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PREFACE 

The federal government's Energy Research and Development Pro
gram is divided among Six Tasks, including over 30 programs, directed 
towards providing the R&D necessary to ensure that Canada may have the 
capability to be self-reliant in energy supply (Appendix D). This docu
ment describes Program 4 - Geothermal Energy, of Task V - Exploit Re
newable Resources. It was prepared for the Federal Task Force on Energy 
R&D, and contains the program outline recommended for implementation by 
the Government of Canada. The lead agency for this program is the Earth 
Physics Branch of the Department of Energy, Mines and Resources. The 
Department of Energy, Mines and Resources also serves as coordinator of 
the overall federal program. Copies of this document may be obtained 
from 

Division of Seismology and Geothermal Studies, 
Earth Physics Branch, 
Department of Energy, Mines and Resources, 
Ottawa, Ontario, 
KlA OE4. 
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TASK V. EXPLOIT RENEWABLE 
ENERGY RESOURCES 

PROGRf.\M 4 - GEOTHERMAL ENERGY 

NEED FOR ACTION 

We are ignorant of the geothermal po
tential in Canada. Since the western part of 
the country is part of the circumpacific belt 
of young mountains and recent volcanic activi
ty, it is reasonable to expect that potential 
geothermal resources of volcanic origin are 
present in British Columbia and the Yukon. It 
is also probable that hot water in potentially 
useful quantities is present in deep sedimen
tary basins of the Great Plains and the nor
thern regions of Canada. This is a new energy 
source in Canada and, since there is little 
current industrial activity, the federal and 
provincial governments should take a leading 
role in detecting and evaluating the potential, 
so that available energy can be used in the 
most efficient manner possible by industry or 
public utilities. It is conceivable that the 
electrical power needs of Vancouver could be 
supplied by geothermal resources, just as the 
needs of San Francisco are expected to be met 
by The Geysers field by 1980, and it is neces
sary to find out what resources are available 
and how they can be used. 

4. NATIONAL OBJECTIVES 

The national objective must be to de
velop any geothermal potential in Canada to 
supply space heating for all kinds of build
ings, direct heat for industrial processing, 
or electrical power, to further the best inter
ests of the nation. To achieve this, the first 
research effort should be led by the f ederal 
and provincial governments. Steps are now 
being taken (Dec. 1974) by B.C. Hydro to ex
amine the potential at a geothermal site at 
Meager Creek north of Vancouver. When the 
existence and potential of geothermal re
sources can be demonstrated, and when economic 
factors are favourable, industry and public 
utilities will enter the development phase. 
A further requirement is legislation govern
ing the exploration and development of the re
sources: for further information see Appendix 
A. 

The federal objective is, therefore, 
to assess and demonstrate the potential. 
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5. PROPOSED NATIONAL R&D PROGRAM 

A description of the five main cate
gories of geothermal resources is found in Ap
pendix B. The discovery and assessment of 
these resources will occur in the following 
four phases: 

5.1 PHASE I. 

R e.c.o g 1ü .. .t,{,o Yl of probable areas of 
geothermal resources. This phase will result 
in the selection of several areas of a few tens 
of thousands of square kilometres from the ap
proximately 1.5 million square kilometres of 
the western mountain zone. This selection will 
be based primarily on heat flow, heat genera
tion, geochemical measurements and volcanology, 
and will be carried out mainly by federal govern
ment agencies, probably with some contracts to 
universities. 

5.2 PHASE II. 

I de.YL.t,{,6,{,c..aLi .. o Yl of individual sites 
ofgeothermal potential. In this phase, sites 
ofa few hundred square kilometres, showing 
strong indications of the existence of one of 
the forms of geothermal resource described in 
Appendix B will be identified. Techniques of 
geology, hydrology, geophysics and geothermics 
will be involved. Sorne of these are currently 
available from industrial survey companies, but 
others are available only in government or uni
versity departments. B.C. Hydro have already 
entered this phase at Meager Creek, and indus
trial developers may enter at this phase in 
future. The federal government should run a 
pilot study in order to promote geothermal en
ergy, to study the Canadian geological charac
teristics, and to develop methods and technology. 
Coordination between federal and provincial 
governments will be necessary. 

