes. 

In Germany, underground heat conductivity studies are in 
progress in the Asse salt mine with e lectrical heaters which are 
being inserted into the floor. In one test run five electric elements 
have been put into a borehole, for the concept in Germany is to use 
boreholes from 40 to 50 m deep and to stack several cylinders of 
high-level wastes on top of each other. There were three objectives 
that we could perform in this test: 1) convergence measurements 
in the borehole because the salt behaves plastically, 2) the heat 
dissipation aro und the borehole, and 3) the rock mechanics 
behaviour in the surrounding area. These are brief comments on 
what we arc doing in the Asse sa lt mine . To these. I can add a few 
comments on what I have heard at the Forum. 

It is not necessary to contain the high-level radioactive wastes 
indefinitely, let us say for several million years. Rather we should 
look at the relative merits of the disposal sys tems. Clearly society 
already exists with a variety of hazards beyond our present 
technology. For instance, we must look at the potential hazards 
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which a rc o rigi na tin g from uranium o re deposits which have been 
sitt ing in the ground for billions of years , with water running 
th ro ugh uranium mines, and people living close to these mines. 

With regard to risk analysis , risk is defined as the product of 
probability X consequence and , of course, we therefore need 
predictive geology, o th erwise we are unable to assess the 
probability of future geologic events. I am a little anxio us to find 
the true values of these probabilities. Therefor, I a m not too 
enthusiastic to use the risk ana lysis-methodology as an instrument 
for the hazard assessment of a geological repository. But if you 
compare the time scale which is necessary for the disposal of 
radioactive wastes with the geological time scale, that risk for 
geologica l failures is negligible. 

There was much discussion about different barriers which can 
be used in the disposal of radioactive wastes: 1) waste itself, 2) 
containers, 3) buffer materia l and 4) backfill material. I want to 
emphasize that we must not forget the geological barrier itself, for 
o therwise we can solid ify and pack the waste and store it on the 
surface in some artificia l building. In this connection an exce ll ent 
job, under extreme time restraints, was achieved by th e present 
Swedish program. They were able to answer all the questions in 
the time available . But because of these restraints they put so.me 
additiona l artificial safety barriers into the geologica l system of the 
repository in order to achieve better overa ll safety. But sometimes 
increasing the safety factor in a technology on ly reflects a lack of 
better knowledge. 

One further remark which relates to the public debate and 
acceptance of the repository program. Do not expect to achieve 
100 per cent agreement from the public. There will always be 
some oppo nents which you will never be ab le to convince. In this 
connection the scien ti fic community has to be very careful when 
discussing its problems before the public. There are always 
different opinions among scientists on a special topic, which , I 
think, has to be the case , but the public immediately interpretes 
these differences that the scientists are no t in agreemen t and th at 
the problem is not so lved. · 

Finally I got the impression that the present program which 
now operates in Canada should not be looked a t as the "mi~king 
cow" for the financial support of all programs and subprograms 
which somehow cou ld be related to radioactive waste disposal in 
geologic formations . 

Despite all the technical and scientific problems discussed at 
the Forum, I would judge that the majority of the present 
problems are about 80 per cent of a political nature. So le t us , the 
scientific community, ask of our politicians th a t the geoscience 
aspects of radioactive waste disposal are not be treated in political 
halflives of 4 to 5 years, but that we receive funding and support 
for severa l decades to logically plan and solve this fundamental 
problem of radioactive waste disposal. 

P.A. Witherspoon 1 

As the last speaker on the Panel, I would like to add my thanks to 
those of Dr. Brotzen and Dr. Kuhn for the opportuni ty to 
participate in this Forum. Rather than describing the U.S.A. 
program in radioactive waste storage , I would like to offer some 
criticis ms of the Canadian program. In doing so, I wish to make 

I Lawre nce Berkeley Laboratory, U nivcr~ity of California. Berkeley. California. 

clear, that these are my personal views and should not be 
construed as representing an official position of the Lawrence 
Berkeley Laboratory ( LBL) nor of any o th e r organization. 

