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Introduction

The nuclear industry, in common with
other industrial activihes, produces both
benefits and certain undesirable by-
products The benefitis electrical power,
which forms the foundation tor our
‘modern-day way of e The undesirable
by-products are the wastes generated
during the fission of uranium. These are
rachcactive and toxic, and must be

shielded. contained and cocled until
they no longer pose a threat to the health
and envirenment of mankind. Two kinds
of radivactive elements are involved,
Fission products. which emit penetrating
rachation (beta and gamma rays). have
relatively short half-hves and thus
coohng 2nd shielding are only
necessary for approximately 300 years.
Actinides. which emit relatively
unpenetrative alpha particles. have long
half-lives so that containment witl be
necessary tor hundreds of thousands of
years Hence. it will be necessary to
construct a facilty which must provide
shiclding and heat dissipation for the
short term, and containment for the long
term [t must remain intact for much
longer pericds of time than any other
man made structura.

A natural sclutionis to place the
wasics deep into subsurface formations
which are known to have been stable for
many milhons of years and which will
undoubledly remain so for a
consderable period. s appropnate
that the nuclear cycle should end where
it began. with the radicactive elements
emplaced in the protective custody of
ther earth's crust

The purpose of this paper 1s 1o
adescnbe radicactive wastes and the
scwenthec programs which are in
progress and planned 1o ensure ther
long-term subsurface 1solation. A
program Lo determine the teasibility and
safety of geological disposal of nuclear
wistos by developing and constructing
atestrepository N a suitabie rock
faormation was initiated in 1975. The
projectis under the direction of Atomic
Energy of Canada Limited (AECLY In
collatioraton withthe Geological Survey
ot Canada(GSC).the Canada Center tor
Mining and Energy Technology
{CANME Ty and Earth Physics Branch
{EPB). all of the Department of Energy,
Mines and Resources. In addition,

industry and universities are
contributing to the program.

A broad spectrum of geoscientific
involvement is necessary to bring the
pregram Lo a successfut conclusion.
Expertise 1s required in disciplines as
diverse as stratigraphy, sedimentology,
petrophysics, petrology, hydrology and
theoretical rock mechanics, to name
only a few. Although the projectis
essentially an exercise in engingering,
there will be a considerable requirement
for pure and applied science.
Furthermore. much of the acquired
basic data will be applicable to
fundamental problems.

Many radicactive waste disposal
concepts have been proposed.
However, a tundamental guideline
which has been adopted for the
Canadian program is that concepts
which rely on future development of new
technology shall not be considered at
this ime Thus. polar 1ce sheet disposal.
deep space ejection. sea tloor disposal.
extremeoly deep borehole
emplacements and similar concepts
have been excluded An additional
constraint 1s that the wastes shall remain
accessible for some penod after thair
emplacemoeni (probably several
decades) inorder to pormit survellance
andtoallow tor the possibility of retnicval

These constraints are satisfied by an
excavated facity consisting of a gnd of
tunnels onone or more levels. at some
considerable depth (300 1o 2000 m)
within & carctully sclecled geological
formation Surface facilities will receive
the radioactive wastes and lower tham
through a shaft to the repository where
they will be transported to appropnate:
Iocations and emplaced below the
tunpel floors Before they are brought to
the faciity. the wastes will have been
sohdified into a leach-resistant form,
such as glass, and then encapsulatedin
cylinders The coneptisillusirated in
Figure 1
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The anticipated volumes of nuclear
wasles are not large. The heat
generated by the radicactive decay of
the wastes, rather than their volume. will
determing the size of the dhisposal
faciity Preliminary estimates based on
projechicns of nuclear energy demand
and onacceptable” tempoerature levels
indicate that the subsurface area
required for a one-level repository will be
about one km by the year 2000 and
about eight kme by 2050

The repository is scheduled (o be
readdy 1o receive nuclear wastes onafull
trmes Hasis by the year 2000 To achieve
fhis deadhne. a site will have to be
selocted by about 1981 with the
construction of a demonstration tacility
complete by about 1986 Careful
maoritonng and survellance will follow
furthe ensuing 10 to 1h years as electric
hoeaters and nuclear wasles are
cinplaced on a tnal basis