5.3 PHASE III. 

Evalua.t,{,oYl of potential resource 
site. In this phase the nature and magnitude 
of the resources at individual sites will be 
evaluated to determine the best use that can be 
made of them. This phase will normally be the 
responsibility of the prospective developers, 
which may be provincial or local public utility, 
or an industrial organisation, but a pilot study 
by the federal or provincial government, or 
both, may be required to demonstrate the via
bility of geothermal resources in Canada or to 
evaluate technique. 



5.4 PHASE IV 

Ve.ve.lopme.n.:t 06 1te.1.iou/tc.e.1.i. It is 
important to note that a minority of geother
mal resources are best suited to generation 
of electrical power, and that direct space 
heating or industrial processing are often the 
best use that can be made, depending on loca
tion. In this phase the developer, whether 
public utility or industrial, taps the resource 
and uses it or sells it to a user. 

5.5 It is not intended that these phases 
should be regarded as rigid, mutually-exclu
sive steps. There will inevitably be some 
overlap. Time-scales will differ between lo
cations. Surveys done or contracted by govern
ment agencies at first as a feasibility study 
will probably be done by the prospective de
veloper as further sites are investigated and 
the feasibility of geothermal power develop
ment is proved. 
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5.6 Inevitably the major effort in the first 
five years will be in the Cordillera of British 
Columbia and the Yukon, but provision will be 
made for an investigatio~ of existing tempera
ture and porosity data in deep sedimentary 
basins. Areas where large sources of hot water 
(100°C - 150°C) may exist in sediments include 
the Great Plains, the Mackenzie Valley, the 
Arctic Islands, and offshore basins near Van
couver Island and Sable Island. The following 
map shows the parts of the Cordillera most 
likely to provide geothermal resources. 

S. 7 In the near-term, i.e., within 5 years, 
we can expect to identify at least some of our 
conventional geothermal resources, and possi-
bly we can evaluate some of them thoroughly. In 
the mid-term, i.e., within 15 years, we can 
expect to begin to use some of the conventional 
resources, and we can identify some of the uncon
ventional types. In the long-term, we can ex
pect to derive benefit from hot dry-rock areas, 
and also the heat from normal areas should be
come accessible. 
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6. PROPOSED FEDERAL R&D PROGRAM 

6.1 The federal and provincial government 
R&D programs need to go far enough through the 
processes of recognition, identification and 
evaluation that industrial or public utility 
agencies will be induced to carry on the work. 
Once this has been achieved, the federal ef
fort can be retracted as the developing agen
cies take up the exploration process. It is 
unlikely that the f ederal government can ever 
withdraw from the basic research and data 
gathering that is essential to Phase I, and 
may extend into Phqse II. 

6.2 The federal R&D program should pro-
ceed in two parts: the continued regional 
surveys of Phase I, the recognition of proba
ble resource areas, and a field study in which 
all possible exploration and assessment tech
niques will be evaluated in the Canadian con
text. The pilot study should also yield in
formation about one or more sites, and should 
be undertaken either in direct cooperation 
with the provincial government or in such a 
way to avoid duplication of effort. 

6.3 A continuing program of geothermal 
measurement has been proceeding on a small 
scale since 1962. This program was originally 
aimed at a scientific study of the crustal 
structure of all areas of Canada, but it has 
been redirected towards resource- associated 
research. It is on too small a scale to meet 
the needs of a resource-oriented program, 
but most of the techniques of the scientific 
work are applicable to the resource program. 
Appropriate geological and geochemical tech
niques are also in current use on a small 
scale. Work in Phase I should concentrate at 
first on the conventional geothermal reser
voirs, but possible dry hot rock areas should 
receive increasing attention as the state of 
technology, developing outside Canada, indi
cates. In Phase I, techniques and studies re
quired will be: geochemical analysis of 
spring waters, often the only surface indica
tor of reservoirs; volcanological studies to 
pinpoint probable hot spots; temperature data 
collection, to derive maximum benefit from 
existing data; and heat flow, heat generation 
measurements and magnetotelluric surveys, to 
examine the underground thermal regime. If 
airborne infrared surveys are to be of any 
help, it will be in Phase I, to examine areas 
where surf ace-derived knowledge of hot spring 
locations is not considered to be complete. 
Such areas will be very limited in extent. 