In considering the overall question of geologic storage, one is 
immediately faced with the concept of designing a system of 
multiple barriers that involves: (a) the waste form, (b) the canister 
material, ( c) the backfill material, and ( d) geological containment. 
The stabili ty of the waste form and its abi lity to resist dissolution 
by ground waters are the prime considerations for the first of these 
barriers. The corrosio n resistance of the canister is the key factor in 
the second barrier, and the stability and tightness of the backfill 
ma terial are the key factors in determining the effectiveness of the 
third barrier. 

From what I have heard this afternoon, it would appear that 
the Canadian program is making good progress toward the 
resolution of the problems involved with these first three barriers 
to underground migration of radioactive waste. 

What concerns me is the necessity, as I see it , of pursuing the 
geological co ntainment barrier with a more vigorous program. 
You arc active ly in vo lved in gathering the background data that 
must be collected, and this is good. But, in my opinion, such 
activities are not enough. 

I believe that a successful solution to the geological contain­
ment problem will not be possible without having access to a full 
sca le, field test facility. By that , I mean a mined opening that 
extends to depths of the order of 1 to 2 km and provides access for 
full-sca le experiments to be performed in an appropriate rock 
type . I do not think it wi ll be necessary to use radioactive waste in 
such a facility because the key problems can be investigated 
without such materials ever being needed. 

One of the most difficult problems is to understand the 
hydrogeology of a nearly impermeable rock. With all due respect 
for the views expressed by Dr. Brotzen, I still feel that we need to 
understand hydrogeological conditions both near and far from a 
repository in order to be able to understand the total system. I a lso 
believe th a t until the hydrogeo logist can devise a way to 
characterize the flow properties and sorption characteristics of a 
given rock mass under real field conditions , we will not be in a 
position to deal with this problem in an adequate manner nor to 
proceed with confidence to the larger problem of designing a safe 
repository. 

The crux of this matter is th at the hydrogeologist is being 
asked to chara cterize the factors that control water movement 
through nearly impermeable rocks. This is a new regime in which 
the techno logies that have been developed over the years are not 
a pplicable. How does one measure flow through nearly imperme­
a bl e rocks in the field? What are the geochemical factors that affect 
the migration of aqueous so lutions of radioac tive substances? How 
docs one collect the data needed to build a mathematical model of 
such a system? How does one verify the accuracy of such models? 
These arc some of the tough questions that must be addressed, and 
in my opinion, such questions cannot be answered without access 
to rock sys te ms und e r appropriate field conditions. 

Another crit ical p rob lem is that of understanding the role that 
discon tinuities, such as fractures , play in controlling the mechani­
cal response of a rock mass to changes in temperature. This is a 
problem where much remains to be done. Some of you are aware 
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that we at LBL have been involved in a Swedish-American 
cooperative program of investigations on radioactive waste 
storage in mined caverns. This program was made possible when a 
formal agreement between the Swedish Nuclear Fuel Supply 
Company and the U.S. Energy Research and Development 
Administration (now the U.S. Department of Energy) was signed 
July I, 1977. This agreement made available for underground 
investigation a large granite rock mass at a depth of 335m in an 
abandoned iron-ore mine at Stripa , Sweden. 

We designed a series of thermal studies for emplacement in 
the Stripa granite, using electric heaters, and initiated the first field 
experiment on June I, 1978. Six months of data from these heater 
tests have produced very interesting results. Despite the pervasive 
fracture systems that have been found in this body of granite, the 
thermal field is easily predicted. We measured the thermal 
diffusivity of intact samples of the Stripa granite in the laboratory 
and then predicted the temperature history for every point where 
measurements using thermocouples are being made. The agree­
ment between predicted and measured temperatures is excellent. 