The Geological Medium
The main objective during the next few
years will he to determing the most
sutable type of hostrock for the disposal
of radicacthive wastes Speaific sites will
then be selected and investgated
ultimately yielding one site which will be
develuped into a demonstration faciily,

A roview of rock types and their
charactonstics. asrefatedtothe
requirements of the repository, has
indicated that two, m particular, ment
detailed mvestigation  plutonic
crystalline rocks. and salt depositis In
addition serpentinized ultra-mafic rock
15 peng considered

Phatomic crystalbne rock has a number
of charactenstics that suggest it will be
an acceptable host Plutons with
dimensions suitable for a repository are
abundant in the Canadian Shiold Maost
are relatrvely hormogoeneous m
composition and structurally competent

Figure 1
Schemane cross-sechon of a conceptual
repository for nuctear waste disposal
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so that it would be possible todesign and
construct a reposiory which willremain
mechanically stable and therefore
accessible for a considerable time The
central regions of plutons are seldom
associated with mineralization and thus
form unattractve drilhing targets for
future generations, The stabality, low
seismicity and low geothaermal gradient
of the Canadun Shreld, as well as its
central location in Canada relative 1o
present and planned nulear reactors,
are advantageous for the siting of
A TCPOSItory

However the utibzation of plutomc
rock 1s not without potential
disadvantages Since discontinuifios
such as joints and fractures will always
b present to some degrecin anigneous
10¢k mass, i possible way by which the
radieonuchdes can returnte the
tnosphere s by the leaching of the
sohdified wastos and ther subsequent
transport by around water Therefore the
assessment of fracture permcability and
around water flow, espacially over fong
peneds of e, will be of fundamental
rporlance

Sdlt thalitey formations have a numibser
of physical attributes that may make
them sutable for disposal of nuclear
wastes They are good conductors of
heat and are thus capable of dissipating
the hoat generated by the spent tuel
wastes, they have self-sealing charac
tenstics which mav be beneticatin the
event ob mmor tractuning or exposure to
oxcessive heat andthey are
acologically stable over vast areas of
Canada The factthat present-day halite
depusits have avoided removil by
aolithion for several hundred milhon
yoars demonstrates that certain of these
deposits he within closed systems that
have been long romote from the
Liosphere

Halte deposits are present inthe
sutrsurface of every Province and
Ferntory of Canada. Thus, if saltis
selected as the hast rock. the extensive
aeological research and development
required to estabhsh the first tacility
could be apphed in large parl to similar
aeological terrams in other parts of the
country if the requirements tor disposal
CApacity InCrease N the vears to come

The utihzation of salt deposits for
radinactive waste disposal 1s also not
without certain potential hazards
Sedmentary basins often contam
prohfic gguiters above and below the sall
zones andibis wital that the repository
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remain isolated from them. Salt deposits
are often associated with oil, gas and
potash. and it must be ensured that
future generations in the quest for
mineral resources do not unsuspect-
ingly drill into or encroach upon the
repository. In addition, the plasticity of
salt may imit the length of time for which
the wastes are retrievable.

The main emphasis of the Canadian
program is on the preceding two rock
types. However, serpentinite (here
denoting ultra-mafic rock with any
degree of serpentinization) is also being
investigated. Due to its hydration it
behaves plastically at depth and
elevated temperature, yet is structurally

competent near the surface.
Serpentinite thus has some of the
properties of salt and it is, of course,
insoluble. However, in Canada there
may be difficulty in finding bodies of
appropriate dimensions which are not
associated with economic
mineralization or seismic zones.