6.4 The pilot study should be concentrated 
on one probable conventional resource area, 
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and will involve, in Phase II, geological struc
ture and reservoir hydrology, in order to de
termine the reservoir potential; drilling of 
shallow hales for temperature measurement, to 
detect high temperature gradients; electrical 
resistivity, to detect highly conductive reser
voirs; extensive geochemical analysis of ground
water discharge; microearthquake studies, as a 
tool in the detection of high-pressure reser
voirs; and electromagnetic surveys, if the re
source is believed to be at shallow depth. 

6.5 In Phase III, many of the same tech-
niques will be required, but the attention will 
be focussed on a smaller area. Since this phase 
will normally be undertaken by prospective de
velopers, federal government participation will 
probably be limited to evaluation of techniques. 

6.6 In sedimentary basins the resource sites 
will caver larger areas, and Phase I and II will 
tend to merge into one operation. However, the 
required activities can be divided into the ex
amination of the large amounts of data existing 
in oil company and provincial government files, 
and the active acquisition of new data to aug
ment the existing material. 

6.7 A list of projects and a workflow dia-
gram are presented in Appendix C. 

6.8 The Earth Physics Branch will continue 
to act as the lead agency for federal govern
ment activities in geothermal energy research. 
All activities related to research into geo
thermal resources will be coordinated by the 
Geothermal Service a·f the Earth Physics Branch. 
Activities in the different disciplines will 
be carried out or supervised by the relevant 
experts in the Earth Physics Branch, Geological 
Survey of Canada, and Department of the Environ
ment. The Geothermal Service will maintain 
good eommunications between these agencies, 
coordinating their activities and reports. 

6.9 Many technical services can be obtained 
by contract from universities or geophysical 
exploration companies. The universities that 
might be expected to take part include British 
Columbia, Toronto, Western Ontario and Dalhou
sie. Many competent exploration companies 
exist that are capable of the surveys mentioned. 

Since this proposal is mainly a re
search program, and since this exploratory work 
must be done if geothermal resources are to be 
found and evaluated in Canada, greater or small
er budge t s simply mean a faster or slower pace, 
rather than any change in the work to be done. 
The present proposal has been kept to a modest 



level in view of the relatively small amounts 
of energy likely to be produced in the next 
ten years. However, this is a research pro
gram designed to evaluate an unknown resource, 
and the energy supply and economic situation 
is changing rapidly at the present time. For 
these reasons national priorities should be 
kept under review. 

7. EXISTING FEDERAL R&D PROGRAMS 
AND BUDGETS 

There are bases for relevant techni
cal activities within both Earth Physics 
Branch and the Geological Survey of Canada. 
At present the Earth Physics Branch is re
sponsible for international liaison, inter
branch coordination and field and laboratory 
research and data collection in all aspects 
of geothermics. The Geological Survey of 
Canada is responsible for hot spring inven
tory, geochemical analysis of spring waters 
and all volcanological studies. Other valua
ble expertise exists in the Division of Geo
magnetism of the Earth Physics Branch, the 
Resource Geophysics and Geochemistry Division 
of the Geological Survey of Canada and the 
Department of the Environment. 

8. EXISTING NON-FEDERAL FUNDING 

8.1 The effort outside the federal govern-
ment in Canada is restricted to B.C. Hydro, 
employing the services of Nevin, Sadlier-Brown, 
Goodbrand Ltd., a consulting company based in 
Vancouver, to carry out investigations in the 
neighbourhood of some hot springs. In the 
autumn of 1974 a program of electrical resis
tivity measurements and shallow drilling (1200 
ft.) was in progress in the area of Meager 
Creek, near Pemberton, British Columbia. The 
target of this survey was the source of the 
water that flows from the Meager Creek hot 
springs, since the Geological Survey of Canada 
geochemical analysis suggests a high tempera
ture source. The Earth Physics Branch was 
contributing its expertise in borehole tem
pera ture measurement and the loan of equip
ment. 

8. 2 The Meager Creek project belongs in 
Phase II, as described in Section S. The 
choice of locations was based on the Phase I 
geochemical analysis, and the work utilizes 
current borehole measurement techniques, both 
being supplied by the federal government. 
Thus, existing research into geothermal energy 
is proceeding with the kind of cooperation and 
coordination that should be continued. 