This same agreement between theory and practice has not 
been obtained with regard to the mechanical response. For 
example , we are making extensive use of extensometers to 
measure rock displacements in the vicinity of the electric heaters. 
In every case , we are finding that measured displacements range 
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from one-fourth to one-half what one would expect if the rock 
mass were a continuum containing no discontinuities. This is an 
important result because it clearly shows that we must understand 
the mechanisms by which fractures contribute to the overall 
mechanical response of a rock mass when subjected to a thermal 
load. This result also affects the fracture hydrology because 
thermally induced changes in rock stress will affect the size of the 
fracture openings (apertures) and thus the transport of waste in 
solutions that move through the repository. We must understand 
these phenomena, because without such knowledge , how can we 
properly design an underground repository? 

These results from Stripa also demonstrate that there is no 
substitute for first-hand experience in a full-scale test facility. It is 
for these reasons that I urge you to consider developing a test site 
as soon as possible. From what I understand of the Canadian 
program, you are already headed in this direction, but a pilot 
repository will not be available until 1985. In my opinion, that is 
too far off in the future. I believe that you need the basic 
technology that I have outlined here in a much shorter time frame. 

I again want to thank the Canadian Geoscience Council for 
inviting me to participate in this Forum. I very much appreciate 
the opportunity of being able to listen to such an excellent and 
comprehensive review of the Canadian program in radioactive 
waste storage. 



PART IV 
EDITED DISCUSSION 

During the Forum, two periods were available for discussion 
and for questions from the members of the audience to the 
panelists (authors). These periods were taped and the edited 
transcripts are included below, with the names of the speakers 
posing the question (Q) or providing the answer (A) indicated 
where possible. It was not possible for the speakers to review the 
transcript. The affiliation of the panelists (authors) is provided 
earlier in this volume in their own papers. 

Q. C.Kreitler, University of Texas: What does the Canadian 
government propose to do when you have gone to the public 
and they have rejected all your sites? In all seriousness are you 
going to have to offer high financial returns to the people 
where the repositories are located? 

A. S. R. Hatcher: Of course I would not speak for the 
government; it simply is a political question that you are 
asking. I am not convinced that we are likely to get to that 
situation. I think that we are beginning to see some evidence 
that quite a lot of communities are anxious to find out more 
information about the whole waste disposal program. There 
is a good prospect that as we develop the safety ana lyses and 
we go into the social-economic impact of the program , that 
there will be a variety of communities interested in it. We are 
not in any crash program to have this site in the next year or 
so, hence we do not even intend to start the site selection 
process until we are into the 1980 's. By that time much 
research and development will have taken place. In the final 
analysis, if they do reach that situation there are a lot of areas 
of Ontario that are pretty remote, and governments may 
decide that that is where they have to go. 

Q. Anonymous: May I make a comment, I am from the sister 
state, to the last questioner and we are both involved in this 
problem and people are not terribly happy with us at the 
moment in the Gulf States and Gulf Coast and so we wou ld 
like to know the secret of the optimism that you have? 

A. S.R. Hatcher: We don't have any secrets, we are just not 
getting inquiries from quite a lot of small communities in 
northern Ontario. 

A. J.L. Wallach: We also have to distinguish between a local 
community reaction to a particu lar project such as a waste 
disposal site and the reaction of the public in general to the 
entire concept. In regards to a local communtiy reaction , I do 
not know whether there is much difference between the kind 
of reaction , and, say, reacting to any other segmen t of the 
Nuclear Fue l Cycle in a particular comm unity. Some 
communities may object to having a mine ope n up in their 

area for perhaps the sa me reason. They feel that in the risk 
benefit analysis, they arc more o n the risk end of things than 
on the benefit side. In terms of the general public's response 
to it , that is a situation that I do not think is any different in 
Canada than in the United States, at least from wh at I have 
seen ofit. 

Q . Jane Rae, Ottawa Journal: I have a question for R.W. Barnes. 
You mentioned at the end of your ta lk that the Ontario Hydro 
has methods of trans ferring irradiated fuel. Are your 
presently transporting it? 