Plutonic Rock

lgneous intrusive rocks (plutons)
constitute a major fraction of the
exposed bedrock inthe Canadian Shield
of central Canada (Fig. 2). Unlike salt
desposits, which have been studied
quite intensively inthe United States and
the Federal Republic of Germany, little
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information is available concerning
waste emplacement into igneous rocks.
As aresult, the program described in this
seclion has had lo begin at a
fundamental level and encompass a
broad range of research

Assessment of igneous rocks as
potential host rocks for a nuclear
repository was initiated by compiling a
list of factors that were considered to be
irnportant in the selection of the type of
rock and the location for the repository.
These factors fall into three principal
categories: 1) geological and
geotechnical, 2) site and environmental,
and 3) legal and political (Table I).
Ongoing efforts are being directed

LEGEND

PRECAMBRIAN SHIELD
SVERDRUP BASIN

FRANKL INIAN TROUGH
MACKENZIE BASIN

ELK POINT BASIN

HUDSON BAY BASIN
MICHIGAN-ALLEGHENY BASINS

MAGDALEN, SYDNEY AND
ST. ANTHONY BASINS

SCOTIAN BASIN

Figure 2

The Canadian Shield (showing area of
immediate interest for radioactive waste
disposal by oblique hatching) and sait
basins of Canada
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Table | Faclors for Cosideration
A. Geological and Geotechnical
1 Economic value
2 Structural Geology
—tectonic tramewaork
—dip and nature of rock mass
—major incaments - freguency,
--grientation and charcter
—fracture frequency and
onentation rock fabnc
3 Short and long term stability of
underground cpenings
structural integrity of rock mass
—depth. thickness. and extent of both
host rock and adjacent rocks
—mineable depths
existing stress field
—rock strength properties as a
function of titme and temperature
4 Rock charactenstics
- -petrology and mineralogy
—rack homogenerty or purity
- 1on exchange properties
—coentent of gases and hqurds and
temperature stability ield
--permeabiity and poresily of both
fractures and rock blocks
5 Erosional stability over geological time
& Thermal properhes of rock over
specihied temperature ranges
expansion, conduchivity. fracture
potential etc
7 Eftect of thermal stress gradients on
tractures and rock properties
8 CiHect of fracutres on the heat transter
properties of the rock mass
9 Groundwater How inthe vicinity of bigh
thermal gradients
10 Effect of hydration and dehydration
11 Effect of rachation on structural
properites

B. Site and Environmental
1 Accessibihty  rail or road
2 Drstance from major population
centres and wasle load centres
3 Distance from areas of resincled
land use
4 Awvallabity ot buffer zone
5 Topography
6 tlydrology and hydrogeonlogy
7 Overburden charactenstcs
8 Association with known mineral
9 Miming and dnlling aclivity
10 Mine waste disposal
11 Seismictty -natural and induced
12 Geothermal enviranment
13 Future geclogical events. ¢ glaciation
14 Possibility of site gperation baing
affected by other. nonwaste related.
ingustnal accidents

C. Legal and Political

t Existing land use nghts
Alternale use conflicts
Population density
Sate secunty
Public acceplance

[ AN FoR AN |

towards ranking and guantiyingthe
various factors in each category

Since the Shield is soimmense that
some dehrmilalion 1s necessary. and
since most of the nuclear power
generated in Canada until the year 2000
will bo in the Province of Ontario. the
plutonic rock program has beenfocused
on the Precambrian terrain of that
province Many plutons, encompassing
a variety of rock types (mafic tafelsic).
lectonic settings and geocgraphic
iocations have been roviewed using
avallable lterature, geological maps and
acral photos About a dozen sites were
chosen tor reconnaissance mapping
during the summer of 1976 by
comparnng such factors as amount of
oulcrop. number and size of structural
Ineaments, accessibiity and economic
potential Parlicular attention was paidto
mapping the fracture systems at each
site Further review of potential sites and
hield mapping s planned.