9. BENEFITS 

9.1 If resources are found in Canada, the 

S. 

impact on energy supply before 1985 will be 
small compared with the total needs of the 
nation, but geothermal resources could be very 
important in certain areas. Benefits in space 
heating and industrial heat are probable, and 
will result in a reduction in the use and trans
portation of fuels and other forms of energy 
from elsewhere, particularly oil and gas. This 
could be of great advantage in remote parts of 
the western mountains where transportation is 
expensive. 

9.2 It is possible that resources will be 
discovered that will permit the generation of 
significant electrical power. At first this 
will probably be in the Cordillera of British 
Columbia, and there will be no choice of lo
cations. As the technology is developed for 
exploiting dry hot rock and the heat from nor
mal areas, other parts of the country can be 
included, and freedom of choice of location of 
power plant and the overall contribution from 
geothermal resources will increase. 

9.3 It is probable that hot water will. be 
discovered in amounts suf f icient for space 
heating or industrial applications. Heat of 
vo'lcanic origin will be found in the Cordillera, 
but hot water may also be found in areas of 
deep sedimentary basins. Possible applications 
include pulp and paper manufacture, fish pro
cessing, market gardening under glass, horti
culture, heavy water separation, and recrea
tional facilities. 

10. OTHER RELEVANT CRITERIA 

10.1 Geothermal resources are good from an 
environmental point of view, except when the 
chemical impurities in the water make disposal 
difficult. 

10. 2 The existence of geothermal resources 
in Canada is a question of fact, which should 
be answered by the proposed research program. 
The probability of finding the existing re
sources depends on the scale of the effort and 
the skill of the researchers. A safe working 
assumption is that all except type 1 resources 
(steam reservoirs - see Appendix B) exist in 
Canada. The proposed program is designed to 
produce results in a time interval appropriate 
to developing technology and changing economic 
environment, but these factors are difficult 
to forecast. 

11. OPPORTTJNITIES FOR INTERNATIONAL 
COOPERATION 

11.1 Since Canada is not one of the pioneers 
of conventional geothermal resources, it is im
portant to develop and maintain good contact 
with more advanced countries. Countries that 



have valuable experiences are U.S.A., New Zea~ 
land, Italy, Iceland, Hungary and U.S.S.R. 
The first four are probably the most knowledge
able, and the U.S.A. has taken the lead in 
setting up a NATO-CCMS pilot study. Canada 
should make every effort to derive benef it 
from this venture, and to contribute when 
possible. The Institute of Geothermal Studies 
at Pisa, Italy, has an annual post-graduate 
training course. 

11 . 2 The Canadian International Develop
ment Agency has been approached by the govern
ments of two islands in the West Indies for 
assistance in the assessment of geothermal re
sources. CIDA has been considering the possi
bility of setting up a project with technical 
support from the Department of Energy, Mines 
and Resources and a preliminary fact - finding 
visit has been made to the area. 

6. 



APPENDIX A 

LEGISLATION GOVERNING EXPLORATION AND DEVELOPMENT 

OF GEOTHERMAL RESOURCES 

The history of oil and gas development is an excellent example 
of the need for strong governmental regulation of resource exploitation 
by industrial agencies. At the moment there is virtually no legislation 
in Canada governing the use of geothermal resources, except for an Order
in-Council in British Columbia. Sound regulation concerning exploration, 
ownership, exploitation, environmental change and taxation is an essen
tial requirement. 

The absence of legislation is a deterrent to industrial action. 
The formulation of legislation after the beginning of exploration ac
tivity is viewed as a risk by industrial agencies, who do not like to 
begin a program without knowing what controls and tax structure will be 
applied. 

A copy of the existing legislation follows. 

Inter
pretation. 

Crown pro
perty in 
geotherrnal 
resources. 

HON. MINISTER OF MINES AND 

PETROLEUM RESOURCES. 