A. R. W. Barnes: Not in the quantities we would be when the 
repository is in service and we are disposing of the waste. For 
instance , I have just been sent two bundles in their cannisters 
to the Whiteshell Nuclear Research Establishment, Mani­
toba, for some tests , dry storage testing, things like that. These 
are very small quantities, not on the industrial scale that I was 
speaking of earlier. 

Q. F. Purcell, Miami, Florida: I would like to ask the question of 
R. W. Barnes: You mentioned in your talk some time ago that 
reprocessing was not yet acceptable, can you explain that 
statement? 

A. R. W. Barnes: The position is that no decision will be made on 
reprocessing in Canada on a production scale until the 
International Fuel Cycle evaluation study is completed, 
which will be sometime near the end of next year or into 1980 .. 

Q. John Soda/I, Westinghouse Corporation, U.S.A.: I would 
address the question to P.A. Witherspoon. It would seem the 
Swedish program has lowered the concentration in the waste 
to eliminate some of the uncertainties and to improve the 
leach resistance of the glass. The Canadian program, as we 
see now , does not have very highly loaded glass, but if you 
look at the last 15 years of the U.S. program there has been 
essentially a drive for higher and higher thermal loading in 
the glass . I would like to ask P.A. Witherspoon if he has any 
feelings about the advantages and disadvantages of this and 
are there any prospects towards, at least initially in the U.S. 
program , dilute or lower specific activity material? 

A. P.A. Witherspoon: I believe there is a distinct trend toward 
lower loadings in the underground systems to avoid the 
problems that obvio usly occur as the temperatures rise in the 
underground repositories. I think the trend is there although it 
may not ye t have expressed itself, but I get the feeling by 
virtue of the increased interaction amo ng all the countries 
involved that greater consideration is being given to longer 
storage, lower loadings and lower temperatures at depth. 
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Q. Bruce Sarshell, U.S. Geological Survey: My question is 
directed to J.A. Cherry: You mentioned one criterion about 
the age of old water being, perhaps, a good indicator of a 
good repository. I take issue with that. Certainly I have seen 
the same son of statement recently in the U.S. literature, and I 
think I know what you mean, but taken on its own, I think it 
gives the wrong impression. The old water in the groundwater 
system is generally in the discharge area, and that is certainly 
not where you want to put the repository. I think I know what 
yo u mean but could you elaborate more? 

A. J.A. Cherry: Yes, I'm glad you brought that point up; because 
of a time limit I was trying to make the point very direct and 
concise. What I really meant there was that if you are looking 
for a repository environment, and if you have detected on a 
regional scale an extensive zone of very o ld water, this has a 
possibility of indicating positive feawres. It is a criterion that 
has to be used along with many other hydrogeologic criteria 
again with the total environment of the old water; it does not 
mean that it is going to take a long time for the water to move 
fro m one site into the biosphere. 

Q. B. Voight. Pennsy lvania State University: E.L.J. Rosinger 
showed us the mulcibarrier approach , but you did not address 
the problem of what will be done with the access shaft , or any 
exploratory bore holes that will be drilled into the repository 
environment, after the period of filling with the waste 
backfilling, and final abandonment. What program do you 
have to seal off the access shaft and any exploratory holes? 

A. E.L.J. Rossinger: I showed the various barriers and there was 
o ne barrier called backfill and sealing. As I have said the 
decision has not been made yet what will be used for the 
backfill and the sealing; whether it will be the same material 
as the backfill or a different material. 

Q. B. Voight: No decision at all has been made to cement the 
shaft yet? 

A. E.J.L. Rossinger: Well , we have initiated the swdies on the 
backfill material and I believe presently we assume that the 
si mplest model for the backfill and sealing will be co use 
crushed rock mixed with bentonice clay. 