A number of other studies are
currently under way or planned to obtamn
the data required to demonstrate the
feasibiity of the concept as wellasto
develop the criteria necessary for
selecting a suilable site. Case histories
of underground hydro-electric
excavalions and operating mines are
being reviewed to study ground water
conditions in three-dimensions and to
correfate surface and subsurface
features

A major gectechnical program is
being developed for evaluating potential
sites. Data on subsurface conditons will
be obtained directly from exploratory
boreholes as well as fromindirect
technigues including airborne, surtace
and borehole geophysics. A
fundamental objective will be the
delineation of ground water flow in
ignecus terrain, particularly at greater
depth, since virtually ne information on
this topic 15 currently available.
Hydrological data for fracture
permeabilites and porosities will be
obtained using horehoies cameras,
injection and pumping tests. Ultmately,
any promising site will require turther
detaled investigation including
seismicity monitoring and delineation of
the hydrological system on a regienal
scale. Tolest equipment and train
personnel tor these programs, a test site
has been established in a granitic body
near Oftawa

Parallel to the evaluation of particular
plutons, laboratory investigations of
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mechanical, thermal and hydrauhc
properties of various igneous rock types
will be undertaken The effects of
radiation and elevated temperatures on
these properties will also be determined.

The development of techniques tor
safety and environmental analyses isan
integral part of the program. The
analyses will receive input data from
laporatory and field experiments and in
addibon to quantifying the safety of the
disposal concept. will specify criteria for
selecting suitable sites.

As currently scheduled. drilling on
plutonic rock will commence in the
summer of 1977 and potential site
selection, general field evatuation and
laboratary investigations will continue
until some time in the period 1980 1o
1982, when enough evidence will
have been accumulated to choose
a specific site.

Salt

The evaluation of salt depositsin
Canada as possible host rocks tor
radioactive waste disposal is baing
performed in three principal phases.
Phase | is an cverview (geological
reconnaissance) of all of the salt
deposits of Canada. Phase |l will
comprise a further. more comprehen-
sive surface and subsurtace synthesis
of the favourable areas selected inthe
Phase | study. This program could lead
to the indentification of potential mine-
site locahties Phase I will be a dnlling
program to define the imits of a specitic
site preparatory to the construction of an
underground repository.

The Phase | study, which invalved the
compilation of data on all the sall basins
ot Canada {see Fig. 2). was completedin
March 1976. This preliminary
investigation provided infarmation about
the distribution. thickness, depth,
structure, of each of the salt units ang,
where information was available. tothe
reconstruction of palecgraphy.
depositional envircnments. facies.
history and extent of salt leaching.
diapinsm.

Onihe basis of Phase | studies, many
areas wore rejected as potential sites for
one or more of the foltowing reasons:
excessive depth; inaccessibility
beneath ocean basins and far northern
terrains; evidence that widespread
removal of halite by leaching is still in
pregress. andthe presence of economic
or potentially economic deposits such
as oil, gas, tar sands, potash.
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Three areas have been selected for
more detailed (Phase ) studies:

1) Southern part of western Canada
Mainiand {northeast margin of Elk Point
Basin in Saskatchewan and Manitoba),
2) Southwestern Ontaric {east shore of
Lake Huron bordering Michigan Basin),
3) Vanous onshore portions of
Magdalen Basinin Nova Scotia and
New Brunswick.

During Phase Il, which is scheduled
for completicn by the Spring of 1979,
surface and subsurface mvestigations
of a multidisciplinary nature will be
undertaken. Surface investigations
include terrain inventory studies o
determine the potential effects of
seasonal and long term fluctuations of
surface waters. fulure recurrence of
glaciation, land slides, as well as an
appraisal of the suitability of the terrain
for agricultural, industrial or urban
development. The rock units which
overlie the salts, where exposed tothe
surface. will be sampled and tested to
determine their water bearing
characteristics {porosity, permeability
and fracture systems), and lithalogical
competence.

In the subsurface, the lithological
charcter of the salt beds and overlying
strata will be determined by studying
sample cuttings and cores from wells
drilled for ol and gas, mechanical well
logs and data from mineral exploration,
etc. Geophysical (gravity and seismic
infarmation will be acguired and
integrated with the dnll hole data to
extrapolate stratigraphic information
from one drill to another and to map
potential oil and gas-bearing structures.