BILL 
No. 77] [ J 973 

( St·conù SL''' inn 1 

Gcotherrnal Rcsources Act 

HER MAJESTY, by and with the advice and consent of the Legislative 
Assembly of the Province of British Columbia, enacts as follows: 

1. ln this Act, unlcss the context otherwise requires, 
"geothermaJ resource" means the natural underground reservoirs of heat that 

may be exploited, dcveloped , or used for the production of hcat 
energy, including, without limiting the genera lit y of the foregoing , any 
minerais that may be obtaincd by means of a geothcrmal resource or by 
a natural or artificial injection of f1uic.J, brine, gas , or stcam in any form; 
but does not include petro!eum resources, or water that is less than two 
hundred and fifty degrees Fahrenheit measured at it s lowes t location 
underground. 

2. Unless otherwise provided in any other Act, the right , title , and 
interest in ail the geothennal resources in the Province is vested in and 
reservcd to the Crown in right of the Province. 

Printcd by K. M . MArOONA LD, Printc r to th e Quccn·s Most E•cl'llcnt ~bJC>lY 
in nght of the Provi nce of Br iu..,h Columb1..t. 

1973 





APPENDIX B 

THE NATURE OF GEOTHERMAL RESOURCES 

Geothermal resources consist of five main types, each of which 
requires its own discovery, assessment and development techniques. As 
described here, types 1, 2 and 3 may be thought of as "conventional", 
in the sense that examples are already being exploited in several coun
tries. Types 4 and 5 are "unconventional" in this sense. Type 4 is under 
active investigation in the U.S.A., while type 5 will be available only 
in the long-term. 

1. Steam reservoirs. These are by far the best for the generation 
of electrical power. The steam is trapped in confined aquifersat high 
pressure and temperature, and can be tapped by drilling and fed directly 
to the turbines. This form of reservoir is extremely good from an en
vironmental viewpoint, since it involves only a little land clearing 
and the erection of power stations and the associated feeder pipes. It 
is probably the best form of energy ever used from the point of view of 
disturbanceof the environment. Although we are without factual evi
dence, it seems unlikely that any such reservoirs exist in Canada. 

2. High temperature water reservoirs (200° - 250°C). These 
may be used for the generationof electrical power, but there is much 
wastage of heat. This form may have some environmental problems be
cause of the large volumes of brine that must be disposed of, and the 
possible presence of other harmful impurities. It is quite possible 
that these reservoirs exist in Canada. 

3. Low temperature water (80° - 200°C). These may be used 
for direct space heating, wood pulp processing, mineral extraction, 
food processing, agricultural and horticultural production, etc. 
There may be problems of brine disposal. The heat must be used close 
to the place where it is found and so the value of any reservoir de
pends on location. This type should be subdivided into two: (a) 
heat of volcanic origin, (b) reservoirs in deep sedimentary basins. 
Type (a) almost certainly exists in Canada, and type (b) seems very 
likely to be present. 

4. Dry hot rock. In these features the' heat is present, but the 
carrier is not. This type of resource seems very promising and there 
are probably some examples in Canada. Because of the absence of 
water to indicate their presence, these features are difficult to 
find. The development of these resources depends on the application 
of the technique of "hydrofracturing" in hot crystalline rocks, and 
the circulation of water through the resulting fissures. Since water 
would be recycled, environment problems will be small. Tests are 
now being made by the staff of USAEC-Los Alamos in hot areas associ
ated with the Valles Caldera in New Mexico, and fracluring has been 
achieved in two wells. 

5. Heat in normal areas. There is a vast amount of heat in 
the Earth's crust, but in normal areas it is necessary to go very 
deep to reach a high temperature. Gradients range from 10 to 30°C/ 
km. The technology to use this heat does not yet exist, but it is 
conceivable that tunnelling devices could provide access to the 
great depths required . 
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Coordination and inter-
national liaison 

Temperature and heat 

1 flow 

Heat generation 

Temperature data in-
ventory 

Shallow temperature 
surveys 

Magnetic deep sound-
ing and magnetotel-
luric surveys 

Microearthquake 
studies 

Geochemical analysis 
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Geological structure 

Hydrological studies 
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Electromagnetic 
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APPENDIX C 

ENERGY R&D PROGRAM - PROGRAM SUMMARY 

TASK V: EXPLOIT RENEWABLE ENERGY RESOURCES 

PROGRAM 4: GEOTHERMAL ENERGY 

74/75 75/76 76/77 77 /78 

11-2 
6-8, 11-1 EPB 

5-1 EPB 

5-1 EPB 

5-1, 5-6 EPB 

5-2 EPB 

5-1, 5-2 EPB 

5-1, 5-2 EPB 

5-1, 5-2 GSC 

5-1 GSC 

5-1, 5-2 GSC 

5-2 DOE 

5-1, 5-2 GSC 

5-2 GSC 

5-3 DOE 

78/79 79/80 80/90 
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Phase I 

Recognition of 
probable resource 
areas. 