Q. G. West, University of Toronto: I think that one thing that 
impressed me from most of the government presentations is 
that obviously a very thorough job will be done on evaluation 
a ny waste disposal scheme, i.e., in straight-forward scientific 
evaluations: the numbers, for instance, in measurements 
being made of how fast the uranium pellets are dissolved in 
ordinary water. But I think that the public is worried about 
the many examples in the past where experts like us, have 
said alright we have engineered it all, its going to work, and 
probably it did for a while but then something went wrong. Of 
course , from the scientific point of view we all gather around 
a nd take a look at it and we understand why it went wrong. In 
this case, it is a matter of great public concern and we need to 
demonstrate that not only have we looked at the straight 
forward engineering very carefully, but that we have also 
subjected all proposals to the most carefu l scrutiny, by people 
who will look at it from an adversary point of view. I do not 
see in the present system a great deal of the interaction 
necessary to do that checking. I see mostly a description of 
very large engineering projects, of scale decision making, and 
so on , which is appropriate to the engineering side of the 
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proposal. I would like to know how the interaction at the 
scientific level , not the organizational level, is actually going 
to take place so that there is every possible chance that the 
expertise around the world will be brought to bear on 
whether so mething is wrong with the designs. 

A. J.B. Wa//ach: From a regulatory point of view, we do not 
build in , as such, a system of checks in the regard that was 
referred to by G.F. West. When we receive an application, we 
will assess that application and if we have people on our staff 
that are unable to address so me of the problems - we don't 
have expertise in certain areas - we have Radioactive Waste 
Management Safety Advisory Committees, comprising of 
people who are from government and nongovernment, who 
also will assess an application. Therefore, the A.E.C.B. itself 
makes a n assessment, as well as the Radioactive Waste 
Management Safety Advisory Committee, and hopefully this 
will help to partially cover the problem. If something has 
gone wrong, or looks wrong, if not everything has been 
thought of, then perhaps by having two groups within the 
realm of A.E.C.B. analyze this, problems or omissions can be 
discovered. As such , we arc not requiring A.E.C.L. or Ontario 
Hydro, or anyone else to address this problem, asking that 
they find.somebody who can find something wrong with it. In 
forums like this, in open discussions, there will be questions 
raised which will indeed direct people to think about things 
that perhaps were not thought of before. 

A. S.R. Jfatcher: Yes, I agree that is a very important point, and 
I think the whole business pretext of getting external advice is 
essential for the program . We had some discussion with the 
Canadian Geoscience Council, in fact just this last weekend, 
to establish an Advisory Committee on this program drawing 
from the technical disciplines that are involved: all the 
gcoscienccs and from other disciplines such as chemistry, 
engineering and mining. We will be se tting up such an 
Advisory Committee, and we will have peer review and 
comments from people outside of the program. 

A. D. W. Strangway: This, I think , is precisely the iss ue that this 
forum is all about. Many of us on the outside have been very 
concerned . We hear bits and pieces of information , but we 
have never really been exposed to the complete program and 
I chink the result of the Advisory Committee, which has been 
mentioned already, has been quite frankly a result of a 
considerable amount of external pressure by the Canadian 
Geoscience Council feeling that there was a need for this 
process. I do not want to begin to second guess what that 
advisory committee will take on as its tasks. I presume that the 
C.G.C. and A.E.C.L. will be sitting down very shortly and 
working out its charter. I would hope that somewhere within 
the charter of this committee there will be statements to the 
effect chat when the proposals are put together, they will in 
fact be brought co meetings of this son; they will be published 
before final decisions are made; and that there will be chances 
for responses and rebuttals in the literature. I think too, that 
there are really two communities that they have to deal with; 
the primary one to be dealt with is the general public, but I 
think they also have co deal with what I call the scientific 
public which is all of us assembled here. The fact that this 
group is here today and that this room is full means that there 
are a lot of people out there chat really give a damn. 



Q. H.R. Wynne-Edwards. Moderator: We have in the audience 
Dr. Jim Harrison who has done a great many things in his 
career, but among them he is a co-author of the recent Hare 
Report to the House of Commons, the Federal Report on this 
whole question and I think we would like to hear him make 
some comments on the international scene, having spent the 
last 5 - 6 years in UNESCO. 