The effects of groundwater and
formation fluids must be carefully
assessed to ensure that these will not be
a concern dunng reposiory operation or
in the long term. Hopefully areas will be
tound where groundwalter flows are
negligible Remaoval of salt due to
processes of leaching by groundwater
and formation flurds 1s also a natural
hazard. particularly along the margins of
most salt basins. Studies are presently
being conducted to reconstruct the
onginal depositional edges of salt units,
and to establish the progressive
migration history of the solution edge.
Considerable success has already been
achieved in this regard in southwestern
Ontario. Studies there indicate that salt
leaching was for the most part an
ancient phenomenon and is not likely to
be a major concern in future.

The culmination of geological
exploration in the salt program is Phase
HI which will involve test drilling of sites
selected in the Phase |l study. Whenthis
slageis reached, all of the avalable
geoscienlific data will have been
compiled and analyzed, and the drilling
will serve 10 outiine the imits of the
repository and to confirm whether or not
the previously established requirements
have been sufficiently met tc warrant
proceeding with a mine facility.

Serpentinite

A small program to investigate
serpentinite in Eastern Canada has
been initiated at the University of
Quebec at Mentreal. Field work in the
Abitibi belt and in the Appalachian
region was performed in 1975, and
currently. laboratory studies are
investigating the stabuity of the
serpentinite minerals at elevated
temperatures and under irradiaticn.
Further research is plannedto study one
site in detail with laboratory emphasis on
thermal and mechanical properties. The
objective is to establish how these
properties vary with degree of
serpentinization, and hence, inthe

rock mass.

Repaository Development

The ultimate objective of all facets of the
program is the design and construction
of a test repository which will safely
contain nuclear wastes. Considerable
design and supporting research is
necessary to develop a feasible waste
emplacement contiguration, repository
layout and support tacilitics. Due to the
radioactivity of the materials which are
involved, the repository wall be more
complex than a conventional mne and
more stnngent standards of safety will
be necessary The heat produced by the
wastes poses a particular problem and
rock mechanics calculations will be
necessary to search for an optimum
waste emplacement density while
ensuring the stability of the excavated
chambers.

A preliminary conceptual design for a
repository which could contain all the
radicactive waste produced in Canada
until 2050 has been completed by Acres
Consulting Services L1d. A reference
design was outlined and a number of
alternative concepts were describedina
general way. Cost estimates indicated
that repository construction and
operation would have a very small effect
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on the price of electricity. Analyses to
determine temperature distributions
associaled with vanous repository
models in granitic Igneous rock were
also performed. The results indicated
that it shauld be possible to keep
maximum temperture increases to
acceptable limits while maintaining a
reasonably sized repository. The
stresses created by excavating the
repository openings and by the
temperature increases were determined
and indicated that no insurmountable
stability problems should be
encountered. It must be noted that these
were preliminary studies and
incorporated many simplifying
assumptions. The next phase of the
study will include detailed analyses of
the thermal/stress regimes for the
reference design and will continue the
evaluation of alternative concepts. The
objective is to choose a concept and
demonstrate its feasibility so that
detalled design can commence once a
specific site s selected.

Prior to actually sinking a shaft at a
chosen site, it will be necessary to verify
analytical predictive capabilities as well
as tocompare in siturock properties and
behaviour with those observed inthe
laboratory. For this purpose a relatively
large scale experiment is planned
involving electric heaters placedin an
operating mine.

The test repository is expected to be
completed by about 19886, after which
the facility will be 1ested for a
considerable period under rigorous
surveillance and monitoring. If the
repository satisfies the scrutiny of the
trial period and the requirements of the
licensing agencies, it could be
expanded and converled to an
operational repesitory for Canada’s
nuclear wastes
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Conclusion

This paper has described a program for
the disposal of Canada’'s nuclear waste
deep into the formations of the earth’'s
crust. To achieve the objective of safely
isolating the wastes from the biosphere,
a broad range of earth science
disciplines are required. The intertwining
of these disciplines should yield not only
a successtul outcome to the geological
disposal but also provide basic
knowledge to fuelfundamental research
in Canadian geoscience
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