Phase II 

Pilot study of 
selected area -
identification 
of sites. 

Phase III 

Pilot study of 
evaluation of 
specific site. 

APPENDIX C (CONTINUED) 

1975 1990 

Geochem. analysis inventory basic data 
Volcanology 
Heat flow and generation - some deep drilling 

Temp. data co~~ection 
Magnetotelluric and Magn. 
deep sounding 
Airborne infra-red 

Choose probable 

resource\rea 1 

Geological structure 
Hydrology 
Elect. resistivity 

, Micro-earthquake 
Shallow temp. 
Environment 
Geochem. in detail 

\ 

1 

1 
1 

l 
.J 

1 

Choose site of 
geothermal potential 

All geological and geophysical surveys 
Hydrology, geothermics 
Concentrated in small site 

Choose probable 
area for hot dry rock 

Deep drilling for temp. meas. 
Elect. resistivity 
Magn. deep sounding 
Geol. structure 



APPENDIX D 

ORGANIZATION CHART FOR ENERGY RESEARCH AND DEVELOPMENT 

1 TASK FORCI:: 

ON f.RO 1 
• 1 

PANEL ON 

1 1 OFFICE OF 
ENERCY R&D ENERCY R&D 

Program Lud De2art1Dt"nt 

._ TASK I: R60 to Conserve EnersI 

IA. Redu ce Consumption and/cr Increaoe Efficiency !MR 

IA.l Transportation System MOT 
IA.2 Industrial Processes ITC 
IA.3 Efficiency of Energy Conversion & Storage ?Mil 
IA.4 Location & Urban Form. KSUA 
IA.5 Cctm1ercial Buildings NRC 
IA.6 Municipal & Indus trial Wastes OOE 
IA. 7 Residences me 
IA.8 food Suppl y System CDA 
IA.9 Life Stylu !KI. 

IB. lmproved Data & Analyoio of the Energy System 

lB.1 Role of Gove:-nments D!R 
lB.2 Information Generation 0 Analyais EMR 
IB,3 Implementiog Energy Policiea DiR 

>- TASIC II: Increa'e Domestic Non-Rene~able Energ:i: Production EHR . 

Il. l 011 and cas D'!R 
II.2 Oil Sa.nds. 011 Shales & Heavy Oils DIR 
II.3 Coal EXIi. 
II.4 Uranium ~nd Thoriu-m = 

._ TASK III: Substitute Other Energr Sources for Oil .'> Gas EHR 

III.l Coal to ~nerate H.e..at & Electricity EMR 
III.2 Casif ication & L!quefact!on of Coal D'!R 
III.J Methanol & Hydro~en Fuels AECL 
III.4 Nuclear Substitution for Oil & Cao AECL 

._ TASK IV: DeveloE Nuclear CaEabilitv AECL 

IV.l CANDU System and Related Nuclear Safety AECL 
IV.2 .Advanced CA.'IDU System & Related Nucle.ar Safety AECL 
IV.3 Fusion mu: 
IV.4 Radioactive Wdste Management AECB 
IV.5 Saf eguards System AECB 

>-- TM!:: V: Ex2loit Renevable Energy Re sources NRC 

v.1 Hydraulic & Tidal Energy D!R 
V.2 Solar Energy NRC 
V.3 llind Energy NRC 
v.4 Ceothermal Energy EMR 
V.5 Biomass Encrgy CDA 

- TASK VI: lmnrove Energl TransEortaton ~ Transmission Svstems MOT 

VI.1 Transportation ot Energy Ccm.modities HOT 
Vl.2 Transc.ission ~ Distribution of Elcctricity EHR 