A. J.M. Harrison: Thank You Mr. Chairman. The International 
Council of Scientific Unions which is the largest body of any 
international non-governmental scientific agency in the 
world , had at its last meeting about two or three weeks ago, 
decided that they would carry out precisely the kind of review 
that G.F. West refers to , on the international scene and in two 
or three major areas. I think the three major areas are a) a 
review of activities being undertaken for terrestrial disposal, 
b) one on marine disposal and c) one which relates to both , 
on the pathway analyses. These will be not research 
examinations, but reviews of research that is currently being 
undertaken, beginning with the International Intergovern­
mental Agencies. 

Q. R.A. Freeze. Universi1y of British Columbia: G.F. West has 
pre-empted some points I wish to make, and that is that an 
adversary system is very necessary in the Canadian program. 
This, not only in the scientific fraternity, but a lso for the 
ultimate political decision-making that will be made in the 
public forum. I would argue also that peer review in the 
scientific field is probably not sufficient. I believe that the 
government must ensure that there will be parallel sets of 
earth scientists and engineers working in an adversary ro le 
within the federal government or within the consulting and 
academic communities in Canada . One of these groups 
should be dedicated to setting up research and development 
programs, with the energy requirements uppermost in their 
minds, with an optimistic approach to the interpretation of 
the data , and feeding their information to the energy 
development side of the public debate. The other group, 
which should be equally strong and should be independant , 
should be setting up research and development programs on 
the environmental and safety and hazard side , and they 
should have a pessimistic approach to the interpretation of 
the data, feeding their results into the environmental side of 
the public debate. This would hold in the geo logical , 
geophysical , geotechnical and hydrogeological spheres. It is 
my observation in the hydrogeological sphere , with which I 
am most familiar , that most of the technical confidence is now 
being co-opted on the energy development repository design 
side, and I would like to ask the members of the panel from 
the federal government, whether we are going to follow the 
lead of the United States in setting up a non conflict-of­
interest system with a regulatory commission carrying out 
research and an energy commission carrying out research in 
parellel ways to look at this problem in its true conflict. It is a 
fact that it is a conflict and we all recognize that, but it is one 
that we have to reach an optimal solution as citizens and 
scientists. 

A. S.R. lfatcher: I think it ·is clear that there is no conflict of 
interest between the development side, the Atomic Energy of 
Canada Ltd. , and the regulatory side , the Atomic Energy 
Control Board. We have completely independent bodies that 
have been so since the start of the nuclear power program. 

Q. A. Freeze, University of British Columbia: I certainly did not 
mean to infer that , but the point is that the technical 
competence in the science field is real, but totally on the one 
side. Research is being done and I presume you will make 
your decision on the data they provide and they are 
honourable men , of course. It is different to look at a program 
from the point of view of trying to get the waste under the 
ground as opposed to the point of view of what can go wrong. 

A. H.R. Wynne-Edwards, Moderator: It may be appropriate to 
hear some details of the Swedish program from 0. Brotzen 
and W.S. Fyfe. 

A. 0. Brotzen: First I would like to emphasize I am not here as a 
representative of the (Swedish) government, the KBS or the 
Geological Survey. 1 am here in my personal capacity as a 
geologist. We produced a number of reports on the problem 
of ultimate storage. of high-level radioactive waste , which 
were reviewed nationally and internationally and these were 
later evaluated by the government , with the KBS Project 
having an opportunity to comment on the reviews. As a result 
of all this activity, a different party forming the government 
could not be unified with the verdict and , as a result , the first 
nonsocialistic government in more than 40 years came to 
power. It collapsed later and we now have a minority 
government which must face the same problem and will deal 
with it in a slightly different way. There will be more emphasis 
given to the nuclear energy inspectorate which as far as I was 
informed just before I left for Canada, was forming an 
independent geological panel wi th members who had not 
been involved with the K BS Project in order to review our 
first results. 

A. W.S. Fyfe: Some of us who are involved in this project had to 
present this and review it before a fantastically wide 
audience, selected from the top of Swedish Science, from the 
Academy of Science, many of these people having no direct 
interest a t all. But if your were doing a study of the corrosion 
of material in groundwater, for example, you had to face top 
organic chemists, top corrosiion experts, even nasty bacteriol­
ogists so that you had to defend yourself against an absolute 
group of people who were all highly respected scientists at the 
top of the Swedish group. This was most impressive and it is 
incredible how it creates honesty. 

Q. Ayers, Louisana State University: I would like to make an 
observation; my group has just completed this year, two 5000 
foot wells into salt domes and in doing this we have not only 
tested the salt, but we have also tested public opinion. It is a 
rather interesting thing, and perhaps it may be of some 
interest generally, th at the concern that has been expressed 
here, and correctly so, has been for the long range, way off 
into the future. However, the adverse public opinion that has 
been expressed in Louisana, relative to the studies that our 
group has been conducting, is directed toward the short term 
risks, which are practically nonexistent. So it seems to me 
there is a problem in communicating basically with the 
people. All of the things we are talking about here, at least as 
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far as the opponents that have risen in my State, are not the 
problems that are of real concern, the problems are nonexis­
tent ones that might happen tomorrow. The concerns that the 
people have relative to a particular proposal is not for the 
long range future in 100000 , 4000 , 1000 or 100 years. The 
concern is for what that particular proposal means in terms of 
safety today and I do not know whether that kind of 
perception is the same kind of perception that people 
elsewhere might have, or general public elsewhere might 
have, but I do not rea lly believe that we are very different 
down south than elsewhere. 

Q. Anonymous: I may be under a misimpression as to what the 
concerns of the public here are, but I do not believe they are 
quite the same as for the disposal of high-level wastes. I really 
think they are looking into long term, and the present day 
concerns are more associated with other segments of the fuel 
cycle; this is my observation of the major concerns in Canada. 
In fact , I have not detected public concerns over the short 
term or the immediate aspects of high-level waste. There have 
been discussions over the suitability of the storage methods 
but not the immediate repercussions of disposal in deep rock. 

Q. J.O. Wheeler, Geological Survey of Canada: I would just like 
to return to a slightly bureaucratic aspect to read into the 
record an event that I think has a bearing on how we are here 
today. The Canadian Geoscience Council and before that, I 
think individuals, approached the Geological Survey to 

consider whether the Survey would apprecia te having an 
Advisory Committee to look into its opera tions. This, the 
Geological Survey of Canada agreed would be a useful thing, 
believing that an outside appraisal of our programs, and 
shortcomings would only make them better. In going that 
route, which we did , one of the elements that was investigated 
was the radioactive waste disposal program, to begin with 
through the Geological Survey's participation in a depart­
mental component of that program. I think it is fair to say that 
investigation wormed its way into the Department through 
the Geological Survey and I would just like to have that fact 
understood. I know that in view of the present climate of 
constraint there is no way that the Geological Survey, even for 
its own particular aspects of the program, is going to be able 
to cover all the base of research. I think it was make clear with 
the Blais Report some years ago that to tackle the problems in 
Canada, which are so numerous, and which are particularly 
of concern to this audience and this topic, is going to take all 
of the Canadian geoscientific community and even others to 
solve the problem. 

A. D. W. Strangway: As one of the members of the Advisory 
Committee that J.O. Wheeler refers to, I must confirm that 
when we went into examine the programs we were cordially 
received and well supported by everybody involved in the 
process. It was ope n to us and people did not attempt to hide 
things from us. That document, by the way, will be published 
in the 1978 Annual Report of the Canadian Geoscience 
Council. 

Q. Don Cranston, Mineral Policy Sector, Department of Energy, 
Mines and Resources: I have a question I would like to ask of 
S.R. Hatcher, Atomic Energy of Canada Ltd. I am a little 
reluctant to ask it, but I think it should be asked. Some years 
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ago I was involved in a compilation of a listing of known 
mineral deposits in Canada that are not being mined . Because 
of this , a few months ago, I indirectly received a request from 
AECL asking if we could provide them with a listing of 
mineral deposits in Canada that contain poisonous elements 
such as mercury, arsenic, antimony and so forth. Now I do not 
know why AECL wanted this, but I have come up with the 
obvious inference that so mebody in AECL is trying to justify 
disposal of nuclear waste, with the argument that we already 
have all sorts of deposits around with poisonous elements. 
This is a very dangerous statement to make, but I wonder if 
th at sort of thinking is going on in AECL; I realize I am only 
inferring this from the request. 

A. S.R. Hatcher: I am not familiar with the particular request 
that you are talking about, but I think that is a fair question 
and the point has been made by one or two other speakers 
today, that we should put nuclear power and nuclear waste 
into perspective. Radioactivity is not a brand new thing that 
has suddenly been discovered in the nuclear power age. It 
naturally exists in the world ; there's an awful lot of 
radioactivity locked up in the world's uranium deposits and 
as one of the other speakers said today there are a lot of 
poisonous substances that our society deals with and handles. 
Sometimes well , sometimes not so well. 

Q . K.G. Kennedy, Hydrogeologist, Science Applications, U.S.A.: 
I would like to ask two quick questions - one to the 
governmental side and the other to the scientific side. First, 
just from an economic standpoint, I would like to know what 
the dollars are involved in our very clean source of energy 
that we are developing for Ontario Hydro. We are looking at 
a "Catch 22 circle game" here where we have a very useful 
uranium supply providing an economy for a wide variety of 
the public sector. What are the federal dollars involved in just 
the waste disposal program? Who has control of those dollars 
- whether its AECL or whether its EMR ect.? 

A. S.R. Hatcher: The waste disposal program is funded this year 
at the level of $9.9 million by the federal government. That 
does not count what goes in from the Ontario side; I am not 
familiar with that figure, but possibly it is through the federal 
government. 
R. W. Barnes: Ontario Hydro has contributed about $1.8 
million since about 1973. 

Q. K.G. Kennedy: R.W. Barnes, what are your calculations of an 
estimated cost for a waste repository and when you say that 
Ontario Hydro has done an economic analysis; what dollar 
figure do you include as far as a waste repository being used 
to dispose of your particular wastes from Ontario Hydro? 

A. R. W. Barnes: The disposal cost is really an AECL figure. 

Q. K.G. Kennedy: So Ontario Hydro does not include disposal 
costs in the generation costs? 

A. R. W. Barnes: The answer to that is I believe we have not 
started at this point to charge, but people are looking at it 
now; but it is very, very small; it is a fraction of a per cent. 

Q. K.G. Kennedy: What will be the total dollar cost for the 
repository? 

A. S.R. Hatcher: It depends on how much fuel you want to store 
in it. I think the estimates we had from the work that is being 
done by Acres Consultants Ltd. is that it would be in the order 



of .02 to .04 cents per kilowatthour. For the construction of a 
test repository, I can give you the price on that, our estimates 
are in the order of $50 million. That is for a test repository, 
that is not for a commerical sca le operation. 

Q. C.G. Winder, University of Western Ontario: Dr. George 

Wald , Nobel Laureate is very pessimistic about the future of 
mankind. He pointed out that the United States is making 3 
H-bombs per day. I regret that I cannot ask this group my 
question the same way that I have asked groups of students. I 

ask them to put a simple answer to the question" How long is 
Man going to survive on this earth?" In a recent class 
consisting of22 students, their average answer was 220 years. 
Another university group that I spoke to were a little more 
optimistic, they said 320 years. Dr. George Wald in his 
particular address at the University of Western Ontario said 5 
to 25 years. So ladies and gentlemen, when you are talking 
about storing material for 10000 years, I think there is a more 
important question which really is fundamental in this whole 
Forum - and that is how long is Man going to survive? 
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